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A B S T R A C T

This paper presents and estimates a macAoeconometric Rationing 

model, using Portuguese data for the. period 7955-1979.

Contrary to similar. models found in the literature., the th.eofietic.al 

approach adopted in this study does not require the assumption of futty 

dlscJvete regime non. that of a continuous framework. instead, an intermediate 

specification is proposed which conserves the presence of regimes but involves 

no discrete jumps from one regime to another.

The presence of ike men operator and the specification of a ”clay- 

clay" production function raises a number, of estimation problems. These are 

overcome by the use of some appAopriate transformations and the adoption of 

a nonlinear two-stage least-squar.es procedure.

The results shed some light on the performances of the Portuguese 

economy during the period and afford a neat interpretation of the structural 

changes induced by the revolution of april 25th 1974.

0



- 3 -

SUMMARY

0. INTRODUCTION

1. A BRIEF SURVEY OF SOME MACROECONOMIC DISEQUILIBRIUM MODELS 

ALREADY ESTIMATED

2. THE MODEL

2 .1 .  General structure, hypothesis and overview

2 .2 .  Specification

2 .2 .1 .  Block 1 : Demand

2 .2 .2 .  Block 2 : Production function and the deter

mination of the production capacity

2 .2 .3 .  Block 3 : Labour supply

2 .2 .4 .  Block 4 : The determination of production and

employment

2 .3 .  The method of estimation

2 .3 .1 .  The complete model

2 .3 .2 .  The d ifficu lties  in the estimation

2 . 3 .2 . 1 .  The problem of endogenous variables  

statiscally  not observed

2 .3 .2 . 2 .  The existence of a min operator

2. 3 .2 .  3. The nonderivability of the production  

fun ction

2 .3 .3 .  The procedure o f  estimation

2 .3 .4 .  The properties of the estimators

2 .4 .  Structural change and disequilibrium

3. STRUCTURAL CHANGES IN THE PORTUGUESE ECONOMY OCCURRED WITH 

THE REVOLUTION OF 25 APRIL 1974

3 .1 .  A combination of shocks

3 .2 . The results

3 .3 . The robustness of the results

4. CONCLUSIONS

REFERENCE

APPENDIX

A - List of variables.

B - Conputation of first  partial derivatives of H'.

C -- The choice of the minimum for P as optimization criterion . 

D - Results .

E - The data,



- 5 -

O. INTRODUCTION

Based on the principle that markets do not necessarily clear  

because prices adjust too slugishly or in the wrong direction, in  the 

past ten years there have been inportant developments in macroeconomics.

The fundamental assunption of this approach is  that quantities  

adjust faster than prices . I t  might happen that agents sometimes are 

unable to exchange on one market all their goods at the p revailing  p rice .

I f  so, the transactions on the other markets w ill  also be affected . For 

example, i f  firms can not se ll  a ll  their production, they w ill  reduce 

their demand for labour.

One implication of this kind of theory is  the p o ss ib ility  o f  

formalizing a type o f structural change, i . e .  whole economies or parts  

of economies passing through distinct regimes, each of them being ruled  

by different but stable behaviour relationships.

According to the above theory, there is  a m is- specification  

in  most of the actual macroeconometric models because their structure is  

always constant both in the estimation and in the predictive  p erio d .

Following the typology in Malinvaud (1977) , most o f  these models 

represent economies which are constantly in a Keynesian regime, i . e .  in a 

situation characterised by an excess supply of goods and labour.

Surely, attempts have been made to amend th is . For instance  

there have been considered some indicators of disequilibrium  like  the degree 

of underutilisation of production capacities and the rate o f unemployment. 

According to Muellbauer (1978 ), these indicators remain in the periphery  

of the model, despite the fact that they have improved the explanatory  

capacity o f the model. They are fundamentally determined in  an exogenous 

way and are not at ease with the theoretical framework of the rest of the 

model.
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The models issued from the recent developments in macro

economics admit explicitly  the possibility  o f excess demand (vs.supply) 

in the goods and the labour market. For this reason, they are generically  

known as "disequilibrium  models".

Econometricians have develcpped techniques for modeling and 

estimating these models. Most of the work was done in  the domain of a 

single market (see in  particular Fair and Jaffe  (1972) , the pioneers ; 

Maddala and Nelson (1974) , for a survey ; Quandt and Posen (1 9 7 8 ), for  

an application). More recently Ito (1980) and Gourieroux et al (1980) 

have extended these techniques to two markets, assuming dicrete switching  

of regimes.

However, the number of empirical studies o f complete macro

economic models is s t i l l  very limited. In our opinion there are three 

kinds o f reasons : f irst  the s t il l  persisting insufficiency  o f  theoretical  

developments in  disequilibrium macroeconomics, specially  in  the f ie ld  of  

dynamics. Some recent works (Green and Laffont (1981) Malinvaud (1980) , 

Michel and Fourgeaud (1981) and Picard (1979)) deal with this problem.

Second the econometric difficulties  which are considerably increased i f  

they are compared with traditional models. Last but not least, these models 

incorporate variables which are not statistically  observed by actual 

accounting systems.

Though this work does not resolve all the above mentioned 

problems, i t  however shows :

(i) That, based on the framework of disequilibrium  macroeconomics,

i t  is  possible to estimate a model which takes into account the p o ssib ility  

of structural change in the economy ;

(ii) That the econometric techniques necessary for the estimation o f  

such a model are not too complicated and can be extended to more complete 

models.
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As we did not intend to add to the theoretical developments 

of disequilibrium  macroeconomics, we felt free on one hand to select  

features of this theory that seemed to be the empirically most promising  

ones, and on the other hand to suppress others, being of theoretical  

interest, but practically  irrelevant.

The fundamental idea in  the model i s ,  that, at each period , 

one of the three following insufficiencies,nam ely goods demand, production  

capacity and labour supply, constitues a bottleneck on the production of  

firms and obstructs economic activity . This gives three d ifferent  possible  

approaches for determining production and employment.

However and cantrarily to the common assumption of a discrete  

switching from one bottleneck to another, we w ill  consider only one 

process under three different states o f the economy.

More concretely the main features o f the model are the 

following :

(1) it  is not assumed a complete jump from one regime to another.

The different states of the economy are characterised by d ifferent  

exact parts of the equations of the model. The stochastic speci

fication is  the same. We consider only one process and in  this sense 

the economy w ill  be on "average" in one single regime.

(2) it  is supposed that in an open economy the d iseq u ilib ria  v e r ified  

in  the production sphere are reflected in external trade.

(3) households are not rationed in the goods market (the e lastic ity  of  

imports at the world price  is assumed to be in fin ite ) and labour 

supply doesn 't depend on transactions in this market.

(4) a technology of a clay-clay production foncticn is considered.

(5) finally  a nonlinear two-stage least-squares method is  used for the 

estimation of the model.



Ihe outline of the paper is as follows :

After having done a b rief  survey o f some macroeconomic dise

quilibrium  models abready estimated (section 1) the presentation of 

the model is given, section 2 .1  states the main characteristics and 

hypothesis and section 2 .2  shows the adopted specification . The method 

of estimation is presented in section 2 .3 .  section 2 ,4  deals with the 

way the model studies the structural changes in a given economy. The 

results of the estimation with Portuguese data are shewn in section 3. 

The period of estimation is 1955-1979 but a particular attention is  

confered to the structural changes which followed the Revolution o f  

25 April 1974. Some filial remarks are given in section 4.
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1, A BRIEF SURVEY OF SOME MACROECONOMIC DISEQUILIBRIUM MODELS 

ALREADY ESTIMATED

We present below a b rie f  characterisation of four studies  

dealing with the estimation of macroeconomic disequilibrium  models. Each 

one corresponds to a special approach and undoubtedly they have in sp ired  

much o f  our work.

Kooiman and Kloek (1980) have estimated the Barro-Grossman 

model using the same concept o f  effective demand as Ito (1980) . Two 

kinds of shortcomings characterise this approach. The f irs t  one is  its  

complete static  character. It  is  assumed that when an agent formalizes 

an effective  demand in one market, he already knows the quantities he 

can exchange in the other markets. No reference is  made to time. Hie 

con train ts perceived by an agent about his demand or supply do not play  

any dynamic role, because they are straight derived from the actual 

exchanges (see Benassy (1977) , for the concept o f  perceived  constraints 

and Sneessens (197 9 ), for a discussion about the im plications of this 

approach) .

The second shortcoming is  the consideration at macroeconomic 

level o f  an e ffic ie n t  rationing criterion which implies the assumption 

that the transactions in a ll  markets are exactly equal to the minimum 

of the demand and supply.

This assunption is in contradiction with em pirical evidence, 

e .g . the simultaneous observation of unemployment and vacancies and the 

increase in labour productivity in periods of stimulation in economic 

activity .

The observation of these phenomena shows that, even i f  the 

firms are not rationed on the labour market, the transactions on this 

market (employment) w ill  never be exactly equal to the labour demand 

(defined as the inverse of the production function) . In order to understand 

the reason underlying such phenomena, one only needs to consider that, 

because of transaction costs, firms do not adjust, at each moment, labour 

supply to their needs. Under these conditions the rationing scheme w il l  

not be e ffic ie n t .
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Following Muellbauer (1978) one can say that, even i f  we 

assume that there is no inefficiency on the rationing at the micro- 

economic level, i t  w ill  always be ineffic ient at the macroeconomic 

level. The justification is given through the aggregation : i f  some 

markets are in excess demand and other markets in excess supply, the 

total of the exchanges w ill  not be equal to the minimum of the sum of  

total demands and of total supplies. Malinvaud (1980) states in the 

same direction that at a macroeconomic level the fluctuations of economic 

activity are smoother than at the microeconomic level and that the 

economy as a whole can hardly be in one single regime entirely .

So, in conclusion, the assumption of completely discrete  

regimes is not the appropriate one for estimating a conplete macroeconomic 

model. This is  reinforced by the fact that the econometric techniques, 

necessary for the estimation of the model under such an assumption, 

are heavy and hardly could be used for the estimation of a more disag

gregate model (see in Ito (1980) and Gourieroux et al (1980) , the 

methods of estimation of models with complete switching from one regime 

to another) .

Sneessens (1979) proposes a solution for the two points mentioned 

above (efficiency  of the rationing scheme and static character of the 

model) .

After having noted that a rationing scheme w il l  be only e f f i 

cient i f  agents have a clear information about the market, the author 

adopts a rationing scheme that is  only e fficien t  in the expected values 

which each agent hcpes to exchange. Moreover Sneessens admits that this 

specification is st ill  in suffic ient  for explaining the ineffic iency  

empirically observed of the rationing scheme in the labour market. He 

proposes explicitly  a formulization of the type

a l
N = min (E(ND), E ( N S ) ) ------ + e.

14b lX2 fc
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where are residuals which represent the stochastic character of the

rationing scheme (E (et) = 0) , x = E(ND) - E(NS) and where a^ and are

parameters that characterise the inefficiency of the allocation procedure

in the labour market. This leads to the same type o f criterion as the

approach of Muellbauer, with another interpretation. However the author,

in the end does not estimate this equation because he assumes that 
2

b^ x = 0  and that the constant term a^ is incorporated in E(ND) and in  

E(NS) • Consequently he has not answered the problem of in effic iency  

stated above.

About the second aspect, static  character o f  the model, Sneessens 

introduces a certain dynamics in his model through the formalization of  

the perceived constraints by an agent.

For a better understanding of the difference of these two 

approaches, call YKA^ the constraints perceived by firms for their  pro

duction, that is the maximum o f production that firms think that they 

w ill  be able to s e ll  in period t ? YC^i.) the Walrasian production which  

means the level of production that maximizes their profits  for a certain  

level of wages, prices and stocks ; and call N C^i.) the level o f employment 

corresponding to YC^f.) .

The effective  demand of labour ND^ w ill  be

According to Sneessens :

(1) NDt = NDt ( .)  + a 1 (Yt - YCt ( . ) )  (a < 0)

Y = min (YKA , YCt (.)  )

YKA. = a E(YD )+ ( 1 - a) Y - 1 
t t: t
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where a represents the "quantity of information" that firms have about 

future demand Y D^. I f  they have an accurate information, a is  equal 

to one, i f  they have no information a is zero. The agents w ill be wrong 

in  their anticipations i f  a /  1.

According to Kooiman and Kloek :

(2) NDfc = NC t (•) + 0t1 (Yfc - YCt . ( .) )  i f  Yfc = YDt (YDt < YCt)

= NCt (-) i f  Y < YD

Where Y is the effective  production. Compared with the formalization (1 ) ,  

i t  is  assumed that :

Y = Y i f  Y = YDt (YDt < YCt)

Y = YC i f  Y < YD
t

We think that the approach of Sneessens is  an ingenious way 

of introducing some dynamics in the model : i f  in a certain period  t 

agents are wrong in their anticipation^ they w ill  change them for the next 

period. However the model that is specified must be coherent with this 

formalization. I t  must be able to answer what happens i f  in a certain  

period firms are wrong in their anticipations and i f  one assumes, like  

Sneessens does, that households are not rationed in the goods market.

The model that was estimated by Sneessens with Belgium data is in our 

opinion too simple and can not answer this question.

Broer and Siebrand (1979) and Orsi (1980) follow approaches 

that lead to the abolition of regimes.

Before presenting each one of these, we discuss brie fly  the 

implications of such approaches. We think that one of the most important 

contributions of disequilibrium  macroeconomics is to clarify  the discus

sion about the possible thoretical states in which an economy can be 

found. In particular i t  has been shown that the same income policy can 

have different effects according to the state or regime in which an 

economy finds i t  s e lf . Surely , it  deals with theoretical states and we 

have already remarked that it  is an important shortcoming to assume that
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the economy w ill  junp completely from one regime to another. However 

an approach which leads to the abolition of regimes gives a mixed 

regime which has a more d iffic u lt  interpretation. One looses sigh t of  

alternative global regimes that may occur during the development of the 

trade cycle which can become a serious drawback i f  one is  specially  

interested in global transitions of the economy between these regimes.

Broer and Siebrand assume that the level o f transactions, 

defined by a transaction function, corresponds to a compromise between 

the supply and demand. Their main arguments are based on uncertainty  

that induces agents to compromise in favour of stable trade relation  

over time.

More concretely they consider a CES fu n c t io n !^

(3) Yt = [a{YDt)P + (1_a) (YSt)PJ  ~ p

where YD is the demand, YS is  the supply, Yfc is  the level o f  transaction, 

a. is the weight o f demand and P is a coefficient of nonlinearity .

The disequilibria  are analysed through the parameters o f the 

transaction function. However these parameters are considered constant 

all over the estimation period^which withdraws much of the d iseq u ili

brium character of the model.

Finally Orsi (1980) proposes a disequilibrium  specification  

which is  substantially  a simultaneous version o f  the p a rtia l  - adjustment 

model.

