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A DYNAMIC INTER-INDUSTRY MODEL OF PRICE DETERMINATION
A TEST OF THE NORMAL PRICE HYPOTHESIS™

H. Pesaran

In their recent paper Nordhaus and Godley [4] have car-
ried out a test of the Normal Price Hypothesis (NPH) for U.XK,
manufacturing. The present study is a development out of
their work and relies heavily upon it.

Their testing procedure differs from that adopted_ by
other investigators in this field in two main respects.l

Firstly,they employ a more comprehensive and satisfactory
method of computing ‘normal' costs, and secondly, they fol-
low the very unorthodox procedure of estimating the distrib-
uted lag between costs and price changes from the individual
industry data for costs, sales and stock/output ratios. The
use of disaggregated data to arrive at this aggregate lag s-
tructure inevitably involwves an underlying multi -~ sectoral
model . One main object of this paper is to propose and di-
scuss such a dynamic multi - sectoral model cf price deter-
mination and show how it can be employed to test the WPH at
an industry level,

* The work reported in this paper has been the outcome of the

author's association with Mr. W.A.H. Godley. I should 1like
to acknowledge his generous help and persistent encouragement.
This study could not have been carried out unless the data ,
very laboriously assembled by Messrs. Godley and Nordhaus ,
had not been supplied to me. I should also like to thank Mr.
K. Coutts for helpful discussions and Mr. N, Norman for help-

ful suggestions with respect to the exposition of this draft
of the paper.

1. In particular see Neild[2].



A DYNAMIC INTER-INDUSTRY MODEL OF PRICE.... 89

The first section of the paper will be devoted entirely
to the development of the model and the discussion of suit-
able procedures for its estimation and solutien. We show
that an aggregate lag structure between manufacturing prices
and costs as a whole exists only if the unit normal costs of
each industry can be assumed to be fixed fractions @ of the
corresponding unit normal costs of total manufacturing.

In the second section, in order to obtain estimtes of
unit normal costs, we shall discuss the results of economet-
ric investigations which we have carried out for the explan-
ation of hours, earnings and employment in manufacturing in-
dustries. Although these relations have already been esti-
mated by Nordhaus and Godley, it was thought necessary to
have a fresh look at the earnings and employment relations
since they were not satisfactorily estimated, both because
of a high degree of auto-correlation in the residuals of the
estimated relations, and also because, in the case of  the
employment relations, the coefficients of the response of
employment to changes in lagged values of output and hours
were imposed. '

In the Nordhaus-Godley study the value assumed for the
proportion of materials which enters the production process
at the beginning 1s arbitrarily chosen. Given that the co-
" nditions for the existence of an aggregate lag structure be-
tween prices and exogenous costs are approximately satisfied,
we compute manufacturing prices in section 3, assuming alt-
ernative values for this proportion within the range zero
and unity, and investigate the significance of the appropri-
ate choice of this parameter for the prediction of prices .

in the fourth section we shall derive a suitable relation
for testing the RPH within the Nordhaus-Godley framework of
computing prices, This relation clearly shows that the No-
rdhaus-Godley procedure for testing the NPH by regression of
the actual price on the computed price and the demand vari-
able is not valid, We shall also report on further  tests
of NPH investigating in particular the effects of lagged de-
mand variables on the mark ups.,

In order to compare the Nordhaus-Godley procedure of
estimating lag structures with the more orthodox'regression-
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method', we shall estimate a linear relation between prices
and costs, assuming separate lag structures on unit normal
and non-material costs. Finally, by comparing the predic-
tive performance of our 'regression method' with the Nord-
haus-Godley procedure we highlight the importance of the av-
eraging nature of the 'regression method' for the explana-
tion and prediction of manufacturing price movements.

1. The model

The dynamic price formation model which we shall out-
line here emerges as a generalization of Leontlef's work in
the sense that prices will now be assumed toc be determined
by unit "normal historical' costs rather than unit actual
current costs. The two fundamental concepts of 'mormal'and
'historical' are fully defined and discussed in the Nordhaus-
Godley paper: 'The normal value of a variable is defined as
the value that variable would take, other things equal, if
output were on its trend path", The historical value of a
variable, on the other hand, is simply its distributed lag
value.

Conslder now the problem of price determination in the
manufacturing sector which is composed of n separate indu-
stries, Under the NPH each price will equal the unit nor-
mal historical cost of labour and materials of the relevant
industry multiplied by a fixed mark up factor.l Some of the
materials purchased by each industry originate outside man~-
ufacturing, and prices of these commodities will be assumed
to be given independently of the manufacturing prices. We
shall refer to this category of costs as exogenous material
COBtSs., The remaining materials are purchased from other
manufacturing industries and form the category of endogenous
materlal costs. Furthermore we shall distinguish between
those inputs which enter the productive process at the begi-
nning of a production period (i.e. the initial entry inputs)
and the remainder, such as fuel, labour, and some of the ma-

1_ The mark up includes overhead costs as well as profits.
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terials which will be added progressively throughout the per-
riod (i.e. the progressively added inmputs). Such a divi-
sion of inputs palys an important role in the Nordhaus -God-
ley method of estimating the individual industry lag profil-
es.

In the light of what has been said above, the following
pricing equations emerge.

* X *
pj(t) = (1+1j) (wj (£)+ m, (t) + zy (€3} 1.1}
j-l,z,...,n
where
Py (;) = the j~th industry output price.

“j = the j-th industry mark up factor.

w; (t) = the j-th industry unit normal historical cos-
ts of the exogenous progressively added in-

* puts.

m {(t) = the j-th industry unit normal historical cos-
ts of the exogencus initial entry material
inputs.

z; (t) = the j-th industry unit normal historical cos-

ts of the endogenous material inputs.

