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FOREWORD

The purpose of this book idittle special.

First, ofcourse by its subject: we have to admit that structural econometric modelling is no longer so popular, having
lost ground b Computable General Equilibrium models and in particular their Dynamic Stochastic versions.

Wewill contend that while thismight betrue in the academic field/pu just have tdook at the program of congresses
and symposiums) there is still a lotphcefor structural modelsindeed many institutions arstill using them and even
buildingnew ones both in developed and developing countria&/e shall try to show that thigositionis quite justified,
andthat for a large part of the modelling applications, in particular the anabystsinterpretationof macroeconomic
interactions,the call forstructural models remais a goodstrategy, arguablythe best one.

But we shall not stop at proving the usefulness of these models. For the people we have conmingkith wereso
already,we will provide a set of tools facilitatingll the tasks in the modellingrpcess Starting from elementary
elements, it will lead by stages the user to a level at which he should be able to build, manage and use his professional,
operational model.

This means this book will, as its title says, focus essentialipplied and egn technicafeatures, which does not mean
it will be so simplistic.

After a necessary description of the field, we shiakthe largest part of the book tehowthe readerhow to build his
own model,from general strategieso technical detailsFor this we shall rely on gpecificexample, presented at the
beginning, and which we will follow through all the stepsraddel development. Wherthe situaion becomes more
complex(with the addition of product and international dimensionsje shall sti find this model at the core of the
cases.

Our examplewill be based on that packagéhe most popular modeling package at preserhis will allow us tde
more helpful to EViews users, concentratingitsmpractice(includingsometricks).

Finally just as importantf not more so, we shall provide a set of files allowing readers to praaticelelling (either
alone or as part ahcoursg. And for more advanced users, we shall gizeess to fileallowing to produce operational
(if small) modelswhich they can adapt totheir own ideas,with the tedioustasks:producing the data, defining the
accounting framework and organizing simulations over the futheeng dreadyprepared

All these elementsare provided for free, and downloadable on a specifiite. However, tokeep track ofpeople
interestedin our research, we will require thpotential usersto ask for themfirst. We willthen allow unrestricted
access.

Onefinal remark:this bookis based owersion 8 of EViews. However, all the programs we are providing work also with
version 7 (and almost all with version 6).

The newfeatures(mostly improvements) will be pointed oat the time, andthe same descriptive elementmathered
in a special chapr at the end of the book.
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INTRODUCTION

Since an early date in theventieth century, economists have tried to produce mathematical tools which, applied to a
given practical problem, formalized a given economic theory to produce a reliable numerical picture. The most natural
application is of course to forecast the future, andeed this goal was present from the first. But one can also consider
learning the consequences of an unforeseen event, or measuring the efficiency of a change in the present policy, or
even improving the understanding of a set of mechanisms too comple& tpdsped by the human mind.

In the last decades, three kinds of tools of this type have emerged, which share the present modelling market.

T ¢KS da+!wé¢ Y2RStaod ¢KS& GNB (2 3IAGS GKS Y2ad NBtAlIofS
of lagged elements, based essentially on the statistical quality, although economic theory can be introduced, mostly
through constraints on the specifications. The main use of this tool is to produce short term assessments.

1 The Computable General Equilibn models. They use a detailed structure with a priori formulations and calibrated
coefficients to solve a generally local probletmrough the application of one or several optimizing behavidtse
issues typically addressed are optimizing resoura@eations, or describing the consequences of trade agreements.
The mechanisms described contain generally little dynamics.

This is no longer true for thBynamic Stochastic General Equilibrium mogdedsich dominate the current field. They
include dynamidehaviors and take into account the uncertaintyeiconomicevolutions. Compared to the traditional
models (see later) they formalize explicitly the optimizing equilibria, based on the aggregated behavior of individual
agents. This means that they allowemts to adapt their behavior to changes is the rules governing the behaviors of
others,including the State, in principkescaping the Lucas critiqu&s the model does not rely on traditional estimete
equations, calibration is required for most paramese

1 ¢KS qaidNHzOGdzNI £ ¢ Y2RStad ¢KSe adFNI FTNRBY | 3IAGBSYy SO7
agents according to some globally consistent economic theory. They use the available data to associate to these
behaviors reliable formulasyhich are linked by identities guaranteeing the consistency of the whole set. These
models can be placed halfway between the two above categdtiey: do rely on statistics, and also on theory. To
accept a formula, it must respect both types of criteria.

The use of this last kind of models, which occupied the whole field at the beginning, is now restricted to policy analysis
and medium term forecasting. For the latter, they show huge advantages: the full theoretical formulations provide a
clear and undetsindable picture, including the measurement of individual influences. They allow also to introduce
stability constraints leading to identified long term equilibris and to separate this equilibrium from the dynamic
fluctuations which lead to it.

Compaed to CGEs and DSGESs, optimization behaviors are present (as we shall see later) and introduced in the estimated
equations. But they are frozen there, in a state associated with a period, and the behavior of other agents at the time.

If these conditions d not change, the statistical validation is an important advantage. But sensitivity to shocks is flawed,

in a way which is difficult to measure.

A very good (and objective) description of the issue can be foaund
http://en.wikipedia.org/wiki/Dynamic_stochastic _general _equilibrium
http://en.wikipedia.org/wiki/Macroeconomic_model#Empirical _forecasting _models
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It seems to us that the main criterion in the choice between DSGEs and traditional structural models lie in the tradeoff
between statistical validation and adaptability of befas.

In the last years, popularity of structural econometric modelling seems to have stabilized. A personal hint for this (if not
an actual proof) is the growing demand for assistance in structural modelling addressed to thelnté®tFional
Cooperaton Unitfrom which Ihave just retired

Another issue is that being the first tool produced (in the thirties of the last century) iappled immediatelyto the

ambitious task of producing reliable forecasthe complexity of the economy, and theegence of many random

shocls makes thiscompletely unrealistic (and this is even more true todaypuring the golden years of structural
modelling, when economy was growing at a regular (and high) rate, forecasting was as easy as riding a tame horse on a
straight path: anybody could do it. But when the horse turned into a wild one, the quality of the rider showed, and it

did not stay in the saddle too long. Failing to succeed in a task too difficult for any tool (including VAR and CGE models,
which do not lave to forecast the medium term), gave discredit to structural models and all their uses, including policy
analysis and even the understanding and interpretation of complex economic mechanisms, applications for which
neither VAR nor CGE can compete in @pinion.

However,even with limited ambitionsproducing a sound econometric structural model is not a simple task. Even a
professional economist, having an excellent knowledge of both economic theory (but not necessarily a complete and
consistent pictue) and econometric techniques (but not necessarily of their practical application) will find it quite
difficult producing a reliable and operational econometric model.

The purpose of this book is to shorten the learning process, in several ways.
After aglobal presentation of economic models:

 Notation& RSFAYAGA2Y A YIFIGKSYFGAOFE OKINIOGSNRAGAOAE oOReyl
1 Applications economic theory, forecast, education.
1 Classificatiorf existing models.

We shall describdhow to organize the sequence of model building tasks, from data production and framework
specification to actual operational studies.

For each task, we shall give all the necessary elements of methodology.

We shall present the main economic options #aale, with some theoreticaxplanations
All these explanations will be based on a practical example, the production of a very small model of the French economy.
The size will not forbid us to address most of the problems encountered in the process.