He defines for the endogenous variables o f  the model a partia l - 

adjustment relation between equilibrium values which are generally not 

observed and observed values of these same variable. The typology of  

regimes disappears like in the Broer - Siebrand model. The d iseq u ilib ria  

are considered through the adjustments between the equilibrium  and  

observed values of endogenous variables.

(1) I t  is  easily  verifed  that lim y = min (YD , YS )
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For a better understanding of his approach, we consider the 

following model which concerns only one market.

X<\  =  a l Z lt + a 2 P t + £ lt

(4)
X  t =  b l Z 2 t  + b 2 P t  + £ 2 t

x ^ : demand ? , Znj_ : vector of exogenous variables ;
t 11 Z t

xS ^ : supply ? P̂ _ : price of the good exchanged in this market.

We are interested in estimating the exchanged quantity x^  

on this market.

The "walrasian approach11 consists in considering the price  

as equilibrium  price (P^ = P t̂  ' So ' We have :

d s ¥

xt = xt  = xt  = xt

which, in  pratical terms, leads to estimating a traditional simultaneous 

equations system under equilibrium conditions. It  is  assumed that the 

observed values (x , P ) , that means the statistical data, correspond

*  ̂ t,*to x^ and P^.

The disequilibrium  approach based on an e ffic ie n t  rationing

d s
criterion associates = min (xt / at each period , e ither  with the

demand curve or with the supply curved ^

Orsi considers that both of these situations do not constitue 

the general rule . He defines a partial adjustment beween the observed  

values (X^ and P^) and the equilibrium  values (X* and P*̂ ) of the type

(1) The models exactly estimated depend on the hypothesis admissed for 

price  P (see for a survey of these models Laffont and Monfort (1976) 

and MadSala and Nelson (1974)) .
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Xt “ Xt-1 ~A u Al2‘ Xt ~ Xt-1 E lt

(5)
P - P

; t  t-iJ

—

_A2 1 A22-
p‘  - P 

t t-1

+

e2t

where the A are adjustment coefficients and measure the speed of  

adjustment of (x^ , P̂ _) values to (x* , P^) .

The model to be estimated is composed of equations (4) and (5) .

In the framework of a model where quantities adjust faster  

than p r ic e s , we can consider A ^  = = A ,^  = 0 and x* = min (x^, x®) .

The rationing scheme defined by (5) can then be understood as follows ? 

agents do not exchange the quantities (x^) that would maximise their  

u tility , taking account only o f  the price and quantity constraints. There 

are other constraints that must be taken in  consideration. For instance, at 

each period, firms keep a level o f employment which is  d ifferent from the 

o p tim um ^ . There are other costs like training and h ir in g  costs, which 

are not included in the production function but play an important role  

in decisions of firms about enployment.

Interpretated in this way, the rationing criterion defined by 

Orsi can be used for e^?laLning the transactions in the labour market, 

which w ill  be done later.

However, this approach has two shortcomings when used syste

matically in a conplete macroeconomic model. First i t  leads to the 

abolition o f  regimes (see above) . Second the number of adjustment coef

fic ien ts , which play a fundamental role, would become very b ig  and would  

render the estimation very d iffic u lt . Orsi has estimated a model with  

only two equations (supply and demand for italian  exports) and even in

(1) This optium is obviously defined as the level of employment that would  

maximize the profits  of firms for a certain level of wages and prices , 

taking into  account : (i) the technical constraints, given by the produc

tion function, (ii) the constraints perceived is goods market and

(iii )  the labour supply.
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this sim plified  case he has fixed  a priori the value for two (that means 

one half) of the adjustment coefficients. I f  we add that these coefficients  

must not be considered as constant for translating d ifferent speed of 

adjustment, we can imagine that the estimation of a macroeconomic model 

would become very hard.

As a way of conclusion of this b rie f  survey of disequilibrium  

macroeconomic models, we note three points, which we specially  have taken 

into  account :

1) A complete macroeconomic model based on the assumption that the 

economy switches entirely from one regime to another doesn 't  find  neither  

theoretical support nor empirical evidence. However a completely smoothing 

approach is also not advisable. First the parameters which measure the 

weight of each side of the market are considered like constants, which 

removes a lot of the disequilibrium  character of the model. The considera

tion of these coefficients as variables would make the estimation prati-  

cally inpossible . Second the disappearing of the regimes drains from the 

model much of the contribution of recent developments in macroeconomics.

An intermediate approach is proposed in this work in which the 

existence of regimes is preserved but the evolution o f  the economy through 

different regimes is not discrete. It  represents the same process under 

different states.

2) The formalization of perceived constraints by agents (specially  

fy firm s), as in Sneessens (1979 ), constitutes an ingenious way of giving  

some dynamics to quantity rationing models which are fundamentally static . 

We w ill  adopt this idea , but we shall formalize i t  in a way more compatible 

with our model.

3} A special inpo.rt.ance must be accorded to -the formalization of the 

external trade because most of the disequilibria that appear in a closed  

economy are "solved" through external trade in an open economy. For 

instance inports constitute an important element o f supply in an open 

economy and they may avoid any rationing in the goods market. This w ill  be 

done in Section 2 .2 ,1 .
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2. THE MDDEL

2 .1 .  General structure, hypothesis and overview

The main characteristics of the model have already been noted.

In this section we w ill  state them in a more formal way and we w ill  present  

our hypothesis about agents' behaviour.

There are three representative economic agents : households, 

firms and gouvemment and two goods : output and labour. Gouvemment action  

is  considered exogenous and we admit the traditional specialisation  of  

agents : firms supply output and demand labour, households demand output 

and supply labour.

An inportant characteristic of the model is  the fundamental role  

played by firms in the determination of the production and employment levels.

More concretely we assume the following hypothesis about house

holds behaviour :

(i) They are not constrained in the goods market, which means that 

their demand o f  consumption CD^ is equal to their expost consumption (C^_) •

Two kinds of reasons may justify this assumption. F irst  we work 

at a macroeconoraical level, so CD^ includes many substitutes : i f  an agent 

is rationed in one commodity, he can buy a substitute o f  this commodity. 

Second in the framework o f an cpen economy, which is  our case (see section  

2.2 .1J , the rationing in the goods market w ill  be hardly e ffec tive  because 

of the po ssib ility  o f  imports when domestic production is  in s u ffic ie n t .

( i i ) The consunption fonction is the same for a ll  the regimes.

This assunption states that households* consumption doesn 't knew 

inportant oscillations because o f  the existence o f maintenance programs 

(like  unemployment compensations, consumption habits and accumulated saving. 

This assumption is often used in the empirical work (eg. in Kooiman and 

Kloek (1980 and in Broer and Siebeand (1979)) because o f  the d iffic u lt ie s  

in the estimation. In the present work different specifications w il l  be 

checked for the consumption function (see section 3 . 3 . ) .
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(i i i )  As a consequence o f (i) we w ill  assume that there is  no spillover  

from the goods market to the labour supply (NS) , which correspond to 

walrasian supply NS (.) .

About the behaviour of firms we consider that at the end of 

each period :

(i) They anticipate , for the next period t , a constraint on demand 

adressed to their production (YKA^) .

We w ill  adopt a formalization of the type :

(6) Y K A t =  Y E ( Y D t) + ( 1 - y) Y ^  + Y l

where is the effective  demand adressed to their products •

Following Sneessens (1979) we consider that y measures the 

information that producers have about future demand. For y = 1 the 

producers know accurately the average level of demand (y = O) . For (y = 0) 

they have no information about future demand. However in this case and 

contrarily to this author, producers w ill  anticipate the value of the past  

year (Y^_^) corrected by a coefficient y^ (y^ ^ 0) which may represent the 

average growth of Y during past periodes. The inclusion of a constant term 

avoids that in periods of growth the anticipations were systematically  

pessim istic (YKA^_ < YD^_) and in periods of depression systematically opti

mistic (YKAt > YDt) •

(1) I t  includes, besides CD^_, the gouvemment and external demand which 

w ill  be specified  in the next section.
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(ii) Taking in  con si de rati on YKA^ and the profitable  production  

capacity (YC^f .) that corresponds to the level o f production which would  

maximize its  profits for the expected level of wages (w^) and prices  

(P ) , firms define the target level o f production Ŷ _ as

(7) Y t = min (Y Ct (.)  , YKAt)

where Y ct (*) is formally defined as :

w
YCf. ) = F (F ' 1 ( V  ))f F is  the production fonction satis-  

pt
fying the usual conditions : F ' (N) > O, F " ( N )  < 0  ,* N being the labour 

factor.

(i i i )  i f  they are not constrained with respect to labour, that means

i f  F " 1 (Y ) < NS. ( .)  , firms w ill  not change the programme o f production.

t  i —
If  they are constrained, F i (Yt) > NSt (.)  , they w ill  define a new program

according to availablities  of labour F (N S ( . ) ) .

Formally, i f  we call Y* the target program of production, we 

w ill  have :

Ÿ i f  F_1 (Yt) «  NS( .)

(8) YÏ  "  J -1 -
1 F (NS ( . ) )  i f  F (Y.) > N S (.)  

t t

The determination of production and employment w ill  be as

follows :

The effective  production (Y^) w ill  correspond on average to

£
the target level of production Y .

(9) E (Y t) = Y *

or Y fc = Y *  + e t

with Eie^) = 0
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We note that Y* is defined at the beginning o f the period t.

I t  corresponds to the level of production that maximizes the profits  of 

firms, for the period t, taking into account their anticipations about :

(i) the real wages which define YC ; (ii) the labour supply which gives 

F(NS) ; (i i i )  the demand YKA^. Hence, Equation (9) states that one (or more) 

of these three kinds of anticipations can be wrong. As a consequence some 

adjustments w ill necessarily take place and Y w ill not be exactly equal 

t o Y * .

As it  was noted in Section 1 about ORSI*S model, the effective  

employment is  determined according to an adjustment process.

(10) N t - N t-1 = A t [a F_ 1 (Yt) + (1-Ay N fc_ 1 + a J  + ( 1-Afc) N S  (.) + E fc

where A takes the value 1 i f  F * (Y ) < NS and takes the value O, otherwise.

The justification of Equation (10) can be given as follow s.

For A t = 1, i t  gives

(11) Nfc - Nt_ 3 = A (N* - Nt-1) + A t + et

where N * = F-1 (YJ  = min (F_ 1 ( Y J ,  NS ( .) )  
t t t t

This variable (N ) is the level of employment that would maximize 

firm s’ profits ur.der all constraints, i .e .  YKA^, YC^ and Because

of the existence of hiring and firing costs the effective  employment w ill  

be in general different from N . The parameter A represents the speed of 

adjustment between these two values. As A is lower, it is -more expensive  

to adjust employment (Smith (1981)) . The parameter A^ avoids that we have

%
systematically N^ < N^ during the periods o f  growth of and the contrary 

during the periods of decrease.

Equation (10) incorporates these aspects. In addition it  has the 

advantage of considering that the speed of adjustment A is not constant and
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depends on the situation in the labour market. It  states that A = 1 and 

Aj = O i f  F that in case of insuffic iency  of

labour the firms would hire  as much as possible.

As a final remark about this specification we note that i t  is  

im plicitly assumed that the firms have information about N S ( .)  (more exatly  

they knew its expected value) when their target level o f production is  

defined.

The stochastic specification coherent with the model is  :

(12) YKAt = y E(YDt) + (1 - y) Y ^  + y t

(13) CDt = CDt ( .)  + e lt

(14) YDfc = CDt + EXOt + XDfc - MDfc

(15) NSt = N S (.)  + e2t

-1 \
(16) Y = min (F (F ’ ( _ L j ) ,  YKA )

P t

-1 \
(17) YCfc = F (F ’ (— ¿-)) + e3fc

(18) Y * = min (Y"t , F (N S (.))

(19) Vt =Y* + e4t

(20) N fc - Nfc_ 1 = Afc [A F_ 1 (?t + ( 1—A) N + X j  + (1-At) NS£.) + E

(21) N* = min (NSt( . ) ,  F_ 1 (Yt))

5t

where ExC<t is the exogenous part of YDt, XDt and MD^ are respectively the 

export and import demands for period t. Their formalization will be given 

in the next section.

I t  is easily  shown that :

W
(22) Y t = F(N*) = min F (F 1 (— L ) ) , F (N ® ( .) )j  +
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Scheme 1 illustrates the determination of each regime, called, 

according to the usual terminology : Keynesian unemployment, classical  

unemployment and repressed in flation . Regime (4) is  d ifferent  from

(3) because it  corresponds to different anticipations. Sneessens (1979) has 

called it  underconsumption regime. However as both situations correspond  

to the same observed values we prefer to give them the same name : repressed  

in flation .

One can easily  check that the model is coherent : the three regimes 

exhaust all the p o ssib ilities  and at each time only one regime is observed. 

The model has only one reduced form.

Before passing to the specification o f the model we note once 

again that there is not a discrete switching from one regime to another : 

the regime in which the economy is at a certain period t depends on the 

bottleneck that defines the basic (or exact) structure of the model. There 

are three kinds of bottlenecks  ̂^  :

1) In the Keynesian regime, firms anticipate to constrained in the 

demand for period t , which doesn 't allow them to use a ll their production  

capacity/ we remark producers are allowed to be wrong in their anticipations  

However as we work with annual data these errors in the anticipations w ill  

not be important (Y 5 1) because the firms have time to adapt their programs 

of production to demand during the period t. In any way the formulation of 

the block of the demand mxjst account for such a possib ility  which we w ill

do (section 2 .2 .  1.) .

2) In the classical regime the bottleneck is the profitable  production 

capacity, originated by a too nigh level of real wages. We do n 't  take 

endogenous investments which would increase the number of regimes. At each 

period  of time and for a certain level of prices and wages, production 

capacity is  fixed  but is unknown.

(1) Fourgeaud and Mitchel (1981) consider a fourth possible bottleneck  

which corresponds to the physical capacity of production. We assume 

that in vue of maintenance costs, the profitable and physical capacity  

w ill  be pratically  the same.



Scheme 1 : THE DETERMINATION OF THE REGIME

Yt = F(N|(.)) + e4t 

hi = NS(.)

*  no

4 Repressed inflation

yes

V YKAt * £4t

1 Keynesien unejupliiyinent

Y - F(NSt(.))»e4t 

NS^.)A
.3 Repressed inflation

Y *YC(.) ♦ e4t 

s F V C ^ O )

2 Classical unemployment

roÜJ
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FinallY i n regime of repressed inflation there is an insufficiency  

of labour. The employment is not derived from the usual "min condition” 

becalose this implies that firms go, each period t, to an "abstract market" 

and demand exactly the labour they need. We consider that firms do not 

adjust, at each period t, employment exactly to the needs of production 

because the training and h iring  costs are not considered in the production  

function Surely the speed of adjustment is not constant and depends

on the situation in the labour market. This explains the productivity cycle 

which has been empirically established.

2 .2 .  Spe ci fi c ati on

In this section we w ill  present the specification used in the 

estimation and we w ill  make some additional remarks about the equations of 

the model.