But according to the concept of historical wvalue we can
write

q
w; {t) = Ej Bis vy {t—-s+1) (1.2)
g=1

where w,(t) is the j-th industry unit normal costs of ex-
ogenous grogressively added inputs. Now employing the lag
operator D defined Dst(t) = wj(t—s), relation (1.2) can
also be written as

s-1

®
wj(t) -Gj(D)wj(t) H Gj(D) = I 8yg D (1.3)

s=l

where Gj(D) is the j-th industry lag operator fumction with
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respect to the exogenous progressively added inputs.
Similarly we have

* = . = -1
mj(t) Hj(D)mj(t) : Hj(D) Szlhjs ps (1.4)

and, assuming that of all the  material inputs used in the
production process of the j-th industry the proportion uj

enters at the beginning and the rest enters progressively ,
we alsc have

* - . =1, - .
Zj(t)-Kj(D) zj(t) i Ky (D) UJHj(D)+(1 pj)Gj(D) (1.5)

Furthermore zj(t), which 1s the unit normal endogenous
material cost, 1s itself composed of the sales of all other
manufacturing industries to the j-th industry and, assuming
fixed production coefficients, can be written as

n .
2;(t) = I agy p(E) | (1.6)
r=1
whare a j denotes the 1nputs coefficient and 1s the amount

of the r-th industry output needed as an input to pro-—
duce one unit of the j-th industry output.

With the help of relations (1.3) - (1.6) the individual
industry pricing equations can now be written as

Py(£) = (L+1y) [6,() wy(e) + By (D)m, (t)+
Ky @ & apy e (6)] .7

1=1,2,....,n

As we have already pointaed out, these pricing equations
are obtained under NPH and to test for the effect of variat-
ions in demand (or any other variable) upon prices we only

need to add appropriate demand variables to each of the
above pricing relations.

The problem of estimating the industry lag (i.e.G. (D),
Hj(D)) wlll be dealt with in seection 3. Here we are mainly
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concerned with two possible method of solving system {(1.7)
for prices in terms of exogenous normal costs, mark - ups ,
input-output coefficients and industry lag profiles.

One obvious method is to solve system (1.7) for prices
in a recursive manner. Given the values of costs and pri-
ces up to and including the period '0' we can compute the
prices for period 'l' by solving the linear system In per-
jod 'l' prices. These computed prices can then be used to
arrive at period '2' prices which will lead us to period '3’
prices and so on. Although this method provides us with
values of predicted prices, it does not yleld any informa-
tion with respect to the implied lag structures between
costs and prices. Furthermore, such a direct procedure has
the disadvantage of requiring at least some knowledge of ac—-
tual prices to start the computations.

On the other hand, by evaluating certain lag operator
functions within a given range, it is possible to compute
both the 'final form' lag profiles and prices. In order to
show how this can be done we first write system {(1.7) in ma-~
trix form. :

P (t)'G(D)E(t) + H(D) m(t) + K(D)A'E(t) a.s)

where Ef(t)'(Plft).Pz(t);----a Pn(t)) H

W' (£)= (g (£) ;W (E) s uenny Wy (ED)

m' (£)= @y (£),my (£ 5eeeer B (D)) 3
A= (ay4) is the matfix of input-output coefficients and
G(D), H%D) and K(D) are diagonal matrices with their 3 ~ th

diagonal elements (l+wj)Gj(D), (l+ﬂj)Hj(D) and (l+ﬂj) Kj (D)
‘respectively.

1. But note that since the dynamic process which we are de-
aling with is not explosive, ome could start the comptut-
ations with any set of initial conditions provided that one
started the computations at some time long before period’l’
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Now assuming that the above dynamic system is stable apd
has started a long time age, the solution of (1.8)can be wri-
tten asl

p(t) = [1-R@A']™D [G(Dw(E) + HDm(t)]

which implies the following final form sclution for the j-th
industry price in terms of the exogenous costs,

) n
Py(t) = I A6, I+ 1) w (e} +

i 4

1.9)
Mg (D)H, (D) (1+7 )m _(t) (

J=1,2,....,m
where Aij(D) is the 1-] element of the inverse of I - K(D)A'
which can suitably be called the Leontlef lag operator matrix

of dynamic inter-industry analysis.

s=1

Since the final form lag operator functions such as
%35 (D)Gg(D) and AjS(D)HS(D) are very complicated functions
o% D, any analytic solution of lag coefficlents 1s out of the
question and some numerical method should be employed. One
such procedure is to approximate the lag operator functions
by a high degree polynomial in the neighbourhood of D =0 .
But because of the high degree of multicollinearity  present
in the estimation of fifth or higher order polynomial regre-
sslons, it was found necessary to fit the values of the lag
operator functions first in terms of Chebyshev's polynomials
and then to transform the estimated values back to the pa-
rameters of an ordinary polynomial which are in fact the lag
coefficients. Such a transformation of data  enables much
more accurate estimates of the lag coefficients.

It is clear from the explicit solution given by {1.9)
that pj(t) depends not only on its own historical unit normal

1. The system of difference equations (1.8) is stable if and
only if all the roots of the determinantal polynomial ¢ (x) =
] I-RK({x)A' ] = o, lie outside the unit circle. See, for ex-
ample, Dhrymes [1, pp.507-525].
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costs, but also on the historical unit normal costs of all
other industries seen from the viewpoint of its own product-

jive process. IMoreover, if we insist on the existence oI an
aggrepate lag structure between manufacturing prices and co-
sts as a whole, we need to make the following further restri-
ctive assumptlons:

W) = oyele) (.10)
my (t) = Bjm(t)

where w(t) and m(t) denote the total manufacturing industries"
unit normal costs of ‘progressively added' and 'initial entry'
exogenous inputs, respectively. :

Now given that these conditions for the existence of the

aggregate lag structure are satisfied, the pricing . relatiocns
given by (1.9) become

o~

nn
pylt) = s£1 Ays (0IG_(D) (L+mg) a w(t) +.

