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INTRODUCTION

The policy responsibilities of the EEC Commission require that it analyse the short-
term, macro-economic performance of the member States and, in particular, the trans-
mission of economic impulses within the Community. The fact that one half of
Community imports are generated in trade between the member States underlines the
substantial degree of economic interdependence that exists between them. Moreover, the
size of the Community in terms of its foreign trade (it accounted for 37 per cent of world
trade in 1975) and the openness of the Community economy (imports were equivalent to
22 per cent of GDP in 1975) require that the interaction between the Community's
economy and that of the rest of the world also be measured. Substantial resources in time
and manpower have been devoted to the study of these questions in the Commission for
many years but it was not until the beginning of the 1970s that the decision was taken to
construct a short-term econometric model of the Community economies. In this context,
the word "short-term" refers to the model's relative strength in predicting the values of
the endogenous variables, given the observed values of exogenous and lagged endogenous
variables, for one year ahead, as opposed to its relative weakness in dynamic simulation
(where the estimated rather than observed values of the lagged endogenous variables are
employed). It is this performance criterion which distinguishes a short-term annual model
like Meteor from a longer-term model like Comet (the EEC Commission's medium-term
model), which is also estimated on an annualfbasis. The term refers,.therefore, to a
selection process among the equation estimation results (based, often, on sub-model
simulation). Short-term refers, also, to the fact that the productive capacity of the
economy is taken as given in Meteor, both in relation to the capital stock, technical
progress and the participation rate of the potential labour force. The model's name
"Meteor", is taken from the rather elaborate french "Modele Europeen de Transmissions
Economiques et d'Operations de Reequilibrage". The leadership of the project was
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assumed by Professor C.A. Vanden Beld of the Netherlands' Centraal Planbureau^2)
and in subsequeni years the Planbureau carried the bulk of the work involved in
designing and constructing the model. In the course of 1975 and 1976, a major effort
was made to complete Meteor and the groundwork was prepared for its operation by the
Commission staff. As a result, the first, fully-linked version of the model is now
operational, in the sense that it comprises structural equations with satisfactory theoret-
ical and statistical qualities and that in simulation the full model converges to a stable
solution on the endogenous variables. It is this first version of the model which is
described in this paper but it should be said that a process of re-estimation is now in
progress which takes into account the most recently available economic data and which
should render Meteor more representative of the current structure of its component
economies.

The first section of this paper describes the structure of Meteor and the computer
software which is used to operate it; section two outlines the equation system which
comprises the country and country-block models; section three describes the linkage
principle employed; section four turns to the data sources, estimation methods and
statistical criteria followed in the estimation process, and sets out the principal
econometric results for the reaction equations; in the fifth part of the paper, some
national and international multipliers computed from the model are used to illustrate
the estimates which it yields of the international transmission mechanism; finally, we
comment briefly on the role of formal econometric systems in economic forecasting and
policy simulation, and conclude with some remarks on the usefulness of the model in its
present form.

I. THE METEOR STRUCTURE AND COMPUTER SOFTWARE

The model consists of nine country and five country-block sub-models linked by
trade flows. The country sub-models represent the six larger EEC States (the Federal
Republic of Germany, France, Italy, the Netherlands, Belgium^ and the United
Kingdom) together with Canada, Japan and the United States; the country blocks are as
follows:

OECD north — Austria, Denmark, Finland, Iceland, Norway
Sweden and Switzerland.

OECD south — Greece, Ireland, Portugal and Spain.

Oil-producing countries 1 As defined in the UNO "Monthly Bulletin
Socialist Block I - of Statistics" (special table A) and the annual
Rest of the world J "Direction of Trade" publication of the IMp(4).

W The reports on the successive stages in the construction of Meteor prepared for the Commission
by the Planbureau and by Mr A.R.N. Schwartz of the Planbureau staff are the reference sources
for the model. Sections I I , III and IV of this paper draw directly on these reports.

*3) The external trade of the Grand-duchy of Luxembourg is included in the Belgian trade
aggregates.

*4) Data for the oil-producing countries, as defined in "Direction of Trade" are subtracted from
the "Total Developing Market Economics" aggregates given in the UNO publication; data for
Australia, New Zealand and South Africa are then added to the developing market economies'
total to give the rest of the world aggregate. The socialist block data are taken from the same
UNO source. Prnce data are published in the IMF Annual Report.
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Only the models for the Community countries and Canada, Japan and the United
States contain domestic reaction equations, the blocks being represented by external
trade and trade-price equations. Meteor should, therefore, be seen as a world trade model
linked to a set of domestic models of the larger EEC countries, North America and Japan.

The computer system on which the model is operated by the Commission is an
IBM 370/158, accessed by an IBM 3780 RJE terminal, with a line printer producing 350
lines per minute. The programmes which comprise the model software have been written
(or rewritten(5)),in Fortran 4. The full system is rather large, employing a data base of
some 5,000 time-series (of which the majority are transformations of primary series) and
comprising about 650 equations. Simulations at present require about 500 K of central
memory capacity, which is near the limit normally available on the IBM TSO system. It
is of interest to note that computing capacity of this kind only became available on a
quasi-conversational basis (which implies a virtually immediate execution of the model
programmes) in 1975, prior to which a model of this size would have had to be operated
in batch mode with the considerable delays which this frequently involved.

The principal items of software used in managing the model are as follows:

(1) the estimation package; this is the TSP (Time-series processor) package con-
structed at Princeton and Louvain universities; TSP permits a number of alternative
estimation procedures and, in particular, ordinary least squares (OLSQ), two-stage
least squares (TSLQ), both of these corrected for autocorrelation in the residuals,
and distributed lag estimation;

(2) a data-base management module which contains the procedure for loading and
reading data;

(3) a statistical transformation programme which permits seven arithmetical operations
to be performed on the data and loads the derived series on the data base;

(4) the model simulation programme, which provides a solution for the endogenous
variables; this programme falls into a number of distinct parts, in which it:
(a) reads the run parameters^) and equations from cards;
(b) checks the validity of the above input (format, correspondence with data

base);
(c) sets up arrays of variables, co-efficients and data in core;
(d) stores these arrays on disk (option);
(e) applies the Vander Giesen method to order the equations recursively;
(f) applies the Gauss-Seidel solution procedure.

(5) a report-writing programme which presents simulation results (stored on disk) in
the form of tables or charts and which allows various choices as to the amount of
model information to be printed (with or without variable names, with or without
the equations, etc.). ___

(5) The original programme for the solution of the model was written by Mr A.A. Vander Giesen of
the Netherlands' Planbureau; it has since been adapted for use on the IBM machine and
extended in a number of respects.

<6) The parameters concern the length of the simulation period, the possible suppression of
equations or sub-models, changes in co-efficients or constant terms, changes in the values of
exogenous variables and the choice of static and dynamic simulations.
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The computer software described above is the fruit of a considerable investment in
analyst and programmer time and embodies, in the estimation and simulation modules,
important recent advances in econometric research, although not all of the facilities
available (particularly in the estimation packages) have been used in the construction of
Meteor. Too often in the literature, models are presented solely in terms of the data,
estimated equations and simulation performance, with the result that one can easily lose
sight of the important data-processing work which exists in the background. To the
researcher in the field, the concern to have flexible and efficient model software is of
great importance.

THE SUB-MODELS

Each major country model consists of about seventy-five equations, estimated
(with the exception of stockbuilding) in terms of percentage first differences, of which
eleven are reaction (structural) equations and the remainder accounting or data-
transformation identities and weighting schemes. The reaction equations are the usual
major expenditure aggregates measured, with the exception of consumption, at constant
prices, together with the associated price deflators and two labour-market relations. It
has been found that the estimation of the consumption function is statistically more
satisfactory in current rather than constant-price terms. (The function for the Federal
Republic of Germany is the only one expressed in volume terms.) This suggests the
presence of momey illusion among consumers, a hypothesis which is reinforced by the
significance of the price variable in the estimated consumption relations.

The equations represent the following magnitudes:

household consumption;
gross investment by the corporate sector (excluding residential construction);
stock accumulation;
commodity imports;
commodity exports;
demand foi dependent labour by the corporate sector;
wage rate in the corporate sector;
consumption price;
investment price;
import price;
export price.

The principal exogenous variables on the expenditure side are government con-
sumption and salaries,, government investment, taxation, monetary liquidity and in-
vestment in dwellings. On the production side, the labour force is exogenous, as are
agricultural production, capacity growths v and working days lost through strikes. In the
international linkage system, exchange rates and transport costs are determined outside
the model.

Capacity growth is estimated by the Wharton method of fitting a trend-line to cyclicat peaks
in economic growth.
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The equations are estimated by means of ordinary least squares regression, with dis-
tributed lags. Accounting consistency is assured in terms of levels, which accounts for the
unusually large number of definitional equations which occur in Meteor. The estimation
period varies, beginning in the early fifties and ending in the early seventies.

An impressionistic view of the interactions in the model can be gained from the list
of independent variables occurring in the reaction equations. The variables cited below
occur in at least two of the reaction equations of the major country sub-models.

Equation Principal arguments

Consumption

Investment

Stock accumulation

Dependent employment in
the corporate sector

Wage rate of employees in
the corporate sector

Commodity imports

Commodity exports

Consumer prices

Disposable income, consumer prices.

Aggregate expenditure, investment price, ex-
cess capacity or unemployment, monetary
liquidity, non-wage income.

Aggregate expenditure, prices (consumer or
aggregate expenditure deflator), excess cap-
acity or unemployment.

Aggregate expenditure, relative price of lab-
our, excess capacity, working days lost
through strikes.

Productivity, unemployment, working days
lost through strikes, consumer prices.

Aggregate expenditure, stock accumulation,
relative price, rate of acceleration of domestic
price level, working days lost through strikes,
agricultural output.

Weighted world demand for exports, relative
price, export price relative to lagged unit
wage cost, working days lost through strikes.

Unit costs (import prices combined, va-
riously, with unit wage costs, labour product-
ivity and the ratio of imports to aggregate
expenditure), the ratio of consumption to
aggregate expenditure, and indirect taxes net
of subsidies.
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Investment price Unit costs (defined as a weighted total of
import and wage costs) and various capacity
related indicators (unemployment, working
days lost through strikes, investment as a
proportion of aggregate expenditure and the
deviation of actual from full capacity utilisa-
tion).

Import price Weighted total of suppliers' export prices;
shipping costs, exchange rate change.

Export price Unit costs (with or without import prices),
weighted average of competitors export
prices, demand indicators (potential produc-
tive capacity in the non-agricultural cor-
porate sector, unemployment).

The sub-models representing Japan and Canada are simpler than the above, con-
sisting of consumption and investment equations in addition to exports and imports
together with the four price relations related thereto. Sub-models for the country blocks
contain no domestic reaction functions; they consist of import and export equations,
together with their deflators.

Anticipating somewhat the presentation, in Section IV, of the principal estimation
results, it may be helpful to set out here, the reaction (behavioural) equations of one
country sub-model, that of the Federal Republic of Germany, using a simplified form
of the METEOR notation. The other country sub-models have exactly the same form,
although the independent variables to be found in each equation vary somewhat from
one sub-model to the next. Each sub-model is closed by means of a set of some sixty-
five identities which, having translated the first differences in which the behavioural
equations are estimated into levels, assure consistency within the national accounting
framework.

The behavioural equations for the Federal Republic of Germany are as follows:
(All variables in percentage changes, unless otherwise indicated. Expenditure in constant,
1963 prices.)