The methods, techniques and solutions proposed will be based ol thewssoftware. This will allow us to present
some useful features and tricks, and to provide a sequence of complete programs, which the user can modify at will,
but not necessarily toodavily, as all the models of this type share a number of common elements. The main issue is of
course the estimation process, each case leading generally to an original version of each behavioral equation.

A set of documented programs will be provided|dwing the above principles

1 For the small example,
1 For a more detailed product, a model for a single country, not far from an operational version.
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These programs will allow to:

Import the original data

Build the model framework

Transform the data to afform to the elements in the model.

Estimate a set of equations, starting with standard behaviors, possibly updated.
Check the technical and theoretical consistency of the resulting model.
Produce forecasts and policy studies.

=A =4 =4 4 -4 4

In each case, we shall pregegprograms which actually work. An econometric solution will be found, reliable both in
statistical and economic terms. And the properties of the models will be rather satisfying, with a long term solution and
reasonable dynamics leading to it.

Finally,we shall address the more complex problems: msdtttor and multicountry models (and both options
combined). The specific issues will be described, and a framework for apghtwdact model will be provided, following
the same lines as the previous exdmp

The goal of this book is therefore both limited and ambitious. Without getting into theoretically complex features, it
should give readers all the elements required to construct their own model. Being relieved of the more technical (and
tedious) tasksthey will be allowed to concentrate on the more intelligent (and interesting) ones.

Readers must be aware they will find here neither a full description of econometric and statistical methods, nor a course

in economic theory. We shall give basic elensean these fields, and rather focus on their links with the modelling
process itself. For more detailed information, one can refer to the list of references provided at the end of the volume.

13



THE EXAMPLE: A VEBAXSIC MODEL

To present the elements and the framework of a structural econometric model, we shall use a specific example, which
we shall address permanently during our presentation. In spite of its limited size, we think it reoasibes
representative of the class afiodels we are considering in this manual.

At the start of any model building process, one has to specify in a broad manner the logic of his model, and the behaviors
he wants his model to describe. No equation needs to be established at this time. Weplslal ourselves in this

situation.

In our examplean economist has decided to build a very simple modethef French economy. As our tests will be
based on actual data, a country had to be chosen, buptiirciples applyo any medium sized industtiaed country.

Our modelincludes the following elements.

9 Based on their production expectations and the productivity of factors, firms invest and hire workers to adapt
their productive capacity. However, they exert some caution in this process, adah@yt want to be stuck with
unused elements.

91 The levels reacheith practicedefine potential production.

9 Firms also build up inventories.

1 Households obtain wages, based on total employment (including civil servants) but also a share of Gross
DomesticProduct. They consume part of this revenue.

1 Final demand is defined as the sum of its components: consumption, productive investment, housing investment,
the change in inventories, and government demand.

1 Imports are a share of local demand («domestimdad»). But the less capacities remain available, the more an
increase in demand will call for imports.

1 Exports follow world demand, but producers are limited by available capacinestheirpriority is satisfying
local demand.

1 Supply is equal to dennal.

1 Productive capital grows with investment, but is subject to depreciation.

The above framework looks rather straightforward, and certasimyplistic Obviously, it lacks many elements, such as
prices financial conceptsand taxesThis will be addissed as later developments.
Let us no go further for the time being. One can observe that if we have not built a single equation yet, a few are already

implicit from the above text.
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CHAPTER 1: NOTATI®KND DEFINITICGN

Before we start presenting therocess of model building, we must define the concepts we shall use. They will be based
on individual examples taken from our (future) model.

1.1 THE MODEL AS A SEF EQUATIONS

In a general way, a model will be defined as a séilbf defined formulas desibing the links between a set of concepts.

Formally, a model can be written as the vector function of variables.

f(..)=0

We shall address in turn:

1 The nature of elements appearing in the function.
I The nature of the functions theselves.

1.2 THE ELEMENTS IN A DIEL

1.2.1 VARIABLES: ENDOGEMSOAND EXOGENOUS

Obviously, a model will be used to measure economic concepts, depending on other elements.
Two variable types will appear in a model:
1 Endogenous variables, or resultghose value will be obtained by solving the system of equations,

1 Exogenous variables, or assumptions, whose value is known from outside considerations, and which obviously
condition the solution.

If the model is solved over past periods, this value $&thdne known. But in forecasting operations, it will have to be
chosen by the model builder (or user).

For the system to be solved, the number of endogenous variables must correspond to the number of equations.
Our formulationbecomes:

f(x,y)=0
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with

X vector of exogenous variables
y vector of endogenous variable (with the same dimension as f).

For instance in our model:
1 Imports will be endogenous, as they depend on local demand. Exports too, depending on world demand.

1 World demand will be exogenous, as we are building a model single countryand we are going to neglect
the impact of local variables on the world economy. Of course, this impact exists, as F(atibgis important
country, and its growth has ate influence on the world economy. But the relatively limited improvement can
only be obtained at the very high cost of building a world model. This simplification would be less acceptable
for a model of the USA, @hina, oithe European Union as a whdlee shall address this issue in detail later).

Technically, one can dispute the fact that exports anglogenous. Asve make them depend only on an exogenous
world demand, they are de facto predetermineabart from an unforecastable erroFhey are logially exogenous and
technically endogenous. We shall use the second criterion (the problem will disappear with the introduction of other
explanatory elements, which will malexportstruly endogenous).

As to Government demand, models of the present typkk keep it also exogenous, but for different reasons:

1 The goal of this model is to show its useh{ch can be th&overnment, or &overnment advising agency, an
independent economisplaying the role of Governmenbr even a student answering a test applied
economic$ the consequences of its decisions. So these decisions must be left free, and not forced on him.

1 The behavior of the State is almost impossible to formalize, as it has few targets (mostly growth, inflation,
unemployment, budget and tradbalances) and a much larger number of instrumelitther base valusare
more or less fixedt can deviate from thenarbitrarily, without too much delayTo achievéhe samegoal, past
Frenchgovernments have used different global approaches, aalling for different panelsof individual
instrumentsl

1 The State alone has enough individual power to influegigaificantlythe national economy.
Each of the two exogenous elements is characteristic of a broader category:

1 Variables considered asternal to the modeled area, on which economic agents taken into account by the
model have no or little influence. In addition to the situation in other countries, this can mean popdlation

1IC2NJ AYadlyOSs (2 RSONBIAS dzySYLE 28 YSyds | Im@dNYYSy
instrument can be social security contributions, or subsidies

21n long termmodels growth might affect the death and birthed rates thus population.

16



meteorological condition’ or the area available for farmin@he theoretical framework of the model can also
suppose exogenoustructural elementssuch as the real interest rate, the evolution of factor productividy
the depreciation rate of capital

1 Variables controlled by an agent, but whose decigiwocessthe model does not describe. Even if it was
formally possible, the model builder wants to master their value, to measure their consequences on the
economic balance. These will be referred to as decision variables or «instrdiments

Changing the assumptions on these two types of variables, therefore, will relate to questions of very different spirit:
1 What happens iperhaps..? (the price of oil increases abruptly).
1 What happens if | (the Statejecide..? (to decrease the VAT rat@ CD$).

The second type of question can be inverted: what decision do | have to take to obtain this particular result? (By how
YdzOK aK2dzZ R L RSONBIFIaS GKS NIGS 2F SYLX 28SNRQ a20Alft C
(exogenows/endogenous) of some variables is changed: the answer calls for specific techniques, or solving a
transformed model. We will deal with this later.