4

521 Xjs (D)Rg (D) (147) ]ﬂt) (1.11)
1=1,2,....,0

.

which implies the following aggregate relation for the expl-
anation of manufacturing prices. :

‘0 o h
p(t) = j£1 Bgl Ajs(D)GB(D)(1+1rs)c:B fj/ wit) +
P Y (D) (L+1.)B_E ) 5
S ol e I AHET m(t) (1.12)

n
where p(t) = jEl fjpj(t) and fj is the weight of the j-th

industry in total manufacturing.

Note that the lag operator functions of w(t) and m(t)
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in the above relation are unscaled d4in the sense that the
sum of the lag coefficients is not unity. Denoting the sc-
aled lag operator functions of w(t) and m{t) by By (D) and
B; (D) respectively, relation (1.12) can also be written as

p(t) = v1B; (D)w(t) + v,By; (D)m(E) (1.13)
wherel . -
B, (D) = jgl 3 (1+vs)asfjAjS(D)Gs(D) v,
L 2
oy =| % % (er 285 A s (D), (D) v
Z(D) jEl gml C P - s L s 2
with N -
n n .
Y, = jfl Bflﬁjs(l)(lﬁs)asfj and
n n

Y2 = & sflljs(l)(1+ws)asfj

Hence the aggregate pricing relation for manufacturing
will be?

p(t) = yyw*(t) + you*(r)

The zbove result also Indicates that, contrary to the Nord-
haus-Godley procedure of predicting prices, there is no need

te impose the weights by which the two kinds of historical
unit costs are added, as they are fully determined by  the
underlying priciasg model. '

1. Note that Gg(1)=H (1) = 1 for all s=1,2,....,n

2. As before, the historical value of a variable 1is de-
noted by an asterisk(%*).
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2. The computation of unit normal costs-A different econo-
metric approach

In order to obtain estimates of normal costs we require
a reascnable econometric explanation of hours, earnings and
employment in manufacturing, so that costs can be corrected

for cyclical changes in output. Such estimates have al-
ready been made by Nordhaus and Godley. On several counts
these are not completely satisfactory. Firstly, in esti-

mating their hours and earnings equations the authors have
utilized data which refer to total manufacturing and do not
‘axclude food, drink and tobacco. Secondly, they have used
current weighted indices of hours and earnings, while the of
base weighted indices 1s more appropriate. 1 Thirdly,
without any strong justification, they have imposed the lag
structures of output and hours in thelr employment rela-
tions. Fourthly, the disturbances of their earnings and
employment relations were strongly autocorrelated, and the
method of first-differencing employed to deal with this pro-
blem cannot be regarded as very satisfactory. In fact, in
the case of thelr employment relations, in splte of the
first-differencing, the values of the Durbln-Watson statia-
tics were still too low.

In this section we shall present alternative estimates
of hours, earnings and employment relations which do not su~
ffer from the above-mentioned shortcomlngs. In re-estimati-
ng earnings and hours relations we have also abandoned the
disaggregation by sex and estimated these relatlioms for male
and female employees as a whole. Furthermore, we have corr-
ected the basic hourly rated for the important englneering
settlements over the period 1967-69. These corrections have
been made on the basis of flgures kindly supplied by the De-
partment of Employment and productivity(D.E.P.). The use of
corrected basic hourly rates in the earnlngs relation did
significantly better than when the uncorrected baslc hourly
rates were used.

1. The use of base welghted indices has been suggested by
Mr., Godley himself who has also supplied the appropriate
data.
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Our preferred estimate ot the hours relation isl

Hp = 16.54 + (.69790 s, + 12,33 CUy +uy {2.1)
(21.30) (38.09) (11.34)

%% = 0.9789 ; DW = 1.65 ; o = 0.1683

~

wher
H = Actual base weighted index of hours worked per weex
in manufacturing excluding food, drink and tobacco ,

Standard or normal hours per week.

HS

The degree of capacity utilization measured as the
deviation of actual from trend output.

HI

cu

The above relation 1is estimated by the Ordinary Least Squares
method and the estimated parameters are very similar to those

estimated by Nordhaus and Godley. We also tried lagged va-
lues of CU in (2.1), but did not £find any significant im-
provement in the fit of the relation.

The functional form adopted by Nordhaus and Godley for
the explanation of earnings can be written as

Log, (AWE) = b, + b)T + by Log, (BHR) + bjLog, (B) + u
where

H=HS + A(H~HS) ; A denotes the overtime premium coe-
fficient

. AWE

]

Average Waekly Earnings

BHR = Basic Hourly Wage Rates

1. The bracketed figures refer to Ehe ratio of parameters to
their asymptotic standard errors. K is the multiple correla-
tion coefficient adjusted for loss of degrees of freedom . DW
refers to Durbin-Watson statistics. ¢ stands for the estimated
standard error of u. The estimate of a variable will be de-

noted by a cap (*). These conventions will be observed thr-
ocughout,
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and T = Time

The experiments which we carried out for the estimation

of the above relation have already been  fully discussed
elsewhere[7]. The results of the computations for the pre-
sent data are summarized in Table 1 where estimated log

likelihood and chi-square values are given for values of the
overtime premium coefficient in the range 1.0 £ A g 2.5

under the following four specifications of the error pro-
cess.

