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T R A D E D  GOODS, C O M P E T I T I V E N E S S  

A N D  A G G R E G A T E  F L U C T U A T I O N S  I N  


T H E  U N I T E D  K I N G D O M *  


George S. AlogoskouJis 

One of the main legacies that the 1970s have bequeathed macroeconomics, 
along perhaps with rational expectations, is the importance of the supply side. 
Models which emphasise relative prices, and which in the past were mainly 
used by international trade theorists, increasingly find their way into the 
mainstream of open economy macroeconomics. They are utilised to analyse a 
variety of phenomena, from structural adjustment in LDCs, to the effects of 
input price shocks and macroeconomic stabilisation in the main industrial 
economies. 

One important class of such models comprises the two-sector models that 
emphasise the distinction between internationally traded and non-traded 
goods. A number ofvariants exist, and chief among them are the Australian, the 
Scandinavian and the Latin American.' 

Up to now, the literature utilising these models has been mainly theoretical, 
with the possible exception of the Scandinavian model of inflation (see 
Lindbeck, 1979). One reason for the lack of empirical work could have been the 
fact that categories such as 'tradeables' and 'non-tradeables' do not lend 
themselves to direct measurement. However, this should not stop us from 
drawing the macroeconomic implications of such models, and testing them 
using aggregate data. 

In this paper I make an effort to put a variant of such models to the test, 
using aggregate time series for the United Kingdom. These models offer an 
interesting alternative to the more traditional one sector Keynesian models, 
and one would like to examine how successful they are in explaining aggregate 
fluctuations in a mature industrial economy. In  addition, since they are 
primarily general equilibrium models, they are a particularly useful vehicle for 
incorporating some of the recent developments in supply-side macroeconomics 
and for testing their detailed implications.2 

* I should like to thank John Black, Rick van der Ploeg, an anonymous referee and an associate editor 
of this JOURNAL for their very useful suggestions. I have also benefited from the comments of participants in 
seminars at Brunel and Exeter Universities, Queen Mary College, London, the joint Birkbeck University 
College Workshop, and the Third Annual Congress of the European Economic Association. Financial 
support from the ESRC (no. Boo232164) and the CEPR International Macroeconomics Programme, 
through grants from the Ford Foundation (no. 850-1014) and the Alfred P. Sloan Foundation (no. 
85-12- I 3) is gratefully acknowledged. 

See Dornbusch (1980), Chapter 6, for a discussion of such models, and Oppenheimer (1974) for their 
place in the history of the analysis of balance payments adjustment. Relatively recent macroeconomic papers 
include Dornbusch i1g73), Bruno (1976), Helpman (1976, 1g77), Jones and Corden (1976), Neary (1980) 
and many others. 

The modelling of the supply side is the central theme of recent international studies by Bruno and Sachs 
( 1 9 8 5 ) ~Bean et al. (1986), Newel1 and Symons (1985) and others. In the UK context 'natural rate' models 
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The model that is put forward treats the traded goods sector as fundamentally 
competitive, and the non-traded goods sector as~oligopolistic. The focus is on 
the determination of the relative price of traded to non-traded goods, the 
equivalent of international competitiveness in these models, and its role in 
aggregate fluctuations. The model is 'real', and refers to the short run. 
Monetary factors have been de-emphasised. O n  the other hand, factors such as 
government expenditure, and the relative price of oil are given a prominent 
role. 

The econometric estimates suggest that at  a general level the model is quite 
successful in accounting for the UK business cycle. At a 'deeper' level, 
however, the main problem is the implausibly low estimate of one crucial 
parameter, namely the share of tradeables in GDP. This takes a rather low 
value, especially in systems estimation. The point estimates of most of the other 
parameters are quite plausible and the overidentifying and cross-equations 
restrictions of the model are not rejected at  conventional significance level^.^ 

The model suggests that government expenditure can be used to affect 
unemployment systematically, but this is at  the expense of fluctuations in 
competitiveness, which in this context is defined as the relative price of traded 
to non-traded goods. I t  also reserves a pivotal role for wage setting. The 
estimates suggest output flexibility on the one hand, and real wage and price 
sluggishness on the other. Thus, real wages adjust quite sluggishly towards their 
equilibrium values, and the price of domestic tradeables adjusts sluggishly to 
changes in the price of foreign tradeables and the equilibrium terms of trade. 
This pattern entails interesting adjustment patterns which are explored in the 
main body of the paper. 

The rest of the paper is as follows: Section I contains the theoretical 
framework, and an initial discussion of the policy implications of the model. 
Issues of econometric specification, estimation and testing are tackled in 
Section 11. Further discussion of the policy implications of the model, with 
emphasis on the dynamic adjustment of the economy is also presented in 
Section 11, in order to bring out the implications of the estimates. Finally, the 
conclusions are summed up in the final section. 

I. T H E  T H E O R E T I C A L  F R A M E W O R K  

In what follows I assume an open economy producing both internationally 
tradeable and non-tradeable goods and services. 

of the labour market, such as those of Minford (1g83),Nickel1 and Andrews (1983)~Layard and Nickell 
(1986)are close in spirit to the model of this paper, although many of the details are different. In particular, 
the focus here is on output fluctuations, and the determination of competitiveness in the short run, whereas 
the focus in most of the other recent U K  papers is on the medium term evolution of unemployment, and the 
role of real wages. 