Sometimes the two approaches can also be combined; by considering first the consequences of an evolution of
uncontrolled elements, and then supposing a reaction of the State, for instance a change ithabheguld return the
situation to normal. For instance, the State could use its own tools to compensate losses in external trema duzp

in world demand.

From a model to another, the field described can change, but also the separation between endogenous and exogenous.
The real interest rate can change its nature depending on the endogeneity of the financial sector, techmjoedgpro
can be assumed as a trend or depend on growth, and the level of population can depend on revenue.

1.2.2 EQUATIONS: BEHAVIQRMND IDENTITIES

1.2.2.1 Behaviors

¢KS FANRG NRtS 2F (KS Y2RSt A& ldvidg niv§ & Daltiné &) exisiing écondndic2 NA €
theory, will establish a functional form describing the behavior of a given agent, and will use economethiossea

precise formulation, with estimated parameters

In describing consummin, one might suppose that its share in household income is determined by

1 Thelevel of income (a higher income will make consumption less attractive or necessary, compared to
saving$).

3 Which can depend on growth (glasshouse effect).
4 Provided the EU commission will allow it.

5 Let us recall that investment in housing is considered as savings.

17



1 Recentvariations of income (consumers take time in adapting their habits to their new status).

1 Theevolution of unemployment: if it grows, the prospect of losing a job M#dld households to increase
reserves.

1 Inflation: it definesthe contribution requiredto maintain the purchasing power of financial savings.

Once identified, all these elements will be united in a formula, or rather a set of possible formulas (households can
consider present inflation, or the average over the last ydhe increase in unmployment can use its level or
percentage change). These formulas will be confronted with the available data, to find a specification statistically
acceptable on the whole, each elemggurticipatingsignificantlyin the explanationand presenting coeffient values
consistent with economic theory. Once parameters are estimated, each element akesudting formulation will
contribute to the logical behavior of the associated agent.

But the process is not always so straightforward. Two other cases ceoniselered.

1 The behavior can be formalized, but not directly as estimateady formulas. A framework has first to be
formalized, then processed through analytical transformations possibly including derivations and
maximizations, leading finally to trequation (or set of equations) testimate.This will be the case for our
CobbDouglas production function (pagi5) for which we compute the combination of labor and capital
which maximize profits for a given production level. Or for the definition ef wage rate as the result of
negotiations between workers unions and firm managers, based on their respective negotiating power

1 Oftenthe model builder will not be able to formulate precisely the equation, but will consider a set of potential
explanatory elements, waiting for econometric diagnoses to make a final choice between formulations
(generally linear) For instance, the exchange rate might depend on the comparison of local and foreign
inflation, and on the trade balance.

In any case, even if thexact intensity of influences is unknown to the model buifdeconomic theory generally defines
aninterval of validity, and especially a sign. Whatever the significance of the statistical explanation, it will be rejected if
its sign does not correspord theory. In the example above, the increase of labor demand must generate gains in the
purchasing power of the wage rate.

The formulation of these theoretical equations often makes use of specific operators, allowing alternative calculations:
Boolean vaables, maximum and minimum operators. For instance, in disequilibrium models, the theoretical equation
can include a constraint. We can consider also the case of a function of production with complementary factors, where
the level of each factor determ@s an individual constraint:

CAP=min( pl.L, pkK)

6 Otherwise he would not have estimated it.
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with CAP production capacityl. employment,K capital, andol, pk the associated productivities

11.2.2.2 Identities

" A model composed only of behavioral equations is not generally usalslechs Additional equations will be needed,
this time with undisputable forms.

Several cases can be identified, which can apply simultaneously:

1 Some concepts are linked by an accounting formula, and we need to ensure their numerical coherence. For
example once the model has defined household revenue, it cannot estimate savings and consumption
separately as the sum of the two is knolwA single element will be estimated: it can be savings, consumption,
the savings ratio or the consumption ratio, and thtber elements will follow, using identities.

1 Some concepts are linked by a causal sequence of elements, and some elements in the chain are not defined
by behaviors. For example, if we estimate firms employment and household consumption, we must formalize
household revenue (as a sum including wages) to make job creation improve consumption. And in our example,
defining final demand (as a sum of its components) ensures that imports will follow consumption.

Of course, one can consider eliminating these ittezd by replacing each element they compute by the corresponding
formula. This is not always technically possible, but in any case it would:

0 Lead to overly complex formulations, difficult to interpret and slower to compute.
o Discard potentially interestgpinformation.

In addition, one will be led to introduce:
1 Intermediatevariables simplifying formulations (and speeding up computations). Even if the growth rate of
the real wage rate, which uses a slightly complex expression, was not considered interesting as an economic

quantity, it will be useful to define it, if it appes as an explanatoglement in many equations.

91 Purelydescriptive elements: the ratio of Government Balance to GDP is a crucial element in evaluating the
financial health of the statéand one of the Maastricht» criteriafor entering the European Monetary Union).

1 Finally, economic theory is not always absent from this type of equation: the sqgdeimnand equilibrium has
to be enforced:

Q (supply from local producers) + M (foreign supply to the country) = FD (demanbbé@ragents) + X (foreign demand
to the country).

And the choice of the variable which balances it has a strong theoretical impact on model properties.

o If exports and imports come from behaviors, and demand from the sum of its components, we need to
compute Q as:

" This would also be absurd in terms of household behavior.
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Q (local output) = (FM) (local demand supplied by local producers) +X (foreign demand supplied by local producers)
This means that production will adapt to demand (which itself can depend on the availability of products).
0 Butwe could als suppose that:

The producers chose to limit their output at a leaetuallylower than demandbecauseadditional production would

bring negativemarginalprofits. In this case Q will be fixed, and we could have:

Q=fixed, X=f(WD), FD = f(economy), M = 61 X

o Or the countrycanonly import in foreign currency, which it obtains through exports.

X=f(WD), M=f(X), Q=fixed, FD =Q%M

| 1.2.3 PARAMETERS

Parameters can be defined as scalars witragyingvalue. The only formal difference with exogenous variables is that
they lack a time dimensidn

Two types of parameters can be considered, according to the way their value is established:

1 Those estimated by reference to the past: starting frontheoretical but fully defined formula including
unknown parameters, the model builder will seek the values which provide the formulation closest to observed
reality, according to a certain distance. This means using "econometrics".

1 Those decided by the aodel builder: economic theory or technical considerations can supply a priori
assumptions concerning a particular behavibor instance, if a CentrBlankuses astandard Taylorule to
decide its interest rate, its sensitivity the inflation levelshould be 0.5. A special case will be represented by
a control variable, giving (without changing the formulation) a choice between several types of independent
behaviors.

The distinction is not as clear as it may seem: in padgiciflestimatiorfails to provide an economically coherent result,
the model builder can be driven to decide on the values of some parameters.

With a as a vector of parameters (& estimated) the system becomes:

81n EViews, modifying a parameter vakygplies to the current model, and taking it into account calls for a new
compilation, making the new version official. This is both tedious and-pnamre. One might consider replacing
parameters by series with a constant value, which gives access ¥ thO K Y2 NB YI yIF 3SI o6t S aaoOSy
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f(x,y,3,2) =0

And in our example, one could estimate the influence of world demand on exports, for example by supposing that
relative variations are proportional (&qguivalentlythat the elasticity of exports to world demand is constant).