Household consumption expenditure R2 DW RMSE Period

Ct = .820YD t^-.521PC t +1.928 .81 1.95 1 1952-70

(3.51) (2.43) (2.07)

Private-sector, non-dwelling, investment

It = 2.456VKt_1 - .408Qt_3 + 1 . 2 9 4 2 ^
(4.33) (3.35) (3.61)

-2.016 .83 2.01 2.9 1955-70
(.67)
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Changes in stocks, absolute (constant-price) value R2 DW RMSE Period

Dt = .203VLt_i/2 +111.4PVt_y2 +1.7031.10^
(5.69) (4.46) (4.37)

+.268 Y A M -2.261
(2.89) (3.00) .91 1.75 1.1 1952-70

Exports of goods

Xt = 1.279MWt-1.367PXRt_^+.586Qt_i/£
(4.33) (2.80) (1.94)

+2.246Ut_y2 -2.842
(4.44) (.99)

Dependent employment in enterprises

Lt = .564YPt +.362St +.332Lt_1

(10.96) (2.06) (3.96)

.78 2.56 1.8 1955-70

-2.347
(6.70)

.93 2.23 .5 1953-70

Wage rate in enterprises

Wt = .916PCt +.916Pt_i/2 +2.357IMMt_i/2
(2.69) (2.69) (2.59)

-1.562
(.69)

Consumption price

. 2 t ^ t ^
(6.26) (5.34) (8.60)

PCt =

.67 1.91 1.4 1956-70

.85 2.18 .4 1953-70

Investment price

PIt = .164PMt_^+.865UCt +.138I/V
(2.73) (10.65) (3.91)

+.402
(1.45)

Export unit value

.93 2.09 .6 1953-70

PXt = .171PMt +.469WM +.414PXC
(n.a.) (4.51) (3.04)

-3.170
(3.67)

.62 2.18 1.0 1954-71
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Symbols Meaning

C Private consumption expenditure

D Stock accumulation, absolute value (constant prices)

I Private sector investment (investment by enterprises) exclusive of

dwellings, at constant prices

IMM Net immigration from abroad

I/V Investment over total expenditure net of stock changes

L Dependent employment in enterprises

LIQ Money plus quasi-money

MW World import total, weighted for market shares of exporting

country, constant prices

P Labour productivity (output per man-hour) in enterprises

PC Consumption price

PI Investment price

PM Import unit value

PV Price deflator for total expenditure net of stocks

PX Export unit value

PXC Competitors' export prices (weighted average)

PXR Relative export price

Q Excess production capacity in the enterprise sector

S Working days lost through strikes, deviation from long-term

average

U Unemployment rate

UC Unit wage cost in enterprises
V Total expenditure net of stocks (i.e., gross domestic product at

market prices, less stock-building, plus imports of goods and
services)

VK Change in growth rate of domestic expenditure net of stock-

building

VL Change in level of total expenditure net of stockbuilding

W Wage rate in enterprises

X Exports of goods

YA Agricultural production, deviation from trend

YD Household disposable income

YP Production by enterprises

Z Non-wage income

182



Bit THE LINKAGE SYSTEM

The two principal methods of trade linkage in international models proceed on

either a bilateral basis, which is difficult owing to the absence of requisite price series,

or adopt a multilateral approach in which weighted world demand and price variables

appear in the external sector of each sub-model. The latter method is employed in

Meteor. Weighted price variables appear in the export and import price equations and in

the import volume equation, while a weighted world demand aggregate occurs, together

with weighted relative prices in the export demand function.

Taking the import price equation first, the weighted price variable is an index

of suppliers' export prices:

pmf = 1 j ^ j i pxji 1.

where pm? is the (defined) import price of country i,

pxj j is the bilateral price of exports from supplying country j to i and

d ji is the share of j's exports to i in i's import total.

Since bilateral export price statistics are not, in general, available, the import price

definition becomes:

p m f = ^ - j <*> ji p x j 2-

where pxj is the aggregate export price of country j.

In his work on Meteor for the Commission, A.R.N. Schwartz has improved signif-
icantly the estimation of import prices by introducing shipping charges, as an addition to
suppliers' export prices, into the import price definition A ' Noting that, empirically,

pmf /= pmf

"Meteor: Working Paper IN", by A.R.N. Schwartz; unpublished research report prepared for
the Commission of the EEC (January, 1977).
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where pm? is the recorded (actual) import price of country i. Schwartz attributes the

discrepancy to one or more of the following factors: FOB/CIF differences, price

discrimination by exporters as between their trading partners (so that px« f pxA non-

identity of the commodity-mix as between different bilateral export flows from country j

to its partners, non-stability of relative commodity prices, and, finally, statistical dis-

crepancies in the registration of exports and imports. The non-identity of pm^ and pm-1

accounts for the observation that, in a regression

pmf = <*+/? pmf 3.

the co-efficient p is significantly different from one and the constant term is signif-

icantly different from zero. Of the factors causing this discrepancy, only the CIF/FOB

difference can be readily quantified. This has been done, by the inclusion of a weighted

index of tramp, liner and freight rates in the import price function^, which, in schematic

form reads:

( \ m F m + 4.

where Fm (m = 1, ...3) are the tramp, tanker and liner rates referred to above and

^t m are the appropriate weights.

The resultant import price functions perform well, the co-efficient of the derived

rt price (pm ) and the constant ter

different from the expected magnitudes.
import price (pm ) and the constant term being, for most sub-models, not significantly

Estimated import price (pin) derived from the above equation enters along with

domestic factors, into the import volume equations.

(Q)
' The weights have been derived by taking the coefficients in a regression of import prices for

each Meteor sub-model on (current and lagged) world tramp, freight and liner rates and
transforming them as follows:

w j k = o j k \ k IZk d j k ljk

where w ^ = weight of freight-rate k in the import equation of country j,

fi jk = the regression co-efficient of freight-rate k in the regression with pm. , and

t : i , = the t-ratio associated with X SL, in that regression.JK •-> JK
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FLOW CHART OF INTER COUNTRY LINKAGES, ONE COUNTRY VERSUS THE REST
OFTHE WORLD*

structural relationships

variables to be included in or
resulting from reweighting
schemes

variables

vectors of variables with
matrix of relationships
between them

Chart taken from "Meteor Working Paper - Intermediate Report, October, 1972" prepared by
the Netherlands' CentraaJ Planbureau.
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From the determination of import volume, the linkage process continues so as to
derive, for each sub-model, a weighted world export demand aggregate:

i = 1,..., n;
jo<ijm j j f i = 1,..., n-1; 5.

("n" being the total number of sub-models),

where ml̂  == the export market growth of country i.

irij == total commodity imports (in real terms) of i's trading partner " j " , and

o< ij == the share of i in j's imports of the preceding period.

The demand for exports aggregate (ml) enters into the export function of each country
or block, together with domestic factors, export price and a further linkage variable,
namely, the competing export price:

_ i = l ,» . ,n;
pxf = 2 j l k o u j ^ k j p*k i t { = i—n- i ; 6.

k $ i f j = l,...,n-2

where px? =: competing export price facing i on j 's market,

oC = market shares, as defined above, and

pxj, = export price of country k, i's competitor on j's market.

The competing export price (pxc) also enters into the export price equation,
together with import prices and other variables.

The estimated world import and export totals are constrained to equality by the
simple procedure of redistributing, proportionally, the difference between total imports
and total exports over exports.

SV DATA SOURCES AND PRINCIPAL RESULTS

Most of the time-series used in constructing the country sub-models have been
taken from national sources, but there are certain exceptions where, for the sake of
consistency, it was decided to use international sources for the data. The Meteor data
base in its current form is drawn, therefore, from a widely-distributed set of sources,
principally the following:

Sources for country-model data

Belgium: Statistische Studien and EEC-NAS;

France: OECD - National Accounts Statistics (NAS) and EEC-NAS;
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Federal Republic Volkswirtschaftliche Gesamtrechnungen, statistischer Anhang and
of Germany: Fachserie N;

Italy: Annuario di contabileta' Nazionale and Occupati presenti in

Italia;

United Kingdom: National Income and Expenditure;

The Netherlands: EEC-NAS;

USA: Survey of current business (national income issues).

Sources of data for Canada, Japan and the Country blocks

"Annual Report" and "Direction of Trade" - International Monetary Fund;

"General Statistics" and "National Accounts Statistics" - Orgfinisation for
Economic Co-operation and Development;

"Monthly Bulletin of Statistics" and "Yearbook of International Trade Statistics" -
United Nations Organisation;

"Yearbook of Labour Statistics" - International Labour Organisation.

The estimation method generally applied has been ordinary least-squares, with
fairly extensive use of distributed lag techniques. The simplicity of the least-squares
procedure recommends it, despite the bias which can exist in the estimation of co-
efficients by this method when the independent variables and the residuals are not
statistically independent^ '; moreover, the equation specifications chosen were not
always those associated with the best regression statistics (R^, t-ratios, Durbin-Watson
or von Neumann ratios, F-ratios and standard error of estimates), but, rather, those which
predicted best in model simulations. In general, however, the strongest single-equation
specifications also perform best in the simulations.

The following tables set out the reaction equations for six Community countries
(the Federal Republic of Germany, France, Italy, the Netherlands, Belgium and the
United Kingdom) and the United States as estimated in 1975/1976 in the Netherlands
PlanbureauA ' The period of estimation begins in the early (1952/1953) or mid
(1955/1956) 1950s and ends in 1970. As a check on the stability of the co-efficients in
the equations regarded as best over the basic estimation period, the equations were re-
estimated over a slightly longer estimation period (running to 1971, 1972 or 1973).

(10) See$ f o r example, L.R. Klein, A Textbook of Econometrics, (second edition), New Jersey:
Englewood Cliffs, 1974, pages 150-151 .

(11) The tables are taken from the research report "Meteor - Working Paper 118" (January, 1977),
prepared for the Commission by A.R.N. Schwartz of the Planbureau.
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TABLE OF SYMBOLS USED IN THE METEOR REACTION EQUATIONS*

Symbol

B***

c***

CVA*

DDS*

DDSO

DEP*

DS**

IMM*

IMMO

ISU*

ITP*

ITT*

IVA*

KKMQ

KKWQ

LIQ*

LIQG

LIQH

LIQO

LQCJ

LQT*

LPD*

LPN*

LTD*

Meaning

Exports of goods

Private consumption

Consumption relative to stockless
expenditure

Change in stock-building as a percentage
of lagged GDP

(DS*L over YDMJ2) times 100

Depreciation allowances

Stock building

Net migration from abroad

IMMJ over LQTJ times 100

Indirect taxes net of subsidies

Gross investment by enterprises,
exclusive of dwellings

Total gross investment in fixed assets

Investment by enterprises relative to
stockless expenditure

1/W+MB2 (WTDB2 times YKWQ plus
M** B2 times PM*Q1)

(WTDB2 times YKWQ plus M**B2
times PM*Q) over W+MB2

Liquidities

LIQB over VACB

((LIQG less LIQG2) over LIQG2)
times 100

100 times LIQG less TLQ*

LQTJ minus IMMJ

Potential labour force

Dependent employment in enterprises
DC

Dependent employment in enterprises
NC

Total employment DC

Symbol

M***

ML**

MVA*

NFT*

PA$*

PA*Q

PAM*

PAV*

PAZ*

PC**

PCM*

PE**

PEK*

PIL*

PIP*

PKE*

PM**

PMA*

PMC*

PYL*

QPA*

QPAJ

QPAO

QPAY

Meaning

Import of goods

Weighted total of world imports.

Imports relative to stockless expenditure

Net factor income from abroad

Competing export price, weighted
average of export prices

PA$Q in national currency

Import price relative to semi-lagged
stockless expenditure price

Price of total expenditures less stock
building

Relative export price

Price of private consumption

Import price relative to semi-lagged
consumption price

Export price of goods

Export price relative to wage costs per
unit of output

Investment price relative to wage rate in
enterprises

Price of non-residential gross investment
by enterprises

Export price relative to semi-lagged costs
per unit output

Import price of goods

Import price relative to stockless
expenditure price

Import price relative to consumption
price

Price of GDP relative to the wage rate

' Prod. cap. of non-agricultural enterprise
sector at FC

Computed from YPAJ

((QPAJ less YPAJ) over QPAJ) times 100

QPAO less QPAO2.