When one imposes a more plausible estimate for the share of tradeable goods, then the overidentifying 
restrictions of the model are rejected. Given that the model is rather tightly specified, this should not come 
as a surprise. The problem with the share of tradeables arises in the price equation, and it could he due either 
to measurement errors, or inappropriate assumptions about the determination of the price of non-tradeahles. 
Similar problems seemed to arise in a related study on inflation in the United Kingdom (see Alogoskoufis 
and Spanos, 1986). 
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I.A. The traded goods sector 

Output in the tradeables sector is produced according to a three factor 
production function, the factors being capital (K,), labour (L,) and imported 
oil (energy) (R,). I t  will be assumed that the production function is CES and 
that it is separable in imported oil and the other two factors. Thus,4 

where the subscript T denotes the tradeables sector, Q is gross output, V is 
domestic value added, p is the elasticity of substitution between domestic value 
added and imported oil in the production of gross output, and r~ is the elasticity 
of substitution between capital and labour in the production of domestic value 
added. a and P are the distribution parameters and constant returns to scale 
have been assumed. 

Assuming that firms in the tradeables sector are competitive profit 
maximisers, and that capital is fixed in the short run, labour and oil will be 
employed up to the point where their marginal revenue products are equal to 
their cost, i.e. 

a Q T  - l l p  pR-- =- (3)
aR, PT ? 

-aQ, - aQ, avT - =-Wa(QT)l~pp(vT)l~u-a ~ ,  av, a~~ pT? 

where PRis the price of oil in domestic currency units, W is the nominal wage, 
and PTis the price of tradeables in domestic currency. 

From ( I )  and ( 2 ) ,  taking logarithms and using first-order Taylor expansions, 
we get 9, E n O l + n l v T + ( 1 - 7 7 1 ) r T ?  (5) 

where lower case letters denote the natural logarithms of the corresponding 
variables. Clearly o < nl < I ,  o < n2  < I .  nl is the share of domestic value 
added in gross output, whereas n2 is the share of labour in domestic value 
added. 

Similarly, from (3) and (4) 

TT ~ o T + ~ T - P @ R - P T ) ?  (7)  

IT ~ o ~ - a ( w - P ~ )  (8)+ ( a l p )  ( ~ T - v T )  + V T .  

Using (5), (6), (7)  and (8), output supply (i.e. value added) in the tradeables 
sector is as follows: 

where voT is a function of no,, no,, r,,, I,, and the other parameters. 
The macroeconomic analysis of input price shocks was pioneered by Findlay and Rodriguez (1g77), 

Bruno (1978), Buiter (1978), Katseli (1980), and, of course, Bruno and Sachs (1985), among others. 
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I.B. The non-traded goods sector 

As for non-tradeables, I shall assume that they are primarily services and that 
the production technology is linear in employment in the short run.5 


Thus, in logarithms, I assume that, 


where subscript N refers to non-tradeables and the constant is related to the 
labour requirements coefficient. Producers of non-tradeables are assumed to be 
facing constant elasticity short run demand curves, in which case it is optimal 
to set prices as a constant markup on unit labour costs, 

where p,, is the logarithm of the value added deflator in the non-traded goods 
sector, and p is the log of the difference of the markup on unit labour costs from 
the labour requirements coefficient. Thus, the nominal wage, which is assumed 
common across all sectors, determines the price of value added in the non- 
traded goods ~ e c t o r . ~  

It will be assumed that demand for non-traded goods depends on government 
expenditure which is assumed exogenous, their relative price and an exogenous 
taste parameter 0, which is unobservable. Note that the government in most 
countries is a major consumer of non-traded goods. Thus, in log-linear form, 
the demand function for non-tradeables is given by, 

where g is the log of real government expenditure and p, is the market price 
of non-tradeables. vk, is a constant, 6 a shift parameter, e the elasticity of 
demand for non-tradeables with respect to government expenditure, and 7 the 
elasticity of demand for non-tradeables with respect to their relative price. The 
right-hand side of ( 1 2 )  has been derived by using the identities, 

I.C. Equilibrium GDP and competitivenes~ 

We can now derive the equation describing the short-run determination of 
output, i.e. Gross Domestic productat  Factor Cost. Aggregation implies, 

"he assumption that non-traded goods are labour intensive is common in the literature. See for example 
Bruno (1976) p. 567. The assumption here is stronger in that the short run production function is assumed 
to be of a Leontief type, and fixed capital is assumed to be the abundant factor of production. Similar 
assumptions have been made by Calmfors (1983). However, as will be seen below, capital and labour will 
be assumed substitutable in the long run. 

a For simplicity I have at this stage abstracted from imported energy in the non-traded goods sector. As 
before I assume that the production function of non-tradeables is separable in domestic factors and imported 
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where vo is a constant and 7 is the equilibrium share of tradeables in total 
output. From ( I S ) ,  (9) and (12), 

where #; = [(I -7) r n l  +rn2(T/(I  -n2)], and where yo depends on the rest of 
the constant and exogenous terms. 

According to (14), the log of GDP in the short run is negatively related to 
the real wage and the real price of oil in the tradeables sector, and positively 
related to the capital stock. I t  is also positively related to real government 
expenditure and shifts in tastes for non-tradeables. An increase in the real wage 
in the traded goods sector reduces output on two counts. First, it increases real 
labour cost in that sector and causes a reduction in employment and output 
supply. Second, it amounts to a higher relative price for non-traded goods, 
which reduces their demand and thus their output. On  the other hand g and 
6 increase demand, and thus output, in the non-traded goods sector. 