There are four blocks : demand, production capacity, labour 

supply and determination o f  production and employment. The meaning of the 

variables is given in Appendix A.

2.2.?. Bjjpck 1 : V e m n d

The following equations are considered in this block :

(2 3) In YKAt = y E(ln YKf) + ( 1-y) In Y + y

(24) YK = EXO, + CD + XD^ - MD 
t fc t t t

D It D It
'25) Ain CD .-•= g -f g A In D.T + g  In (— ) „ - o In (~... ;...} + g C .

1 1 t 3 cDt - A - RiSiSf -1 t. *. t

PEX

(26) lnXD - in X , + c AlnDW + c,, Ain (--
t v.-i 1 t z PET't

PIM

(2 7) In MD. - Jn , f d 1 Ain CD. + 6n Ain (Exc ) + d., Ain (-- -) + e .
-1 1 t Z  t i py. it

YCt YK

(28) In X = In XD + c In (-- ) + c . In  (--- ) + cc + e ..
t t 3 Y 4 YKAt 5 4t

(29 Mfc = CDt + EXOfc + X - Y

(1) This formally means that h(Y) ^  F_ ^(Y) , where h(Y) is  the demand of labour 

for producing Y.
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The firs t  equation formations producers' expectations according  

to what was reported in Section 2 .1 .

Equation (24) is  an identity and gives total demand for domestic 

goods and services YK^.

Equation (25) is  the consumption function and is  basically  the 

one derived by Hendry and Von Ungem-S.tenberg (1979) and adopted in Kooiman 

and Klock (1980) ( 15 .

Equations (26)-(29) formalize external trade. The f ir s t  two give  

respectively exports (XD^) and imports (MD^) demand i . e .  those exports and 

imports which would be realized i f  disequilibria were not verified  in the 

supply side of the economy. Equations (28) and (29) translate the repercus

sions in the external trade of these disequilibria . The behaviour of imports 

is d ifferent from that of exports.

It  is  assumed that imports {Equation (29)) have an in fin ite  

elastiv ity . At the world price i t  is possible to import all the quantities  

desired. This assumption is coherent with the hypothesis o f non rationing  

of households in goods market stated in Equation (25)

The consideration of the variable YCt/Y  in  Equation (28) can be 

explained in two ways.

F irst, i f  firms work nearly at full capacity (the economy is  

in a classical regime or in its neighbourhood) , a rise in  real wages w ill  

imply a fall of exports (c^ ^ 0 , ĉ . 0) . Dreze and Modigliani (1981) point  

out that the amplitude of this deterioration w ill be d ifferent i f  firms 

accept some loss of sales and/or of profits or scrap.

(1) The accumulated real saving was replaced by the nonlabour real income 

because o f  the availability  of data. The ju stificatio n  of the dunmy 

variable is given in Section 3 . ,  where alternative specifications  

for this equation were checked.

(2) we note that we can write YKfc "  Yt = Mt “ MDt ~ (x t ~ XDt) •
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Second, i f  there is underutilisation of production capacities, 

firms are more competitive and they can "export" one part of this under

utilisation . However, contrarily to Dixit (1978 ), we don’ t admit that this 

"eaqport o f underutilisation" is  total. Firms can not se ll  abroad everything  

they want. According to D ix it 's  hypothesis an cpen economy could experience  

only classical and not Keynesian unemployment. Or as Malinvaud (1981) points  

out this argument is misleading because it  relies on two usually unwarranted 

hypotheses :

(i) that the foreign market is one of excess demand for goods,

(ii) that this excess demand is instantaneously transmitted to the 

domestic market.

The presence of YKA^/YK^ in this same Equation (28) has a sim ilar  

interpretation I t  states that exports w ill  be affected i f  domestic producers 

have been wrong in their anticipations (y ^  1) . In case of an overevaluation  

(YKA^ > YK^) they w ill try to export a part of the surplus (X ^  XD) . In  

the opposit case < YKt ) domestic producers may not be able to meet a ll

their engagements (X ^  XD) . Hence the parameter c^ must be nonnegative 

(c4 > 0) .

2.2.2. Block 2 : Production function and the dctiimlnation oj 

pho duction capacAMf

We have used a Clay-Clay technology with the following equations :

1
(30) me = ------- (In a ' + In (1 + a ')t-  In L ) + t

In ( 1+b')

t e5t
(31) YC = a (l  + a) Z E(v) e

t-mct

, 1 + a t 1 E (v)
(------) E -----  v

1 + a ' t -mct  d +b ’ )
(32) NC. = ---

t a'
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The same equations are presented in Vilares (1980) so we w il l  

only present some particular characteristics related to the present model. 

The firs t  relation is  derived from the well known neoclassical equality  

between the marginal productivity of labour (u (t ,t  - mc^) and the real wage 

(Wt/P t) ) • As t*1e verification of this equality imposes restrictive  assump

tions we have changed i t ,  replacing W^/P^_ by :

s W .

L = Z 0. — , EG. = 1 

1=0

which represents the real wage anticipated by firms. I t  determines, for  

each period , the expected production capacity (exact part  of equation ( 3 1 ) ) .  

I t  can also be interpretated as follows : i f  in a certain period  t an 

equipment is  not profitable , firms w ill  not scrap i t  i f  they anticipate a 

fall in the real wage that could make this equipment profitable  again.

Formally, i f  the relevant markets are in perfect  competition, 

we w ill  have the following relation :

y (t, t - mct) = ot' (1 + a ,) t (1 + b ,) t mCt = 

from where Equation (30) is  derived.

The parameters b 1 and a.1 (b ',  a 1 ^ 0) represent the growth rates 

of labour productivity. The f irst  parameter (b 1) refers to embodied tech

nical progress and the second one ( a 1) represents not embodied technical  

progress. The value of mct defines the age of the oldest profitable  vintage  

in the stock of capital and enters in the computation of YC (Equation (3 1 ) ).

One of the main characteristics o f  a Clay-Clay technology is  

that labour productivity over an equipment depends on the date o f the 

installation  of this equipment. The stock of capital correspond to the sum 

of heterogenous vintages with different labour productivities . We ^represent 

in a generical way the production function by YC = F(NC) . We remark that

F(NC) is  not differenciable  and that the calculation of YC = F(NC) or  

NC = F *(YC )is  much more complicated than in the case of Putty-Putty p 

tion functions. This is illustrated  in Figure 1, below :
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Figure 1 : THE NCNDERIVABILITY OF THE PRODUCTION FUNCTION

YC

The problem of the nonderivability of the production function 

w ill  be solved by computing the derivatives of a somooth approximation of 

this function that is continuous and derivable (section 2 .3 .2 .)-

Equation (32) determines the maximum profit  level of employment 

(NC ) . The parameter a represents the rate of growth of capital produc

tivity  and incorporates the absolescence (a o)

2*2*3.  Block 3 : L abouti & apply 

The equations in this block are

(33) In NR = e , + e rv In POP + e~ In (FW.)
t 1 z t 3 t

NRE ___
(34) In NRE = In NR + e . B In (-- 1) „ + e c (1-BJ In (EM /EM ) + e rj_

t t 4 t „  - 1 5  t t t  6t

N t

(Bfc = 1 i f  t » 74 ; B = 0 i f  t < 74)



As we have acinitted that households are not contrained in  the 

goods market, there is no spillover from the goods market and one can 

estimate labour supply in a separate block. This assumption is not res

trictive  because even in its  absence one can argue that households supply 

of labour w ill  s t i l l  almost be unchanged provided they believe  that the 

rationing w ill  not persist in the future. Hence, the problem is  to evaluate  

the labour supply, i . e .  the labour availabilities in the economy NR. The 

direct replacement of NR by the statistical supply of labour NRE^_, that is  

by the sum of the employment and of the unemployment, is  not possible  

because the two concepts are differents A stochastic relation was

defined between these two variables (cf. below) .

Equation (33) is taken from Rosen and Quandt (1978) and one can 

consult their work for its derivation ^

Equation (34) gives in a very simple way the relation between 

NRt and NRE^ for the Portuguese case. For the years preceding 1974 the 

ratio NRE/NR depends on the evolution of the Portuguese emigrants (EMt) 

divised by its trend (EMfc) . For the other years such ratio (NRE/NR) is  a 

nonlinear function of the rate of unemployment r\  ̂^  .

This specification accounts for the important role played by the

emigration in the labour market. Particularly, it  considers that in periods

of inportant emigration, a part of the emigrants are discouraged workers

i . e .  they belong to NR but net to NRE (e ^  0) .
t t 5 ___________________________________

(1) Theoretically two aspects must be considered. On one hand NR^.must be 

bigger than NRE^ because of the discouraging e ffect  : NR̂ _ must include  

the number of people actually w illing  to work at prevailing  conditions 

but not necessarily  listed  as either employed or looking for a job.

On the other hand one part of NRE^ is not available because of the 

friction al unemployment.

(2) We have not considered the non labour income as explanatory variable , 

because in our estimations its coefficient was not s ig n ific a n t . A new 

estimation of the Rosen-Quandt model with american data (Romer (1981)) 

has shown the same results.
e4 e

(3) For these years equation(34) can be written as :NR Et/N t = (1/1 e
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After 1974, following the halt in iEmigration decided by 

European Gouvemments, the Portuguese emigration has practically stopped 

and it  doesn't reflect any longer the situation in the labour market. For 

this period (1974-1979) it  is supposed that the growing level of unemploy 

ment (see why in section 3.) has constituted a discouraging factor and as a 

consequence e^ must be positive.

In Section 3. 3. the sensibility of the results <to an alteration 

in the specification of this equation (34) is studied.

Equation (35) defines the level of production corresponding 

to an efficient utilisation of and Equation (36) is used to compute 

mrt which is an intermediate variable for the evaluation of YR^.

2.2.4.  Block 4 : the, deXtmiKcution ofi production and employment

The specification of the last six equations is easily derived 

from what we have said in section 2 .1 . :

(37) In Y = min (In YKA )f E (In YC ) , E (In YR ) ) + e
t u t  ut

t t_1
(38) YKAfc = a(l + a) E E(v)

t-mkat

(39) NKA = — -—  (i^-)t I  E(V)

^ a ' 1+a t-mka. (l+ b ')v
t

(40) In Ja min (In NKAfc, In NCfc) + (1-A) In Nfc 1 + A^J

+ d-At) in NRt + egt

Equation (37) has alreaty been presented in section 2 .1 . with 

the only difference that it  is now expressed in logarithms because of the 

nonlinearity of the adopted production function.

Equation (38) is used to determine the intermediate variable 

mka^ which is the inferior limit of the sum in NKA^ (Equation (3 9 )) .x. t
Finally Equation (40) gives the level of employment according 

to what was reported in section 2 .1 .
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2 .3 . The method of estimation

2.3.1.  Tfte complete. model

The model to be estimated has 18 equations, (23) - (40) . They 

are four blocks. As they are interdependent we can not estimate individually 

each block. Ihe existence of the operator "expected value" leads to a 

model where only five equations (25) , (28) , (34) , (37) and (40) are estima

ted as behaviour equations. In the other endogenous variables which are not 

observed only its exact part (its expected value) is used in the process of 

estimation.

Let T be the number of observations and m the number of endogenous 

variables, we assume the following general hypothesis about the residuals :

j = 1, T

j = s i ,  K = 1 ,m

j ^ S j , S = 1,T

2 . 3 . 2 .  The ¿¿¿¿¿cuttLeA eAtimcution

As we have said in the introduction we w ill propose a nonlinear 

two-stage least-squares (NL2SLS) method.

However, before presenting it , three problems muste be solved :

(i) Some of the endogenous variables are statistically not observed :

YKA , E(lnYC ) , E (In YRJ , lnXD . InMD , In NKA. , In NC , In NR. 
t t t t t t t t

(ii) The existence of a "min operator" in Equations (37) and (40) 

generates a discontinuous non differentiable model (derivatives can be 

computed but first derivatives are discontinuous). We note that the points 

of discontinuity are not known, since the concerned variables are not 

observed.

(iii) The non-differentiation of the production function (see section

2 .2 .2 .) .

(1) E (e ) = 0  i = 1, m

(41)

(2) E (e . e ) \ aik if1 j Ks
i f{ :
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2.3.2.1. The. pAobiemi oh the e.ndoqmouA vajiiableA itatUtZcaliy 

not ob&e.A\>e.d

This problem was systematically solved, replacing the not 

observed variables by their expressions given by the model. The case of 

In YKAt/ E d*1 YCt) r E (In YRt) raises some problems of a practical nature 

and we present below how we have solved them.

For the computation of YKA^ we have pro ceded as follows. First, 

we subtract equation(29) for t = t-1 from Equation (24) , and we get :

YK - Y ,  = EXQ - EXO , + CD + XD^ - x. , - (MD - M ) - CD^ 
t t-1 t t-1 t t t-1 t t-1 t-1

or

YR -Y , EXO -EXO. , CD -CD 1 CD+ XD.-X. 1 X.
t t-1 L t-1 t t-1 t-1 t t-1 t-1

(42)______________________________ + ______________________A ____________  

V i  Yt-1 CDt-i Yt-1 Xt-1 Yt-1 

MDt-Mt-l Mt-1

Mt-1 Yt-1

Using the fo11owing approx im tions v  ̂'

« t V  '  V i  " YKt - ln V i

» ,- V i1 ■' V i  ‘ 1,1 »« - *> V i
(43)

' f 1 ‘ j-; v" j-~- \  * f̂-i ~ v~t ~'t-l(CL -C J  CD , - in CD, - In CDî r- 1 f-

(MD .M /; / M „ « In MD - In M.
t t-1 ‘ ‘ 1 c t-

We get :

(44) ln YKt - lnV^._ j+DAfc iKt-l/Y t-r' ^  (XDt/Xt- 1} “ (Mt- 1/Y t- l} ^ ' V t - l 1 

where DA = (EXO^-EXO^) A 't-1 - CDt-i/Y t-l L" (CDt/CDt-l)

(1) They result form the first order Taylor expansions of EXP (ln YK ) ,

EXP (ln XD ) , EXP (In MD ) , EXP (ln CDfc) around respect! vly EXP(ln 

EXP(In X ) ,  EXP(ln M ) ,  EXP(ln CD ) .
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Whose expectation is ^

(45) E(ln YKt) = + E( 1^ ® t/ ® t.i> "  (Mt.l ^ t - 1 ' E( lnMV “ t-11

+ 111 Y t-1

F in a lly , we put

DDWt = A In DWt

CEX = (X / Ï  ) A In (PEX /PET )
L w.“* X J. U U

(47) CCDt = ( M ^ j / Y ^ )  A In CDfc

EEXDfc = A In EXOfc

CEM = (M. , /Y  .) A In (P IM ./P Y J  
t t-1 t-1 t t

This gives :

i 48) E (In YK ) = DA. + C.DDW^ + C„ CEX^ - d, CCD^ - d . EEXC) 
t t l t ^ t l t i  t

- d., CEM. + In Yt ,
3 t t— x

which allows to derive, from (2 3) , In YKA^

(49) In YKA^ ^ Y DA + In Y . + YC< DDW^ + YCn CEX, - yd, CCD
t t t~ 1 1 t Z t 1 t

- yd EEXO - Ydn CEMl +■ y .
Z  t  3 t 1

The ca 1 c u 1 a hi on of E i ln YC ) is e as i e r f because one only needs 

to take logarithms in (31 ). We will get in this case :

t-i

(50) E ( In YC ) = In a + ln (l+ a )t  + In ( I E(v))

t-mc^

mct being conputed by Equation (30 ).