DC = domestic concept FC = factor cost NC = national concept

*The figure " 2 " appearing in a variable name indicates a one-year lag.
See Appendix 2 for the meaning of the letters occurring in the fourth position in the above symbols.
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Table of symbols used in the Meteor reaction equations (continued)

Symbol

TLQ*

TDT*

UT**

UT*O

UT*Y

UTC*

UTCJ

UTCO

v***

VAC*

WDL*

WDLJ

WDLO

WPD*

WTD*

Meaning

Trend in liquidities

Total direct taxes

Unemployment

(UT*J over (LTDJ plus UT*J)) times
100

Change (absolute) in UT*O i.e.
UT*O t - UT*O t - 1

Unemployment corrected for net
migration from abroad

UT*J minus IMMJ

UTCJ over LQCJ times 100

Total resources, equals total
expenditures, equals gross domestic
product plus imports of goods and
services

Total expenditures less stock-building

Working days lost through strikes

WDL* relative to the average of
period 1950-1970

WDLJ minus 1

Wages in enterprises DC

Total wage bill DC

Symbol

W+M*

YA**

YATJ

YA*O

YD**

YDM*

YKW*

YLP*

YPA*

YPD*

YTN*

YWK*

Z***

Z*DB

Z*DJ

Meaning

Sum of weights for input costs

Agricultural output value added

Logarithmic trend of YA*J

((YA*J less YATJ) over YATJ) times 100

Total disposable income

Gross domestic product at market prices

Wage costs per unit of output in
enterprises DC

Labour productivity in enterprises DC

GDP of non-agricultural private
enterprises FC

GDP originating in enterprises DC

Gross national product at market prices

Semi-lagged wage costs per unit of
output in enterprises DC

Non-wage income

YTNB less DEPB less ISUB less WTDB*
less NFTB DC

Z*DB over PIPR

DC = domestic concept FC = factor cost NC = national concept

Note: This list is indicative, only, and should be read in conjunction with the description of the
Meteor nomenclature as set out in Appendix 2. When reading the tables, particular attention
should be paid to the fourth element in the symbol name, which indicates whether the variable
is measured in current or constant prices and whether in levels, rates of change or otherwise.
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TABLE 1: DEPENDENT VARIABLE: PERCENTAGE CHANGE IN HOUSEHOLD CONSUMPTION EXPENDITURE*

(For technical notes on the tables, please see Appendix 1)

Country Unemployment Miscellaneous DW R M 7 E Period

Belgium

France

.775 YD*A

(3.51)

.822 YD*A_1/2

(5.48)

.580 PC*Q

(2.23)

.356 PC*S

(4.00)

-1.935 UT*Y

(2.07)

-.429 C**A

(2.02)
- 1 2.079 .63 2.24

(1.85)

1.702 .82 2.41

(1.08)

1.2 1955-70

.8 1956-70

Germany .820 YD* l J / 2

(7.93)

-.521 PC*Q

(2.43)

1.928 .81 1.95

(2.07)

1.0 1952-70

Italy .879 YD*A

(3.66)

.522 PC*S

(1.83)

.481 .61 2.02

(.21)

1.9 1953-70

United Kingdom

Netherlands

United States

.631 YD*A

(7.02)

.399 YD*A

(3.64)

.728 YD*A

(5.64)

.430 PC*Q.

(3.13)

.330 PC*S

(2.76)

!-V2

-1/2
-.472 UT*Y

(2.35)

-.51 (.330 PC*S_1

.617

(4.16)

.671 .91 1.96

(1.37)

.716 .56 2.32

(.62)

1.87 .82 2.30

(2.39)

.7 1953-73

1.5 1953-70

.7 1952-70

* Consumption expenditure is measured in current money values, except for the Federal Republic of Germany, where the dependent variable Is

expressed in constant-price terms.



The Consumption Function

In Meteor, the main determinant of consumers expenditure (which in all cases,
except that of the Federal Republic of Germany, have yielded more satisfactory estimates
in value terms) is disposable income. In two cases, only, is consumption lagged,
also an argument, giving the equation the typical "permanent income" specificationA1^
In order to account for money illusion, changes in the consumer price level, or variations
in that rate of change, are included: in the value equations, the first or second difference
in the consumer prices index influences expenditure on consumption goods, so that
consumption increases by more than could be explained by the rise in nominal dis-
posable income; the hypothesis is that consumers fail to discount fully the inflationary
element in the increase in their nominal disposable income so that, having planned for a
certain level of expenditure in real terms in the context of an over-estimated real
disposable income level, they seek to maintain real expenditure in the face of unexpected
price increases (or an unexpected change in the rate of price increase). The one country in
which this hypothesis does not hold is the Federal Republic of Germany, where the more
conventional approach of regressing real consumption on real disposable income (lagged
half a year) gives better results. Here, the rate of consumer price change is also significant
but with a negative co-efficient, supporting the hypothesis of consumer resistance to
price increases, evidence of the aversion to price inflation which is said to exist among
the public in the Federal Republic of Germany. Of the other variables appearing in the
consumption functions, unemployment (France and the United States) can be seen as a
proxy for consumer confidenceO^) which, in turn influences precautionary saving. A
monetary variable, liquidity (the sum of money and near-money as a percentage of total
expenditure), occurs only in the consumption function of the United States sub-model;
it can, perhaps, be best interpreted as a credit-availability indicator, in a situation in
which monetary influences are not fully translated into income changes, so that the
individual household is faced, in some degree, with credit rationing conditions.

The investment Function

The starting-point for the theoretical specification of the investment function is the
Cobb-Douelas production function which implies the following desired level of gross
investment^ 4):

where (all in percentage changes),
i* = desired gross investment in fixed assets, excluding dwellings and Government

investment;
v = total expenditure less stockbuilding;
pj = wages in enterprises, and
Pi = price of gross fixed investment, as defined above.

U2) see A Theory of the Consumption Function, M. Friedman, New Jersey; Princeton 1957,
(13) jests on the EEC consumer survey data indicate that consumer confidence In the general

economic situation and the level of unemployment are closely correlated.
(14) "Meteor Working Paper - Intermediate Report, October 1972'% Centraal PSanbureau, the Hague;

page 46. For the derivation of the investment function see, also, Coen and Hickman,
"Constrained Joint Estimation of Factor Demand and Production Functions", The Review
of Economics and Statistics, vol. LI I, no. 3, 1970.
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TABLE 2: DEPENDENT VARIABLE: PERCENTAGE CHANGE BN INVESTMENT (EXCLUDING GOVERNMENT AND DWELLINGS)*.

(For technical notes on the tables, please see Appendix 1.)

Belgium -1.113 PIPQ^ -3.472 UT*Y_1/2 .776LIQH_1 1.155 Z*DA_1 5.236 .50 1.83 4.3 1955-70

(1.61) (1.80) (1.48) (2.78) (1.67)

France 1.786 VACK - .740 PIPQ_1/2 -1.655 QPAY^ .409 Z*DA 6.199 .85 2.38 2.3 1952-70

(4.37) (5.58) (4.17) (2.47) (3.56)

Germany 2.456 VACK_1/2 -.408 QPAY_2 1.294 Z*DA_1/2 -2.016 .83 2.01 2.9 1955-70

(4.33) (3.35) (3.61) (.67)

^ Italy 2.084 YPDK -2.084 PIPQ_X -2.692 QPAY_2 1.041 Z*DA_1 2.285 .80 1.72 3.0 1953-70

t§ (3.68) (5.78) (4.12) (2.64) (.67)

United Kingdom 2.126 YPDK_1/2 -5.069 UT*Y_1 .937 LIQO_1 6.173 .66 2.14 2.2 1953-70

(4.09) (2.72) (1.57) (9.80)

Netherlands .569 VACK -2.767 PILQ 4.407 LIQO.^ .655 Z*DA^11/2 -14.072 D/69/70 .85 1.50 3.0 1953-70

(1.80) (6.10) (7.14) (2.34) (4.95)

-14.547

(3.91)

United States 1.775 VACK -1.420 PILQ_1 -1.577 QPAY^ 1.283 LIQM_1 1.548 .79 1.70 2.4 1952-70

(5.21) (2.18) (3.95) (2.09) C-93)

* The investment variable is measured in real (constant-price) terms, except for Belgium for which current money values are used.



Financial and monetary variables are added, representing constraints on investment
expenditure, so that the final form of the investment function is:

b*-^ft)-,) 8.

where Z = the percentage change in non-wage income, in current prices, and
Liq = money plus quasi-money. (The subscripts " - 1 " indicate time lags.)

In the equations estimated at an earlier stage of the Meteor project, over a sample
period from the early or mid-fifties until 1968, the above theoretical specification was
found to hold for the Netherlands, the United Kingdom and the United States; elsewhere,
the relative price variable performed badly and in two cases, Belgium and Italy, the best
equation reflected financing conditions rather than a direct relationship of investment to
economic activity.0^) in table 2, revised estimates, covering the period to 1970, are
presented. In their present form, relative price is no longer an argument in the investment
functions, while excess capacity or unemployment enters as a substitute for the level of
economic activity (Belgium) or emerges as a new constraint (replacing liquidity in the
sub-models for France, the Federal Republic of Germany and Italy). The equations set
out in table 2 suggest that investors react positively to current or lagged increases in
aggregate demand, negatively to margins of excess capacity, negatively to rising invest-
ment-goods prices (irrespective of the relative wage-rate level) and positively to increased
non-wage income or easier monetary conditions. Only in the case of Belgium, where the
R2 is 0.50, does an equation on these lines fail to give a satisfactory description of invest-
ment behaviour.

Stock Accumulation

The theoretical specification of the stock building equations^) reflects the
hypothesis that investors in stocks are influenced by transaction and precautionary
motives, on the one hand, and by speculative considerations, on the other; an approx-
imately proportional relationship between stock building and expenditure can be inferred
from transactions and precautionary considerations, while speculation should be related
to price expectations (of which current price changes can be used as an indicator). Thus,
intended stock building can be depicted as follows:

14 = a< A v + / 9 A p e 9.

where n^ = intended stock building, and
pc = the (consumer) price index.

( 1 5 ) Ibid, page 49.
( 1 6 ) Ibid, pp. 66 and 67.
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Unintended stock accumulation can, of course, also occur, as a result of unfore-
seeable or wrongly-predicted changes in demand. For want of a statistical series of un-
intended stock accumulation, this magnitude has been assumed to be proportional to the
change in aggregate stockless expenditures:

nn = X A v 10.

where nn = unintended stock accumulation.

Finally, it is assumed that the speed of the adjustment process from intended to
actual stock accumulation is influenced by monetary conditions or varies with the
business cycle. On this basis, the theoretical stock building equation becomes:

n = nn + n{ =rA t\ v +j5 k pc + & (Cap or ut) 11.

where Cap = a measure of excess productive capacity, and
ut = the percentage unemployment rate.

The stock building equations currently used in Meteor are set out in table 3. The
change in the level of stockless expenditures (v in equation 11) is significant in all sub-
models except that for Italy, while the strong performance of the (consumer) price

-variable underlines the speculative element in stock accumulation behaviour. The pro-
cyclical nature of stock building is borne out by the negative co-efficient of the un-
employment or capacity variables and the positive sign of the liquidity variable which
occur, variously, in all except the Belgian sub-models. The explanatory power of the
Belgian equation is lather weak and an attempt to find a better specification is currently
under way.

The External Trade Equations

The theoretical specification of the export and import functions has already been
described in section III, above.

In the export equations, the empirical estimations (tables 4 and 5) yielded, in
general, statistically significant co-efficients for the world demand and relative-price
arguments. The presence of the "unit return" variable (percentage change in export
price divided by percentage change in unit wage costs lagged by six months) in three
equations indicates that export volume is influenced not only by competitiveness (the
relative price variable) but also by profitability considerations. A more general influence
of domestic factors on exports is revealed in the unemployment/excess capacity variable
which, despite some rather low t-ratios, improved the fit of the export equation in all
except the Italian sub-models. The positive co-efficient of this pressure-of-demand
variable reinforces the hypothesis that the attraction of the domestic market tends to out-
weigh the buoyancy of world demand in determining the final destination of production
in periods of high activity. A miscellaneous set of variables describing working days lost in
strikes, deviations from trend of agricultural production, dummies and lagged variables
complete the export equation specifications.

194



TABLE 3: DEPENDENT VARIABLE? STOCK-BUILDING, ABSOLUTE VALUE, MEASURED AT CONSTANT PRICES.

(For technical notes on the tables, please see Appendix I.)

Country Expenditures Prices Excess Capacity Liquidities Miscellaneous D W RMSE Period

Belgium .086 VACL

(2.89)

130.035 PC*T

(2.52)

-2.107 .54 1.73 2,7 1955-70

(1.18)

France

Germany

.107 VACL_1/2

(2.20)

.203 VACL

(5.69)

101.727 PC*T

(4.12)

111.358 PAVT

(4.46)

-5.527 UT*Y

(3.34)

1.703

(4.37)

-.243 DS*J-1 6.824 .71 1.52 1.4 1956-70

(1.41) (3.80)

.268 YA*Oml -2.261 .91 1.75 1.1 1952-70

(2.89) (3.00)

Italy 5181.929 PAVT -95.842 UT*Y-1/2 43.

(4.52) (2.45) (3.97)

55.294 .72 2.03 87.9 1953-70

(1.22)

United Kingdom .219 VACL 2203.693 PMCT^ -186.856 UT*Y

(4.71) (6.82) (3.89)

148.748 .86 1.10 60.6 1953-70

(2.85)

Netherlands .088 VACL 126.867 PCMT -94.210

(2,91) (3.17) (3.57)

35.548 .81 1.57 255.8 1952-70

(.26)

United States .143 VACL 74.425 PAVT -.957 QPAY_1/2

(3.45) (3.02) (2=70)

-.099 .80 1.52 1.5 1952-70

(.09)



TABLE 4: DEPENDENT VARIABLE: EXPORT5 OF GOODS (VOLUME, PERCENTAGE CHANGE).
(For technical notes on the tables, please see Appendix 1.)