Ordinary Least Squares (OLS) ' u v,

First order Moving Average (MA) .
error specification u, = v, + LA

First order Autorogressive (AR1)
error specification with stochastic u_ = pu + v

initial value t -1 t
Second Order Autoregressive (AR2) ut-plut_l +
error specification with stochastic
initial values

PaYt-2 *v¢

where u 1s the disturbance of the relation and v_ is assum
ed to bé normally distributed with zero mean and variance 02-

It 1s clear from the chl-square values given in this
Table that the MA, ARl and AR2 error specifications are all
significently more appropriate than the OLS specification and
that, 1f there is a choice to be made, the ARl error specifi-
cation seems to be the most appropriate. This is in fact
true for all the tabulated values of the overtime premium.
Furthermore it is easily seen from Table 1 that the maximum
likelihood estimate of the overtime premium in the case of
the ARl error specification is 2.1, which is not significsnt-
ly different from the normally assumed value of 1.5 {The chi-
square value for the test of the null hypothesis that the

1. The derivation of the likelihcod functions of these error
specifications and the methods of computation can be found in
Chapters 3 and 4 of the author's Ph. D. Thesis[5].



100 TAHQIQAT-E EQTESADI

overtime premium is equal to 1.5 is 2.64, which 1s not signi-
ficant even at 10% level). Consequently we have selected

the following estimate of the earnings equation to correct

the earnings figures for cyclical changes in hours.

Loge (AWE) = =2.62465 + 0.02203T + 0.77037 Log, ( BHR ) +
(~4.36) (6.11) (9.88)

0.94531 Log, (M)+ ﬁt (2.2)
(8.40)

where H = HS + 1.5(H-HS) ; u, = 0.5437 Gt_l + Gt :

" » (3.47)

a=0.62%2. ; R = 0.9995



A DYNAMIC INTER-INDUSTIRY MODEL OF PRICE.... 101

*
Table 1

The estimated log likelihood and chi-square values
of the earnings relation for the overtime premium
coefficient (1) within the range 1.0 < X< 2.5

in the case of all for error specifications.

The owver=~ - - - -

2 2
t:me pre- Lops Lua Lam Lary Xﬁa.oLS XAR1,OLS  XARZ,ARL
mium
1.0 158.63  165.50 167.66 169.08 13.74 18,06 2.84
1.1 160.56 166.%3 168.95 170.17 12.74 16.86 2,30
1.2 162,34 168,20 170,13 171,03 11.72 15,58 1.80
1.3 163.93 169.28 171.06 171.76 10.70 14.26 1.40
1.4 165,28 170.18 171,82 172.36 9.80 13.08 1.08
1.5 166.39 170,91 172,42 172.83  9.04 12.06 0.8%
1.6 167.27 171,47 172.88 173.1% B.40 11.22 0.62
1.7 167.94 171,89 173.23 173.46 7.90 10.58 0,46
1.8 168.43 172,19 173.46 173.64 7.52 10.06 0.36
1.9 168.76 172.37 173.62 173.75 7.22 9.72 0.26
2.0 169,99 172,48, 173.71, 173.80, 6.98 9.44 0.18
2.1 169.06 172.517 173,74 173.81 6.90 $.37 0.13
2.2 169,08t 172,50 173.73 173.78  6.84 9.31 0.09
2.3 169.03 172,44 173.70 173,73 6.82 9.34 0.06
2.4 168,95 172,35 173.64 173.66 6.80 9.38 0.04
2.5 168.82 172.25 173.56 173.57 6.86 %.48 0.02
* Ly = The estimated log likelihood value for the indepen—
dently distributed disturbances.
Ly = The estimated log 1ikelihood value for the MA error
specification.
Lygy = The estimated log likelihood value for the ARl error
gpecification.
LAR2 = The estimated log likelihood value for the AR2 error
specification.
Cr oo 20agy - Lopgds X - 2( Ly - Logg ) 5
MA,COLS A oLs‘? AR1,0LS AR1 OLS ?
2 ~ -~
= 2( L,on = Lypy)
X arz,ar1 ~ 2¢ lare T lam

+ indicates the overall maximum of the log likelihood values
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Note that our estimates of the proportional effects of

the basic hourly rates and the standard hours equivalent
upon earnings are much larger than those obtained by Nordh-
aus and Godley. This in turn indicates that the D.E.P.

published earnings corrected for overtime are not as unreli-
able as was suggested by Nordhaus and Godley. (1) This 1is
not, however, to say that one should abondon relactiom (2.2)
in favour of the D,E.P, published figures.

In order to arrive at a satisfactory employment relati-
on for the operative employees we estimated a log-linear re-
lation between employment and lagged values of output with-
out imposing any of the coefficlents. As expected, because
of the extreme multicollinearity among the successive lagged
values of output, the OLS estimates were very poorly determ-
ined. But when more appropriate methods such as MA, ART or
AR2 were used, the results were found to be very satisfact-
ory. The main reason for this is that by making appropriate
allowance for the autocorrelation of the disturbance the
multicollinearity between lagged values of output 1s weaken-
ed, and in this way one kills two birds with one stone. In
fact we found that the AR2 error specification performed
significantly better than any of the other error processes
and hence our preferred relation:

(Eo ) = 7.30 - 0.00147T - 0.0004T - 0, 005025 -

(8.49)  (~2.186) (-6.99)  (-8.24)%

0.00735, - 0,0050S, + 0.07672 Log, (X,) +
(-9.78%  (=8.40]  (2.72)

0.12328 log (X_ ,) + 0.14299 Log, (x ) +
(4.a4) & ¢l (5.17) t-2

0.07778 Log, (X, ,) + 0.04054 Log, (X__,)
(2.83) ¢ t3 (1.60) t=4

0.26685 Log, (Hct) + ut (2.3)

(1) See the footnote on p. 858 of [4]
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with G = 1.2515_ , = 0.3307u _, + v, ;33 = 0.29% ; o=
(9.50) (~3.13)

0.9835

where

Eop zOperatives Employment

X = Qutput
He = Customary Hours ; HC = 16.54 + 0.6979 HS
and § S and S. stand for seasonal dummies.