(1) The expectations ( "EXP") are always computed, conditionnai to the past  

values of the endogenous variables.
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In an analogous way we get E (In YR^) . From (35) we write :

t-1

(51) E( In YRt) = lna + ln(l+a)t + ln( E E(v))

t-mr^

mr^ being derived from Equation (36) •

2.3 .2 .2 .  Thu txi&tzncJi o& a. men opeAator

This problem has been studied in the framework of the switching 

regression models when the points of structural change are not known 

However untill now, only linear models with two possible regimes have been 

estimated (see Goldfeld and Quandt (1972), Tishler and Zang (1979) and 

Ginsburgh, Tishler and Zang (1980)). Clearly, the theoretical extension to 

a nonlinear model with three regimes gives no problems, but the estimation 

becomes much more complicated because of the simultaneous character of our 

problem.

We start by formalizing the problem and then we w ill present 

the adopted solution.

Let YL^_, Y^ and Y^ represent respectively In Y^,

In YKAt , E(ln YC , E(ln YRfc) .

The problem is to estimate

(52) YLt - min (Ylt , Y ^ ,  Y ^ )  + ^  

(£t = e 8 t )

(1) If  these points were known, the estimation would be much easier. One 

could use the technique of least square cubic splines presented in  

Poirier (1976) or simply the restricted least squares (RLS) . Buse and 

Lim (1977) have shown that the standard cubic splines can be in most 

cases considered as a special case of RLS. After having estimated 

NKA^, NC^ and NR^ one can use any one of these techniques for estimating 

Equation (40). (see Section 2 .3 .3 .)  so, its estimation w ill not be 

explicited here.



- 35 -

where Y is given by (49) , Y ^  by (30) and (50) and Y^t by (36) and (51) .

Assuming, for actual purposes, that our model has only these 

equations [(49) , (30) , (50) , (36) , (51)} and that the e is NID(o, a2) , 

the maximum likelihood for (52) can be obtained as the minimum of :

(53) y = E ê .

The minimisation is carried out with respect to the parameters

° f Ylt' Y2t 311(3 Y3t :Y ' Y° r  yc2 ' “ Y<V  ~ Y<V  ~ yd3 ' Y l ' ln(1+a) ' ln 

ln (l+a ’) and lna ’ ^  . However as we have already said, the first derivatives

of Y are discontinuous and its minimum can not be obtained via efficient

gradient techniques.

The basic idea of the approach, generally used to solve this 

problem, is to replace the operator ,>minl, by some smooth approximation 

generating a function ^ which is continuous and derivable.

We have used the following approwimation :

(54) YLt - 0 , /  ♦ (Y2t) P ♦ (Y3t) PJ  p ♦ et

where P is a negatif integer (P < 0) .

One can easily show that :

l i .  YLt ■ M „  (Yu , Y2t, Y3).) + et

(Y .t > o, i = 1 ,2,3)

(1) the parameter b ' is constant for each optimisation of ¥ (see below).
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We transform equation (54) as :

(55) YL
r  Yi t  ? Y2 t  p Y3t p i l

t̂ = Yot I h rr* + ‘TT* + (1T7* J p
L ot ot ot

where Y = min | Y | j = 1 ,2 ,3  

°  j 3

It is clear that :

Y jt

-J--  > 1» j =  1,3
ot

As P < o

[
 Y Y Y n 1
, It  XP , 21 NP , 3t %P 1

(__— .) + ( _ —_) + (__— ) p = 1
ot ot ot

and the proof is complete.

This approximation implies that p must, be large enough in

order to gee A i - 1, otherwi.se we will have systematically YL. > Y ^ + e .
^ t t. ot t

The residuals presented in equations (52) and (55) will not b<* the same 

and as a consequence the estimation w ill  be biased.

The evaluation of and of its derivatives ^ 1 can introduce under

flow errors for la.? ge values of P ( ^  * By this reason we have used the 

transformation no ted xn specification (55),, Surely this trans formation 

doesn’ t change the values of ¥ and of its  de ri va fci vos 3rd at the s ame 

time it avoids was t. of the un de r flow errors ^  •

(1) They are provoked by the presence in and .L* VF* (see Appendix B) of : 

(Y . ) p , j ~ 1/3.  The computer gives an underflow error when it  evaluates 

this term notwithstanding the fact that the value of Y and ¥* is f in ite .

(2) Even in this case one may pay attention to these errors by introducing 

approp ri ate tes ts.
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2.3.2.3. The non deMv ability oj the, production ¿unction

Notwithstanding the fact that we have replaced the operator 

"min" by a smooth approximation, the function of Equation (55) is not

yet differentiable with respect to ln (l+ a ') , lna ', ln(l+a) , lna. The rea

sons for this are the nonderivability of with respect to the first two 

parameters and the n on de rib ability of Y with respect to the four para

meters (see Figure 1, section 2 .2 .2 . ) ,

On computing the derivatives of ¥ we have used the following 

smooth approximation

t-1 t-1

SC^ = Z E(v) - /  E(v) dv

t-mct t~mct

t-1 t-1

(56) SR^ = Z E (v) - /  E(v) dv

t-mr t-mr

t " 1 . t-l E(v)

^  = t - L fc <1+b’>V “ ^

In all the other cases we have used the exact expressions.

The first partial derivatives of V (Equation 53) are presented 

in Appendix B. They were computed taking into account the simultaneous 

character of the model.

£•3.3. The. procedure oh Estimation

By sirrple application of logarithms we are now in position to 

write the model in the following form which is the one used for the

estimation :

(57) In NRt = e 1 + e2 In POPt + e3 In KW

(58) In NREt = In NR^ + e 4 Bt In (NRE^_/N^) _  ̂ + e5 ( 1-Bt) In (Em^/EM^) + e\
It



vyai-q.

(a)a 2 ui + 3 02+1) UT + » u-[ = \xAUI (u)
1

4 4 5 4 P- A - X + oxa + CD = W (0£ )

^.3 + S3 + (^VXA/^XAm *o + (*a/Sa) ut £o + ^ax UI = \ UT (69)

*
( Ad/^WXd)UT7 Cp + 4 axa UTV 3P + ^ao UTV Tp + 1-4W UT = \w UT (89)

(^¿aa/^xad) utv zo + utv tû + l~\ ut = ^ax ut (¿9)

3£|3 + ((^DA UT)a C*HA ut)a ‘ (^VSA) UT) u-rai = "*A ut (99)

ĴCUI-4
(A)a 2 UT + q. (B+x) ut + OUT = (\a ut)a (S9) 

T-4

A(,q+T)
—)— ^ UT + 4 (!̂t) UT + “V m = HN UT <*9)

(A)a 2 ui + q. 0?+ï)iiT + ©ni = (^da ut)3 (e9) 

1-1

1 + (S ui - ; (,e+i)ur + ,dui) .L'3+l) 111 = ^ora (39)

1 £ W3D P -

^oxaa zv - *aoo tp - \ao zo + \aa lo + \a + l“;¿ q = ut)a (19)

*a + ^wao ^pA -

^oxaa ^px - ^aoD *pa - ^xad ^oA+ ^mœi *oA + ^vaA + ut = ut (09) 

+ (^owda/^ia)ut ^6 + * (^ao/^ia) ut ^5 + ^ia utv = “*ao uxv (65)

- 8£ -
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(72) in NC = In -2L- + ln(-£fr) t + In V

t-mct (1+b 1 )

(73) to NKAt = 1» —2j. + 1» t t l ,  V
t-nkat

(74) In Nfc = Afc A min (In NKAfc, In NCt) + (1-A) In N j + Aj 

+ (1-At) In NRt + e ' 5

where e ' j tf e ' 2 t '  e '3 t ' e 4t 811(3 e 'st oorr.esPon<̂  respect!vly to 

e6t' e lt ' e8t' £4t 311,3 e9 f

The procedure of estimation is as follows :

(i) We start by estimating labour supply replacing In NR - given by

(57) , in Equation (58) . We get In NR^ which we replace in (64) .

(ii) We estimate Equation (59) obtaining In CDt and we replace in (60)

and (68) In CD by In C D _  
t t

(iii) After having replaced In YKAfc, E(ln YCt) and E(ln YRfc) in 

Equation (66) we estimate this equation using the procedure described in 

section 2 . 3 . 2 . 2 . .  We get estimations for parameters y,  y^,  c ^ , r d^, <3̂ , 

d^f ln(l+a) , Ina, ln(l+a') , In a* which gives a simultaneous estimation 

of Equations : (60 ), (61), (62 ), (63), (65), (66), (67 ), (6 8 ), (7 1 ) , (72) 

and (73) .

(iv) We replace in Equation (69) In Yfc, In YCt , In YK̂ _ and In YKA^ by 

their estimations, computed in ( i i i ) ,  geting In Xfc. Imports (Equation (70)) 

are then estimated.

(v) Finally we estimate Equation (74) after having replaced In NCt , 

In NKA^ and In NR^ by their estimation.
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The parameter b 1 is estimated by an iteration method, which 

means : the complete model is estimated for each value of b ' and we w ill 

choose the value of the parameter b* which gives the minimum of the product:

5

(75) P = tt SS , 

j-3 3

with

where e"4t e,,*5t mean the relative residuals of

Equations (66), (69) and (74) .

The reasons of such a procedure are found in the work of 

Staallwood (1972), The author shows that for small values of the parameter 

b 1 there is indeterminacy of the parameters (in particular of In a* and 

In (1+a')) of the model. So it would be necessary to consider constraints 

in the model which would complicate the estimation, specially the computa

tion of derivatives, which is alreacty’ very tedious (see Appendix B) . In 

Appendix C we justify the choice of the minimum for P (‘Relation (75)) as 

an optimization criterion.

2.3.4. The.. pKopafctioA oj tha z&tima£ote>

The procedure that was presented is a typical two-stages pro

cedure» First we estimate, in the reduced form, the endogenous variables  

which appear as explanatory variables in other equations, Then, we estimate 

in the strucrural form,, the other variables, after having replaced the 

endogenous variables by their estimations.

Hie special feature of this estimation procedure is in Equation (66), 

It includes endogenous variables in the second member and i t  is nonlinear  

both in variables and in parameters.

(1) They are obviously derived from the absolute residues through the

formule e 't = 1 - exp (~£t) r where is the relative residual and

e is the absolute residue) .
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The question is to know which properties the estimators have in

such case.

partly of endogenous variables and partly of exogenous variables and B 

is a G -component vector of unknown parameters.

He has presented a general nonlinear two stage least squares 

(NS2SLS) estimator B , that is the value of B that minimizes

result : i f  we replace the endogenous variables in Equation (66) by their 

estimations got by ordinary least squares, we w ill obtain^ under very general 

assumptions ^consistent estimators.

efficient than the nonlinear limited information maximum likelihood esti

mator (see Amemiya (1975)) but this latter is computationally much more 

difficult.

(1) Following Amemiya (1975) we will call our estimator standard non linear 

two stage least squares in view of the particular choice of X.

Amemiya (1974) has studied this problem, under the form

* t - f (Z t , B) + 0 t

where U has standard properties, is as M-canpcnent vector consisting

V (B) = (Y - f) ' X (X 'X )-1 X '(Y  - f) , where X is a T x K matrix 

of constants with rang K,

(2)
His main results v 1 , under seme general assumptions, which are 

not presented here, are :

(i) B converges in probability to the true value BO

(ii) / t (B - BO) converges in probability to

N

More explicityly, Bcwden (1978) has pointed out the following

So, in conclusion : our estimator is consistent. It  is less

(2) He has also shown that the well known properties of the two-stage 

least-squares are verified i f  f is not linear in B, but linear in Z.
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2 .4 . Structural change and disequilibrium

As it  was observed in the introduction the main goal of the 

empirical implementation of the model with Portuguese data is to study 

the structural changes occured with the revolution of 2pril 1974.

To this purpose and before presenting the results we evaluate 

in this section the special aptitude of this disequilibrium model to 

show structural changes. In particular we analyse the role played by the 

bottlenecks and define the balanced growth path.

We start by noting that each bottleneck corresponds to a different 

approach for determining the production and the employment level. They are 

represented in summary by Schemes 2, 3 and 4. These schemes show, in parti

cular, that the disequilibria in the external trade are a fonction of the 

bottleneck. Most of the usual macroeconometric models consider only one of 

these approaches (in general the one corresponding to Schema 2) . In this 

sense they can be considered as particular cases of the present model in 

so far as they consider only the situation in which the bottleneck is always 

caused by demand ^  . In the present model it  is not assumed a priori which 

is the bottleneck that obstructs economic activity. This w ill be given by 

the data. In particular the estimations obtained for the production function 

(see below) may show that the economy finds it  self in one of the situation 

represented by Schemas 3 and 4. The results can also show that during the 

period of estimation the economy has jumped from one regime (or bottleneck) 

to another. We will call this jump a structural change in the economy ^  .

In order to fully understand these aspects we use approximations

(56) and we compute :

from (62) and (63) ;

(76) me * t = 1 + (a* - 1 ^ /b *

(1) In a formal way this approach corresponds to y=l (YKAfc = YK ) ;

YKAt < YCt and YKAfc < YR̂ _

(2) In a strictly econometric sense this definition is only correct in the 

framework of the usual macroeconometric models, the structure of which 

contemplates only a regime. The structure of the present model is general 

enough for allowing such a jump even i f  none of its component changes.
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Schema 2 : KEYNESIAN UNEMPLOYMENT (bottleneck : demand)

Gjj = (NR - N) /  N 

GC = (YC - Y ) /  Y

Schema 3 : CLASSICAL UNEMPLOYMENT (bottleneck : production capacity)
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(77) yc = a + (E(t-l) - E(t-mct) (l-mc't)) /  SCt

and from (64) and (65) :

(78) m r't = (nrt + a'-a)

RRfc( 1+b ') t-mrt

E(t-mrt)

(79) yr = a + (E(t-l) - E(t-mr.) (l-mr'J) /  SR 
t t t t

In these relations ((76)-(79)) the meaning of the symbols is

given according to : x = d b  X / i  ; X* = d X /d^ ; where X^ is the 
 ̂ t t t t t t t

variable with respect to the rate of growth (x^) and the derivative (X'^)

following results.

from (76) and (77)

1) i f  1 = a ' + b*

this implies that nic'^ = 0 and yc = a+ r ; the interpretation of which 

is classical : in case that the real wages increase at the same rate as 

the labour marginal productivity the value of mc^ doesn't change ^  . I f ,  

in such a situation , investment grows at a constant rate than YC grows also 

at a constant rate called by Solow it al (1966) natural rate of growth in 

a neoclassical framework with Harrod neutral technical progress (a = 0) .