Country World
Demand

1,081 ML*I

(7.33)

1.000 ML*I

(n.a.)

Relative
Prices

- .397 PAZQ_X

(1.74)

- 1.566 PA2Q_1/2

(5.50)

Excess
Capacity

Strikes,
Harvests Miscellaneous DW RMSE Period

Belgium

Germany 1.279 ML*I

(4.33)

- 1.367 PAZQ_1/2

(2.80)

.798 PKEQ_2 1.789 UT*Y_i/2 - 2.452 WDLO

(2.57) (1.53) (5.26)

3.496 UT*Y

(2.07)

.586 QPAY

(1.94)

2.246 UT*O_1/2

(4.44)

- 19.533 D/56

(11.48)

- 8 018 D/62

(5.09)

- .301

(•23)

1.590

(3.68)

- 2.842

(.99)

. 8 5

. 9 5

. 7 8

2.72

2.72

2.56

1.5

1.2

1.8

1956-70

1956-70

1955-70

Italy .967 ML*I

(3.84)

- 1.118 PAZQ

(4.10)

.350YA*O_1 - .34 ( 967 ML*1_1 5.774 .78 2.28 2.5 1955-70

(1 39)

- 486 WDLO_

(3.43)

(2.97)

486 WDLO.

United Kingdom .956 ML*I

(3.41)

- 1.907 PAZQ_1/2

(3.41) (2.44)

4 129UT*Y

(1.55)

- 20.801 D/67

(3.96)

206 .64 1.95

(.09)

2.1 1955-70

Netherlands 1.023 ML*I - .994 PAZQ

(4.93) (2.07)

6.389 UT*Y_

(3.07)

.17 (1.023 ML*I_1 .712 64 1.65 2.2

+ 6.389 UT*Y_11/2 (.46)

United States 1.000 ML*I - 1.819 PAZQ

(n.a.) (4.31) (3.63)

.589 QPAY

(1.84)

- .223 .65 2.09

(.24)

2.9 1955-70



TABLE 5: DEPENDENT VARIABLE: IMPORTS OF GOODS (VOLUME, PERCENTAGE CHANGE).

(For technical notes on the tables, please see Appendix 1.)

Country Expenditures Stock-bui!ding Relative Prices Pressure of strikes Harvest Miscellaneous c ° n s t a n t R2 DW RMSE Period
Demand Term

Belgium 1.718 VACI 2.495 DDSO -1.699 PAMQ_1/2 -2.403 UT*Y

(6.27) (3.17) (2.87) (1.97)

-3.914 .84 1.93 1.7 1956-70

(2.24)

France 2.403 VACI

(5.79)

3.306 DDSO

(4.24)

1.861 WDLO

(1.72) (2.67)

^j -5.163 .84 1.97 2.4 1953-70

(2.13)

Germany 1.001 VAC! 3.035 DDSO -.983PAMGLJ .977 PAVS 1.004 WDLO J / 2 -.375 YA*O

(6.16) (8.43) (8.18) (3.23) (2.41) (3.80)

2.554 .97 1.27 1.1 1953-70

(2.53)

Italy 4.582 V**l

(9.79)

-1.549 PAMQ_11/2 1.336 PAVS

(3.89) (2.87)

-.971 YA*O -9.762 D/61/62 -19.136 .96 2.38 1.9 1956-70

(4.30) (4.84) (6.36)

United Kingdom 1.602 VACI 3.200 DDSO

(2.74) (3.44)

-.633 YA*O - .28 (M**l_1 -1.221 .75 1.99 2.2 1952-70

(2.47) -1.602 VACI^ (.51)

-3.200 DDSO_1

+ .633 YA*O - X )

Netherlands 1.450 VACI 1.895 DDSO - .607 PAMQ_1

(6.37) (4.28) (2.42)

1.073 WDLOJ/2 -.171 YA*O

(1.73) (1.66)

-1.644 .91 2.05 1.7 1953-70

(1.09)

United States 1.000 VACI 3.664 DDSO -1.788 PMAQ 3.812 PAVS 5.520 WDLO -.937YA*O - .346 (M** l_ 1 .435 .70 2.14 2.5 1952-70

(n.a.) (3.66) (3.08) (3.22) (3.52) (2.64) - V A C I ^ (.34)

(2.24)



The import equations show, as expected, the importance of domestic expenditure
in the determination of this aggregate; in most cases stock building, taken separately,
emerges as a strongly significant argument. The linkage variable in the import equations is
the relative price, which is significant (with the expected negative sign) in five of the eight
sub-models considered here. Changes in the rate of domestic price inflation, taken to be a
pressure of demand indicator, or the unemployment rate (with negative sign) appear in
four of the seven estimated import equations, reinforcing the tendency, already apparent
from the size of the co-efficients of domestic expenditure and stock building, for imports
to increase more than proportionately with the level of economic activity. Working days
lost through strikes and deviations from trend of agricultural production and, for France,
money plus quasi-money (together with a set of dummy and lagged variables) also con-
tribute usefully to the explanation of variations in the volume of merchandise imports.

EmpSoyment fin Enterprises

The theoretical specification of the labour demand equation is, like investment,
derived analytically from the Cobb-Douglas production function. The equilibrium stock
of labour is defined (in percentage first differences^ 17)as:

where L* = equilibrium demand for labour,
y = gross product of enterprises,
Pk = price of gross investment by enterprises,
p| = wage rate in enterprises.

In order to allow for an adjustment process towards equilibrium, actual employment is
related to the equilibrium value by a distributed lag:

f 00 . : ] (i- A. )

where L = actual employment.

After the usual Koyck transformation, this results in:

14.

Lt-1 U j
Alternatively, actual employment can be expressed as a function of the equilibrium
demand for labour, adjusted for the degree of capacity utilisation:

1^ = Lf .e

where Q = an indicator of surplus capacity, and
"tt = the full employment value of Q,

(17* Ibid, pp. 122-126.
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A further refinement of this approach takes account of the lagged difference between
actual and equilibrium labour demand, in addition to excess capacity, as a determinant
of employment:

' , - S ( Q , - i - K ) 1 6

1 ")
which can be reduced to:

Equation (16) admits the possibility that potential employment may be less than equil-
ibrium employment (L <^ L*) not only because capacity is underutilised (Q <z ir ) but
also because of delays in the adjustment process (i.e. L^i ^ L*t_i). The implication of
equation (17) is that, in an estimated equation based on percentage changes, the level of
surplus capacity, lagged, appears together with a constant ( A "ft ), whereas following
specification (15), its first difference, lagged, appears as an explanatory variable. In
addition, a number of other influences may affect the adjustment process between
observed and equilibrium employment; in Meteor, financial conditions such as profit per
unit of output and an indicator of general monetary conditions have been tested.O°)
Finally, the number of working days lost, annually, through strikes is included since this
phenomenon is generally associated with losses of output without reducing recorded
employment. The following general specification of the labour demand function results
from the preceding:

L = j"(y,(pk-p1)or(py-p1);Q_1;(z-y);LR;WDL) 18.

where y = a gross product of enterprises, in constant prices;
Pk = price of gross fixed investment (excluding dwellings);
pj = wage rate in enterprises;
py = deflator of GDP;
z-y = non-wage income divided by gross product of enterprises (constant

prices);
LR = ratio of money and quasi-money to GDP, and
WDL = working days lost through strikes (percentage deviation from period

average).

The results of estimations on these lines are set out in table 6.

* ' Since the demand for labour relates to man hours worked and the dependent variable in Meteor
(L) represents the number of persons employed, average hours worked should appear as an
Independent variable. This has not been done, under the assumption that average hours worked
is determined by the same influences as the number of persons employed, but the co-efficients
may be biased as a result of the omission.
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TABLE 6s DEPENDENT VARIABLE: DEPENDENT EMPLOYMENT IN ENTERPR8SES (PERCENTAGE CHANGE).*

(For technical notes on the tables, please see Appendix 1.)

Country Activity Relative Prices Excess Capacity Mi^eMamsous Lagged Variables DW RMSE Period

Belgium

France

.644 YPDI

(8.02)

.527 YPDI

(6.96)

.422 PILQ_1/2

{3.66}

.128 PILS

(3.03)

Germany

Jtaly

United Kingdom

Netherlands

.564 YPDS

(10.96)

.258 ITTI -1/2

(7.35)

,644 YPD3

(5.62)

.420 YPDI

(6.44)

.210 PILQ_I/2

(1.86)

.582 PILQ

(3.06)

.556 PYLQ_1/2

(3.24)

-.282 QPAY

(3.05)

-.485 QPAO

(2.93)

.563 WDLO

(2.16)

.362 WDLO

(2.06)

- 1

United States .942 YPN8

(19.93)

.499 PILQ

(4.92)

(3.21)

-.137 QPAY_2 1.690 WDLO,1/2

(3.97) (6.14)

.463 LPDI

(4.08)
- 1

-.36 (-L

+ .128 ^j

+ .563 WDLO__1)

.332 LPDI

(3.96)

- 1

-.33 I

-.282 QPAY_2)

-.55 (~L

-.485 QPAO_2

+ .137 LIQH 2)

-.137 QPAY_2)

- .627 .83 2.34 .5 1955-70
(1.29)

-1.956 .81 1.87 .4 1957-70

(4.32)

-2.347 .93 2.23 .5 1953-70
(6.70)

.658 .76 1.96 .7 1953-70

(.93)

.293 .66 1.68 .7 1953-70

(.45)

1.796 .74 2.11 .5 1953-70

(2.10)

-1.279 .97 2.09 .4 1953-70

(6.51)

* Domestic concept, except for the United States where the national concept is used.



It can be seen that the activity variable (YPDI - percentage first difference of the
gross product of enterprises) is statistically significant in all the equations except that for
Italy(19) and that the lagged price (PILQ or PILS), also performs well, the lag suggesting
that price expectations perform an important role in hiring decisions. Excess capacity,
lagged (either QPAO - percentage excess capacity - or QPAY - period-to-period change
in QPAO), is significant in only three of the sub-models. However, the lagged dependent
variable contributes to the determination of employment in all except the Italian sub-
model. Thus, no clear evidence emerges for the superiority of one or the other theoretical
formulation (distributed lag or initial surplus of capacity) reflected in equations 14 and
15, above. The significance of the liquidity and strike variables varies from one sub-
model to another but in general they contribute significantly to the explanation of
variations in dependent employment in enterprises.

Wage Rates

The specification of the equation determining wages in enterprises begins with the
hypothesis that the equilibrium real wage rate changes proportionately with the value of
the marginal product of labour. In percentage first differences this relation is, approx-
imately: (20)

PI = pc
 + (y-L) 19.

where p^ = the nominal equilibrium wage rate in enterprises (including social
security contributions of employers),

pc = consumption price (replacing the price of output in enterprises), and
(y-L) = labour productivity in enterprises.

The above formulation implies stability in factor shares which, whatever its validity in the
long run, does not correspond with short-term (e.g. year-to-year) observation. Un-
employment has, therefore, been introduced into the theoretical specification, so as to
allow for the effect of varying pressures in the labour market; moreover, secular changes
in the unemployment rate help to explain long-run variations in national income factor-
shares. Finally, in estimation, a lag in the adjustment of the wage rate to its equilibrium
level has been allowed for. The existence of a lag structure in the independent variables
also permits testing of the hypothesis that price and productivity expectations influence
wage levels through the negotiation process. The estimated equations (table 7) suffer
from the disadvantage that a single-equation estimation procedure (OLS) has been used,

(19) Gross investment in fixed assets, rather than the output of enterprises, appears to influence
employment in Italy. It may be that state-sponsored investment is more important in
determining employment in Italy than elsewhere and that the influence of output is reflected
in the constant term.

(20) ibid, pp. 157 and 158.
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TABLE 7: DEPENDENT VARIABLE: WAGE RATES IN ENTERPRISES (PERCENTAGE CHANGE FROM PR EC ED 3 NG YEAR).

(For technical notes on the tables, please see Appendix 1.)