We can now turn to the relationship between competitiveness and real wages 
in the traded goods sector. 

The log of the aggregate price level (GDP deflator), is defined as, 

where we have used ( I  I )  and the identityp,, =p, - [ ( I  -nl)/n,] @, -p,). p,, 
is the log of the price of domestic value added in the tradeables sector. 

From (15), competitiveness, i.e. the relative price of tradeables, is 

where c represents the logarithm of real competitiveness. 
For a given relative price of oil, product wages in the traded goods sector and 

competitiveness are related negatively. When product wages go up, the relative 
price of traded goods falls, and this is equivalent to a fall in competitiveness. 

Solving (16) for the product wage in the tradeables sector, 

Substituting (17) in (14), we get the equilibrium aggregate output equation 
(18). This is a hybrid, derived from a supply function in the traded goods 
sector, and the demand function in the non-traded goods sector, 

where 

, = ( I - )  $ 3 = ( ~ - r )and $ ,=r .  
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Equation (18) describes short run equilibrium aggregate GDP as a positive 
function of competitiveness, government expenditure, tastes for private non- 
tradeables, and capital in the traded goods sector. The elasticity of GDP with 
respect to competitiveness will be positively related to the elasticity of demand 
for non-tradeables ( T ) ,  the share of domestic value added in total output (n,), 
the elasticity of substitution between capital and labour (c),the share oflabour 
in domestic value added (n,), and the share of tradeables in total output (7). 

The elasticity of GDP with respect to government expenditure will be 
negatively related to the share of tradeables in total output (T), while it will be 
positively related to the elasticity of demand for non-tradeables with respect to 
government expenditure (€1. 

We can now turn to the determinants of competitiveness. As one can see from 
equation (16), there is a negative relation between competitiveness and real 
wages in the traded goods sector. Therefore, competitiveness will depend on 
the factors that determine real wages. Let us assume that equilibrium real 
wage targets of wage setters are a positive function of the level of economic 
activity. A number of theories relate real wages and economic activity in a 
positive fashion. These include models where unions set wages, bargaining 
models, labour supply models, efficiency wage models and others. In addition, 
such a relation has very strong empirical support, in the form of either a real 
wage equation or a Phillips curve. I adopt a specification that could be 
rationalised by unilateral setting of wages by workers, and assume that, 

where (in logs) w -pc is the real renumeration of workers, p, the consumer price 
index, w, the full employment target level of real wages, and y, the full 
employment level of output. $ is the elasticity of real wages with respect to the 
level of economic activity (GDP) .' 

The consumer price index can be defined as, 

From ( I  I ) and (20), using the identity p, = n,p,, + ( I  -nl) p,, 

where w, = - ( I  -7)n1p.  From (17), (19) and ( 2 1 ) ,  

The term c, is a function of w,, and other constant and exogenous terms. 
+' = ( I  -7) $1 [ I- ( I  -7) nl]. According to ( 2 2 ) ,  when GDP rises towards its 
full employment level, competitiveness falls, because workers demand higher 
real wages, and in this way cause an  increase in the relative price of non-traded 
goods. Similar effects arise when the relative price of imported energy goes up, 
as the consumer price index rises relative to the price of domestic value added. 
' See Nickel1 (1984)for an  excellent discussion of the relationship between real wages and employment 

predicted by alternative models. 
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Fig. I .  The determination of GDP and competitiveness. 

Workers demand a rise in nominal wages to maintain their living standards, 
and in this way raise the relative price of non-traded goods, and cause a 
reduction in competitiveness. 

We are now in a position to examine the properties of the model, with the 
help of equations (18) and (22) .  The graphical representation of the model is 
in Fig. I .  ww represents ( 2 2 )  and is the locus of points that satisfy the wage 
demands of workers. It is downward sloping because when output rises real 
wage demands increase and therefore competitiveness falls. yy represents (18) 
and is the locus of points that satisfy the production decisions of firms. It is 
upward sloping because when competitiveness rises, firms in the traded goods 
sector increase supply because of lower labour costs, and because we have an 
increase in demand for non-traded goods, which in equilibrium must be satisfied 
by increased supply. The short-run equilibrium is at  E, the point of intersection 
of the two curves, and equilibrium unemployment is proportional to yF-y,. 
The equilibrium is unique. 

I.D. Adjustment to equilibrium 

To examine the stability of equilibrium assume that away from equilibrium 
firms adjust output, and workers adjust real wages. If one assumes that firms 
partially increase output whenever it is lower than the equilibrium level given 
by (18), and wage setters partially raise real wages whenever they are short of 
the equilibrium level given by ( ~ g ) ,  the adjustment processes for output and 
competitiveness take the following form 

where ( I  -y,) is the speed of adjustment of output and ( I  -y2)  the speed of 



148 T H E  E C O N O M I C  J O U R N A L  [ M A R C H  

adjustment ofreal wages. With o d y,, y, < I the equilibrium is stable (Fig. I ) .  

If the economy starts off from any point outside equilibrium, it will tend 
towards E. The adjustment trajectory will of course depend on the relative 
speeds of adjustment of real wages and GDP, but the tendency towards 
equilibrium is guaranteed for this particular model. 