DX/ X =a@®@WD/WD

where a should be close to unity, if the share of the country on the world market is $table

But if the estimated coefficientot significant we can get back to:

DX/ X = DWD/WD

This choice could also halkkeen made from the start for theoretical reasons.

Clearly, to estimate a parameter it is necessary to define entirely the assoftatadla.

1.2.4 THE RANDONIERM

In practice, the behavioof agents does not answer exactly to formalized functions, and the formulation obtained by
estimationwill not reproduce the reality. It will only approximate this behavior, using elements which conform to some
economic theory, each of #m providing a sizable contribution to the changes in the explawsthble. The number

of estimated parameters will then generally be much lower than the size of the sample, or the number of observed
values. In practice, addirelements to the explanation can:

1 Inthe good cases, improve the quality of the explanation given by the elements already present, which can
now concentrate on their natural role, instead of trying to participate in the explanation of other mechanisms
in which their efficiency is limited.

91In our model WD stands for world trade (including its expansion), not the aggregate demand of countries.

10 Just like a worker which has to use his time on two tasks, and is really qualified for one. Foeeianpxcellent
musician but average lyricist is teamed with a good lyricist, the quality of songs (both music and lyrics) will improve.
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1 But the new element can compete with the others in explaining a mechanism in which they all have some
competence, limiting the improvement and leaving the sharing of the explanation rather undetermined (and
therefore Imiting the significanceof the coefficients):'?

In practice, these correlation problems will always appear, sometimes very early, and generally before the fifth or sixth
element. Beyondthat figure, the precisionof individualcoefficientswill decreaseand global quality wilimproveless

and less.

This means that a typical econometric equation will contain a maximum of four parameters, while variables will be
known on fifty to one hundred quarters.

It will be therefore necessary, to formulate anagx model, to accept the presence of naaro additional terms
(residuals). If one believes in the model, this residtmaluld be interpreted as a randoperturbation without economic
meaning. But if the equath is badly specified, it will also come from other sources: omitting a relevant variable,
replacing it by another less relevant, or choosing the wrong form for the equation

The fault will not always lie with the model builder, who might not have bakle to apply his original ideas. The
variables he needs may not be precisely measured, or only with a slightly different definition, or they may not be

available at all, as in, for example, the goals or anticipations of a given agent.

Practically speaki one will often suppose that this residual follows a randdistribution, with a null average, a
constant standard errgrand residuals independent across periods.

Ourformulation becomes therefore, in the general case, noting u the vector of residuals:

f(x,y,3,aUu)=0

In the example, if we want to represent changes in household consumption as a constant share of total production
variations, we will write:

CO=a@+b+u

or rather, if we want u to have a constant relative influence:

1 This can be a problem for the model if the two competing elements have a different sensitivity to a particular
variable. For instance, if one is sensitive to a tax rate, the other not: then the role of the tax rate will be undetermined.

21f two workers with the same profile complete a task together, it is difficult to evaluate their individual contribution.
One migh have rested the whole period.

B3 0Of course, as we have said before, one is never able to estitnatetrue » equation. This remark should apply to a
large conceptual errgieading to behaviors distinctly different from an acceptable approximation of reality.
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CO/Q=a+u

1.2.5 RESIDUALS VERSUSGHERR

It is probably the time to bring an important issue about the nature of econometrics.
When he considers a bakiioral equation, the economist can have two extreme positions.

1 He believes the behavior can be exactly specified according to a formula, which is affected by an error term
with a given distribution (maybe a white noise, or a normal law). With an infinitaber of observations we
would get an exact measurement of the parameters, and therefore of the emdrits distribution

1 He thinks that the concept he wants to describe is linked with some other economic elements, but the relation
is only an application, of which any formula represents only an approximation. To this application a random
term can also be added, if oreelieves that the replication of the same explanatory elements will bring a
different result. Additional observations will only get a better mapping.

The debate is made more complex by several facts:

1 The data on which he wants to base his estimation is not oregs correctly. Onecannot expect the
statisticians to produce error free information, for many reasons: measurement errors, inappropriate sample,
mistaken concepts...

1 Even if measured correctly, the concepts he is going to use are not necessarily theneghFor instance a
givenbehavior should be applied to the only firms which do make profits, a separation which is not available
at the macroeconomic level.

1 The discrete lags which he will apply to these concepts are not the right ones either. Bocaismight be
known thatan agentakesinto account the price index of the last montht only quarterly data is available.

1 The estimation period is not homogenous, and this cannot be explained by theFaatenstance the mood of
consumers (and theconsumption behavior) can evolve without any link to measurable economic elements.

From the above elements, the logical conclusion shbeld

1 The first position is illusory, and to a point which is impossible to megsfiurse)
1 Butwe have tdakeit if we want to apply econometric methods.

This means that in the following text we shall put ourselves in the first position, but we will always keep in mind the
true situation, and give to the difference between the concept and its estimatior@t®e & | YO A GA2dza y I YS

‘1.2.6 FORMULATIONS

We shall now consider the form of the equations. Let us first approach the time dimension.

‘1.2.7 THE TIME DIMENSION
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Variables in economic models have generally a tempdiraension, which means they are known through discrete
values, almost always with a constant periodiciggnerally annual, quarterly or monthly series. This means we will
consider models in discrete time.

There are exceptions, howeveFhe most frequent applies to micieconomic models, describing the behavior of a
panel of individual firms or householdsnd the dimension will correspond to items in a set. Sometimes they will be
ordered, using the level of one variable, such as therime level for a set of householdBime can be introduced as an
additional dimension, but possibly withvarying interval, either predetermined (phases of the moon) or unpredictable
(periods of intense cold).

21.2.7.1 Consequences of the discretization

" The time discretization of variables will iroducedin several waydeadingto:

1 Reallyinstantaneous variables, measured at a given point in time: the capital on the 31st of December at
midnight, in an annual model (defined astackvariable).

I averagesthe average level of employment observed during a period.
1 flows: the goods produced during a period.
The same economic concept might appear under several forms: inflation and price level, stock of debt and balance for

the period, averagand endof-period employment leved and net job creations. For one household, we can consider
the revenue, its yearlyltmnge, and the global reven@Ecumulatedduring its existence.

21.2.7.2 The seasonality

“When models have a less than yearly periodjctyme series can present a specific distortion depending on the sub
period inside the yeaiThis can come from changes in tlenate: in winter the consumption of electricity will increase
due to heating and lightingout construction will be mostly stoppelt can be due t®ocialissuesthe concentration of
holidays in the summer months caeduce production, and the coming of Christmas will increase consumption (in
Christian countries\We are going here to provide a basic sketch of the problem, leaving a more serious description to
specialized books like Ladiray and Quenneville (2001).

Ushg unprocessediata can lead to problems: for instance the level of production in summer will be lower than what
we could expect from labor and capital levels. This will disturb estimations and make model solutions more difficult to
interpret.