1> "2 3 . :
The lag operator function of output in the above rel-
ation is '

5.16631 + 0.26724D + 0.30997D% + 0,16861D> + 0.08788D

which has a reasonable shape and implies an average lag of
1.75 quarters, with a peak occurring after two quarters.

The long-run elasticity of employment with respect to ou-
tput 1s 0.46131, which is slightly less than that obtained
by Nordhaus and Godley. We also found up significant effe-
ct of lagged Customary Hours (HC) on operatives' employment.

4

Finally, to get a satlsfactory relation for Adminstra=-
tive, Technical and Clerical Workers' (ATC) employment, we
estimated a relation assuming a geometrically declining lag
structure for output. We also assumed the disturbances of
this relatiom to follow a first-order autoregressive scheme.
The following result was obtained.Z

= 4.92 + 0.00597T - 0.00004T - 0.001295

Log_(E : -
e ATC) (sToey  (1.77)  (-2.53)  (-1.08)
0.002575, - 0.002115, + 0.04253 0.9
(-1.89) (=1.80)°  (2.31) 1=0 (12.76)

1) We also estimated relation (2.3) assuming a declining
geometric lag structure for the hours, but found it
to be insignificant. In another experiment we imposed
the output lag coefficients on hours, and this too

proved to be ingsignificant.

2) The method of estimation and other related matters are
fully discussed elsewhere [6].
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~
~

) +u {2.4)

LOge (xt-i t

- -

with u_ = 0.7993u__, v, 5 o = 0.50%; K% = 0.9987
(7.76)

As expected, the lag structure of output 1in the above
relation has rather a long talil. The fitted equation impli-
es a mean lag of nine quarters, The overall effect of outp-
ut upon ATC employment is estimated at 0.4253 which is much
higher than that estimated by Nordhaus and Godley.

Now using the estimated relations (2.1) - (2.4) we can
obtain an estimate of the unit normal labour costs 1 except
for the employers' natiomal insurance contribution which sh-
ould be added as a separate item. Non-labour costs were
taken to be the same as those employed by Nordhaus and Godl-
ey.

3. The estimation of industry lag profiles and the comput-
ation of prices

In order to estimate the individual industry lag pr~-
ofiles we can employ eilther of the two following procedures.
Firstly, we can adopt the orthodox method which requires the
time series data on prices as well as normal costs for each
individual industry and estimate the unknown parameters of
the pricing model developed in the first section by some
'suitable' simultaneous estimation technique. Altermatively,
we can follow the Nordhaus-Godley procedure which gives est-
imates of individual industry lag profiles for the two types
of coats using only a census year data on costs and stock/
cutput ratios.

Due to the limited scope of the present study we shall
restrict ourselves to the latter procedure and estimate the
individual industry lag profiles assuming the proportion
of all materials enters the productive process at the begin-
ning (i.e. 3 = ). 2 In their study Nordhaus and Godley

1) For further details see [4 , p.861].

2) The simultaneous estimation of the unknown parameters of
the pricing model given by (1.7) 1is in progress as part
of a more comprehensive study of pricing in manfucturing
being carried out under the general direction of Messrs.
Nordhaus and Godley,
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that p= 2/3 which, as they themselves agree, 1s arbitrary,
Here, both for the purpose of comparison and demonstration,

we shall first give the results of our computations for
u = 2/3., Later we shall investigate the sensitivity of the
conputed prices to different values of u within the range
0<psl.

Taile 2 gives the estimates of gij and hij’ the lag co-

efficients for progressively added and initial entry inputs
respectively, assuming that u = 2/3.1

Furthermore, given that the conditions for the existen-
ce of an aggregate lag structure between costs and prices
can be assumed to hold through time, 2 we have used the
1963 Input-Qutput Table of the U.K. economy published by the
Central Statistical Office to obtain estimates of aij' e,

B, and m, for all 1, =1, ..., n. These estimates, together
-with estimates of 844 hij’ enable us to compute the 'final

form' of the industry and manufacturing lag profiles as def-
ined in relations (1.11) and (1.12) respectively. The resu-
1ts of these computations are given in Table 3.

(1) The data used for the computation reported here .. have
been prepared by Mr. K. Courts who has also been resp-
onsible for the calculation of individual industry lag
profiles.

(2) These conditions are given by (1.10).
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Table 2% Individual industry lag profiles for progressively
added and initial entry inputs to nine manufacturing indust-
ries, excluding food, drink and tobacco.

(a) Progressively added inputs

Quarters
1. Chemicals and 0 1 2 3
Allied Trades 0.3559 0.5858 0.0583 0.0
2, Steel 0.3011 0.5675 0.1313 0.0
3. Mechanical Eng. 0.1725 0.3451 0.3433 0.1391
4, Electrical Eng. 0.1673  0.3345 10,3345 0.1637
5. Textlles 0.2135 0.4269 0.3346 0.0250

6. Clothing and footwear 0.4404 0.5516 0.0081 0.0

7. Timber 0.4217 0.5638 0.0145 0.0
8. Paper and printing 0.2940 0.5616 0.1444 0.0
9. Others 0.1917 0.3834 0.3540 0.0709

* It is assumed that 2/3 of materials enter the productive

process at the beginning.



(b}

8.

9.
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initial entry inputs

. Chemicals and

Allied Trades

. Steel

. Mechanical Eng.
. Electrical Eng.
. Textiles

. Clothing and

footwear

. Timber

Paper and printing

Others

0.0

0.0

0.0

0'0

0.0

0.0

¢.0

0‘0

Quarters

1
0.5952

0.3396
0.0
0.0

0.0

0.8646

0.8143
0.2992

0.0

2
0.4048

0.6604
0.1022
0.0108
0.6578
0.1354
0.1857
0.7008

0.3918

3
0.0

0.0
0.8978
0.9892
0.3422
0.0
0.0
0.0

0.6082
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In order to compute prices, we also need to know the
weights by which to add the two types of input costs. The-
se weights, which are implied by the pricing model  itself,
are computed and given in Table 4 below.