I.E. Comparative statics 

I t  is worth looking at a few comparative statics exercises. In  Fig. 2 I examine 
two possible disturbances. A rise in real government expenditure and a rise in 
the relative price of imported oil. 

Fig. 2. Comparative statistics. (a) A rise in government expenditure. 
(6)A rise in the relative price of oil. 



I 9901 C O M P E T I T I V E N E S S  I N  T H E  U N I T E D  K I N G D O M  '49 
A rise in real government expenditure shifts yy to the right, to y'y' (see Fig. 

2a). In the new equilibrium GDP is higher and competitiveness is lower. This 
is because the rise in GDP increases the equilibrium real wage and therefore 
reduces competitiveness. During the dynamic adjustment to the new 
equilibrium, prices will be rising. O n  the other hand, an  increase in the relative 
price of imported oil will shift ww to the left to w'w' (Fig. 2 b ) .  At the new 
equilibrium both GDP and competitiveness will have fallen. Such a disturbance 
causes 'stagflation' since during the adjustment process prices and wages will 
be rising. Similar effects appear as a result of other wage push factors, non 
directly modelled, such as an increase in marginal tax rates, that drive a wedge 
between producer and consumer wages. 

We can now move on to an investigation of the extent to which this model 
fits the facts about United Kingdom business cycles. 

11. E C O N O M E T R I C  SPECIFICATION, E S T I M A T I O N  A N D  T E S T I N G  

A number of points have to be made before one moves on to econometric 
estimation and testing. 

First, one must notice that because the equilibrium of the model has been 
derived without regard to dynamic considerations, it is supplemented by 
dynamic hypotheses that describe the adjustment of output and real wages 
(competitiveness) to equilibrium. The adjustment hypotheses take the form of 
the familiar 'partial adjustment' mechanisms in (23) and (24). Another 
problem however is that the model contains a few unobservables, like for 
example a taste disturbance 6, and the 'markup' p. One can assume that these 
unobserved components follow simple stochastic processes, for example white 
noise or A R ( I )  processes. However, the nature of the assumed process will 
affect the dynamics of the estimated equations. In  what follows I shall be quite 
flexible, and allow the data to give me some guidance as to the likely form of 
such processes. 

The second decision concerns relating theoretical concepts to measured 
quantities. I follow established practices in output, price level and wage 
measurement, but in the problem of measuring the latent variables 'price of 
traded goods', or 'capital stock in the traded goods sector', very little such 
guidance exists. If one were to impose the law of one price in the short run, then 
the first problem could be resolved by using something like the UN dollar price 
of world imports (or exports), adjusted for changes in the exchange rate. 
However, I am unwilling to impose such an assumption for the short run given 
the evidence on persistent deviations from the law of one price. I thus choose 
to use the price of British exports as the price index for domestic tradeables, and 
supplement the model to take some account of the measurement problems that 
might arise from such a choice. The results are not very sensitive to this choice. 
I t  is worth noting that if one uses export prices as the measure of the price of 
British tradeables, competitiveness is measured gross, as it contains the effects 
of oil prices on the domestic price of tradeables. In order to calculate net 
competitiveness, as defined in equation (16),  one must first estimate the mean 
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share of domestic value added in gross output (nl). This will allow us to 
construct a price index for value added in the traded goods sector from the 
relation, I -rl 

PVT=P T - ~ @ R - P T ) .  (25)
n1 


Thus, the relation between net and gross competitiveness is given by, 


where (in logs) p, is the price of exports in domestic currency, and p is the GDP 
deflator. A rise in the relative price of imported oil will cause a rise in gross 
competitiveness, even if net competitiveness does not change. Substituting (26) 
for net competitiveness in equations, (18) for GDP, and (16) for its relation to 
product wages, we get, 

1I.A. Single equation estimates and tests 

Econometric estimates of first order dynamic versions of equations (27) and 
(28) appear in Tables I and 2. Estimation is by instrumental variables, and 
only lagged domestic variables have been used as instruments. The 
unobservables 0 and p have been relegated to the error term and the latent -
variable k ,  has been approximated by a quadratic trend, which of course also 
captures other possible unmodelled components like technical progress, or 
shifts in the constants used in the Taylor approximations. Quadratic trends 
were tried in all equations, and were retained whenever they were statistically 
significant. The more general version of each equation contains current values 
and one lag of each variable.' 

The fit is satisfactory, no evidence of statistical mis-specification appears in 
the diagnostics reported in Table 3, and the implied overidentifying restrictions 
cannot be easily rejected by the relevant Basmann tests. From these general first- 
order dynamic regressions, one can make some inferences about the likely form 
of the auxiliary dynamic hypotheses that may be appropriate. 