Two solutims can be considered:

f WGNRRdAzZOAY3 Ay GKS S a lakiatlesiaSétiatédjtalench spBrigcdh & RdzY Y @ €
1 Extractingrom the series their seasonal component and producing a completely new set of values

Of course one shouldot mix the two type of techniquei the same equation (or model)

The second method will be favored, as it solves also the interpretation problem.
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Several techniques are available, the most ¥elbwn being CenstX13ARIMA developedby the US Census Bureau
and Statistics Canad4 ButTRAMGSEAT® is also a common choice. Both are available urfigiews

One must be aware that this process often reduces the statistical quality of estimaffonsnstance if @mand is
particularly high in the last quarter of each year, and imports follow, seasonally adjusting both series will make the link
less clear, bringing less precise results. Even more obviously, the relation between demand for heating and temperature
will losepowerfrom seasonal adjustment.

These examples show the main issue: in a-egeation model, the transformation is essential if the explanation
contains a seasonal component, in addition to truly economic features. For instance, agriculturaltiprodvitt be
lower in winter, even if the same level of labor, land, fertilizer, machinery is availabtely,at the same timethe use

of fertilizer will decreasgand probably of labor too, but in a lower wakhis means thahe whole set of variales,both
dependent and explanatoryariables must be seasonally adjusted.

On the contrary, if all the seasonal explanation comes from the seasonality of explanatory elements, seasonally
adjusting is not necessary, and even reduces the quality of estimations (with the variability of elements). One could use
raw series to estimat@n imports equation, using demand, rate of use of capacities and price competitiveness as
explanatory elements.

But what is true for one equation does not apply to the whole model. One cannot mix the two types of series, and this
means seasonally adjusg will prevail in practice.

21.2.7.3 Staticand dynamianodels

' To determine the equilibrium for a given period, some models will use only variables from this period: we shall call them
staticmodek. They correspond to the formulation:

f.(%,y,au)=0

The most frequent case is that of inpatitput models, which use a matrix of "technical coefficients" to compute the
detailed production associated to a given decomposition of demataicategories of goods, which itself depends only
on instantaneous elements.

Q=AdD

(Arepresentingann by nsquare matrix)

14 http://www.census.gov/srd/wwwi/x12a/

15 hitp://www.bde.es/webbde/es/secciones/servicio/software/econom.html
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FD=f(Q)

On the contrary, dynamic models use variables from other periods.
Thereasons are quite numerous. They can be:

1 theoretical: some agents will be supposed to base their behavior on the observation of the past. Firms will
increase their prices if the profits of the previous quarter have been too low. Or they will build their
expectations of demand growth on the previous evolutions of the same variable. These two examples illustrate
the main issues: using the past to create an image of the future (backward looking expectations), or to measure

apreviousgap between actual and tget values, which the agent will try to close in the present period.

1 institutional: the income tax paid by households can be based on their income of the previous period (this is
the case in France, for the time being).

1 technical:if a model takes int@ccount a variable and its growth rate, computing one from the other takes into
account the previous level.

One observes that each of these justifications supposes that influences come only from previous periods: one will speak
of (negatively) lagged fluences.

The formulation becomes therefore:

fe (Yoo Yeerreo Yioroo X X X p @, U ) = 0

Let us go back to our model. We can observe already an undisputable lagged influence: most of present capital will
come from the remaining part of its previous level. Any otbase is still undecided. However, without going too deep
into economic theory, one can think of several lagged influences:

1 For household consumption, we have already considered that adapting to a new level of revenue takes some
time. This means it will geend on previous levels. If we detailed it into products, the previous level can have
a positive influence (some consumptions are halfiirming) or a negative one (generally, people do not buy
a new car every quarter):

CQ, = f(CQO_,,CO,_,......HRI,)

1 Firmsinvest to adapt their productive capacities to the level of production needed in the future. We can
suppose that they build their expectations on past values.

I =f(Q.Q.. Qi)
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It is interesting to note that the previous formulation could bepglified, eliminating any lag larger than one by the
addition of intermediate variables:

ft(yi,t’yj,t—k) =0

(where y andy; represent variablesndexed bytime t and tk)

is equivalent to

f (Vi1 2;,) =0

Zi; = Y11
2,=2,, (= yj,t-2)

Z 1, =% 5, (5 Vit k1)

2, =251 (FYied)

in which a lag of k periods on a single variable has been replaced by k onelpggazh as many variabl@scluding
new ones)

The same method clearly allows eliminating lagged exogenous variables.

On the investment equation of the example, this would give:

It = f(Qt1QJ1'Q2t’Q3t)

QL =Q.,
Q2 =QL.,
Q3 =Q2.,

But if this method simplifies the theoretical formulation, it has the obvious disadvantage of artificially increasing the
sizeof the model and reducing its readability, without produgiadditional information. Its interest is reserved to
specific studies. For instance, assessing of model dynamics can call for the linearization of the model according to
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present and lagged variables. The above transformation will limit the matrix systéwo elements(with lags 0 and
1), which will make further formal computations easier, and independent from the number of lags.

It also allows us to use a simplified formulation in subsequent presentations:

ft(yt’ yt-llxtla)ut) = 0

21.2.7.4 Particular case: rationaxpectations

It has appeared natural, in previous examples, to consider only negative lags. This will happen if we suppose that the
anticipation of agents relies only on tladservation of the past (and the presetft)

To justify positive lag formulations, it is necessary to suppose:

1 Thatagents have the possibility, by their present decisions, to determine the future values of some variables
(and the associated behavior che formalized).

I Thatagents anticipate perfectly the future (perfect expectations).

1 Thatthe expectation by agents of specific evolutions has for consequence the realization of these evolutions
(selffulfilling expectations).

1 Thatagents build their ex@ctations on the behaviors of the other agetitfor which they knowthe properties
(rational expectations). Basically, this means that they are abkpfdy themodel controlling the economy
(but not necessary know its formulagind the decision proceskefining its assumptions. For instance, they
can forecast the investment program of the Governmetgiending on economic conditioshey know how
firms and households will react, and they know the links between these elements (they are able to take int
account the supphdemand equilibrium).

1 However, they do not necessarily know the unexplained part of the behaviors (which can be associated with
the random term). If knovwonly their distribution, we shall speak of stochastic rational expectati@gews
does not provide this feature at present (only one or the oth&hey also do not have to know the actual
formulas, just be able to compute them

You do not have to believe in rational expectations to apply them. Producing alternate simulationdiffatbnt
assumptions on expectations will improve greatly the insight in one particatattel or on economic mechanisms in
general. We shall present this later using a specific case.

1 This use of proxieis made necessary by the absence of dirmeisurement of anticipations. Exceptionally, they
can be obtaied by surveys, leading to a specific estimation

7 Including the State.
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21.2.7.5 Other case: continuouime models

This aso is a very specific area: some theoretizadels will be formulated as a system of equations where variables
appear as a function of continuous time, and variations (or growth rates) become exact derivatives. One ends up then
with a system of differential equations, which one can be led to integrate.

These models seldom evolve beyond a theoretical stage, if only for lack of statistical information.

But some operational models, describiftg instancethe stock exchange, can recke their periodicityto a daily or even
shortervalue

1.2.8 LINEARITY

We will consider here the linearitelative to variables. The linearity relative to coefficients will appear in the chapter
on estimation.

Thepotential linearity of a model represents a very important property for its anabsiwell as its solutiarBut first
we must define the notion of linearity, which can be more or less strict.