Country
Consumption

Price .
Labour

Productivity
Labour Market

Direct
Taxes

Strikes/ Constant
Miscellaneous Term

DW RMSE Period

Belgium .518 P

(2.81)

-1.291 UT*O

(4.23)

.073 TDTH_

(2.75)

10.393 .89 1.94

(6.75)

.8 1956-70

to
O
to

France

Germany

Italy

.644 PC*Q

(5.01)

.916 PC*Q

(2.69)

.631 PC*Q

(5.05)

United Kingdom .977 PC*Q

(6.50)

.920 YLPI_

(2.24)

.916 YLP!_

(2.69)

.631 YLPI

(5.05)

.977 YLPI

(6.50)

Netherlands

United States

1.037 PC*Q 1.037 YLPI-V2

(12.09)

.421 PC*Q

(2.83)

(12.09)

2.357

(2.59)

- .603 QPAO^ .052 TDTH

(3.47) (3.55)

-3.215 UT*Y

(5.04)

- 1

-1.097 UTCO

(3.01)

- .805 UT*Y

(5.66)

- .313 UT*O_

(2.01)

- 1

-.19 (-WPDQ_1

+.920 YLPI_11/2)

.241 WDLO_j

(6.18)

1.526 WDLO_!/2

(3.01)

.801 WDLO

(2.68)

.700
(.34)

-1.562
(.69)

5.888

(3.07)

.758

(.80)

2.206

(2.41)

5.475

(6.00)

.65

.67

.92

.77

.93

.82

1.40

1.91

2.05

2.19

1.93

2.31

1.0

1.4

1.0

.9

.8

.5

1957-70

1956-70

1953-70

1952-70

1956-70

1952-70



in a situation where multi-collinearity almost certainly exists as between consumer prices
and labour productivity. (Attempts are currently under way to apply a joint estimation
procedure to the consumer price and wage rate equations, in the course of updating the
Meteor estimation to 1975.) Nevertheless, the co-efficients for consumer prices and
labour productivity are, in many of the sub-models, close to unity, which is the expected
theoretical magnitude. Other variables related to labour market conditions (the un-
employment rate or changes in that rate, net migration, the degree of excess capacity
utilisation and a strike variable) have also helped to improve the fit. Finally, in the
case of Belgium and Italy, wages in enterprises appear to respond significantly to changes
in indirect taxation rates.

The Price Equations

The consumer, investment and export price equations all primarily reflect a cost
approach to the theory of price determination/21) Consumer prices are theoretically
determined by variable costs, augmented by a fixed mark-up factor. Intermediate costs
reduce to labour and import costs, so that:

20.pc - (1 + (\)(ajh + &2 k m )

where pc = consumer prices;
h = unit labour costs, defined as the wage rate over labour productivity;
km = unit import costs;
^ = the mark-up factor, and

a l ' a 2 = c u m u l a t i v e share of wages and imports, respectively, in private con-
sumption.

The following relation holds, as between the co-efficients:

(1 + A . ) ( a i + a 2 ) = l 21.

Under oligopoly, pricing decisions may be based on artificial (or "standard")
labour costs estimates for a given output, based on wage rates divided by a trend value
of labour productivity. In first difference equations, the productivity trend becomes a
constant and, when the wage-cost variable is decomposed, is included in the constant
term of the price equation. Wage rates then stand alone in the price relation. However,
the conventional measure of labour productivity should also be included, so as to reflect
the price-determination mechanism of competitive firms. In the presence of mixed
oligopolistic and competitive pricing, the co-efficient of wage rates will be greater than
that of observed productivity, since part of the influence of productivity is measured by
the constant term.(22) In order to allow for variations in the mark-up factor, due to

( 2 1 ) Ibid, pp. 180-222.
Ibid, pp. 180-181. :
Economic Review, vol. LViSI, no. 5. (December, 1968)

' ' Ibid, pp. 180-181. See, also, "The Price Equation", by D. Eckstein and G. Fromm, American

203



Country

TABLE 8: DEPENDENT VARIABLE: CONSUMER PRICES (YEAR -TO-YEAR PERCENTAGE CHANGE).

(For technical notes on the tables, please see Appendix 1.)

Unit Costs
Pressure of
Demand

Indirect
Taxes

Miscellaneous DW RMSE Period

Belgium

France

Germany

.163 PM*Q

(2.51)

.298 PM*Q_1/2

(3.32)

.442 YKWQ

(5.87)

~1

.259 PM*Q

(6.26)

-V2

.812 (WPDQ-.5 YLPI)

(5.95)

.344 YKWQ_Vz

(5.34)

.666 CVAK

(1.84)

- 1

(5.87)

WDLO^ 1,011

(3.84)

-1.598

(1.71)

1.710

(8.60)

.76

.82

.85

1

1

2

.70

.71

.18

.7

.9

.4

1955-70

1955-70

1953-70

Italy .284 PM*Q_1/2 + .315WPDQ

(3.48) (5.39)

.404 .79 1.86 .8 1953-70

(.65)

United Kingdom .073 PM*Q_1/2 + .690 WPDQ_1/2 - .183 YLPI

(2.73) (7.71) (3.11)

.119 ISUH

(4.16)

- .803 .93 2.23 .3 1952-70

(1.31)

Netherlands .514 KKWQ +

(11.25)

.112 MVAI

(2.94)

-.086 YA*O_1/2 1.736 .87 1.69 .8 1951-70

(1.58) (6.24)

United States .082 PM*Q_1/z + .134 MVAI.1/2 + .545 YKWQ.1/2 .176 CVAI_1/2 .122 ISUH_1/z -.729 W D L O ^ .281

(2.38) (7.74) (9.91) (3.25) (3.42) (2.83) (1.91)

.95 2.03 .2 1952-70



varying demand pressures, a surplus capacity variable or the ratio of consumption to total
final demand also appear in the consumer price equation. Deviations from the trend of
agricultural production, assumed to be mainly caused by climatic factors, have also been
tested. The results of the estimations (table 8) support the usefulness of the mark-up
approach to the explanation of pricing behaviour but not everywhere along the detailed
lines of the theory outlined above. Import unit values (a proxy for non-available import
prices) are universally significant, usually lagged. Unit labour costs, integrally or de-
composed in wage rates and productivity, also perform well in all the equations. (In the
sub-model for the Netherlands the variable KKWQ is a combined measure of labour and
import costs.) Pressures of demand variables (ratios of consumption or imports to final
demand) contribute usefully to the explanation of consumer prices, suggesting that the
mark-up factor varies over the business cycle. Indirect taxes, net of subsidies, proved
significant in the British and USA equations. In only one case, the Netherlands, did the
deviation from trend of agricultural production improve the fit of the consumer price
equation and even in that case the t-ratio is rather low. The significance and negative
co-efficient of the variable representing working days lost through strikes, in the equations
for Belgium and the USA, is explicable as a correction to the under-statement of
productivity (which itself has a downward effect on prices) which occurs when
productivity is measured as output divided by the employed labour force (including
strikers).

Investment price is postulated^) to be a function of import prices and unit labour
costs, modified by demand pressures for investment goods. These pressures are measured,
in the estimation process, by unemployment or unutilised capacity. The estimations
presented in table 9 reveal import prices and unit wage costs, or a combination of the two
(in the KKMQ and KKWQ variables), as significant, together with capacity or demand in-
dicators (MVHI, IVAI, QPAY and UT*Y), the strikes variable (France only) and lags.

There are severe multi-collinearity problems involved in the estimation of the
export price (unit value) functions (table 10), owing to the necessity of including import
prices (a cost variable) and competitive export prices among the independent variables,
when both of these prices are weighted sums of export prices. Two methods of circum-
venting this problem have been tried;(^4) the first combines the import price and the unit
labour cost series into a single variable, and the second imposes a co-efficient on the im-
port price which corresponds to the import content of exports. The combined labour cost
and import unit value variable gives better results than the latter approach in the sub-
models for France, the United Kingdom, the Netherlands and the United States, whereas
for Belgium, the Federal Republic of Germany and Italy the imposed value of the import
unit value co-efficient is retained. In these latter cases, unit wage costs or productivity
contribute substantially to export price determination. The choice of linkage procedure
for Meteor is reasonably well supported by the significance of the competing export price
variable; the exception is Belgium where the relevant t-ratio is rather low (1.5). Demand-
pressure indicators, in the form of spare capacity or weighted world export demand
variables are significant influences on export price formation in all except the Belgian
and German equations. The evidence suggests too, that variations from trend of
agricultural production affect export prices in Belgium, France and the Netherlands.

( 2 3 ) Ibid, p. 204.

Schwartz, op. cit, p. 16.
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TABLE 9: DEPENDENT VARIABLE: PRICE OF NON-RESIDENTIAL FIXED INVESTMENT BY ENTERPRISES.
(YEAR-TO-YEAR PERCENTAGE CHANGE).

(For technical notes on the tables, please see Appendix 1.)

Country Unit Costs
Demand/Pressure/ Cons tan t

Miscel laneous Term n V A /
D W

Period

Belgium

France

Germany

Italy

United Kingdom

Netherlands

United States

.427 PM*Q_

(1.69)

.164PM*Q_1/2

(2.73)

.552 PM*Q

(4.24)

-V2

.159 PM*Q_1/2

(2.57)

.150 PM*Q

(2.93)

+

1.359 KKMQ

(9.23)

4

.152 MVAI_1/2 +

(2.86)

4

1.010 KKWQ__1/2

(8.29)

.070 MVAI +

(1.93)

.549 YKWQ
(2.54)

.865 YWKQ

(10.65)

.427 YWKQ

(3.74)

.656 YWKQ

(6.28)

.426 YKWQ

(4.42)

- .772 UT*Y
(1.95)

-1.980 WDLO

(2.99)

.138 IVAI_1

(3.91)

- .369 QPAY

(2.92)

- .34(-PIPQ - : l

+ .150 PM*Q_X

+ .070 YKWQ_2)

1.225

(1.91)

-1.363

(2.19)

.402

(1.45)

.623

(1.17)

.264

(.63)

.331

(-86)

.482

(1.46)

.74 1.37

.87 2.67

.93 2.09

.81 1.20

.82 1.69

.80 2.23

.63 1.64

1.2

1.1

.6

1.2

.7

1.1

.8

1955-70

1955-70

1953-70

1953-70

1953-70

1953-70

1952-70



TABLE 10: DEPENDENT VARIABLE: EXPORT UNIT VALUES (YEAR-TO-YEAR PERCENTAGE CHANGE)

(For technical notes on the tables, please see Appendix 1.)

Country

Belgium

France

Germany

Italy

United Kingdom

Netherlands

United States

.401 PM*Q

(n.a.)

.171 PM*Q

(n.a.)

.184PM*Q

(n.a.)

Unit Costs

.429KWKQ

(4.85)

1.038 KKWQ.1/2

(4.70)

.547 KWKQ_,/2

(2.22)

.582 KKWQ

(3.56)

+ .698 WPDS

(4.18)

+ .469 WPDQ.j

(4.51)

+ .340 YKWQ

(2.75) .

Competitors'
Price

.419 PA*Q.1/2

(1.50)

.675 PA*Q_!/2

(12.89)

.414PA*Q

(3.04)

.662 PA*Q_l/2

(2.57)

.278 PA*Q_1

(3.05)

.493 PA*Q_V2

(1.91)

.498 PA*Q_1

(2.45)

Pressure of
Demand

.063ML*K

(2.74)

- 1.193 QPAY

(14.05)

- ,704QPAO_1

(8.53)

- .584QPAY_1

(2.13)

.213ML*K

(2.46)

.215 ML*K

(4.81)

- 2.384 UT*Y_V2

(4.31)

Harvest/
Miscellaneous

- .195 YA*O

(2.62)

- .348YA*O_ l /2

(4.64)

6.134 D/57/60

(5.40)

- .112YA*O

(3.09)

Constant
Term

.098

(.21)

.738

(2.43)

- 3.170

(3.67)

-2.91

(5.55)

- 1.198

(1.58)

- 1.381

(2.50)

- .451

(.79)

.66

.99

.62

.81

.73

.86

.55

DW

1.75

2.95

2.18

1.94

2.24

2.90

2.33

RMSE

1.3

.3

1.0

1.2

1.2

.6

1.3

Period

1956-70

1957-70

1954-71

1955-70

1955-70

1955-70

1956-70



V THE MULTIPLIERS

The size of the expenditure, price and other multipliers yielded when an econo-
metric model is subjected to an exogenous expenditure stimulus is an important criterion
of its acceptability. The researcher looks for multipliers which are in the orders of
magnitude which other model-building experiments have led him to expect. If such
multipliers are not forthcoming, the model can only be used in practical work if good
reasons can be found, in the form of improved equation specifications or changes in
economic structure, which explain the divergences. The fact that the equation system
converges to a stable solution on the basis of observed data is a far from adequate
criterion for the acceptability of simulation results. It is, indeed, only at a fairly advanced
stage of model construction, when a basically satisfactory structure appears to have been
estimated, that the derivation of multipliers is worthwhile. This step was taken with
Meteor in February, 1977, when a total of 2,379 national and international multipliers
were estimated.^) These multipliers represent the effect, on the main endogenous
variables of the system, of an increase in government investment spending, implemented,
separately, in seven of the country-models (Canada and Japan excluded). The once-for-
all impulse to government investment was the equivalent of 1 per cent of total final ex-
penditure less stock-building (VAC*). The simulation period was 1968 to 1970.