For equation (27) the data do not seem to suggest that any auxiliary 
dynamic hypothesis is needed. All lagged variables, with the exception of 
government expenditure, have coefficients that are not significantly different 
from zero at conventional significance levels, and the F statistic testing the four 
restrictions of zero coefficients for all lagged variables does not suggest rejection 
of these restrictions. The hypothesis of partial adjustment in (23) is also 
rejected, as when (11)is estimated with the addition of y,-,, the coefficient of 
the latter is 0.25 (ASE = 0-17), which is not significantly different from zero a t  
conventional levels of significance. The other parameters are significant, and 
have the expected signs and orders of magnitude. The elasticity of GDP with 
respect to competitiveness is estimated at gq%, whereas that with respect to 

See the appendix for estimation details. 

mailto:PT-~@R-PT)
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Table I 


IV Estimates of Output Equation :1952-85 


Dependent Variable : y, 

(1) (11) 

Constant 9'76 8.17 
(3'10) (0.83) 

Yt-1 -0.14 -

(0.30) 
(PT-P)t 0'56 0'34 

(0.171 (0 .10)  

(P,-P)t-l -0.08 -

(0.17) 
(PH-PT)t -0.01 -0.03 

(0.03) (0.01) 

(PH-PT)~-I -0.05 -

(0.03) 
St -0.14 0'29 

(0.19) (0.08) 
St-1 0.43 -

(0.19) 
t 0'05 0'04 

(0.01) (0.003) 
t2/ I 00 -0.04 -0.04 

(0.02) (0.01)  

R2 0.995 0.996 
S 0'0 I 7 0.0I5 
Basmann 	 0.550 -

(52 '9) 
-F(4>24) 	 2.63 

government expenditure is estimated at around 30 %. As expected, the relative 
price of oil has a small, although statistically significant, negative elasticity. 

As for equation (28), whose estimates are presented in Table 2, the data seem 
to suggest that it needs to be supplemented by a stochastic component that 
follows an A R ( I )  process. This could be due to an autoregressive ,u, which is not 
directly observable. The pattern of the coefficients in the first-order dynamic 
regression (111), where there are alternating signs between the coefficients of 
current and lagged variables, and their ratios are roughly the same, suggests 
the Common Factor Restrictions implied by autoregressive errors (see Hendry 
and Mizon, 1978). These restrictions are imposed and tested in column (IV). 
The quasi likelihood ratio statistic of Gallant and Jorgenson (1979) does 
suggest rejection of the Common Factor Restrictions at the 5% significance 
level, but not at the I % significance level. In  the interests of parsimony, I 
decided to impose them. O n  the basis of these estimates, the negative relation 
between product wages in the traded goods sector and competitiveness is 
statistically significant, although the point estimate of -0.69 implies a point 
estimate for the share of traded goods of only 3I %. Given the standard error 
of this estimate we could construct a 95 % confidence interval of between 60 % 
and zero. When in column (V) I exclude the insignificant quadratic term in the 
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Table 2 

IV Estimates of Competitiveness Equation :1952-85 

Dependent Variable : (p, -p), 

Constant 

R2 
S 

Basmann 

COMFAC ( 2 )  

Table 3 
Mis-specification Diagnostics 

AUT ( I )  AUT (2 )  LIN ( I )  HET (2)  ARCH ( 2 )  

(1) 
(11) 
(111) 
(IV) 
(V) 
(VI) 
(VII) 
(VIII] 

(1x1 

(XI 

(XI) 

time trend, the point estimate of the elasticity of competitiveness with respect 
to product wages changes to -0.6 I .  This suggests a point estimate of the share 
of traded goods equal to 39 %. This is an issue to which we shall return, when 
discussing the 3SLS estimates of the full model. 

T o  recapitulate, one could argue that the data cannot reject the hypothesis 
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that GDP in the United Kingdom lies along an aggregate locus of the form of 
(27) a t  all times. However, the competitiveness equation (28) had to be 
supplemented by A R ( I )  residuals, which may be rationalised as some 
unobserved component like p that follows such a process. In addition, the point 
estimate of the share of traded goods appears to be on the low side given my 
own priors. I leave the matter at that for the moment, but I shall return to it 
when I address the issue of the identification of the other 'deeper' structural 
parameters. 

The next crucial building block of the model is the wage equation (19). Two 
questions have to be addressed before one even attempts to obtain estimates. 
The first concerns the dynamics, where as in thk output equation I shall test the 
partial adjustment hypothesis. The second issue is more delicate however, and 
concerns the modelling of full employment output y,.One could model it as a 
trend polynomial, but I believe that one can do better than that. I decided to 
impose the assumption of constant returns to scale in the long run, in which 
case, 

where k is the log of the economy wide capital stock, assumed to be mobile 
between sectors in the long-run, and n* is the log of the effective labour force. 
Since the difference between the logarithms of the measured labour force and 
the effective labour force is the rate of frictional unemployment, u*(t) say, (29) 
can be written as, 

y, = k+n,(n-k) -n,u*(t). (30) 

Thus, from (30), the difference between current and full employment output 
is given by, 

y-y, = (y-k) -n,(n--k) +n,u*(t). 

Substituting (31) in ( ~ g ) ,  and using the partial adjustment hypothesis, we get 
the following estimable wage equation 

Estimates of equation (32) for the determination of real wages can be found 
in Table 4. The equation has first been estimated as a first order dynamic 
regression, with one lag of all the other variables as well. 

No evidence of mis-specification appears in Table 3, and the overidentifying 
restrictions of this equation cannot be rejected at the I O/, significance level, 
although they can be rejected at 596  The two restrictions that the partial 
adjustment mechanism implies for the more general dynamic regression cannot 
be rejected by the relevant F statistic, and given the general estimates in (VI),  
it is not worth trying an alternative dynamic specification, such as common 
factors. The estimated parameters have the predicted signs and orders of 
magnitude, and are statistically significant at conventional significance levels. 
Furthermore, a slightly more general specification (VIII) ,  that allows for 
imperfect indexation to price inflation anticipated at the end of period t- I is 
also reported in Table 3. There is no evidence that if wages are set one period 
in advance anticipated inflation affects consumption wages. This finding is 
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Table 4 

I V  Estimates of Wage Equations :1952-85 


Dependent Variable : (w-PC), 

(VI) (VII) (VIII) 

Constant 

R2 

S 

Basmann 

consistent with other findings of real wage rigidity in the United Kingdom. The 
estimates suggest rather sluggish real wage adjustment, with a mean lag of 
around 19 months. In fact, it takes almost 3 years before 75 % of the adjustment 
in real wages is completed. 