The most restrictive Wibe:

A@t +Bq/t-1+C6(l +b+Ut =0

but one can let matrix elements change with time:

AG, +B G, +C O +h +u, =0

a definition again less restrictive will suppose linearity relative to the sole endogenous variables:

G(x,a)y, +H(X,a)Y., +I(x,a)+u, =0

or evenrelative to the endogenous of the period:

G(yt—l’xt’a) Q’t + H (yt_]_’X“a) +ut = O

Using the multiplier as an example, wen already show that these propertiafectthe computation of derivatives of
model solutionsWe willdetail later the consequencesn convergence properties
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The first property tells thait does not depend on the initial equilibriuror the period consideredultiplying the shock
by a given factor will hava proportionaleffect. It is enough to compute it once to know it once and &di.

In the second case, the multiplier will depend only on the perlrting from different base assumptions will not
change the consequences afiven change.

In the third case, the multiplier will depend also on the exogenous values (and tffecimgs). It has to be recomputed
each time these elements chan@@ have changed in the past except for one period ahead solutibosan be stored

until the next time they do.

The last case is similar to the third one. But convergence wilffbetad (see later).

21.2.8.1 Practical cases of nelinearity

It is obvious enough that a single nbinear equation makes the model ndimear, according to one of the previous
definitions. Reasons for norinearity are multipe; one will find in particular:

1 Expressionmeasured in growth rates (therefore possibly linear relative to the endogenous of the period). For
example the growth rate of wagesin depend orinflation.

1 Expressionformulated aselasticities generally integratednto logarithms). One will suppose for example that
imports and domestic demand show proportional relative variations.

1 Ratiosentering in behavioral equations.
1 Equationsusing elements at current prices, computed as the productgfiantity by a deflato{which shows
the evolution of the price compared to a base yed®r example, the trade balance will be obtained as the
difference between the products of exports and imports at constant prices by their respective deflators.
Sometmes this distinction is purely formal, and an adequate variable change will allow the return to a linear
formulation. However, if we take into account the whole model, replacing by its logarithm a variable computed in

elasticities will onlyransferthe problem if the level appears also in the model.

Thus in our general example, if one uses for the exports equation the formulation:
Log(X) =aog(WD) +b

one can very well introduce variabldsX = Log(X) and LWD = Log(WD), which will make the equation linear:
LX =a@WD +b

But it will be necessary, to introduce exports in the supglgmand equilibrium:
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Q+M =FD+X
to add the non linear equation
X = ExgLX)

Therefore,most economic models presenting a minimum of realism will not be liratr numerical computations will
generally show that even for models including many formal nbnearities, the approximation by a linearized form
around a nodel solution(denoted by an asterigk

(et Sy Ve - i)+ (/180 Ve - Yia)+ (/i ) - %) =0

isacceptableor general purposes.
On the other hand the stability of the derivatives with time is much more questionable.

Let us suppose the formulation for imports is:
Log(M,) =aCuog(FD,) +b

Linearizing it around a particular solutigmoted *), we get
(M, - M;)/M, =a@FD, - FD,)/FD,

Or

(M, - M) =alM, /FD; §FD, - FD,)
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whichwill represent an adequate linear approximation of the connection between M and FD, provided that M and FD
do not move too far away from their base valeThis base value might represent a reference path, from which actual
values differ due to a change in assumptions.

But, if we restrict further the expression to a constant influence (linearity to constanficiesits),

(M, - M,) =a@FD, - FD,)

the approximation can be accepted only if the ratio M / FD does not change too much with time. Thigénetlly
true: the expansion of international trade has led, and still leads, to a sustained growth ahtre of imports in
domestic demangdfor most countriesThe ratio M * / FD * will grow strongly with time, and the last formulation will be
quite inadequate for forecasts.

1.2.9 OTHER PROPERTIES

1.2.9.1 Continuity

We consider here the continuityf the whole set of endogenous variables relative to assumptions (exogeaoables,
parameter3. It is almost never verified formally, but should only be considered within the sstaafptablesolutions
(and assumption

For instance, most models use ratios, which is acceptable if the denominator can never become null (like the
productivity of labor measured as the ratio of production to employment). Or using logarithms to link imports to
demand requireglogically) that those elements are strictly positive. In other words, a fully linear model can produce a
negative GDP, but this does not makeldass operational if this value is associated with absurd assumptions or
coefficients

So even if all modeldew nortcontinuity potential, it should never occur in practide can think of onlyhree cases:

1 The model framework is correct but something is wrong withelesments:the numerical assumptions, the
estimated coefficients.

1 The algorithm used fasolving the model leads to absurd values (more on this later).
1 The behavioral equations are wrongly specified. Asalseshall see laterit can be dangerous to put together
elements withouta previous assessment of the associated mechanisms (for irestasing logarithms as a

natural solution).

It is necessary, however, to distinguish these absurd cases from those where the discontinuity applies to the derivative
of a variable differentiable by pieces, as we are going to see in the following paragraph.

8|n other words, if the terms of the derivative are negligible beyond the first order.
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11.2.9.2 Differentiability

Itis less necessary, but its absence can lead to problems in the system solving phase, as well as in the interpretation of
results.

Separating from the previous criteria is not always straightforwasl,the norderivability of one variable can
correspond to the discontinuity of another: a discontinuous marginal productivity can make the associated production
non-differentiable at points of discontinuity.
Returning to the example, we could formalizeusehold consumption in the following manner:

1 They receive a constant shara- of production Q.

1 Underan income threshold R- they consume a share cO.

1 Onthe supplement they consume a share c1.

The consumption equation will become:
Cq = CO@@t +(cl- c0) C"Dnax(O, (a@t - R )
At the point Q = R/ a, CO is not differentiable (the derivative to the left is c0.a, to the right c1.a). And the seofsitivity

consumption to income is not continuous

This derivative is not purely formd.defines the marginal propensity to consume (consumption associated to a unitary
income increase), which can appear itself in the model, at least as a descriptive element.

At the household level, the evolution of income tax as a function of revenué (afés associated to brackets) would
represent another example, determining disposable household income.

1.2.9.3 Existence of a solution

ltis obviously necessary for the model to have a solution, at least when it is provided with acceptable assifnption
But the potential absence of a solution is present in many formal systems, including tireels. This absence of
solution is generally logically equivalent to the existence of an absurd solution, as one can illustrate on the following
case.

Let useconsider a model with n+1 endogenouariablesX (dimension n) and x (a single varidbWe shall describe it
as f, a vector of formulas (dimension n;ih whichx appears as an argument of a logarithm,

f (%, X,log(x)) =0

9 Refusing to provide a solution for absurd assummgishould rather be considered as a quality.
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If none of the positive values of x ensures the solution of the complete madeds no solution

In other words, taking the argument of the logarithm as a paramater

f(x X,log(a)) =0

and making it vary in R+, solving the associated mod&lamd Xhever will provide a value of x equal to this parameter.

The model has obviously no solution.

But if the model builder has used a formulation in logarithms, he has probably not consld&negl the argument take
negative values. By replacing the logarithm by some other expression giving similar values, we would probably have
obtained a solution. But the variableremainsnegative this solutionwould have been unacceptable.

To illustrde this case, we are going to reduce the usual modelttoree equations version.

Production adapts to demand corrected by imports and exports, the last being exogenous:
1] Q+M =FD+ X
as for demand, one supposes that its relatiegiations are proportional to those of production:
[2] Log(FD)=aQog(Q)+b
And imports are a share of demand
8] M =cdD
Let us suppos¢hat one has obtained by estimation in the past: a = 1.05 andjustified by a levednd growthof
demand generally superior to production, obviously associated to imports gréatergrowing fasterjhan exports.