Examination of the multipliers is still in progress so that only preliminary comments
on them are possible at this point. Moreover, space limitations preclude the reporting of
any more than a small sub-set in this context. In the table, the first-year percentage
changes in income (approximated by private-sector product - YPD or YPN) and exports
induced by the one per cent VAC* - equivalent stimulus to government investment are
set out. The international income multipliers appear, in general, to be acceptable and tend
to lie at the higher end of the range reported by Davenport in his study of five linked
models.(26) The multipliers indicate, therefore, a relatively high level of economic
integration in the Community. The domestic income multiplier is large for the United
Kingdom and, to a lesser extent, for France and the Federal Republic of Germany but
they are not implausible, bearing in mind that they relate to a year of recovery from the
1966/67 recession, in which capacity utilisation levels were probably below average in
these three countries. This is particularly true of the Federal Republic of Germany, where
the 1967 recession had been rather severe. It may account, also, for the fact that the
international multipliers for that country are relatively smaller (when each country's
domestic income multiplier is standardised) than those of France or the United Kingdom;
the bulk of the effect of the German fiscal stimulus appears to have been confined to the
domestic economy, with imports growing by a relatively small amount (3.4 per cent in
volume, in this instance)/^7) The cyclical position of the Italian economy in 1968 was in
some important respects the opposite of that in the Federal Republic of Germany; in Italy
both 1966 and 1967 had been years of strong economic growth. A further expansion of
government investment outlays in 1968 would, therefore, have increased demand pressures
in an economy which was, in all probability, operating at a much higher level of capacity
utilisation than its major Community partners. That would explain the strong import
expansion (8.9 per cent) which emerges in the multiplier calculations, despite the modest
real GDE expansion, and the consequently large international multiplier estimates.
(25) Thanks are due to the Netherlands' Planbureau for the derivation of the multiplier estimates.
(26) "A review of estimates of international income multipliers"; internal staff paper of the EEC

Commission. The ^models in question are Comet (the medium-term model of the EEC
Commission), Desmos (a linked model of the'EEC constructed by A. Dramais of the Free
University of Brussels), the OECD international trade model and Mini-Meteor, a simplified
version of Meteor constructed by the Netherlands' Planbureau.

(27) This figure is taken from the same set of multiplier estimates as those shown in the table.
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METEOR: MULTIPLIERS FOR INCOME AND EXPORTS - FIRST YEAR

(Percentage change in income* and exports of country in row induced by a 1 per cent income shock+, via government Investment spending,
in country in column)

France

Federal Republic of Germany

Italy

Netherlands

United Kingdom

Belgium

Income

Exports

Income

Exports

Income

Exports

Income

Exports

Income

Exports

Income

Exports

France

2.4 (1.0)

- 3.6

0.8 (.33)

1.4

0.2 (.08)

1.6

0.4 (.17)

1.2

0.3 (.13)

0.7

0.7 (.29)

1.9

Federal Republic of
Germany

0.4 (.13)

1.0

3.1 (1.0)

- 1.3

0.2 (.07)

1.5

0.5 (.16)

1.1

0.3 (.10)

0.6

0.5 (.16)

1.6

Italy

0.3

0.8

0.7

1.1

1.2

0.7

0.3

0.7

0.2

0 .4

0 .3

1.0

(.25)

(-58)

(1.0)

(.25)

(.17)

(.25)

Netherlands

0 .1

0.2

0 .2

0 .3

0

0 .3

1.1

- 1.0

0 . 1

0 . 1

0 .2

0.5

(.09)

(-18)

(0)

(1)

(.09)

(.18)

United
Kingdom

0.4 (.13)

1.2

0.9 (.3)

1.5

0.2 (.07)

1.8

0.6 (.2)

1.4

3.0 (1)

- 2.6

0.6 (.2)

1.8

Belgium

0

0 .1

0 . 1

0 .1

0

0

0 .1

0.2

0

0

1.1

- 0.4

(0)

(.09)

(0)

(.09)

(0)

(1 )

U S A

0.4

1.2

1.0

1.7

0 .3

1.9

0.5

1.3

0.5

1.1

0.6

1.9

* YPD or YPN, in the Meteor terminology.

+ VAC in the Meteor terminoHogy.

Note: figures in parentheses are standardised international income multipliers, when the domestic income effect is everywhere constrained to a 1 per cent

increase.



The preceding remarks illustrate the dependency of multiplier estimates on the

economic conditions in which the demand stimulus is applied. It follows that in estimating

the effects of alternative economic policies multiplier estimates alone cannot substitute

for model simulations which begin from a control solution closely reflecting current

economic conditions. For this reason, substantial efforts have been made by the

Commission staff in recent months to update the model data base to 1976 and to add

projections for 1977. In parallel with this work, the reaction equations are being re-

estimated using national accounts data up to 1975. The objective is to achieve a model

solution for 1976 which is reasonably close to the outcome for that year, whether on

the basis of the original or re-estimated equations or a combination of the two. On the

basis of such a solution, simulations for 1977 and 1978 can reasonably be made.

VI CONCLUSION

This paper has reported on the Meteor project, considered both as a computerised

data-processing exercise and as an attempt to estimate a set of linked macro-econo-

metric models. Both aspects are important: without the support of substantial computa-

tional resources managed by skilled analysists, programmers and operators, a large-scale

econometric model cannot be an operational tool in economic policy formation, while

the value of the results produced by the model in practice depend on the validity of

economic theory underlying the equations and efficiency of the methods used in es-

timating the related parameters. However, the mere availability of a good computerised

econometric model is no guarantee that it will be exploited in economic analysis and

forecasting; for this it is necessary that the practising macro-economist, who has, perhaps,

no professional interest in econometric research, should appreciate the potential of the

model as a powerful means of manipulating large masses of economic statistics in a

manner corresponding to the macro-economic theory which, in any case, he must

apply in his work. Given the sophistication of modern computer software, there no

longer exists a technical barrier to the use of econometric models by any economist who

can accept the formulation of macro-economic relationships in simple algebraic form.

Once operational and accepted, the computerised macro-econometric model can help

enormously in such calculations as are involved in making economic forecasts or es-

timating the effects of alternative policy actions.
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The Meteor project was undertaken with the primary purpose of facilitating the

estimation of the international transmission of economic impulses as between the

member-States of the European Economic Community and also as between these States

and the rest of the world. In its present form the model can fulfil part, only, of this

function: it can estimate the effects on trade flows of fiscal policy actions, exchange-

rate changes and autonomous price or incomes impulses, under the assumption that

other exogenous influences on the economy (in particular, monetary policy and related

capital flows) are unchanged. Moreover, the reaction equations, which represent an

attempt to quantify certain key structural relationships operating at national and inter-

national levels, should provide a clearer background for discussions of short-term

economic policy in the Community, whether within the Commission staff or in exchanges

with member-State experts.

The model described here is the first operational version of Meteor, operational in

the sense that a linked system of sub-models has been successfully simulated on a com-

puter used by the Commission in Brussels and that the system can be used for policy

simulation and forecasting. It may be objected that the estimated equations are now out-

dated, and there is a danger that for some relationships this is so; but it should be recalled

that the specifications reported upon in this paper are supported by later estimations using

data running, variously, to 1971, 1972 and 1973. One would have to believe that the

macro-economic structure has changed very radically since that time to regard the

current version of the model as without interest. Re-estimation on the basis of data up to

1975 are now under way and it suggests that some shifts have taken place during the

latter years of the period, which tend, for example, to dissociate prices from real activity;

it remains to be seen whether macro-economic behaviour will resume its longer-term

characteristics as the shocks represented by the end-1973 oil price increase and the 1974/

1975 recession period recede into the past.
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APPENDIX 1

Notes on Tables 1 to 10*

1. The method of estimation is ordinary least squares.

2. With a few exceptions, notably in the stock-building equations, the variables are
expressed in yearly percentage changes.

3. Lags are denoted by numerical subscripts following the code of the variables; thus
"Y_j" means that Y is one year lagged, while fractions represent an average of
current and previous year, such that: Y_ ^ = (1 - \ )Y + \ Y_j

4. The statistics figuring in the tables are:
R.2 : co-efficient of determination, corrected for degrees of freedom;
DW : Durbin-Watson test;
RMSE : root mean square error,
while the figures between brackets under the parameter estimates are "t-ratios".

5. Distributed lags are dealt with as follows: the relation

where o< is the short-term and oC /(1~ <<.) the long-term parameter of X,
changes after the usual "Koyck''-transformation into

The lag operator "K is estimated iteratively. Taken from the above example, a
distributed lag can be identified in the tables by the presence of a term
"- A ( /? Z_i + ... - Y_j)" in the column "miscellaneous", without mention of a
t-ratio. In cases where a uniform distributed lag with regard to all explanatory
variables is assumed, the lag operator is estimated normally by simply introducing
the lagged dependent variable in the right hand side of the equation. In some
instances, another adjustment process has been formulated, namely:

X + g Z + ... - *K (Y.j - o ^ j -jfJZ.! - ...)

These notes are reproduced from Schwartz, op. cit., pp. 6-8.
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where ^ is also estimated iteratively in the transformation

This type of adjustment is identifiable in the tables by the presence of the term

"- 7^(^-1 ~ oC X_i - (2 Z_i - ...)" in the right hand side of the equation, also

without mention of a t-ratio.

6. It should be borne in mind that when the value of one of the parameters is assessed

either iteratively or a priori, the R~ does not apply to the actual dependent

variable itself, but to the compound left hand side of the equation.
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APPENDSX 2

The nomenclature of variabSes in Meteor

The first three symbols identify the variable as being exports, consumption, etc.

As a rule the variable is easily recognised from its symbols.

The fourth symbol identifies the method of measurement or transformation of the

variable, such as current price, constant price, level, relative change, etc.

The code is:

Current price Constant price Price

(value) (volume)

Percentage change over previous year A I Q

Level B J R

Change in percentage change

Change in level

Autonomous percentage change

Autonomous level chanee

C

D

E

F

K

L

M

N

S

T

U

V

The letters H, 0 and Y are specially defined transformations, as explained where

applicable in the list of symbols on pages 188 and 189 above.
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DISCUSSION

D. McCormack: It gives me great pleasure to propose a vote of thanks to Mr. Hoare
for his interesting paper on the EEC Commission's Meteor model. Although unofficial
sightings of Meteor have been reported from time to time, tonight's paper is, to my
knowledge, the first comprehensive account to be made available to the public. Meteor is
clearly an exceptionally ambitious and technically sophisticated model and one which, by
virtue of its intended use by the Commission, may have potentially far-reaching im-
plications for the way in which economic policy is analysed within the Community. My
comments will be few and very general.

Meteor is one of what is by now a sizeable number of multi-national econo-
metric models designed specifically to take account of the growing economic inter-
dependence between countries. A list of EEC-oriented models (which is by no means
comprehensive) includes: Resnick's model of the six original EEC members published in
1968 but dating from a Ph.D. dissertation completed in 1964; DESMOS, a short-run
model constructed and operated by economists at the Free University of Brussels;
COMET, a medium-term model sponsored by the Commission (as it were, Meteor's
stablemate) which was built by a team at Louvain under the leadership of Professor
Bar ten.

All these models have a common research design in that the country sub-models
are essentially uniform in specification. There are a number of arguments in favour of this
approach, notably a desire to preserve a reasonably intelligible overall structure. However,
it is arguable that a more flexible approach may be preferable, even if it stops short of the
total agnosticism of Project LINK which imposes the minimum possible constraints on
the specification of individual country models. The LINK philosophy is that national
model-builders are, in principle at least, the best judges of how their own economies
operate; hence LINK embraces models of very different size, structure and even
periodicity (i.e. quarterly, semi-annual and annual models). If a multi-national model is
to be used for practical policy analysis, as Meteor is, uniformity has some obvious draw-
backs. What happens in the event of conflict between the results of a Meteor simulation
and those of a national policy-maker's model? Whose guesses at the values of exogenous
variables are to be used in forecasting? Those of the Commission or of national officials?
Even more fundamentally, would a national policy-maker necessarily accept the Meteor
specification as a reasonable approximation of how his own economy works? It would be
interesting to learn more about how precisely the model is to be used and how such con-
flicts are to be avoided or resolved.
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Apart from the question of uniformity, there are certain peculiarities in the'
specification of Meteor. These reflect the fact that the model was constructed by the
Dutch Central Planning Bureau (CPB), a body with a very distinctive approach to model-
building - one which differs markedly from the Anglo-American tradition. One not un-
sympathetic commentator, Professor Waelbroeck has remarked on the Dutch tradition:

"To persons bred under the U.S. model-building tradition, the CPB equations
seem unorthodox in that they cannot be justified in a monist way by reference to V
micro-economic theory of the firm or the consumer; many equations reflect variables
drawn from alternative theories. This can be criticised only if one feels strongly that a
single theory explains the behaviour of all micro-units; perhaps different units behave
according to different theories".