1I.B. Implications of the estimates for macroeconomic adjustment 

I t  is worth looking at the consequences of the estimated equations for the 
nature of dynamic adjustment of the U K  economy after some disturbance. The 
implication of the estimates is that adjustment to equation ( I % ) ,  the GDP 
equation, is full, but that there is partial adjustment towards the real wage 
equation (19). In  Fig. 3, I examine the dynamic adjustment of the U K  
economy that is implied by this pattern. Starting from a position ofequilibrium, 
a shift of the ww curve inwards (say, because of an increase in the relative price 
of oil), causes adjustment along the yy curve towards the new equilibrium 
position with lower competitiveness and GDP. During the transition, both 
GDP and competitiveness are falling (Fig. 3a ) .  On the other hand, a shift in the 
yy curve outwards (say, because of an increase in government expenditure), 
causes an  immediate jump of GDP, which overshoots its equilibrium increase. 
As competitiveness starts falling along the new adjustment path y'y', this also 
implies a fall in GDP towards its new equilibrium level. Thus, an increase in 
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Y E  Y F  Y 

Fig. 3. Dynamic adjustment of the economy. 

government expenditure produces an initial overexpansion, which is followed 
by recession, as competitiveness gradually falls and GDP follows it in its fall. 

11.C. Adjustment in the prices of traded goods 

The model as it stands is essentially a real model. Nominal changes have no 
effects on real variables, unless one assumes that nominal wages are negotiated 
in advance, and that unanticipated changes in inflation reduce real wages, and 
therefore competitiveness. With such effects, output and competitiveness will 
change along the yy locus, in a fashion similar to the model of Gray (1976),and 
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the nominal shocks will persist because of the sluggish adjustment of real 
wages.g 

However, there is another potential channel of persistent real effects of 
nominal changes, and this channel is none other than the terms of trade. If the 
law of one price does not hold in the short run, and the prices of domestic 
tradeables adjust only sluggishly to changes in the prices of foreign tradeables, 
then nominal changes such as changes in the exchange rate or world inflation 
will affect not only the relative price of tradeables to non-tradeables, but the 
terms of trade as well. I t  is therefore worth investigating the extent to which the 
price of domestic tradeables (exports) adjusts to changes in the price of foreign 
tradeables (imports). In Table 5 one can find estimates of the equation for the 
price of traded goods. The basis for these estimates is the law of one price. This 

Table 5 

I V  Estimates of Terms of Trade Equations :1952-85 


Dependent Variable: (P,-e-f$), 

Constant 

R2 

S 

Basmann 

is assumed to hold in the long run. In  the short run I assume partial adjustment 
of the price of domestic tradeables to the price of foreign traded goods. Thus, 
I estimate the equation, 

where ( I  -8) is the degree of adjustment, e is the log of the exchange rate (units 
of domestic currency per unit of foreign currency), and P; is the world price 
of traded goods in foreign currency. (e+p;) has been measured by the log of 

For a theoretical analysis of the effects of nominal shocks and policies in models of this nature see 
Alogoskoufis (1989).Nominal shocks can have real effects through the lack of comprehensive indexation in 
short run nominal wage contracts, and these effects can persist through the sluggish adjustment in real wages 
suggested by the estimates in Table 4. Nominal exchange rate overshooting of the type analysed by Buiter 
and Miller (1981)is of course part of the transmission mechanism of nominal shocks. 
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the price of imports in domestic currency. In Table 5, as before, I first report 
an unrestricted first order dynamic regression, corresponding to (33), then an 
equation that embodies the partial adjustment restrictions, and finally an 
equation that embodies both the partial adjustment and the long-run law of 
one price restrictions. As in all previous equations, I have included a 
deterministic trend, this time in order to capture long-run movements in the 
terms of trade. The only evidence of possible statistical mis-specifications comes 
from the heteroskedasticity diagnostics, which are significant at 5 %, but not at 
I %. The overidentifying restrictions are marginally rejected by the Basmann 
test at 5 74,but again not at I O/b. Neither the partial adjustment, nor the long- 
run law of one price restrictions can be rejected by the relevant F-tests. The 
estimated adjustment parameter of 0.54 implies a mean lag of about fourteen 
months in the adjustment of domestic prices of tradeables to changes in world 
prices and the nominal exchange rate. In  fact, only 70 % of the full adjustment 
takes place in the first two years. Such sluggish price adjustment in the traded 
goods sector, could be the source of quite persistent deviations from the law of 
one price, and may be the cause of significant real effects of purely nominal 
phenomena, such as world inflation (deflation), or nominal exchange rate 
changes. In  fact, this evidence is consistent with other aggregate evidence on 
price sluggishness in the United Kingdom. See Alogoskoufis and Pissarides 
( I 983) for example.'' 