Now, let us produce a forecast.

The model can be reduced into:
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omEOD=Q/(1- ¢)- X

(from (1) and (3))

o H &FB = Q% @xp(Db)

from (2)

and

wo X&/Q = (1/(1- c)- Q** @xp(b))

Obviously, if Q grow&@s al = 0.05) the negative element will becom®ventuallyhigher that the positive oneyhich
means thatQ can only be negative, which is impossible as it enters in a logarithm in equation (2). The model has no
solution.

Of course, these mathematical observations have an economic countehpaine long run, final demand cannot grow
continuously faster tha production, if imports are a share of demand and exports are fi¥ezsumptions, therefore,
are notconsistentwith the estimated formula.

One will notice that the absence of solution is due here to the implicit adoption of a condition verified natlyeoic
the past, but not guaranteed in general. This will be in practice the most frequent case.

21.2.9.4 Uniqueness of the solution

‘The uniquenessf the solution, for given (and reasonable) values of parameters and assumpsiaisn very important.
Indeed we do not see how one could use a model which leaves the choice between several solutions, except maybe if
this freedom has a precise economic meaning.

In practice most models are highlyonlinearif you look at the equations, but the linear approximation is rather accurate
within the domain of economically acceptable solutiomhis limits the possibility of multipkequilibriums:if the system

was fully linear, and the associated matrixes regutliaere would be indeed a single solutiddowever,as we move

away from this domain, the quaginearity disappearsand we cannot eliminate the possibility of alternatelutions
probably far enough from theeasonable solution to appear quite absuFbrtunately, if we start computations inside

the domain, an efficient algorithm will converge to the acceptable equilibrium, and we will never even know about any
other.

The most significant exception will be that of optimization models, which look foesaf variables giving the best
result for a given objective (for example the set of tax decreases whichprmitluces the highest decrease in
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unemployment, given a certain cost): if several combinations of values give a result equal ir"ublgylak of
determination will not undermine the significance of the solution. The existence of several (or an infinity of) solutions
will represent an economic diagnosis, which will have to be interpreted in economic¥erms

Another caseppearsvhen the formua represents the inversion of another formula giving a constant value, at least on
a certain interval. For example, if over a certain threshold of income households save all of it:

CO = min( f (Q),CO’)

Thenthe income level associated with CO filwepresent the total set of values higher than the threshold.

In the general case, the main danger appears in sensitivity studies: if one wants to measure and interpret the economic
effects of a modification of assumptions, the existence of a uniqfereace simulation is an absolute necessity.

Finally, finding several solutions very close to each other might come from purely numerical problems, due to the
imprecision of the algorithm: any element of the set can then be accepted, if the differeaa#figently low.

1.2.9.5 Convexity (or concavity)

‘The convexityof the system, that is the convexity of the evolution of each endogenous variable with each exogenous
variable and parameter taken individually (or of a linear combinatiotihem), can be requested by some algorithms,
especially in optimization. In practice it is very difficult to establish, and even rarely verified. At any rate, this
characteristic is linked to the definition of variables, and a single change of variablesmake it disappear.

1.2.10CONSTRAINTS THE MODBJST MEET

In addition to its theoretical validity, the model will have to meet a set of more technical constraints.

1.2.10.1Global compatibility

Constraints of compatibilityill bear in practice:

a - on the endogenousetween themselves one cannot let the model compute variables independently if they are
linked by a logical relationship, accounting or theoretical. For example, if the conpuiceenters in the determination

of the wage rate, it also will have to be influenced directly by the (estimated) price of local production. Or the
employment level has to affect household revenue and consumption through a sequence of links.

Accounting lalances must be verified: once household revenue has been computed as a sum of elements, an increase
in consumption must produce the associated decrease in savings.

20 For instance if the model is too simple to differentiate the role of two taxes.

2! provided the algorithmused for solving the model is able to manage this indetermination.
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Maybe the most important issue lies with thesypply = demand identity, which will haveéo enforced both in at
constant and current priceshik can lead either to use one of its elements to balance the equation, or to distribute the
residual over the global set of elements on one side. By formulating total supply and demand as:

0=a 0o
i=1
And
D= a Dj

ey

j:
Onewill use for instance, either

m-1
D,=0-§ D,

=1

Orone will correct the set oflemandvariables by multiplyingach ofthem by the uncorrected ratio O / D.

In most cases the equilibriuat constant pricesvill be enforced automatically. It can be written as:
Localproduction +imports = Local demand + Exports

Oridentifying intermediate consumption:
Local GDP + Intermediate consumption + Imports = Local final dematefmediate consumptior Exports

1 With only one product, intermediate consumption can be discarded, and one will generally use the equation
to compute GDP, controlling that it does not get higher that productive cagécity

22This can be obtaireby a share of imports growing with constraints on local productive capacity.
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1 With several products, we must consider as many igpiiim equations, in which theupply ofintermediate
consumptiongoods sums inputs needed for production of the good, atiee demand forintermediate
consumptiongoodssums theintermediateuses of the goodtself.

Q+a IC,;; +M, =FD, +a IC; ; +X,
J. :

J

If we suppose that returns to scale are constant, the vector of value added by good will come from a matrix
transformation. The constraint on capacity will be achieved in the same way as above (provided a capacity equation can
be obtained).

Definingcijas thequantity of good i needed to produce one unit of good j, we get:
Q+a c;;Q +M; =FD, +a c;Q; +X
j j

Orin matrix terms

Q+C@M+M =FD+'C@ + X
or

Q=(I - C+'C)(FD+ X - M)

Using this framework will automatically enforce the supggmand equilibriunfor all goods.

In practice most of the problem comes from the equilibrium at current prices. If demand prices are computed
individually using behavioral equations, there is no chance the equilibrium will be met. The process described earlier
will in prectice correct the prices. WitB and D as supply and demand elements at constant prices, ps and pd as the
associated deflators, we can compute the global vahges

SV=§1 PSS

i=1

DV = § pd,D,

=1
The first option will compute a specific price
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m-1
pd, =(SV-Q DV,)/D,

=1

and the second
pd, = (SV/& pd,D,)pd,
j=1

where thedpde elements are the independently computed demand prices, andytk€ elements the corrected values.
The correcting factor:
m
r=Svig pd;D,
j=1

can also be written as

r=r(sviq pd,D;)

=1
which with
pd; =rpd,
IAPFSa | asSit 2F SldzrdAz2ya SyadaNAy3d (GKS SldAfANRdzYd | a
demand, one must chedkat it is not too different from one.
The following issues appear:

1 With the first method, which element should be used to balance the system? The choice is between

o Asmall and unimportant variable, to reduce the consequences for model properties; perhaps even a variable
which hasabsolutelyno influence on the rest of the model.

o Avariable withlarge valueto reduce the correcting factor

1 Thesecond method represertan extreme application of the first one, where all variables on one side are
affected in the sam@roportionalway.

Actually none of the solutions dominates clearly, the worst being in our sense the very first, which is the same as
accepting de facto ammbalance, hidden but with potentially damaging consequences. Also, the second could be
associated with a converging economic process, while the first can have no economic interpretation whatsoever.
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In fact, one should concentrate on limiting the siakethe correctionitself. One could represent the problem as
eliminating toxic waste: instead of storing it in a specific locaffadden or not) or spreading itll over the place, the
best solution is clearly treduce its production as much as possible. This m#aatghe initially computed prices should
be designedo givenaturallyclose values tglobalsupply and demand.

b - on exogenous> endogenous connectiongonnections must be formulatesith care. For example, if the social
contributionsrate is defined as an exogenous variable in the model, it has to enter in all computations of contribution
levels. In particular, it cannot coexist with an exogenous representation of contrilsutimmne using an estimated
coefficient.