Some of these peculiarities are evident in the design of Meteor. Many if not most
equations are specified in terms of percentage first differences and current price variables
are used when constant values would be more orthodox. The speaker has given an
intuitive justification for many of these equations in terms of theoretical concepts
originally cast in level form without spelling out the transition to the actual form used in
the estimating equations. Thus, to take the simplest case, I have difficulty in recognising
in the Belgian consumption function a permanent income specification since this is a
percentage first difference equation cast in nominal terms; if nothing else the presence or
even the hint of money illusion would be anathema to Friedman.

Yet another peculiarity is the large number of explanatory variables featuring in
some of the equations. Perhaps this is an indication that Meteor will prove a more
reliable tool for forecasting than for policy simulations. These remarks are not meant as
criticism of Meteor but are, rather, intended to point out that there is a need for trans-
lation between one model-building language and another. This has a bearing on the
intelligibility of Meteor to national model-builders and hence on its potential for
Community-wide policy analysis.

Finally, working models are never static. They are revised and improved con-
tinually in the light of simulation and forecasting experience. It would be interesting to
learn what are the present plans for developing Meteor. Is it envisaged that Meteor will
be extended to cover a variety of linkages other than those arising from trade? The fact
that the models have no monetary sectors at present (although monetary influences
exist through the presence of liquidity variables in the expenditure functions) suggests
that incorporating financial linkages would be enormously difficult. How is Meteor
to be adapted to take account of floating exchange rates and, more generally, of the wide
variety of exchange rate practices, both within and outside the Community, in the after-
math of the collapse of the Bretton Woods system. Can exchange rates be endogenised
while preserving the basic structure of the model? Or is an entirely different approach
called for?

These are only a few of the questions which one might ask about this interesting
project. Mr. Hoare's paper will certainly stimulate a host of others from the floor. I would
like to thank Mr. Hoare again and formally propose the vote of thanks.
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W.K. O'Riordan: This is clearly an important paper because of its implications for
decision-making and Mr. Hoare is to be congratulated on preparing it. We are especially
grateful for being allowed to comment on it while it is still at a formative stage.

My remarks concern the econometric techniques used in the work. Hie aspect which
most obviously calls for comment is the use of ordinary least squares applied to each
equation independently. The authors are aware of the bias which this must cause. How-
ever, they do not seem to take account of the fact that, for example, all the marginal
propensities to consume are biased in the same direction. Since the model is concerned
with the transmission of the effects of exogenous shocks from one country to all the
others, this common bias must have a fairly substantial effect and may help to account
for the very large multipliers shown in the last table. The entire model is, of course,
simultaneous and there is no possibility of acquiring enough data to estimate all the co-
efficients at once. However, I would have liked to have seen the equations for each
country estimated simultaneously even if this needed some reduction in the size of the
model.

The equations are estimated in first differences, presumably because the results in
the original data are felt to be 'too good' to be acceptable. As Dr R.C. Geary has shown,
the use of first differences is a poor way of overcoming such a problem. It would, I think,
have been better to have included time as a variable to pick up the common time trend
without running the risk of introducing auto-correlation by taking differences. The
authors include a constant in each of the first-difference equations. They do not seem
to have considered the significance of these constants, nor do they tell us how well the
model would perform without them.

The lack of co-efficients with economically 'wrong' signs is remarkable. One can be
forgiven for wondering whether the regressions really produced such a high proportion of
correct signs or whether the 'awkward' ones were quietly dropped.

I would not wish to appear too critical of this paper. The computer software is very
impressive. The amount of data assembled is remarkable, and it is made more valuable by
the fact that it is prepared in similar form for very many countries. Finally, the
production of models to measure the international effects of economic actions is a very
valuable exercise because, whatever the geographic facts may be, in the economic sense no
country is an island. It therefore gives one great pleasure to second the vote of thanks.

Colm McCarthy: I would like to join with earlier speakers in congratulating the
Netherlands Planbureau and the EEC Commission on their work in the construction of
the METEOR model.
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I share with Mr McCormack some puzzlement at certain of the conventions
followed in the presentation of the paper. This is due, no doubt, to over-exposure to the
Anglo-American way of doing things. The author remarks that the investment and labour
demand equations are derived from Cobb-Douglas production functions. This is not at all
obvious when the percentage first difference formulation is used and an explicit derivation
would be helpful. The same remark applies to the distributed lag formulae. There are
terminological problems too - the term "reaction function" is used to mean what we
would normally call a behavioural equation, reserving the phrase "reaction function" for
something more specific.

In general, given the slightly different conventions and usages to which readers of
the Journal are accustomed, it would be desirable in the definitive version of the paper to
attempt some clarifications. Perhaps this could be accomplished through a presentation of
the model specification for a representative country.

The most interesting table in the paper, I thought, was that giving the fiscal policy
multipliers. The own-country multipliers seem implausibly high on the whole, especially
since they are first-year multipliers. The DESMOS model, reported in the Ando-Herririg-
Marston volume in an article by Waelbroeck and Dramais, reports much lower values, as
does Hickman in his account of the LINK project in the same volume. The estimates for
six countries are collected in the Table.

TABLE 1: ESTIMATES OF ONE-YEAR FISCAL MULTIPLIERS FROM THREE MODELS

METEOR DESMOS LINK

France

Germany

Italy

Netherlands

United Kingdom

Belgium

If I understand the three papers correctly, these multipliers refer to the same con-
cept and are directly comparable. The METEOR estimates are consistently higher than the
others, except for Italy. The figures for France, Germany and the United Kingdom in
particular seem implausibly high. These are fairly open economies and the multipliers, it
will be recalled, are one-year multipliers. For comparison, the one year fiscal policy
multiplier for Ireland is in the region of unity according to the Central Bank model.
This squares with the estimates for the smaller continental countries. A possible
explanation for the higher multipliers in METEOR might be an inadequate modelling of
tax leakages, although this could account for only part of the discrepancy. The neglect of
the monetary sector might also suppress crowding-out effects, although, since these are
open economies which experience capital flows, we might imagine crowding-out to be
unlikely.
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The size of the fiscal policy multipliers in METEOR is puzzling and I would suggest
that the matter might be investigated further.

A few econometric points by way of conclusion. The paper remarks that there are
multi-collinearity problems, which the use of simultaneous estimation techniques might
help to circumvent. I doubt very much if they would be much help for that purpose. In
any event, the equation estimates presented do not seem to be suffering from serious
multi-collinearity in most cases.

There are lagged endogenous variables in this model, so the Durbin-Watson test
may not be a reliable guide to the presence of auto-correlation. Given the time-series
nature of the data, autocorrelation is very much on the cards and the general experience
of model-builders seems to be that dealing satisfactorily with auto-correlation may be
more important than dealing with simultaneity. Given the percentage first difference
formulation, this model must be non-linear in the endogenous variables, so the develop-
ment of a consistent estimation procedure could be very difficult indeed.

While the METEOR model is obviously at an early stage of development, the
achievement is already impressive and I am sure the model will improve with age.
Mr. Hoare is to be congratulated on his presentation to us this evening.

Dr Geary (with some afterthought): From bitter experience I know how hard it is
to get over, by the spoken word, a complicated work of this kind. I compliment the
lecturer on the way he has done so, and on the discussion he has inspired. The great in-
crease in interest in econometrics in Dublin indicated by the size of the audience tonight
is gratifying to me, as part-author of a book on the subject. All present may not yet have
bought a copy so unashamedly I advertise it, announcing that, at £3 a copy in paperback,
it is excellent value.

What is the object of the METEOR model? We are told: forecasting of percentage
changes in endos a year ahead. There must be hundreds of country models broadly with
the same object, often within the same country, yielding contradictory results. So the
question of appraisal arises. Unfortunately, good behaviour during the estimation period
as indicated by R^ (very good, in general, with METEOR for percentage differences
though the DW is less useful since in this differencing procedure, it must, I think, yield
values near 2) is no guarantee that it will be a good forecaster. Nor is the size and detail, of
the model: Maurice Kendall, with great experience in CIER, remarked to me that small
models gave as good results as large, agreeing with my own experience.

Model efficiency must be tested. The estimation period for METEOR seems to have
ended in 1970. I suggest to the lecturer and his EEC colleagues that they estimate the
endos from the model for 1971 and compare these with actuals. Another test would be to
compare their model estimates for 1971 with naive estimates, found, say, by projecting
free-hand each endo separately into 1971.
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There has been mention of current exos. There are very few such that are genuine.
Off-hand I can think only of the weather and a few insane dictators who can't be
statistized anyway and must remain in the disturbance Limbo.

I cannot follow the logic of the variable notation system in the Table of Symbols on
page 188, nor do I know what many of the variables are, e.g. CVA*, as described: no
doubt some are functionally derived from the better known variables. Why all the
emphasis on "enterprise"? It should be made absolutely clear what the variables are, in
relation to the UNSNA, which are fully defined. I know that initial symbols are widely
used by workers in this field. In my present efforts I let Xj be GNP, X2 consumption
etc., large letters current values, small (xjx2 etc.) the corresponding constant price series,
lags superscripts.

I do not understand the great variety of values (some negative!) in the multiplier
table, page 209, for countries (except perhaps Italy) with similar economies.

COMET and now METEOR, celestial bodies! As a trivial remark, I wonder did the
initials of the latter come before the full title, or vice versa? I know COMET well, which
has the virtue that it gives forecasts (one hopes they are cautionary in the case of Ireland!)
for each EEC country. Surely an EEC Commission should do likewise. Only thus can
the METEOR forecasts be compared with a country's own. What earthly use to them are
equations for the motley groups analogous to those given for individual countries in the
paper?

The Commission's geography can't be too good in placing Ireland in "OECD south".

Patrick Honohan: Reading this paper, I too was puzzled by the non-standard
features of theory, such as the absence of both user cost and capital stock variables in the
investment function and the fact that the stock adjustment equation was not derived
from the usual identities relating lagged to current values of stocks. I think also that,
given the importance of the trade sector, it is a pity that the work on import prices could
not have been extended to estimating bilateral prices using such information as distances
between countries.

In a sense, though, these and other criticisms which have been made may be mis-
placed. Anxiety about data mining may indeed be justified when only two or three of ten
different variables, for example, are included in each of the country consumption
functions on the basis, presumably, of something like a five per cent confidence interval.
(Incidentally, the negative sign for the price variable in the German consumption equation
is simply an artifact of the procedure of estimating this equation only in constant price
terms. Adding A log P to both sides to make the equations comparable restores a
positive sign to the price co-efficient.) However, neither this nor the biased estimation
and test procedures necessarily invalidate the model as a forecasting tool. But, as I under-
stand it, the purpose of this model is not to test any economic theory, but rather to
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provide equations for some of the more easily forecast variables, with a view to reducing
the dimensionality of the forecasting problem. There is a tendency for econometricians to
apply standards of theoretical rigour to all kinds of models, and not only where some
economic theory is actually being tested. This is probably because fully specified and
fully tested economic theories tend to be rejected by the data, so that researchers are
often satisfied to apply only the same weak tests, such as the null hypothesis of zero co-
efficients in a linear regression, as are used in a forecasting model such as this in order to
determine inclusion or not of a variable. I would hope that some method could be found
of specifying economic theory in some revised manner which would pass statistical
tests; in particular, this would involve coping with the problem of aggregation which is
surely the cause of the rejection of many micro-models on aggregative data. If this
objective were achieved, econometricians could concentrate their theoretical criticisms
where theories were actually being tested, leaving forecasters to their more pragmatic
discipline.