2} A situation characterized by 1 < a + b ' will give a speed of scrapping 

lower than in the case 1) (mc*t > °) and yc^ > a + r.

3) In a similar way me1 ^ < 0 and yct < a + r will be verified i f  1 > a '+ b '.

(1) One can easily check that the following approximations have also been 

used : In (1+a*) - a* , In (1+b1) = b* in Relation (76); In ( 1+a) - a 

in elations (77) and (79) and In (1+a*) - In (1 + a) - a ' - a in 
Relation (78)

(2) The results concerning the evolution of mc^ do not depend on invest

ments growth. They are also exactly verified even in the discrete cas 

(Vilares (1980)).

For a constant rate of investment growth r, one can deduce the
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from (78) and (79)

(i) for nr = a + r - (a '+b ') ; this gives mr' = 0 and yr = a + r which 

has the following interpretation. If , at each periode t, the increases in 

labour supply are equal to the labour required for branding the new capital, 

the full employment can be assumed with a constant age for the oldest 

vintage in the stock of the capital.

(ii) For nr^ > a + r - (a '+b 1) ; the model gives m r 't > 0 and yrfc > a + r.

In this case the full employment will only be assured through a 

reduction of the scrapes.

(iii) In a similar way one can interpret the case where nrfc < a + r - (a+b1  ̂

which corresponds to m r't < 0 and yrfc < a + r.

The developments which were reported allow us to conclude, that the model 

will portray :

a) constantly the Keynesian regime i f  the rate of growth of the 

anticipated demand (yka^) is systematically inferior to yct # given by (76) 

and yr^ by (78) .

b) a situation in which the capacity of production ( YĈ _) and the 

production at full employment ( YÎ _) grew at the same-and constant rate 

(yct = yr^ = a + r) i f  the two following conditions are satisfied :

bl : nrt = r + a 1 - 1 

b2 : 1 = a ' + b '

c) a balanced growth path, that is a situation where the bottlenecks 

play no role ( YKA^ = YC^ = YR_ = Ŷ _) i f , besides b) , the firms anticipate 

w ill the demand (y = 1) , i f  yk^ = a + r and i f  equilibrium ( YK = YC = YEj 

is verified at the beginning of the growth path.
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Clearly these situations are generally not observed since the 

variations of 1^, nr, r and yk will assure very hardly the conditions 

stated above. The general case vrill be the cne where the economic acti

vity is obstructed in each period.

The type of bottleneck can change as a consequence of an impor

tant shock in cne (on more) of the growth rates noted above. The final 

effect will depend on one hand on the amplitude of the variation and on the 

other hand on the situation preceding those shocks. All these aspects are 

illustrated by the model.

It seems so that the present model is specially equipped for 

analysing the structural changes in a given economy which was submitted 

to some important shocks. This statement will be empirically tested in the 

next section.
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3. STRUCTURAL CHANGES IN THE PORTUGUESE ECCNOMY OCCURRED 

WITH THE APRIL 25TH REVOLUTION

The economic consequences of the Portuguese revolution of 25 

april 1974 have given rise to an abondant litterature (see, in particular, 

Barbosa and Beleza (1979) , Krugman and Mace do (1979) and OECD (1976 )). So 

it  is important to be very precise about the purpose of this empirical 

inplementation, which is to illustrate the capacity of the present model 

to analyse structural changes in a given Economy that has been submitted 

to some important shocks.

We start with a brief summary of the main shocks. Then we comment 

the results given by the model and finaly we study the rohoustness of the 

estimations.

3 .1 . A combination of shocks

The Portuguese Economy was in the space of tw o  years (1974-75) 

exposed to an impressive nunber of shocks. We can divise them into two 

groups (see data and more details in OECD (1976)).

On one hand we have the shocks produced by the revolution, parti

cularly :

1) The important increase in real wages, specially the lower wages.

As prices were submitted to a political control, the real wages have 

jumped and a redistribution of income has taken place in favour of labour.

2) The loss of the colonies and as a consequence :

2.1) the loss of markets and of a source of raw materials ;

2.2) the arrival of settlers ;

2.3) the reduction of military effectives.

3) The extension of the public sector.
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Oi the other hand we have the exogenous or external shocks, that 

is those which would affect the Economy under any circumstances, even i f  

no revolution has taken place, like :

i) the halt on emigration as a consequence of the decision taken by 

the gouvemments from the states menfoers of the European Communities ;

ii) the rise in the price of oil and the world recession.

One can easily check (see the data in Appendix E) that these 

shocks have directly provoked a rise in the real wages of 17.3 % in 1974 

and 12.6 % in 1975 and a rise in registration of the unemployment of 

41.7 % in 1974 and 120 % in 1975. They are also indirectly responsible for 

the rupture in investments (-12.2 % in 1974 and -19.3 % in 1975).

3 .2 . The results

The model has been estimated for the period 1955-1979. The data 

are in Appendix E and the meaning of the variables, according to the 

Portuguese accounting system, is given in Appendix A. In this section we 

present the main results and some remarks about them. These remarks concern 

the specific contribution of the present model to the problem we analyse. 

The other results are shown in Appendix D.

In order to fully understand the results, they are presented in 

two groups. First we analyse the bottlenecks of the economic activity given 

by the evolution of YC^, YR^ and YKA^. Then we examine the repercussions on 

external trade of the disequilibria verified in the interior of the 

Economy.

3 .2 .1 .  The bottlenecks of the economic activity

The evolution of YCt# YR _̂ and YKA^ given in Table 4 of Appendix 

D, suggests the following remarks :

1) The estimation of YKA^ and YK^ are very close (y - 1, see Table 1) , 

which can be justified by the fact that we use annual data. Under these 

conditions the bottlenecks which have obstructed the economic activity
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(see below) were effective. They were not the result of wrong expectations 

of firms.

2) Figures 2 and 3 show that one can consider five phases in the 

process of production growth during the period of estimation.

The first one (phase A) is characterized by a considerable under

utilization of production factors, specially labour. Figure 3 shows that 

there is a growing difference (except the year 1960) between GR and GC 

and between GC and GKA (see, in Figure 3, the definitions of these gaps) .

The beginning of the colonial war (1960-61) has not had immediate effects 

(this confirms the view expressed in ILO (1979).

After 1963 this growing tendency of GR and GC is reversedf parti

cularly the one of GR. The needs of the militar contingent and specially 

the pressure of the emigration (see this serie in Appendix E) start to 

take effect. Because these effects are still weak, this period (phase B) 

is characterized by an important growth of demand production and invest

ments.

The situation starts to be critical after 1969 when a new phase 

begins (phase C) . The strong emigration seconded by the colonial war had 

two effects. On the one hand they have provoked the scarcity of labour supply 

(direct effect) . On the other hand the shortage on labour supply has led 

to real wage increases. As these increases were not followed by a sufficient 

renovation of the stock of capital in order to increase labour productivity 

(see, in Table l f the quite modest values of a* and b ')  , they had, as a 

consequence a reduction of YC_ (indirect effect) . Hence the results show 

that the Portuguese Econony was at the beginning of 1974 in a situation of 

insufficiency of labour (called repressed inflation) which provoked as an 

indirect effect a pressure on production capacities.

This situation could not last long. The april 25th revolution 

joined with external factors (see above) have forced a new direction and 

the Economy enters in the classical regime (phase D) . Such result doesn't 

surprise i f  one considers on the one hand the developments of section 2 .4 , 

and on the other hand the situation of the Economy and the type of shocks : 

strong increase in labour supply and in real wages and a fall in invest

ments.
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After 1976 the remarkable decline in the real wage and the 

restrictions inposed to households consumption (OECD (1976)) have reversed 

the situation and a new phase starts (phase E) .

The abrupt augmentation of the profitable production capacities 

(YC^) for this period (1977-1979) deserves a particular remark. The model 

gives it because of the strong decline in real wages. I f  one supposes that 

mct+  ̂ ^  mc^+1, i . e . ,  i f  a scrapped vintage doesn't return to the stock of 

capital, then the values of mcfc would be for these years 12.93, 13.93 and 

14.93 (see Table 6 in Appendix D) and the values of GC ^ would be those 

plotted by the dotted line ( . . . )  in Figures 2 and 3. This assumption which 

inposes 1 > a' (Vilares (1980)) is only logical in the framework of a 

"normal situation". In an exceptional case like a revolution, firms can 

close temporatily or keep their equipments for some years even i f  they are 

not profitable. This can explain the behaviour of me given in Table 6 .

Hence, the evolution of GĈ _ must be between the two bounds given in Figure 3.

3 .2 .2 .  External trade

The specification of the external raises a particular problem. 

Before 1974, about 22 % of the exports and 12 % of the imports came from 

the Previous Escudo Area (see, in appendix E, the evolution of these values 

respectively represented by EXC and EXM) . The formulation of XD and MD in 

terms of the usual variables -competivity, world and interior demand- is not 

appropriate for the part of the external trade coming from this area d )  . 

This problem was solved by assuming that imports and exports demand of the 

Previous Escudo Area are exogenous, i .e .  equal to their exchanged values.

We w ill make two remarks about the results obtained for external

trade :

1) A general remark concerns the interest in endogenising the indi

cators of disequilibrium. Sudh an interest is illustrated in two ways :

(1) In Appendix E, it  is shown how the index of price of competitors on 

foreign market (PET) and the weighted world trade index (DW) are 

computed.
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1) by the important differences between X and XD and between Mt  u t
and MDt ;

ii) by the estim tions and standard errors obtained for the parameters 

c^, c4 and which translate these disequilibria.

2) A more particular remark concerns the interpretation of external 

disecfuilibrium after 1974. It  is coherent with what we have noted in section

2 .2 .1 .  Since the Economy was at the beginning of 1974 near the classical 

regime a rise in real wages has provoked in respect to the potential values 

XD and MD a fall in exports (X < XD) and a rise in imports (MD > M) . After 

1976 the abrupt augmentation in Yc^ has reversed the situation. It  is 

useful to note that the only formalization of the external trade in terms

of the usual variables of competivity : PEX/PET for XD^ ; and PIM/PY for 

MD^ ; explains a quite modest part of the evolution of external trade in

this period. These aspects are schown in Table 5. Figure 4 illustrates the
v

case of the e^qports.

3 .3 . The robustness of the results

We will do four remarks concerning the quality of the results.

1) Table 1 shews that pratically all the parameters are significant 

(at the 5 % level) and they have a sign consistent with the interpretation 

given for them in the model.

2) The relative residuals obtained in the estimations are given in 

Tèble 2. They are quite modest i f  one thinks the important ruptures which 

have taken place in the Portuguese economy during the periode of estimation 

this is illustrated in Figure 5, where the residuals concerning and Y^ 

are plotted.

3) As the labour supply and the consumption function are quite peri- 

pherical to the model. We have tested the robustness of the results using 

different specifications for these functions Table 3 shews the main

(1) It  would be also interesting to compare the evolution of GC with are 

indicator of underutilization of the production capacities as it  was 

done in the estimation of the present model with French data (Vilares 

(1981)). Unhappily there are no available data for such a confron

tation.
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results obtained for each one of these specifications. One must note the 

remarkable stablity of the results. They don't question the validity of the 

comments made in section 3 .2 . the selected results are these of Model A.

The presence of the dummy variable Ĉ _ in the consumption function is easily 

justified i f  one thinks that during the period 1974-76 the rise of real 

wages has exceptionally encouraged consumption. However i f  one doesn't 

consider this variable (models A^, A^ and A^) the main results rest funda

mentally unchanged this confirms what was noted in section 2 .4 . : the model 

is general enough for portraying different situations without the help of 

the usual dummy variables.

4) Finally a general remark with a double sense.

First it  is clear that all the results are conditionned by the 

quality of the data which in the Portuguese case is constantly called in 

question (Appendix E) . However as we work at a very aggregate level (all 

the economy except the Public Administration) we believe that the possible 

inperfection in the data will only affect the intensity but not the nature 

of the disequilibria :

Second the quite good performances of the model must not hide the 

fact that the Portuguese revolution of 25 April 1974, like other social 

mouvements of this type, induces in the economic activity a lot of aspects 

of a qualitative nature that no model can contemplate.
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Table 1 - PARAMETERS

e 1 0,972 (0,012) cl 1,93 (0,91) (*) In (1+a') 0,0047 (0,0023)

e2 0,766 (0,213) c2 0,495 (0,231) (*) Ina' 0 ,963 (0,431)

e3 0,077 (0,012) dl 0 ,99 (0,48) (*) c3 1,16 (0,41)

e4 0,276 d2 0,371 (0,108) (*) c4 27 ,6 (12,6)

e5 0,009 (0,004) d3 -0,214 (0,113) (*) c5 -0,169 (0,08)

g i -0,004 (0,003) Y 1,03 (0,452) A 0,085 (0,023)

g2 0,737 (0,019)
*1

0,0024 (0,001) Al 0,915 (0,42)

g3 0,287 (0,13) In ( 1+a) -0,0305 (0,0108) b ' 0,041 (*  *)

g4 -0,07 (0,03) Ina 2,42 (0,89)

g5 0,054 (0,02)

Notes *0 These standard errors are 

respectively (see page 35

of the parameters Ycl, Ye2, -Ydl, 

) .
-Yd2 and -Yc3,

W ) This parameter was estimated by iteration (see page 40 ) .