Table 4 Implied weights for adding the two types of
input costs of manufacturing industries, exclud-
ing food, drink and tobacco.

Progressively Initial ent-
added inputs(yl) ry inputs(Yz)

1. Chemical and allied trade 1.4951 1.9227
2. Steel © 1.5805 1.4109
3, Mechanical Eng. 1.6651 0.8800
4, Electriczl Eng. 1.6376 1.0689
5. Textiles 1.4444 2,2268
6. Clothing and footwear 1.5684 1.4833
7. Timber 1.4331 2.2941
8. Paper and printing 1.4336 2.2910
9. Others 1.5468 1.6129

Total manufacturing 1.5525 1.5785

These estimates of lag structures and implicit weights
completely summarize the solution of the dynamic pricing
model in terms of unit exogencus normal costs. Together
with the unit normal costs derived in the previous section,
they provide us with estimates of the total manufacturing p
~rice over time. Other estimates of the manufacturing
price can also be computed by the same procedure for any
value of p in the range 0 g u g 1.
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Denoting all these price estimates by p{(t;u ), we have
under the KPH(1)

& Log P(r) = & Log P(r;u) + N t=1,...,T - (3.1)

where P(t) is the observed price at time t and & _ is the
disturbance of the relation and is assumed to be distributed
as N(O,ozc).

At thils stage 1t is important to note that the value of

4 has two seperate and opposing influences upon predicted
prices. On the one hand, the effect of increasing u is to
reduce the estimates of the production perlods and hence = of
the mean lags (2); on the other hand, increasing u implies
imposing the 'initial entry' lag profile {which has a longer
mean lag as compared with the 'progressively added' type)

on a larger proportion of the material costs. Consequently,
it 1s not possible to tell, on a priori grounds, what effect
changing u would have on the predicted prices.

In order to determine the significence of u for - price
predictions, we have computed estimates of ¢ and the log
likelihood wvalues of relation (3.1) for u 0.5, 0.1,..., 1.0,
The results of these computations are summarized in Table 5
below.

(1) A( = 1-D ) denotes the first difference operator.

(2)
Note that the production period is given by 25/(X + uM )

where SZ Stocks; X = Output and M = Totel material costs
[4, pp -862-65] .
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Table 5 Estimates of g and the log likelihood values of re-
lation(3.1} for the proportion of materials entering
at the beginning of the productive process (L.e. u )
within the range Q< ugl.

u _ . L= -T Log { og )
0.0 0.39% 326.60
0.1 0.40% 326.14
0.2 0.40% 325.56
0.3 0.41% 324.88
0.4 0.41% 324.24
Q.5 0.42% : 323.53
0.6 0.42% 322.79
0.66666 0.428 322.30
0.7 0.43% 322.01
0.8 0.43% : 321.21
0.9 0.44% 320.50
1.0 0.44% 319.61

' These estimates indicate that as we increase u from 0.0
to 1,0 the log likelihood values dicline uniformly, and that
the Maximum Likelihood (ML) estimate of y is p = 0 which -dif-
fers significantly from the value of 2/3 assumed by Nordhaus
and Godley. This implies that as far as the prediction of
prices 1s concerned the separation of the inputs into the'ini~
tial entry' and 'progressively.added' types 1s of no  signi-
ficance.
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In Table 6 we have computed the aggregate lag structure.
of material and non-material costa for values of u= 0.0, wh-

ich is the ML estimate of u 1,

Table 6 Aggregate lag structures for material and non-
material costs

The proportion of materials The proportion of mat-

entering at the beginning, erlals entering at the
beginning,
u=20,0 uo=2/3

Materials Non-material [Material Non-material

quarters costs costs cOsSts costs

0. 0.1507 0.1507 0.0603 - 0.1808

1. 0.3098 0.3098 0.2179 0.339¢

2. 0.2502 0.2502 0.2931 0.2387

3. 0.1746 0.1746 0.2550 0.1152

4, 0.0614 0.0614 : 0.0705 0.0600

5. 0.0279 0.0279 0.0502 0.0320

6. 0.0138 0.0138 0.0268 0.0158

7. 0.0064 0.0064 0.0116 0.0087

8. 0.0053 0.0053 0.0145 0.0093

mean lags - 1.89 1.89 2.46 1.79
Note that by increasing p from 0.0 to 2/3 we have
increased the mean lag of material costs and at the same
time decreased the mean lag of mon-material costs. The
overall result clearly depends upon the proportion of mater-
tal costs {excluding fuel) in the total costs. Using the

1963 estimate of this proportion (i,e. 0.21) it is easily
seen that for p = 2/3 the mean lag of all costs is approxim-
ately 1.93 quarters which is slightly larger than the compa-
rable estimate for u =0.0 which is 1.89 quarters.

1, Fuel costs are included in non-material costs.
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4, Tests of the normal price hypothesis]

Under the weakest version of the NPH it is specified
that the mark up of price over unit "normal historical' costs
is insensitive to cyclical changes in demand. One simple fu-
nctional relation for the alternative hypothesis that the
mark up does depend on demand is

- T Tz Ts
P(E)/R(t;u) = v (X/XN) .~ (X/XN) ) e (X/XN) 7 (4.1)

where X/XN denotes the deviation of output from its exponent-
ial trend and 1s used as a proxy for the demand wvariable.

P(t) £ Actual price

P(t;u) = Computed price based on Nordhaus-Godely metnod
of estimating individual industry lag profiles.