DermotMcAleese: First, I would like to join the previous speakers in congratulating
Mr Hoare on his excellent presentation of a complex and intriguing paper. Second, may I
ask him to clarify the relationship between the export and income multipliers produced
by the model? The negative export multipliers for France and the United Kingdom
appear very high. If I understand it correctly, this follows from the large excess capacity
co-efficients for these countries in Table 4. The introduction of excess capacity in turn
suggests a possible trade-off between the value of the income multiplier and the export
multiplier. That is, a high value of the income multiplier would seem to imply the
existence of excess capacity and hence a correspondingly low value of the export
multiplier. As excess capacity is used up, one would expect the income multiplier to fall
and the negative export multiplier to rise. It is difficult, however, to explain the
simultaneous existence of high income and large negative export multipliers.

Dr R.H.W. Johnston: The Meteor model is a demonstration of a flexible method-
ology which can be adapted to a variety of data-bases. Presumably the software is
accessible to our local economic model-builders. What is to stop us from adapting it to
a data-base having four 'country' sub-models (e.g. Republic of Ireland, Northern Ireland,
Britain and the U.S.) and five country-block sub-models (e.g. rest of EEC, non-socialist
non-EEC Europe, Socialist bloc, oil producing countries and third world)?

Such an adaptation would perhaps enable us to evaluate quantitatively the economic
options consequent on a favourable political solution (i.e. one having a growing Irish
Dimension') of the Northern question, thereby perhaps helping towards the achievement
of the latter desirable objective.
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Desmond Norton: On the assumption of no lags in production or in delivery, the

equation for intended inventory change is

(9) nj = ol A, v+ (3 A pc, where we expect that oC;>o, p >-o.

Unintended inventory change (due to macro-economic disequilibrium, with in-

ventories bearing the brunt) is specified as:

(10) nn = ^ A v, where we expect f \ < o .

Intended stock change is not likely to be fully realised, due to production and

delivery lags. Thus the non-realisation of intended stock building will be greater the

lower the level of excess capacity; increasing excess capacity will tend to decrease the

production and delivery lag in inventories. Thus increasing excess capacity will tend to

increase realised planned inventory accumulation. For realised intended inventory

accumulation, the author implies the following specification:

(10A) nj = ot j\ v + S A p c + S (Excess capacity or unemployment variable)

Theoretically, ft > 0, reflecting the fact that the greater the slack in the economy,

the more readily can planned inventory accumulation be realised. Thus the equation for

realised (intended and unintended) inventory accumulation is:

(11) n = n n + n i = ? \ A v + 0 < . A v + p / \ p c +$(Cap or Ut), where we
expect r \ < o,-^. z>o, <p ^ o , ? ) ^ o, or,

(11 A) n = nn + n{ = &(A v) + $ A pc + D (Cap or Ut), where X (r * +<^ )
is indeterminate in sign (though probably positive), ^ > o, and V > o.

(Note that oL in equation (11) as in the paper as delivered should read

Although % should theoretically be positive, it turns out negative in each of the

five inventory change equations estimated with an excess capacity variable included in

the specification. This leads one to suspect that tremendous effort was allocated to

"forcing" fits for the inventory change equations without due regard to a priori con-

siderations. One would not, accordingly, expect these equations either to explain correctly

or to forecast at all well outside the sample periods.

223



David Hurley: I would also like to thank Mr Hoare for a very interesting paper.
This document obviously is only the tip of the iceberg in what was a considerable
research effort. W e , as it has been described here, the model is somewhat out of date,
when it has been up-dated and the multipliers have all been calculated, - for a number of
years - it should be of considerable benefit for discussion of short-term economic policy
in the Community.

I agree with Dara McCormack that the policy of uniformity in the specification
of each of the country sub-models has imposed limitations on the effectiveness of some
of them. The Belgian sub-model, in particular, seems rather weak.

Turning to the international linkages, which are the crucial factors in a model of
this sort, I wonder whether the approach used is really ideal. I notice that in deriving the
demand variables for the export equations, exogenous market shares are used. This is not
entirely satisfactory, although I realise that deficiencies such as this must be tolerated in
every model. Nevertheless, it does cause some considerable problems. In particular there
is the need to force equality between import and export totals by re-distributing the
difference over exports. It would be interesting, as a check on the performance of the
model, to know just how large are these discrepancies. If they are large, these adjustments
could have an important influence on the model's overall results.

I feel that the trade linkages in the model could be improved by determining
market shares endogenously - as is done, for example, in the OECD world trade model -
with supplying countries' shares in each country's imports being determined mainly by
relative export prices.

While the quality of the trade price data might present difficulties, the market
shares approach has some advantages,

(i) It should all but resolve the adding-up problem;

(ii) The market shares concept is easy to interpret and is especially meaningful to some
countries;

(iii) It should enable us to see more clearly the effects of such developments as increased
freedom of trade and accession of new countries to the Community.

In the concluding section of his paper, Mr Hoare has expressed the wish that the
practising macro-economist should appreciate the potential of the model and use it as an
aid in making forecasts or assessing alternative policies. I would like to know how he views
the possibility of some-one linking a more elaborate and disaggregated model of their
domestic economy to the METEOR system?
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For the unfortunate practising macro-economist in this country, METEOR has
limited practical value, as it does not contain a sub-model for Ireland. Even if a model
of the Irish economy were linked to METEOR, there would remain a further major
flaw, in that METEOR does not distinguish agricultural and non-agricultural trade. Such
a distinction would be of prime importance from our point of view, and also from that of
the other "missing" country, Denmark,

Clearly, METEOR will be used as background for discussions on short-term
economic policy in the Community, and consequently I am grateful to Mr Hoare for
explaining the system to us and presenting this detailed document. May I again add my
thanks to that of the other speakers.

Reply by T.F. Hoare: Mr. President, in replying to the vote of thanks, I should like to
say that it has been an honour as well as a pleasure to address the Society on the subject
of the EEC Commission's short-term econometric model.

As has been remarked by a number of speakers, the model is at a relatively early
stage of development and we are aware of the existence of weaknesses in its structure and
of the need to apply stronger statistical techniques in the estimation of parameters. This,
in fact, is already being done in the course of re-estimation (using data for the period
up to 1975) which is now under way, in respect of the price/wage functions and the
labour demand/investment relations. In the case of the former, simultaneous estimation
techniques are being used while in the case of the labour demand/investment relations the
Coen and Hickman* constrained joint estimation procedure is being applied. This,
incidentally, will establish a much clearer transition between the underlying production
function and the two factor-demand equations.

To take the comments seriatim, Mr McCormack quotes Waelbroeck on the subject
of the CPB's unorthodox approach to model building. In support of the CPB, it can be
said, however, that it "has stood against the trend of model gigantism" and has been
"a proponent of a strikingly different approach to the task of improving the specification
of models (each reaction equation) is based on an extremely careful search for all
relevant explanatory variables".^ If one favours small models (and METEOR is a
collection of small models, linked by trade flows) with, for example, simple equations for
consumption, investment and trade flows, one can hardly avoid an eclectic, almost
reduced-form approach, to specification; otherwise, the small model is of very little
interest for policy simulation. It is noteworthy, that for different reasons, both Dr Geary
and Dr O'Riordan see advantages in smallness, thus implicitly favouring the CPB
strategy, which has resulted in a core of only eleven behaviourial relations for each
country sub-model in METEOR.
1 Op. cit. - see footnote 14.

2 Jean Waelbroeck, "A Survey of Short-run Model Research Outside the United States" in
The Brookings Model: Perspective and Recent Developments^ ed.t by G. Fromm and G.R. Klein,
Amsterdam: North-Holland, 1975.
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Dr O'Riordan has underlined the possible importance of OLS bias for the estimates
of the marginal propensity to consume and for the estimates of the international
multipliers, which may as a consequence be exaggerated. He also wonders whether
regressions giving incorrect signs were "quietly dropped". In respect of both of these
important points, a word in defense of the CPB is in order. It seems to me that the
CPB search procedure, referred to by Waelbroeck, in which equations are sought which
contain "relevant" variables and acceptable co-efficients amounts to what Smith and
Brainard^ describe as "an 'ex post* Bayesian approach"; in the presence of a high degree
of collinearity in the data "which permits the researcher to fit the data well with a
variety of subjective parameter restrictions , variables with the 'wrong' sign or
low t-statistics are drGpped, a variety of lags are tried, etc. until 'plausible' results are
obtained". They go on to say that although "the various test statistics lose their meaning
when this procedure is used, these practices can be defended as a practical method for
protecting against the breakdown of collinearity among independent variables in the
forecast period".^ Thus, the selection of regression results which satisfy the researcher's
a priori constraints on the co-efficients and which, when assembled into a full model,
converge on an acceptable solution both within and outside the sample period, as has been
done in the case of METEOR, is not by any means unorthodox in terms of contemporary
model-building practice and certainly diminishes the role of least-squares bias.

Dr Geary, Dr McAleese and Mr McCarthy have each referred to the income and ex-
port multipliers presented in the paper, pointing to the range of the multiplier estimates,
to the difficulty of explaining the simultaneous existence of high income and large
negative export multipliers and to the high value of the METEOR income multipliers for
France, the Federal Republic of Germany and the United Kingdom by comparison with
the corresponding DESMOS and LINK estimates. While not pretending that the present
specification of METEOR and, consequently, its multiplier characteristics are satisfactory,
I would suggest that the value of the multipliers is critically dependent on the economic
conditions of the period for which they are estimated. In the present case, the multiplier
simulations refer to 1968, a year of recovery from a cyclical recession (Italy excepted). In
such conditions and given (as Dr McAleese points out) the presence of an important
capacity variable in the export equations, high income and large negative export (short-
term) multipliers are not surprising. I doubt if the DESMOS and LINK estimates refer to
the same cyclical conditions. I am, moreover, suspicious of multiplier estimates from
different models which correspond too closely; believing that such correspondence,
especially when the estimates coincide with commonly accepted notions of the probable
size of income multipliers, are not entirely unrelated to the "ex post Bayesian"
procedures to which I have already referred. No doubt METEOR will, in time, become
more orthodox in this respect, also, but it is of interest, in the meantime, to observe the
first crude multiplier estimates which it provides.

Gary Smith and William Brainard, "The Value of A Priori Information in Estimating a
Financial Model", The Journal of Finance, Vol. XXXI, No. 5 December 1976, pp. 1299-1322.

Ibid, p. 1302.
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Mr Norton referred to the stock change equations, suggesting that the excess
capacity co-efficients should be positive rather than negative as they have actually turned
out to be. If one accepts the theoretical position that the role of excess capacity in this
area is to delay (low excess capacity) or speed up (substantial unused capacity) intended
stock changes, owing to variable production and delivery lags, then, of course, the co-
efficients should be positive. I do not believe that any kind of "forcing" was involved in
arriving at the negative and apparently significant co-efficients which are to be found in
most of the country sub-models. Observation of the behaviour of stocks during the
1974/75 recession suggests that they tend to aggravate cyclical fluctuations; moreover,
our confidential surveys of industrialists suggest that judgements as to the adequacy of
stocks are highly dependent on subjective judgements concerning general business con-
ditions. All of this would indicate the presence of a speculative element in demand for
inventories, in addition to the linear response to demand and price changes which is also
present in the equations; such speculative behaviour can be represented as a positive
response to changes in the rate of growth or negative reaction to changes in excess
capacity (which, under the assumption of a linear growth in production capacity, amounts
to the same thing).

The comments of both Mr Honohan and Mr Hurley raise, inter alia, the questions of
bilateral trade linkages and a commodity trade breakdown. Either of these developments
would be more satisfactory than the present aggregate import and export functions. We
have opted, for the present, for a commodity trade breakdown; the equations are being
estimated by Alain Van Peetersen, who did similar work for LINK. We cannot, un-
fortunately, have both a commodity breakdown and bilateral trade flows, since the
number of equations involved would be astronomical.

As to the future of METEOR and its likely uses (questions raised by Mr McCormack),
we find ourselves on rather speculative ground. It seems likely that a single macro-
econometric model will be developed by the Commission which, in perhaps two variants,
will be used for short as well as. medium term analysis. The model will be an element,
alongside more established procedures, in the analysis of short and medium-term
economic problems and in forecasting. The role of the model in the dialogue between
national authorities and the Commission will depend, in all probability, on the interest of
the interloquters in econometric procedures! Where conflicts arise between national and
Commission simulation results, I can see the more traditional procedures holding the
balance, until such time as the model-builders arrive at an agreed structure to describe
the basic economic reality. Alternatively, national models could be integrated into the
structure, given the flexibility of the econometric programme package which we now
have. This would, however, require the time of a competent econometrician for a period
of some months. In its developed version, the Commission model will undoubtedly con-
tain a developed fiscal sector. More ambitiously, I would expect to see the addition of at
least rudimentary monetary sectors and the endogenisation of exchange rates.

Thank you, Mr. President.
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