1I.D. 3SLS estimates and tests 

Overall, the estimates seem to suggest that the framework put forward for the 
analysis of fluctuations in GDP and competitiveness is quite successful in 
accounting for the UK experience. However, as a further check, it is worth 
investigating whether the implied values of the underlying 'deeper' structural 
parameters seem plausible. T o  obtain estimates of these parameters, one must 
estimate the full model by a non-linear systems method, such as Three Stage 
Least Squares. The preferred version of the model is summarised in Table 6. 
The corresponding Three Stage Least Squares Estimates of the structural 
parameters are reported in Table 7. Note that it is impossible to identify the 
elasticity of substitution between capital and labour in the tradeables sector 
separately from the elasticity of demand for non-tradeables. Both only occur in 
$,, the elasticity of output with respect to competitiveness, and thus I report 
this parameter instead. All other structural parameters can be identified, and 
the structural model implies one additional cross-equation restriction. The 
main problem with the 3SLS estimates is the order of magnitude of T,the share 
of tradeables in total output. This appears too low and imprecisely estimated. 
This low estimate has its origin in the competitiveness equation, where product 
wages in the traded goods sector have a much higher negative coefficient than 

lU This evidence on sluggish adjustment to the law of one price is not sensitive to the choice of price index 
for foreign tradeables. For example, if one uses the index of export prices of O E C D countries, instead of the 
price of UK imports, the law of one price in the long run cannot be rejected either ( F ( I ,  29) = 2,82). The 
degree of short-run sluggishness is estimated at 0.60 with asymptotic standard error 005. However, the 
equations with UK import prices have much lower standard errors of estimate, and are retained in what 
follows. 
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Table 6 

Full, Structural Model 


Output 

Y t  = f o ~ ( ~ )+ t l i ( P ~ - P )  + f 2 1 @ ~ - P T )  +631gt+' l t  

where, Ell  = (bl  

521 = - [ ( I  - n 1 ) l n 1 1 9 1  


[a1 = $2 

Competitiveness 

( P T - P ) ~= 5 0 2 ! t ) + E 1 2 ( 1 u - P ~ ) t + f 2 2 C b ~ - P ~ ) t + i 1 ~ t  


where, E12 =- ( I  - 7 )  


522 = [ ( I  - . 1 ) / n , 1 7  

= P"2t-1+'21 

Wage adjustment 

( . -PC),  = $ [ ( ~ - ~ ) t - ~ l ( ~ - ~ ) t l + ' ~ t~ O ~ ( ~ ) + Y ( W - P ~ ) ~ - ~ + ( I - Y )  
Terms of trade ad.justment 

Note: The Cots are trend polynomials, and the E ~ Sare white noise errors. 

Table 7 
3SLS estimates of Structural Parameters 1952-85 

Restricted I Restricted 2 

Unrestricted ( T  = 0 6 )  (7= 0 6 ,  n2 = 0 7 )  

Quasi-LR test 0.001 ( ~ ( 1 ) )  5 6 . 2  ( ~ ( 1 ) )  

the IV estimates of Table 2. In  the second column of Table 7 I report estimates 
where T has been constrained to take the more plausible value of 60 %. With 
this additional restriction, the share of labour in value added is estimated at 
0.98. Given the standard error of this latter estimate, one would not be able to 
reject the hypothesis that it is 0.70, which is the order of most direct estimates 
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of this parameter. Thus, in the third column ofTable 7 I report estimates of the 
structural parameters, under the constraints that the share of tradeables is 60 % 
and that the share of labour in value added is 70 0/6. 

A few remarks are in order. First, in the unrestricted estimates in the first 
column, all structural parameters have the expected signs and orders of 
magnitude, with the exception of T which appears too low. The second thing 
to note is the fact that our imposition of 60 % as the share of traded goods in 
the second column is comfortably rejected. This failure is the main piece of 
evidence against the precise form of this model. I have investigated whether it 
is due to export prices being an inappropriate index of the prices of domestic 
tradeables, by using both the prices of OECD exports, and the UN price of 
world exports. I have also used weighted averages of import and export prices 
with alternative weights. None of these efforts resulted in more plausible 
estimates of 7. This problem may be due to theoretical shortcomings in 
modelling the determination of prices. For example, if firms in both sectors set 

1955 1960 1965 1970 1975 1980 1985 

Fig. 4. (a) Plot of actual and fitted GDP growth. (6) Plot of actual and fitted rate of 
growth of competitiveness. 
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prices solely on the basis of domestic unit labour costs, one would expect 
competitiveness to be related to real wages with an elasticity of minus one. Such 
a hypothesis is not rejected by the QSLS estimates, although it is rejected by the 
IV estimates in Table 2.'' 

Finally, parameters such as the share ofdomestic value added in gross output 
(nl) ,  the response of real wages to output gaps (@), the speed of adjustment of 
real wages (y),and the speed of adjustment of the price of domestic tradeables 
(6 )  are quite robust, and are not affected too much by the imposition of 
extraneous estimates for T and n,. These parameters are always statistically 
significant and within their theoretical bounds. 