Table 2 - RELATIVE FESIDUALS RESIt (*)

T RESI RESE KÉS3 RES4 RES5
55 - 0 ,0 3 5 5 5 0 ,02647 0 ,00686 0 .02963 - 0 . 0 0 6 1 9
56 - 0 ,0 2 2 5 6 0 ,0143 6 - 0 .0 0 6 9 7 0 .00863 0 .0 0 1 6 3
57 - 0 ,0 1 1 0 2 - 0 ,0 0 1 0 2 - 0 ,0 2 3 1 9 - 0 .0 3 1 4 5 - 0 . 0 0 1 2 5
58 0 ,01452 0 ,0253 2 0 .03098 0 .0181 2 0 .0 2 4 4 8
59 0 ,03150 0 ,01646 0 .0 0 1 0 0 - 0 .1 5 4 8 4 0 .0266 1
60 0,01171 - 0 ,0 0 5 7 3 0,01030 0 .0286 8 - 0 . 0 0 5 6 0
61 0 ,0122 9 0 ,06891 0 ,00096 - 0 . 0 0 3 3 3 0 .0085 1
62 0,00781 - 0 ,0 6 0 5 6 - 0 .0 0 4 8 6 0 .02649 0 .0088 1
63 0 ,0099 8 0 ,0354 4 0 .02619 - 0 .0 5 1 9 0 0 .0 1 1 5 9
64 - 0 ,0 0 5 8 7 - 0 .0 3 9 4 5 - 0 .0 2 3 1 0 0 .1723 2 0 .0 0 3 6 9
65 - 0 ,0 0 5 2 9 0 ,0027 7 - 0 ,0 0 7 3 ? 0 .0060 5 0 .0 0 2 8 6
66 0,00191 - 0 ,0 0 3 9 0 0 ,00166 0 .04499 0 .0 0 5 2 5
67 - 0 ,0 0 1 5 0 - 0 ,0 6 4 0 2 - 0 .0 1 2 4 2 - 0 . 0 3 9 2 2 - 0 . 0 0 9 6 9
68 - 0 ,0 1 0 7 5 0 ,0819 0 0 ,02429 - 0 . 0 7 3 6 7 - 0 . 0 0 7 6 4
69 - 0 ,0 1 4 3 0 - 0 ,0 2 4 4 9 - 0 ,0 2 1 7 0 - 0 . 0 6 7 8 9 - 0 . 0 2 1 8 0
70 0,00571 - 0 ,0 6 1 2 0 - 0 ,0 3 0 0 0 - 0 . 0 7 7 5 5 - 0 . 0 0 1 2 2
71 0 ,0 1152 0 ,0 139 4 - 0 .0 0 0 7 0 0 .06198 - 0 . 0 1 3 4 5
72 0 ,0131 8 - 0 ,0 7 5 8 0 - 0 .0 0 3 5 8 0 .1562 5 - 0 . 0 2 1 0 9
73 0 ,00180 - 0 ,0 0 4 4 5 0.02150 - 0 , 0 5 5 0 6 - 0 . 0 3 9 6 8
74 - 0 ,0 1 2 9 5 0 ,0067 2 0.00241 - 0 .0 0 3 9 1 - 0 . 0 2 3 6 0
75 - 0 ,0 0 4 5 3 0 ,0043 2 - 0 .0 4 1 3 0 - 0 . 0 1 4 6 2 - 0 . 0 1 1 3 2
76 - 0 ,0 1 7 9 4 - 0 ,0 1 1 1 3 0 .01367 - 0 .1 1 4 8 8 0 .0 0 4 5 6
77 - 0 ,0 0 0 2 5 0 ,0405 8 0 ,02430 - 0 .0 0 7 0 2 - 0 . 0 0 5 8 5
78 0 ,0114 9 0 ,0 136 7 0 .00863 0 .0091 6 - 0 . 0 0 5 7 2
79 0 ,00661 - 0 ,0 1 7 3 7 - 0 .0 0 8 3 6 0 .0618 7 - 0 . 0 0 5 8 4

(*) RESIt = (Z^-ZE^) /Z fc ; Z^ s observed value, ZEfc estimated value. The concerned 

variable is given by the procedure of estimation (page 39 ) .



F|gURE 2 - THE BQTTTJ.NECKS OF THE ECONOMIC A CTIVITY  ( 1)

57 5R 59 60 61 6.i 61 65 66 67 6P 69 70 71 7.7 73 74 7S
(1) The p lo t t e d  v a lu e s  a re  those  o f  T a b le  4 (Appen d ix  D) d i v is e d  by O .O lYE^  ( to  = 1952) .





FIGURE A  - EXTERNAL DISEQUILIBRI A. THE BEHAVIOUR OF Xt, XDt and XE ̂ (1)

1955 56 57 58 59 60 
(1) cf. Appendix D (Table

68 69 70



FIGURE 5 - RELATIVE RESIDUALS OBTAINED IN THE ESTIMATIONS FOR Y and N

1 9 5 5 5 6  

(1) The

57 55 53 60
plotted values are

61 62 63 64 

those of RES3 and

6 5 6 6 6 /
RES5, given in Table m ultiplied by 100.



Table 3 - ALTERNATIVE SPECIFICATIONS FOR CONSUMPTION AND LABOUR SUPPLY FUNCTIONS (Equations (58) and (59))

RESULTS

MODEL (X)

Parameters Sum of the squares of the residuals SS^ Regimes (years)**

a

<%)

a ’

(%)

b ’

(%)
A Y

C3

SSI 

(E Q .(58))

SS2 

(E Q .(59))

SS3

(EQ .(66))

SS4

(EQ .(69))

SS5

(EQ. (74))
R C

Al
-2,8

(1,1)

0 ,5

(0.2)

4 0,079

(0.029)

1

(0.44)

1,03

(0.54)
0,0049 0,0407 0,0107 0,1282 0,005 73

57, 60 

74-76

A2
-2,9

(1.12)

0 ,6

(0.2)

4. 1 0,08

(0.031)

1,038

(0.44)

1,48

(0.58)
0,0049 -- 0,0105 0,1169 0,0044 73

55, 57, 60-61 

74-76

A
-3

(1.1)

0 ,5

(0.2)

4. 1 0,0849

(0.023)

1,03

(0.45)

1,16
(0.41)

0 ,0049 0,0365 0,0082 0,1284 0,0053 73
60,
74-76

A3
-2,8 

(1. 1)

0 ,5

(0.21)

4 0,081

(0.028)

1

(0.43)

1 ,056 

(0.54)
0,0053 0,0407 0,0102 0,127 0,0064 73

57, 60 

74-76

A4
-2,8

(1.12)

0 ,5

(0.22)

4 0,081

(0.028)

1

(0.43)

1 ,057 

(0.54)
0,0051 0,0407 0,0102 0,127 0,0065 73

57, 60 

74-76

Notes : *  The results given in the text are those of model A. The other models are derived from this : model Al : C = 0 ,Vt

(Equation (59)) ; Model A2 : consumption is exogenous ; Model A3 : C = 0 and B = 1, V t  (without the number of emigrants 

as explanatory variable) ; Model A4 : C = 0 ,V  t and the exclusion of Bt , i .e .  Equation (58) is estimated with both 

variables for all the period.

«  The years which are not reported correspond to the keynesian regime (K) .

i
cn00
1
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4. CONCLUSIONS

When we started this research we intended to develop a model 

which was able to account for important structural changes in a given 

economy. In fact the usual mac roe con erne trie models are not equipped for 

incorporation such structural changes because they admit explicitly a 

constant structure.

We have taken as framework the recent developments in disequili

brium macroeconomics the present model, contrarily to the usual macroecono

metric models, incorporates in an endogenous way three different possible 

approaches for the determination of production and employment. We have 

showed that this aspect gives to the model a special aptitude for analysing 

structural changes in a given economy that has been submitted to some 

important shocks. The estimation method is not complicated and it  can be 

extended to models of bigger dimension. No parameter is fixed a priori and 

only one (b ') is estimated by an iteration procedure.

The results obtained in the estimation of the model with Portuguese 

data are satisfying and they shed light an three points. First they illus

trate the interest of estimating some not observed, variables, like the 

full employment production capacity the profitable production capacity and 

exports and inport.s demand. These variables influence the evolution of 

production and employment. Second, they show that the present model gives a 

specific interpretation of the structural changes in the Portuguese Economy 

occurred with the April 25th revolution. Finally, the results elucidate the 

advantage of checking, on a model with reduced dimension, the restrictive 

hypothesis of a constant structure generally assumed in operational macro- 

econome tri c models.

The results would be inproved i f  some developments had been 

carried out like the consideration of different consumption function accor

ding to each regime, the consideration in an endogenous way of investment 

and (or) inventories. However, under such conditions, the multiplication of 

the regimes risks to make the model lose its capacity to characterize, in 

a simple way, the evolution of the economy. The statistical difficulties, 

specially concerning unvoluntary inventories, also constitue an obstacle to 

such developments. In the Portuguese case these difficulties are conside

rably increased because of the particular insufficiency of data.



R E F E R E V

AMEOTyA.

AWEMIVA.

BARBOSA 

BENASSy. 

SflWiTEW. '

BROER. 0

BUSE. A.

VIX1T. A 

VREZE. J

EATON. J, 

FAIP.. P.<

- 61

C E S

T .-1974 - "77te nonZineaA two-stages ¿east-6quaAes estxmaZoA", JouAnal 

of EconomeZxZcs, 2, 105-110.

T.- 7975 - "The nonlineaA limited information maximum likelihood e6tZ- 

matoA and the modified nonlineaA two-stages least-squaAes eJSti- 

mcutoA” , JouAnal of EconometAics, 3 , '375-385.

M.P. and BELEZA L.M.-1979 - "External disequilibAium in PoAtugal : 1975-1978" 

Economta, n® 3, 487-507, LISBOA (PORTUGAL).

J .P .-1977 - "On quantZtity signals and the foundations of effective.

demand theoAy", the &andZnavizn Journal of Economics, 79 , 147-160.

?.J.«-T9?8 - "The econometAics of dZsegcu'jUMium", (lolume 26 in the seAies : 

Studies in mathematical, and I'anagetZal Economics, MoAth-Holland 

Publishing Company.

.P. and S1EBP.ANV. J.C.-7979 - ”A simultaneous disequiZihAZum analyse

of pAoduZt maAket and labouA maAket", EAasmus 

UnZveASity, ^otteAdam, Viscussion papeA M® 781316.

and LIM. L.- 1977 - "Cubic splines as a special case of AestAicted least 

squaAes" JouAnal of the AmcAican statistical association,

72, 64-68.

.- 1978 - "The balance of tfiade in a model of tempoAaAy equilZbAium uxith 

Aationing", Review of Economic Studies, 45 , 393-4^4.

, and MOVTGLIAW. F.-1981 - "The thade-off between Aeal wages and

employment in an open economy (Belgium)", Euao- 

pean Economic Review, Volume 15, 1-40.

, and QLtANVT. R.-1981 - "A quasi-walAasian model of AaZioningand labouA 

supply : theoKy and estimation". PAinceton UniveJisZty.

I. and JAFFEE. V.M.- 1972 - "Methods of estimation foA mecAketsix'dZ&e-

quZtibAium", FconometxZca, 44 , 497-514.

FOURGEAIW. C. and MICHEL Ph.-1981 - "Vynamic analysis of diszQuZtihnium" CEPPWAP,

UniveAsiti PARIS I.



- 62 -

G1NSBURGH. T1SHLER A, and ZANG. 1.-7980 - "Alternative Estimation methods

for two-regimes models. A mathematlca.1 

programming approach". EuA.ope.an Economic 

Review, 7 3 , 207-22S.

GOLVFELV. S.U. and QUAVPT R.E.-7972 - "Nontlnear methods in econometrics",

K'orth-Holland Publishing Company.

G0UR1ER0UX. G., LAFFONT. J.J. and M.ONrORT. C.-1980 - "Viie.qcu.Ufo.ium econometrics
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APPENDIX A

LIST OF VARIABLES

All the values are at 1963 prices and in millions of escudos.

Endogenous variables

YKAj. : producers' expectations for period t

YKj. : total demand for domestic goods and services

MDt : domestic demand for foreign goods and services

XD̂  : external demand for domestic goods and services

CDt : households consumption of goods and services

Xt : exports of goods and services

Mj. : imports of goods and services

NKÂ  : efficient employment for producing YKk^

roka : age of the oldest vintage in use if YKA. is produced (intermediate computable 
variable)

YĈ  : profitable production capacity

mCj. : age of the oldest profitable vintage in the stock of capital

NC. : efficient employment for producing YC

NRj. : labour disponiblities in the economy:

NREt : registered labour supply (employment + unemployment)

YR̂  : full emplyment production

mrt : age of the oldest vintage in use if YR̂  is produced (intermediate computable 

variable)

Yt : gross national product (GNP)

Nt : total of the employment, except in Public administration (in thousands).
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Exogenous variables

EXD. : exogenous part in domestic demand (Public consumption + investment + 
change in stocks)

PIM  ̂ : inport price index (PIM = 1, t = 1963)

PEXt : export price index (idem)

PYt : production price index (idem)

PETt : index of price of competitors on foreign market (see, in Appendix E, 
the way as it was computed)

DWt : weighted world trade (idem)

DIt : households real disposable income (the values of disposable income are 
divised by the consumption price index PC

Lt : 0.5 RWt + 0.3 FWt_1 +0.2 RWt_2

n*t  -  V n t
= average wages for year in contos (thousands of escudos)

P0Pt : working age population (aged more than fourteen and less than fifteen years)

E(v) : total of gross fixed capital formation in transports, machinery and equipment 
(see Appendix E, p • XIV)

: year (1900, t = o)

RNS : non labour real income (the values of the nonlabour income are divised by PC) 

EMt : emigrants (in thousands)

Dummy variables

A f 1 if min (NKAt, NCt) < NRt

t 1 0  otherwise

B _ .1 if t ^ 74

0 otherwise'■ • (  

■ ■ i

^ _ . 1 if 74 t $ 76

0 otherwise
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APPENDIX B

COMPUTATION OF FIRST PARTIAL DERIVATIVES OF Y

In this appendix we compute the derivatives of the functions Y given 

in Equation (53). As in the optimisation the DFP algorithm^ tiras employed 

the calculation of the first partiâLderivatives is sufficient.

If we call :

(1) Fu  -  ( Y , /  ♦ (Y2 t ) P *  (Y3 t ) P

where Y1t is given by (60),Y2t by (62)~(63), Yjt by (64)-(65) and P 

is a négatif integer.

We can write :

T
(2) Ÿ » £ (YLt - Ft ) 2

1 1 
where Ft = (F1t)? and YLt = In Y

The vector of the parameters of optimisation x is considered 

in the following order :

x(1) = y x(4) =-Y x(8) = ln (1+a)

(3) x(2) = x(5) =-y ¿2 x(9) = In o.

x(3) = y c2 x(6) -**y d3 x(10) = In 0+a')

x(7) = Yl x(11) = in a*

Under these circumstances, we have : 

Yl t » * 1 (x(i)) i = 1 ,7

(4) Y2t = 'f,2 x̂('i^  i  = 8,11 

Y3t = ^3 (x(i)) i = 8,11

(1) We have used the optimisation pvograrme GQOPT from the University of 
Princeton (U.S.A.).
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and the computation of the derivatives can be done as follows

ro T 9 Ft
(5) —  = - 2 E (YLt - Ft) r

3x(i) I 3 x(i)

i - 1*11

3 F. « 1 _-| 3 F1t
(6)  S -  = -J -  (F1t) T -  - f -

3 x(i) P 3 x(l) 

i - 1 , 1 1

3 F- P-1 3 Yu
(7)  1L _  = P(Y1t) U

3 x(i) 3 x(i)

i - 1,7

fPl 8 F ,t  P' 1 3 V  P’ 1 ’ V

(8) 7 7 :  - p(V Txfir * PCV
3 x(i) v ' 3x(i)

i = 8,11

The computation of (7) is easy.

3 Y1t
(9)  —  = Z(i,tO

3 x(i)

i = 1,7

Where Z (i,t) represents the observation t of the explanatory 

variable i that is the variable corresponding to the paramétré x(i).

So,we will have :

3 F -i- - 1 P"1
(10)  = (F1 )P a u ) Z(i,t)

3 x(i)

i = 1,7
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For the computation of (8) we have used the approximation (56). 