A sultable relation for estimation (4.1) can now be written

as
-]

ALog P(t) - ALog P(t;m) = E-l Y; ALog (X/XN)t_i +u, (4.2)

where the disturbance u, 1s assumed to have the ARl error
specification discussed in section 2.

Note that the relation employed by Nordhaus and Gedley
to test the NPH is

Alog P(t) = g, +a ALog P{t;u) + a, ALog(X/XN)t {4.3)

1

which makes no allowance for the possible influence of lagged
variables upon the mark up; and yet assume that the mark up

). I should like to thank Prodessor Mirrlees for his help-

ful comments with respect to this section.
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depends upon the varilations in normal costs.CZ)

*
Table 7 Regression estimates for tests of Normal Price
Hypothesis within the Nordhaus-Godley frame work

of estimation of individual industry lag profiles.

Part A The proportion of materials entering at the begi-
nning: u = 2/3,
Cpastant  ALog(X/XN)  2Leg(X/X¥) LLog(X.’XN}t_Z g <
~0,01032 0.4216 0.39%
{~0.30) (3.30)
0.00305 0.06802 0.4350 0,37%
(0.09) {1.96) (3.51)
Q.06326& =0.00932 0.4326 0.38%
(1.86) (~0.27) (3.41)
-0.00143 ~0.00€33 0.3387 Q.37
{~1.95) (=0.19) {2.58)
~C.00141 0.00159 0.06375 0.3553 0.362
(-1.93) (G.05) £1.94) (2.79)
=0.00143 0.06146 -0.01211 0.3525 0.372
{-1.94) (1.86) {~0.37) (2.71)
Part B The proportion of materials entering at che beginning:u =0.0,
Constant  Alog(X/XN) ¢ ALog (X/IN) el 2Llog (x/nw)t_z p o
-0.02118 0.4433 0,351
(-0.68) (3.55)
-~0.00766 0.06002 0.4573 0.34%
{~0.25} (1.94) (3.71)
0.06167 =-0.00131 0.4548 0.35%
{1.87) (-D.04) {3.60)
-0.06146 =-0,01812 0.3490 0.34X
(=~2.15) {~0.59) (2.69)
-0,00144 -0.01017 0.05785 0.3821 0,332
(~2.14) (=G.34) (1.93) (2.84)
-0,00143 0.,03880 -0.00398 0.3622 0.34%
(-2.09) (1.94) (-0.13) (2.79)
(*)

The dependent variable of the above regressions is
Llog P(t) - ALog P(tju). The regressions are fitted o
the period 1955 (1) ~ 1969 (IV), p denotes the Maximum
Likelihood estimator of the parameter of the first order

autoregressive specification assumed for the disturbanec-
es. Other symbols are defined 1in the text.
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depends upon the variations in normal costs.l
The estimation of (4.2) over the period 1955(1) -

1969¢4) for ¢ = 2/3 and yu = 0.0 gives the results summarized
in parts A and B respectively of Table 7. It is clear that
the current level of demand does not have any gignificant
effect upon the mark up. But this is not so when we consid-
er lagged values of the demand variable. Of several altern-
ative lag structures which we assume for the demand variable,
a simple one quarter lagged demand variable proves to be the
most appropriate and gives a marginally significant coeffic~
iént. The quantitative effect of this lagged demand upon
the mark up 1s, however, rather small and implies only a
0.06 percent increase in the mark up for every one percent
increase in the demand variable.

A more restrictive version of the NPH is that the mark
up 1s not only insensitive to demand changes but is also fi-
xed over time. To test this version of the NPH we have re -
estimated relation (4.2) with an intercept. The results are
again summarized in Table 7. The fact that the intercept is
negative and significant indicates that this latter version

@) Using relatien (4.3) we get

at - l-al

The mark up = A e ° [ P(esw) ]

a
/a2

It is clear that unless a, =1, the mark up will be affe-
cted by P(t;u) and hence %he normal costs.
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¢f the NPH cannot be accepted and that there has been a se-
cular decline of the mark up of price over costs., This fa-
ct, which has also been pointed out by Nordhaus and Godley,
requires further investigation.

5. The regression method

The tests of the NPH that we have so far carried out
are all based on the Nordhaus-Godley procedure of estimati-
ng individual industry lag profiles. This procedure assum-
es that the only source of lag between prices and costs is
the widespread practice of historical cost pricing among
manufacturing firms and rules out other important gources
of lags such as 'behavioural' and 'adustment' lags.(l)

As has already been mentioned, an alternative approach
for testing the NPH which does not have the above-menticned
shortcomings 1s to estimate a distributed lag relation bet-
ween unit normal costs and prices together with an index of
demand. This 1s the method adopted by Neild [2] and it al-
lows an 'average' estimate of 'institutional’,'behavioural'
and 'adjustment' lags., However, Nelld's estimating relation
and his estimation procedure are rather restrictive and ha-
ve attracted a number of criticisms especially from "Rushdy
and Lund [8] (2). 1In order to avoid the problems connected
with Neild's approach here we estimate a linear relation
between prices and costs, lmposing two separate geometrica~
1ly declining lag structures on material and non-material
costs with differing lag coefiicients, Furthermore, we as-
sume the disturbances of this relation follow a first order
autoregressive process. The estimation method employed 1is
similar to that explained in [6] except that instead of one
we now have two varlables which are subject to geometric
lag structures. In order to test for the effect of demand
on prices we have alse included current and lagged wvalues
of the demand variable in this aggregate pricing relation.