I1.E. Overall assessment 

The model of this paper seems to be going a long way towards accounting for 
the relationship between competitiveness and output fluctuations in the United 
Kingdom. As can be seen from Fig. 4, which reports the actual and fitted 
(2SLS) values for the rate of growth of output and competitiveness, the fit is 
quite impressive, and most turning points are accounted for. The results suggest 
that it is worth investigating other variants of this model in future work. Other 
than the implausibly low point estimate of the share of traded goods, especially 
in QSLS estimation, the model seems quite successful in accounting for short- 
run fluctuations in the United Kingdom. A weak version of the law of one price 
seems to hold in the long run, although the estimates imply rather slow 
adjustment. Real wages also appear to be adjusting sluggishly. On  the other 
hand, output seems to be adjusting within the year, and the combination of 
output flexibility with rigidity in real wages and competitiveness, produces 
interesting patterns of dynamic adjustment, aspects of which were examined 
with the help of Fig. 3.12 

111. C O N C L U S I O N S  

The investigation presented in this paper suggests that models based on the 
distinction between traded and non-traded goods can go a long way towards 
analysing the important output-competitiveness-real wage nexus in the United 
Kingdom. There is startlingly clear evidence of output flexibility, and wage- 
price rigidity. The latter takes the form of both real wage rigidity, and nominal 
price sluggishness in the traded goods sector. Both have been found before in 
the UK context, and it is remarkable how such patterns keep cropping up in 
investigations based on such apparently different models. 

Although the model utilised is in many ways a real business cycle model, 
features such as output flexibility and wage-price rigidity make many of its 
implications observationally equivalent to one-sector Keynesian models. The 

l1 Assuming that prices in both sectors are set on the basis of unit labour costs could obviate the need for 
having a two sector model at all. Given that the IV and 3SLS estimates gibe different answers, more research 
will be needed to directly compare the two sector model in this paper with a standard one sector neo- 
Keynesian model. 

l2  Dynamic simulations of the model for a variety of disturbances are reported in Alogoskoufis (1988), 
where graphs showing the fit of the equations for real wages and the terms of trade are also presented. 
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task for future work should be to directly compare and contrast the model in 
this paper with a model of the latter kind. In particular, the implausibly low 
estimate of the share of traded goods in the price (competitiveness) equation 
may suggest that a one sector model where domestic prices are determined 
solely on the basis of domestic unit labour costs may be more appropriate for 
the United Kingdom. 

Birkbeck College and C E P R  

Date of receipt ofjinal typescript: July 1989 

A P P E N D I X  

A. 	Data 

y = logarithm of gross domestic product at factor cost, 1980 pricess. 
Source :HMSO, Economic Trends, Annual Supplement, I 987 (ETAS) 

k = logarithm of the real capital stock. Source: HMSO, National Income 
and Expenditure (Blue Book), various issues. 

p = logarithm of GDP at factor cost deflator, 1980 = I .  

Source : ETAS. 
g = logarithm of General Government Consumption, 1980 prices. 

Source : ETAS. 
p,  = logarithm of price index of U K  exports, 1980 = I .  

Source : ETAS. 
e+p; = logarithm of price index of U K  imports, 1980 = I .  

Source : ETAS. 
p, = logarithm of retail price index, 1980 = I .  

Source : ETAS. 
w = logarithm of average hourly earnings in manufacturing, I 980 = I .  

Source : Department of Employment Gazette, various issues (DEG) . 
u = unemployment rate. 

Source: DEG. 
e = logarithm of pound/$ rate. Source: IMF, International Financial 

Statistics (IFS) series rh. 
p* = logarithm of $ price index of world exports, 1980 = I .  Source : UN, 

Monthly Bulletin of Statistics, various issues (UN).  
y* = logarithm of quantity index of world exports, 1980 = I .  

Source : UN. 
p, 	= e+pz where p; is the logarithm of price of Saudi oil, $ per barrel. 

Source: IFS. 

B. Mis-specijcation diagnostics 

AUT ( I )  is the LM test for first-order residual autocorrelation, based on an 
auxiliary regression of the residuals, on lagged residuals and the 
fitted values from the original regression. 

AUT ( 2 )  is the L M  test for residual autocorrelation up to second-order, 
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based on an auxiliary regression of the residuals, on two lags of 
the residuals and the fitted values from the original regression. 

LIN ( I )  is the RESET test for linearity, based on an auxiliary regression 
of the residuals on the fitted values from the original regression 
and their squares. 

HET ( 2 )  is the White (1980) type test for homoskedasticity, based on an 
auxiliary regression of the squares of the residuals on the fitted 
values from the original regression and their squares. 

ARCH ( 2 )  is the LM test against autoregressive conditional hetero-
skedasticity, based on an auxiliary regression of the squares of 
the residuals on the lagged squared residuals. (See Engle, 1982) 
and the fitted values from the original regression. 

For a detailed exposition of the nature of these x2diagnostics see Spanos ( I  986). 

C. Notes on estimation and the tables 

Estimation was carried out using Micro-TSP (version 6.0) and mainframe TSP 
(version 4.1). The instrument set was: 

In  the Tables R2 refers to the adjusted coefficient of determination, and s to 
the standard error of estimate. Asymptotic standard errors of individual 
coefficients are in parentheses below them. Whenever linear restrictions are 
tested an F-type statistic is reported, which tests the restrictions that each 
equation in the Table implies for the one preceding it (Tables I ,  5), or the first 
equation (Table 4). The overidentifying restrictions of the first equation in 
each Table are tested by means of the Basmann (1960) F-type test, while non- 
linear restrictions (Table 2, 7)  are tested by means of the Gallant-Jorgenson 
(1979) quasi likelihood ratio statistic. The latter is referred to as COMFAC in 
Table 2, to denote that it tests the non-linear common factor restrictions. 
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