After some tedious calculations we can write :

(11)

(12)

3Ft  Ì  ” 1 P_1 P~1 dr t - * r t  7
—  = CF1 t) P r  (Y2 t) + (Y3 t) ( U  ^ t)  ( W )  7 t
3x(8) ' . SR̂

3Ft  1 3 Ft

3x(9) t 3 x(8)

9 Ft p "  1 P_1 E(t-mct) P" 1 RR. %t '™r t
(13)  - - (Fn ) f C f 2 t ) -■--- Ì--  + a 3t) — —  d +b) J t

(14)

3 x(10) ln 1̂+bl)

3Ft  _ 1 3Ft

3 x(11) t  3 x(10)

where RR ,̂ SRt , SCt represent the sums given in (56) and E(t-jnct) repre

sents the investments in the period aj(v  = t - mct) .

If we proceed now to the transformation noted in the text, we will 

get finally :

1 - 1
3F . P - Y, p-1

(15)  1- = (A ) I  — LL. 7 Z(i,t)
3 x(i) 1  Yot J

i * 1,7

1 1 P-1 i
3 F p - _ Y. Y_. p"' t-mr. RR..

(16)  = (At) I  C — + ( -^L.) (1+ti) 1  ( 1 ------

0 7 )

3x(8) Yot Yot SRt

3 Ft  1 3 Ft

3 x(9) t 3 x(8)

1 r,-1 P“ 1 t “mri-3 F. 1 - 1  Y?t p 1 E(t-mc.) Y-. *
(18) --- Ì--= ( A )P [ ( — -----Ì----+ ( 3t C1+b,}

3 x(10) T Yot SCt In (1+b') ot

" t . ; ,

(19)
9F t = _ 1_  9 Ft 

3 x(1 1) f 3 x(10)

SR
t
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where :

and

replacing

At = Yot 1t
ot ot

Yot

Yot =min/  Y ^ /  (j = 1,3)

j

The computation of first partial derivatives of i 

in (5), SF^/ 3x(i) by the expressions (15)-(19).

achieved,



APPENDIX C

THE CHOICE OF THE MINIMUM K)R P AS OPTIMIZATICN CRITERION

As it is noted in the text the parameter b ' is estimated by an iteration 

method. In this appendix we justify the choice of the mininun for P (Equation (75)) as 

an optimization criterion.

The difficulties in the estimation of the parameter b' are related to 

the presence of the parameter b' in three behaviour equations : (66) , (69) and (74).

So, the present problem^under a general foimalizaticn, is to maximize 

the likelihood function of

Y1 = 1̂ + E1 (1) l l l l
Y2 = f 2 ^0’ 02̂  + e2

where f̂  and f2 are nonlinear functions of the parameters 0, 0  ̂ and ©2 ; , Y2 , 

and £2 are T— conponent vectors with the usual meaning.

Assuming that the e-t are NID (0, o h  (j = 1, 2) ; t = 1, T), the
J ̂  J

logarithme of the likelihood function L is easily computed.

T T
(2) L = constant - |  In a2 -  j  In o2 - - L E (Yt - £ , ) 2 - - L  z  (Y2 - f2) 2

20  ̂ 1 2a2 1

where f̂  = f̂  (0, 0 )̂ and f2 = f2 (0, ©2)

2 2
The function L is maximized with respect to a , c^, 0, 0̂  and

2
If we compute 3L/3a1 = 0 and 3L/3â  = 0 , we will get the estimators

2 2 
for cj.j and for
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We compute new the concentrated likelihood function (L*), replacing
2 2 a 2 2

in (2) , and a2 by their estimators and o .̂

v  r r  SS- rp  SŜ
(4) L = constant - 7  In —  - ^ In —  - T 

T

where SS. = E = T A  (0* 6i, 69)J -J J J J I £

Hence, the minimum for L can be obtained, if one computes the minimum

for :

t SS1 SS7
(5) Pl = f -  (In - J -  *  In

or for

(6) P = SS1 SS2 

and the proof is complete.

One can easily show that, in case of o.j = a2 = a the minimum for (6) 

corresponds to the mininum for

(7) S = SS1 + SS2

The minimum for S was used in the estimation of the present model with 

French data (Vilares (1981)) and in Smallwood (1972) (1) .

(1) The method we use here (mininum for P ) was suggested by P. Balestra.
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(1)

Table 4 - BLOCK PRODUCTION

T YKA YK YC YR YE
55 5 01 7 2 ,3 50004 ,9 52421 ,3 5 2 4 3 6 ,2 5 0 1 7 2 ,3
56 5 3 2 9 7 ,9 53083 ,4 5 53 25 ,4 5 5 5 2 4 ,5 5 3 2 9 7 ,9
57 5 6 5 8 5 ,3 5 63 34 ,3 5 72 26 ,7 5 8 1 6 7 ,1 5 6 5 0 5 ,3
58 5 4 4 3 5 ,8 54334 ,0 60530 ,4 6 1 6 9 1 ,2 5 4 4 3 5 ,8
59 5 9 1 9 6 ,5 5 89 60 ,4 63866 ,9 6 5 9 2 4 ,9 5 9 1 9 6 ,5
60 66600,1 6 62 01 ,6 64626 ,5 6 9 6 9 4 ,4 6 4 6 2 6 ,5
61 6 55 6 1 ,9 65398 ,9 6 9 4 2 * ,3 7 5 2 2 5 ,6 6 5 5 6 1 .9
62 69807 ,1 695 08 ,4 74572 ,0 8 0 5 5 9 ,7 69 8 0 7 ,1
63 71847 ,1 71602 ,3 81024 ,0 8 5 1 6 0 ,0 7 10 47 ,1
64 8 03 07 ,0 79906,1 85060 ,3 8 9 5 9 9 ,6 0 0 3 0 7 ,0
65 8 5 0 8 5 ,5 84671 ,7 901 23 ,3 9 4 2 0 5 ,5 8 5 0 0 5 .5
66 8 72 9 8 ,6 870 02 ,9 95419 ,7 98 7 6 8 ,1 0 7 2 9 0 ,6
67 94563 ,1 94110 ,1 100224,2 103202 ,0 9 45 63 ,1
68 9 8 0 79 ,3 976 98 ,9 107699,9 10 9 6 3 0 ,7 9 0 0 7 9 .3
69 105621 ,7 105210,0 113989.0 114 3 4 8 ,3 105621 ,7
70 116944 ,7 116221,5 121362,4 121750 ,0 116944 ,7
71 121828 ,2 121274.1 127479,6 1 29 130 ,5 1 21 020 ,2
72 131843 ,3 131205 ,9 134405,8 136005 ,1 1 31 043 ,3
73 150486 ,2 149497 ,3 144011,6 143 9 5 6 ,5 143 9 5 6 ,5
74 1 52001 ,2 151488,0 148087,4 1 53 336 ,6 1 40 007 ,4
75 145915 ,2 145648,5 142479,6 1 68 859 ,9 1 42 479 ,6
76 147843 ,5 147139 ,2 1413b3,6 177535 ,1 1 41 353 ,6
77 147304.0 146830,4 153388,8 18 3 0 5 8 ,3 147 304 ,0
78 153506 ,8 153064,8 169326,7 109123 ,1 1 53 506 ,0
79 160857 ,2 160287,0 184533,1 194 669 ,5 1 60 057 ,2

Table 5 - EXTERNAL TRADE

T XD XE X
55 103 33 ,3 10133 ,5 10443,0
56 11294 ,9 11173 .7 11271,0
57 12278 ,4 11976 ,2 11611,0
58 13467 ,4 13526 ,4 13776,0
59 14447,3 14770 ,4 12790,0
60 13571 ,4 13538 ,3 13938,0
61 13974,9 13615,2 13570,0
62 15419 ,6 15732 ,0 16160.0
63 16319.4 17155,4 16309,0
64 2 0 8 97 ,6 214 27 ,0 25888 ,0
65 27 8 99 ,2 2 8 5 83 ,2 28757 ,0
66 3 1 2 78 ,8 31 9 4 5 ,2 33450 ,0
67 35162 ,1 36 0 07 ,9 34649,0
68 3 46 7 1 ,2 35 9 40 ,0 33474 ,0
69 36 0 13 ,9 3 6 7 79 ,4 34441,0
70 3 52 55 ,8 3 6 5 08 ,4 33881 ,0
71 3 4 6 65 ,9 3 4 9 22 ,4 37230 .0
72 3 76 3 8 ,7 3 7 2 39 ,7 44136 ,0
73 4 7 9 5 3 ,4 4 8 5 1 1 ,6 45980 ,0
74 4 16 3 5 ,4 3 8 9 0 8 ,4 38757,0
75 3 70 3 3 ,8 331 93 ,1 32715,0
76 3 77 9 6 ,6 3 6 4 7 3 ,3 32715 ,0
77 3 59 87 ,0 34 8 8 8 ,3 34645 ,0
78 3 8 4 34 ,7 3 9 3 3 9 ,2 39703 ,0
79 4 36 40 ,1 4 7 4 5 2 ,3 50582 ,0

MD 
9 8 5 3 ,9

11810.4
13961.4
12915 .5  
13777,9
15320.4
14114.2
201 53 .6
17567.8
20134 .5
2 52 38 .0
259 52 .8
30930 .2
20461.1
37852 .4
4 48 59 .2
39623 .7
48805 .7
5 80 07 .5  
57803,1
43457 .8
5 22 97 .3
566 81 .3
53657 .9
5 34 23 .5

(1) The estimated value of a given variable Z is represented by ZE (see, in Table 2, 

the relative residuals) .

ME M
1 2 6 8 5 ,5 1 1 6 2 4 ,8
14 6 1 9 ,9 1 3 5 1 2 ,5
166 55 ,0 1 5 7 7 4 ,7
1 49 13 ,0 1 5 1 3 5 ,4
1 4 6 4 1 ,3 1 5 8 8 1 ,5
1 7 1 2 4 ,6 1 7 7 4 6 ,8
2 0 0 4 6 ,3 1 6 7 4 2 ,7
1 9 2 0 6 ,9 2 2 5 7 1 ,6
2 0 1 6 9 ,3 2 0 5 8 4 ,8
2 74 54 ,1 2 4 1 2 6 ,2
3 0 2 4 3 ,6 2 9 2 5 9 ,7
3 1 2 4 0 ,9 3 0 2 1 7 ,6
2 9 6 3 2 ,0 3 5 2 0 7 ,6
3 6 9 5 7 ,6 3 4 7 7 7 ,8
4 1 8 0 1 ,6 4 4 2 7 5 ,8
4 5 2 5 7 ,0 5 1 2 5 2 ,5
4 9 7 8 2 ,5 4 6 1 5 3 ,3
5 3 9 7 2 ,9 5 4 8 8 6 ,6
5 7 8 7 7 ,6 6 4 3 1 3 ,2
6 5 0 7 9 ,8 6 4 6 7 0 ,5
5 1 4 1 8 ,6 4 6 0 0 1 ,1
4 5 8 4 6 ,2 5 3 5 6 1 ,6
5 9 2 8 1 ,9 5 7 4 1 7 ,7
5 4 9 9 2 ,8 5 4 0 4 7 , 3
5 5 8 2 6 ,5 5 4 0 1 2 ,0
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T MKA MK MR MC M
55 22 .8 8 22 .72 24 .57 24 , 56 22 .88
56 2 3 .3 5 23 .13 25.21 2 5 .0 8 23 .3 5
57 2 4 .6 5 24 .39 26.01 2 5 .2 4 24 .65
58 2 1 .4 2 21 .35 26 ,99 2 6 .0 2 21 .4 2
59 2 2 .6 3 22 .46 27 .97 2 5 .9 9 22 .6 3
60 2 5 .1 5 24 .87 27 ,94 2 3 .6 6 23 .8 6
61 19 .48 19.31 27 .15 2 2 .8 9 19 .48
62 16 .66 16.36 26 .83 2 2 ,3 3 16 . 66
63 15.00 14.90 26 .84 2 3 ,5 7 lb ,00
64 17.06 16.85 26 .61 2 2 .3 4 17 .06
65 17.20 16.99 26 .33 2 1 .7 5 1 r .20
66 16.20 16,06 25 .76 2 1 .1 2 16 .20
67 17.57 17.35 24.51 2 0 .5 9 17 .57
68 15 .58 15.47 20 .99 19 ,93 lb .5 8
69 16 .16 16,04 19.88 19 ,69 16 ,1 6
70 17.33 17.12 19,25 19 .05 1 1.3 3
71 16 .19 16.01 18.56 18 ,08 16 .1 9
72 16 .33 16.13 17.96 17 .15 16 .3 3
73 18 .53 18 .18 16.31 16 .33 l b .31
74 15.41 15.27 15.75 14 ,48 14 .4 8
75 13.12 13.07 18.02 12 .54 12 .5 4
76 13 .03 12.91 19,50 11 .93 11 .9 3
77 12.73 12.65 20 ,28 13 .78 12 .7 3
78 13.57 13.49 21 ,26 16 .42 13 .5 7
79 14 .65 14 ,55 22 ,14 19 .04 14 .6 5

Table 7 - LABOUR SUPPLY (NR), OBSERVED (N) AND ESTIMATED (NE) EMPLOYMENT

T NR NE N
55 2 8 2 4 .5 2747 .6 2 7 3 0 .7
56 2859 .1 2761 ,5 2 7 6 6 .0
57 2 8 8 6 .4 2801 ,8 2 7 9 8 .3
58 2 9 5 3 .4 2795 ,6 2 8 6 5 ,8
59 303 5 ,9 2870 ,0 2 9 4 8 ,4
60 3 0 2 8 ,9 2959,1 2 9 4 2 .6
61 3 0 3 9 ,8 2927 ,2 2 9 5 2 ,3
62 3 0 4 9 .6 2935 ,6 2 9 6 1 .7
63 3 0 5 3 .9 2936 ,5 2 9 7 0 ,9
64 3 0 5 0 ,0 296 8 ,6 2 9 7 9 ,6
65 3 0 4 4 .6 2980 ,8 2 9 8 9 ,3
66 3 0 3 6 .9 2982 ,4 2 99 8 ,1
67 3 0 2 5 .5 30 0 ^ ,4 2 9 7 5 ,6
68 3 0 0 4 .9 2974 ,8 2 9 5 2 ,2
69 2 9 5 8 ,9 2962 ,2 2 8 9 9 .0
70 2 9 9 0 ,4 2930 ,7 292 7 .1
71 3 0 0 6 ,6 2951 ,4 2 9 1 2 ,2
72 301 0 .0 2946 .2 2 8 8 5 ,3
73 2 9 6 4 .2 2964 .2 285 1 ,1
74 3 0 0 3 .9 2890 .5 2 8 2 3 ,9
75 3 2 5 8 ,8 283 8 .6 2 8 0 6 ,8
76 3 3 6 1 .7 2810 .5 2 8 2 3 ,4
77 3 3 8 3 .8 2830.1 2 8 1 3 ,6
78 3 4 1 6 .2 2825 .3 2 8 0 9 ,2
79 3 4 3 2 .9 2827 .4 2 8 1 1 ,0
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APPENDIX E

THE DATA

The structure of this appendix is as follows. First there are made 

some remarks about the accounting framework and there it is showed the data used 

in the estimations.