(1) This also means that the estimates of lag profiles are

assumed to be independent of whether the NPH is rejec-
ted or not,

(Z) But see Neild's reply [3]
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The results of estimating such a distributed lag struc-
ture between price and costs are summarized in Table 8 and
clearly substantiate the finding that the current level of
demand does not have any significant effect upon the mark up
in manufacturing industries. The results in this Table also
show that the mark up is insensitive to changes in the dema-
nd wvariable. This is in direct contrast to our previous
conclusion. One reason for this is that the estimates of
lag profiles given in Table 8 are markedly different from
those which we obtained employing the Nordhaus-Godley proce-
dure. (see Table 6). The mean lags of material and non-ma-
terial costs are now estimated to be one quarter and 2/3 re-
pectively which are much smaller than those obtained previo-
usly. Furthermore, the inclusion of a time trend in the
regression of price on the normal costs proved insignificant.
This together with the fact that the constant is significant
indicates that although a proportional mark up of price over
costs has been declining over the perlod 1953-69,an additive
mark up has remained more or less unchanged.

consequently, our 'preferred' relation for the explan-
ation of manufacturing prices in terms of costs will be

p(t) = 24,99 + 6,72 T 0.5 me(e-1) + 36.62 I
(8.53) (4.63) im0 (3.83) (4.08) imo
0.41 nmc(t-i)+:1t {(5.1)
(2.72)

»

2

g =0.92 u__, +v, ;o=0,2932; R® = 0.9991

8.67) °1
where mc{t) Index of unit normal material costs (1963=1,0)

nme (t) = Index of unit normal non-material costs (1963=
1.0
This relation can also be written as )

p(t) = 24,99 + 13,44 me*(t) + 61.03 nme*(t)

where 13.44 and 61.03 are the estimates of the long-term re-
sponse of prices to a change in material and non-material
coste respectively. It is worth nothing that the sum of
these long-term effects and the welght attached to the other
costs (1.e. 24.99) add, as they should (see, [2, p.1%9]), to
approximately 100 which is the price index in 1963. Further-
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more, the proportion of material costs in the total material
and non-material costs is equal to 18% which is very close
to the estimate of this proportion (i.e. 21%) obtained from
the 1963 Input-Output Tables. :

more, the proportion of material costs in the total and non-
material costs 1s equal to 18% which is very close to the
estimate of this proportion (i.e. 21%) obtained from the
1563 Input-Output Tables.

In order to check that the estimates given in Table 8
do in fact refer to the global maximum of the likelihood fu-
nction, we have drawn the contour of the concentrated log
1ikelihood surface in terms of the geometric lag coefficien-
ts of the two types of costs. In every case the log likeli-
hood surface proved to be unimodal. Such a contour for rel-
ation (5.1) is given in Figure 1,which demonstrates the un-
imodal nature of the likelihood function.

Table 9% Actual and predicted prices for manufacturing, ex-
cluding food, drink and tobacco over the period
1967 (1) - 1969(IV).

Actual Price The Ragression Method The Nordhaus - Godley
- Procedurg
P(t) P(t) P(t32/3) P{z;0.0)
1967(1) 107.60 107.77 111.84 111.66
(2) 107.57 107.94 112.07 111.86
(3} 108.40 108.74 112.40 112.21
(4) 109.17 109.84 113.11 113.14
1968(1) 111.40 111.66 114.52 114.87
(2 112.53 112.86 116.56 116.96
(3) 112.73 113.66 118.44 118.57
{4) 113.13 114.70 119.82 119.88
196%(1) 114.07 115.83 121.00 121.12
(2) 115,10 116.73 122.31 122,41
(3) 116.47 117.61 - 123,56 123.69
(&) 118.00 118.40 124.73 124.87
a -
S P(z) denctes price predictions basad oo “ragression

- estimates.

P(t;u) denctes price predictions employing the Nordh-
aus-Godley procedure of estimating individual
industry lag profiles: u = 2/3 and u = 0.0.

(1) | should like to thamk B. Shearey and G. Rendle for
providing me with a suitable subroutine in order to
draw this contour.
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One method of evaluating the two procedures for estima-
ting lag structures discussed in this paper is to compare
their predictive performance., TFor this purpose we have re-
estimated relation (5.1} over the period 1953(1)- 1966(IV)
Employing this pricing relation we have used only data on
unit normal costs to predict prices for the period 1967(1l) -
1969(1IV). These price predictions are directly comparable
with the predicted prices obtained by using the Nordhaus-
Godley estimates of individual industry lag profiles. The
results of these predictions together with actual prices are
given in Table 9 .

Clearly, as far as the prediction of the level of prices

is concerned, the 'regression method' has proved to be far
superior to the Nordhaus-Godlev procedure. This is not, how~
ever, very important if we are primarily interested in the

vrediction of the percentage change in prices which does not
depend upon an accurate estimate of the mark up. We have pl~
otted the percentage change in actual and predicted prices
over the period 1967(2) - 1969(4) in Figure 2, Again a casu-
al look at this Figure indicates rhat the 'regression method'
has also been much better in predicting percentage changesl

These results again emphasize the averaging nature of
the 'regression method' which is of great importance for exp-
lanig and predicting price movements especially when properly
specified dynamic models are simply not available.

Department of Applied Economics, June, 1973
University of Cambridge

(1) The Root Mean Square Prediction Errors (RMSPF) of the al-
ternative prediction of the percentage change in  prices
were

The Reeression Method The Nordhaus-Godley
Procedure
u =2/3 = 0.0.

RMSPE (AP/P) 0.372% 0.635% 0.557%



Fig 1
The contour of the concentrated log likelihood surface for the lag coefficients of waterial and non-material costs.
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Fig. 2(.)
Actusl and Predicted Percentage Chsnoge in Prices
over the pariod 1967(2) =~ 1969{4)
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P(t;u) denotes price predictions amploying the Hordhaus-Godley procadure
of estimating fndividusl fadustry lag profiles; u = 2/3 and u = 0,0.
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