As there were, often, different and partial contradictory sources, the 

adopted principle was to select the source with the most data. For the missing years 

another source was chosen. If the two sources were not comparable, we have used the 

rates of growth of this second source. Where such has happend the respective source 

is preceded by the word "from". \

\I
The sources which do not belong to the references given in the text 

are shown at the end of this appendix. They are quoted by a number enclosed into a 

right parenthesis (£ ] ) .

The accounting framework

The Portuguese accounting system is the "foimer system of national 

accounts of OECD countries" : the insufficiencies in official data are related in 

most of the studies about the Portuguese economy (see, in particular, OECD (1976)). . 

So, they only will be refered in the case of a complete lack of data.

We do three particular remarks about the accounting framework.

The first one concerns the block of employment. In order to account 

for the fact that the discouraging factor plays essentially for the wage earners, 

Equation (58) was estimated under the form.

NRE EM.
In NKEt = In NR1t + e4 Bt In G-j )̂.-, + e5 (1-Bt) In (— Z) + e*

t

where NRE = POPAC - El

POPAC = N + EHBR + PDRE
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and

El : individual productors

EHBR : enployment in the exogenous sectors (Public Administration)

PDRE : unenployment (1)

NRÎ  : total wage earners labour supply.

The labour simply for the endogenous sectors NR is computed afterwards.

The second remark respects E(v), i.e. the gross fixed capital formation 

in transports, machinery and equipment. The data concern the total of the economy.

They include also the Public Administration Ê  (v). We have preced in this way because 

E.j(v) is only available for the period 1958-1975 and, in this period E1 (v) is a modest 

part of E(v).

( 1) Official data in employment are "very heterogenous and partially contradictory" 
(OCDE (1977), p. 11) concerning unenployment the problem is still more complicated 
since there are no available data (at least as much as we know) for the years 
preceding 1974, except for the census (1950, 1960 and 1970). The problem was 
solved by using indirect information. For 1953-59 and 1961-69 it was used the indi
cator of the number of emigrants without economic activity and older than ten years 
given in £43 . For the period there is in [8J an indicator about the demand of 
enployment, and it was used.

NR = NR1 + El - EHBR

Finally the last remark concerns the indicators of the international 

environment. They were defined in the following way.

5
PET = i t  

i=1
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where xi = xj/Exj, x! : percentage of the exports to com try i

s.. : exchange rate of the money of country i in teims of the escudo 
(to = 1963)

PEXit : exports price index of the country i (1963 prices)

Qit : index of the evolution of the CNP of the country i (1963 prices)

and the countries are :

united kingdom, west Germany, USA, France, and Netherlands 

As s ^  was not available for all i, it was replaced by

s. = sf.
11 11 sF3t

where sF̂ .̂ is the exchange rate of the money of the country i in terms of the French 

franc and the country number 3 is USA (see above).

After having defined these variables (PET and DW) it becomes easy to 

justify why the exports and inports demand from the Previous Escudo Area are considered 

as exogenous (see page 50). First the rates of change do not play any competitive role. 

Second the only available data concerns x! called EXC in this Appendix

(1) They were choosed because their inportance for the Portuguese external trade and 
the availablity of data. Most of these data (Q.., PEX. and sF.) were supplied by 
P. VILLA from INSEE (Paris). it l i

(2) The part of the inports proc eding from the Previous Escudo Area is called EXM.
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Table 8 - THE DATA (1) 
..  " *" ■ ■

year Y EXO CONSO X M E Q
1953 46434, 7252 . 41277. 8106. 10201, 2247 .
1954 48620. 8871 . 42257, 9398. 11906, 2349 , . 1927 609
1955 50519 . 7033 . 4 5 9 6 * . 10443, 12926, 2528 . 1928 651
1956 52929 , 6779 . 49162 . 11271, 14303, 2319 . 1929 654
1957 55303 . 803 1 . 5115V. 11611, 15498, 2752 . 1930 698
1958 56176 . 739 7 . 5 0 1 0 * . 13776, 15101, 3272 . 1931 621
1959 59256 . 7686 . 53594 . 12790, 14814, 3814 . 1932 439
i960 65299. 12744. 55467. 13938, 16850, 5328 . 1933 617
1961 65625. 11300. 61783, 13570, 21028, 5448 . 1934 745
1962 69468. 12595. 5 9 9 0 * . 16160, 19191, 5 097 . 1935 877
1963 73779. 12185. 6638*3. 16309, 21098, 5286 . 1936 740
1964 78494. 14035. 65361 . 25888, 26790, 5 717 . 1937 760
1965 84463. 16181. 68860 . 28757, 29355, 5979 . 1938 832
1966 87444. 15716. 7010b. 33450, 31827, 6242 , 1939 688
1967 93403. 17784. 70882. 34649, 29912, 9329 . 1940 483
1968 100521, 16509. 90517 . 33474, 39979, 8701 . 1941 558
1969 103378. 17893. 9386 T. 34441, 42323, 10417. 1942 514
1970 113539. 27568, 95286 . 33881, 43198. 11490. 1943 454
1971 121743. 26608, 107372. 37230, 49467. 13034. 1944 372
1972 131373. 30962, 108696. 44136, 52421. 15620. 1945 569
1973 147116. 38443, 12512b. 45980. 62432. 15895. 1946 931
1974 148445. 37781, 137311. 38757. 65404. 13953. 1947 1288
1975 136829. 16927. 136096. 32715. 48909. 11262. 1948 1441
1976 143312. 20310 . 14085V. 32715, 50572. 10586, | 1949 1395
1977 150972. 31264. 141 7 0 * . 34645, 56641. 11105, I 1950 1437
1978 154843. 28491. 142271. 39703, 55622. 11338, 1 1951 1526
1979 159524. 24666, 14312«. 50582, 58848. 11259, I 1952 2560

Source : 192 7/52 from (jo] ; 1953/57 from [6] ; 1958/69 M  , 1970/75 [ 7]  ;

1976/79 [23 and from for EQ.

(1) The meaning of the variables is given in Appendix A.
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YEAR PEX PIM PY PC PET OW EXC EMC
1953 0 ,944 0 ,974 0 ,867 0.870 0 .895 0 .6 9 4 0 ,2 6 8 0 ,1 5 7
1954 0.931 0 .87 9 0 .853 0.868 0 .889 0 .7 0 9 0 ,2 5 0 0 .1 7 0
1955 0 .9 3 4 0 .93 8 0 .866 0.872 0 .909 0 .7 4 7 0 ,2 3 8 0 ,1 3 7
1956 0 .954 0 .927 0 .896 0.885 0 .958 0 .7 6 9 0 .2 4 6 0 ,1 1 9
1957 0 .926 0 .968 0 .902 0.893 0 .954 0 .7 9 7 0 .2 6 2 0 ,1 1 7
1958 0 .806 0 .96 2 0 .937 0,983 0 .976 0 .8 3 0 0 .2 7 4 0 ,1 4 7
1959 0 .834 0 .972 0 .937 0,969 1 .003 0 .8 4 4 0 .2 8 9 0 ,1 4 2
1960 0 .863 0 .9 83 0 .929 0.984 0 .967 0 .8 9 5 0 .2 5 7 0 ,1 4 4
1961 0 .8 9 4 0 .992 0 .979 0.994 0 .985 0 .9 2 6 0 .2 3 2 0 .1 2 5
1962 0 .913 0 .980 0 .974 0 .988 0 .989 0 .991 0 ,2 2 5 0 ,1 2 6
1963 1.000 1.000 1.000 1*000 1.000 1 .0 0 0 0 ,2 3 8 0 .1 4 3
1964 0 .917 1 .053 1.018 1.080 1 .002 1 .0 7 9 0 ,2 5 0 0 .1 4 9
1965 0 .964 1 .128 1 .062 1.146 1 .044 1 .104 0 .2 5 0 0 .1 3 7
1966 0 .9 1 8 1 .125 1. 1 1 8 1,239 1 .069 1 .1 4 2 0 .2 3 6 0 ,1 3 4
1967 0 .996 1 .272 1 .152 1.278 1.081 1 .1 6 8 0 ,2 4 4 0 ,1 4 3
1968 1 .046 1 .064 1.163 1.167 1 .050 1 .1 9 3 0 ,2 5 0 0 ,1 5 6
1969 1.091 1 .046 1.237 1.214 1 .070 1 .2 6 6 0 ,2 4 8 0 ,1 5 0
1970 1.231 1 .246 1.260 1.284 1 .153 1 .3 0 4 0 ,2 4 5 0 ,1 4 8
1971 1.291 1 .265 1 .328 1.322 1 .209 1 .341 0 ,2 1 4 0 ,1 3 2
1972 1.377 1 .383 1.430 1.429 1.241 1 .3 9 3 0 ,1 4 6 0 ,1 1 6
1973 1 .579 1 .493 1 .563 1.527 1 .308 1 .481 0 ,1 4 8 0 . 1 0 1
1974 2 .2 6 4 2 .1 4 3 1 .884 1.875 1 .639 1 .487 o . u o 0 ,1 0 5
1975 2 ,2 6 4 2 .4 7 5 2 .204 2 .232 1 .887 1 ,4 8 2 0 ,0 8 3 0 ,0 5 2
1976 2 .4 0 4 2 .801 2 .585 2.607 2 .237 1 .581 0 ,0 4 9 0 ,0 2 5
1977 3 .2 0 3 3 .621 3 ,3 0 4 3 .318 3 .1 1 2 1 .616 0 ,0 6 5 0 ,0 1 3
1978 3 ,9 1 9 4 .4 6 7 4 .0 5 0 4 .052 4 .130 1 .6 8 6 0 ,0 5 5 0 ,0 0 7
1979 5 .0 8 6 5 .941 4 .9 9 8 5 .032 5 .630 1 .737 0 ,051 0 ,0 1 0

Source : PE5  ̂ PIM, PY, PC (those of table 8) ; EXC , EXM , DW, PET 

(see note (1) on page XV ) .

(1) The meaning of the variables is given in Appendix A and in this Appendix 

(for EXC and EMC) .
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Table 10 - THE DATA

year P0PAC POP El N PDRE EHBR
1953 2912, 5427 , 784, 2696 , 83 , 133.
1954 2946. 5441 , 784 , 2720 , 83 , 143,
1955 2968. 5457 , 784, 2731 , 83 , 152,
1956 3004. 5464 , 789 , 2766 , 82 , 156,
1957 3044. 5458, 791 , 2798 , 85 , 164,
1958 3136. 5474 , 823 , 2866 , 8 0 , 190,
1959 3194. 5506 , 81b , 2948 , 79 , 167,
1960 3203. 5573 , 814 , 2943 , 79 , 183,
1961 3222. 5608 , 816 . 2952 , 79 , 191,
1962 3240. 5665 , 8 1 6 . 2962 , 81 , 197,
1963 3258. 5710 , 81b . 2971 , 83 , 204 ,
1964 3271. 5743 , 811 . 2980 , 80 , 211 .
1965 3278. 5733 , 80b. 2989 , 71 . 218 ,
1966 3280, 5699 , 790. 2998 , 5 7 , 225 ,
1967 3274, 5685 , 78b. 2976 , 6 3 , 235 ,
1968 3254, 5691 . 774. 2952 , 65 , 237 ,
1969 3225, 5644 , 75b. 2899 , 80 , 246 ,
1970 3266, 5578 , 74*3». 2927 , 8 6 , 253 ,
1971 3285. 5532 , 754. 2912 , 114 , 2 59 ,
1972 3287. 5535 , 74b . 2885 , 136, 266 ,
1973 3252. 5538 , 721. 2851 , 127 , 2 74 ,
1974 3280. 5711 , 7 0 * . 2824 , 180 , 2 76 ,
1975 3479, 5991 , 710. 2807 , 396 , 276 ,
1976 3518, 6029 , 707. 2823 , 4 16 , 279 ,
1977 3543, 6078 , 68b, 2814 , 4 4 1 , 288 ,
1978 358 3, 6107 , 68H, 2809, 470 , 3 04 ,
1979 3601, 6192, 690, 2811, 476 , 314 ,

POP j_llj ; 1953/59 from L 3 j  ; 1960/77 0 3  ; 1978/79 from [ 2I  (see, about PDRE 
page 13 of this appendix) .

The meaning of the variables is given in this Appendix and in Appendix A (POP)



- XIX -

Table 11 - THE DATA ( 1)

year DI W FNS EM REM
1^53 50392. 7 . 31881. 40 . 1 8 5 1 1 .
1954 51646 . 7 . 32431. 41 . 19215.
1955 54529 . 7 . 34298. 30 . 2 02 31 .
1956 57900 . 8 . 36292. 27 . 2 1 6 0 8 .
1957 60632. 8 . 38059. 35 . 22573 .
1958 56272 . 8 . 34396. 34 . 2 18 76 .
1959 61025 . 9 . 36639. 33 . 2 4 3 8 6 .
1960 65004. 11. 38753. 33 . 262 51 .
1961 6 8 1 8 4 , 12. 39914. 35 . 2 82 70 .
1962 72911. 12. 41962. 38 . 3 05 49 .
1963 78493. 12. 44824 . 54 . 336 69 .
1964 80952. 15. 45409. 8 6 . 3 5543 .
1965 85156. 16. 4649b. 117. 3 8661 .
1966 86528. 18. 47124. 133. 394 03 .
1967 94382. 20 . 51107. 106, 43275 .
1968 112393. 22 . 63499. 104. 4 8 8 9 4 .
1969 119777. 24 . 68307. 154. 5 1 4 7 0 .
1970 128573. 27 . 66813. 173. 617 60 ,
1971 142228. 31 . 72847. 151. 6 9 3 8 2 ,
1972 154454. 36 . 80087. 105, 7 43 67 .
1973 176792. 4 3 . 9477« . 1 2 0 . 8 2 0 1 4 .
1974 173292. 6 0 . 8 3 2 2 / . 70 . 900 65 ,
1975 156914. 79 . 5644«. 45 , 100466 .
1976 164331, 94 . 59277 . 33 , 105055 ,
1977 165179. 107. 69232. 29 . 959 46 ,
1978 169263. 124. 75660. 24 . 9 3 6 0 3 .
1979 178727. 147. 8753«. 24 , 911 89 ,

Source : EM : 1953/73 Ql4j , 1974/79 {V j  ;

DI : 1953/75 [lo] , 1976/79 G O  >

jRNS : 1953/64 from C O .  1965/75 Qo] , 1976/79 C O -

W : 195 3/59 from D 1  , 1960/69 D ]  , 1970/76 1 * 1  1977/79 from .

(1) The meaning of the variables is given in Appendix A (RDM = DI-RNS) .
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