To avoid this type of error, a systematic study of model properties must be undertaken before any operational
application: in our example, this would mean checking that an increase of the social contribution rateexpeetiéd
effects on State revenues as well as on the accoantsbehavior®f other agents.

Also, the true exogenousoncept should be decided. Concerning contributions, the decision variable is clearly its rate,
while the asociated revenue is influenced by endogenous prices and employment.

c- on the exogenous between theselves one should avoid definingwo variablesas exogenous they arelinked (in
any direction)oy a logical relationship. If possible, one should egetoze one of them by formalizing this connection.

Let us suppose for example that a model for France uses two exogenous measures of the prices established by its foreign
competitors: in foreign currency and in Eur@gth a fixed exchange rateJo takeinto account an increase of foreign
inflation, these two variables will have to be modified simultaneously. This is as best more complex, and can lead to
errors if one is not careful enough, while it can be avoided simply by endogenizing the price imgEtiregproduct of

the price in foreign currency by the (exogenous) exchange rate.

However, establishing such links is not always possible. For instance, in a national model, foreign prices and foreign
production are exogenous, but also clearly influentydeach other. But the nature and importance of the link are
highly variable. For instance, a decrease in foreign production can predutedeflation?® while inflation can reduce

exports and production. To describe them completely one should havedortréo a foreignor world model. An
intermediary solution could be to establish a set of linear multipliers linking these elements, but generally the model
builder himself will take care of the problem by producing a set of consistent assumptions (wlithpsesome help

from specialists of the world economgr from a separate modgl

d - on endogenous>exogenous connectionsthey are obviously proscribed, because contrary to the preceding links
the model builder cannot master them. They will be foundséme models, however, through the presence of the
following exogenous:

1 Elementameasured in constant terms, while they should change with economic activity.
1 Deflators which should depend on other deflators.
1 Elementsneasured in current terms, for both reasons.

23This is the case for the MacSim world model we shall present later.
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If the associated model can possibly produce correct estimates and even forecasts, it runs the risk of showing abnormal
sensitivity propertiesLet us take an example

Let us suppose household incomeigitanposed

1 Ofthe wage revenue, computed as the product of employment by the wage tafe: W
1 of other exogenous revenues

Salaries will be indexed perfectly on prices:

W =WRCPI

One will have therefore:

RHI =WRECPIQT +HIQ

This equation might perform well in forecasts. But if a change in the assumptions makes prices increase, the purchasing
power of total wagesvill remainunchangedput for the complement HIQt will be reduced in the same proportion as
the price rig:

D(HIQ/CPI) = - (DCPI/CPI) BHIQ/CPI)

One can question this assumption. Some elements in@onad S NB O3Sy dzS 06a20A1f o6SYySFAGAS
independent workers revenue) are more or less indexed, and can even be over indexed in the case of ratpnmestss

(the interest rate should increase with inflation). Others, associated to differed payments (dividends, income tax) will

not change immediately. The global sensitivity to prices is not clear, but a null value is obviously not correct.

We will face the same problem with a change in GDP:

D(HIQ/Q) = - (DQ/Q) @QHIQ/Q)

where we cannot suppose that revenue does not change (grow) with economic activity. Some elements do not, or show
a limited sensitivity (pensions) but dividends and the revenuevafers ofsmall firms certainly do.

In conclusion, even when a variable measured at current prices has no theoretical content, it should not be kept
exogenous, especially if it can be supposed to grow at constant prices. It is general better to considgeasexits

ratio to another variable, supposed to follow the same trend (in the absence of idea, one can use plain GDP). The model
equation will compute the variable by applying the exogenous ratio. This is also can be valid for variables at constant
prices (which generally increase with production), to the exception of decision variables identified as such.
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In the case above, one could write:

HI =WREPIAT +CPI@® _hig

in which the introduction of Q links additional revenue to the global growtthefeconomy.

11.2.10.2Homogeneity

If some equations in a model do not meet homogenaitnstraints, this endangers its properties, particularly its
sensitivity to shocksLet us quote some cases:

1 Linearrelationships between values and quantities. The equation:
CO (consumption at constant prices) = a HRI (current income) + b is not only absurd from a theoretical viewpoint, but
will lead in the long ternto a level ofsavings

S=HRI - CPI@adHRI +Db)

that will become clearly negative over a certain price level.
1 Mixing logarithms and levels. Similarly, the equation:
CO=a@og(HRI)+b
(this time the two elements will be measured in quantities) makesr#t® CO / HRI decrease to 0, and therefore the
savings rate to 1, when HRI grows indefinitely.
This last example shows however a limit to the argument: on short periods the equation can present a satisfactory

adjustment, as the consumption to income i@t(propensity to consume, complement to 1 of the savings rate)
decreases effectively with income. It is the speed of the decrease, and itddomgevoltion, that is questioned here.

1.2.10.3Constants with dimension

“The problem isdentical to that of the exogenous with dimensidhinvites a careful study of the theoretical content of
the constant. Furthermore, as most variables grow with time, the influence of the constant will generally decrease or
even disappeain practice We shall address this issue later, on a practical case.

1.2.11NORMALIZATION ANDEBTIFICATION
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Once equations are estimated, the problem of normalizatiemains. We have seen that very often the estimated
formula will not explain a variable, but an expression (logarithm, growth rate, ratio, or a more complex expression). But
some simulation algorithmg A f £ NBljdzSad | Y2RSt | ALISOAFAO FT2N¥3I OF f ¢
variablesappears on the left handide:

Yo = f(Yo Yoo X2 W)
This means the model builder might have, after estimation, to transform the formulation: this operation is called the
normalization of the model.
The advantage is double:

I The application of@ne solution algorithmss made easier. In some cases (Gebsslel), this form is actually
requested.

I This type of formulation allows a better interpretation of the process determining the equilibrium, provided
each equation can be interpreted as a causal relation. If the equation describes a behavior, the economist
should have placed to the left the elemieit is supposed to determine, conditional on the elements on the
right. This is what we can (and will) do naturallyour example. For instance, the equation describing the
choice by households of their consumption level will place naturally the varfabhsumption" to the left.

The vast majority of equations will take naturally an identified form. Sometimes, a simple transformation will be
necessary, however. Perhaps the most frequeanlinearoperator is the logarithm, associated with the integaoatiof
a formula in elasticities.

dx/x = f(...)

represents

Log(x) = fif (....)Qix

In this case, one just needs to replace:

Log(x) = f(....)

by

x=exp(f(....))
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If you useEView$?, the software will do it for you. You can write the equation using the first formtrg@ackagewill
normalize the equation itself, computing x. This is also true if thehlafid element contains several variables, but allows
straightforward normaliation. The most frequent cases are:

A change in logarithmbog(x, /X_,) = f (....)

A growth rate: (X - X_,) /%, = f(....)

Aratio: X /Yy, =f(....)

To choose which variable to computYiewswill take the first variable in the spedifition of the equation. This simple
method will be applied even if the variable has been identified as computed by a previous equation. For instance in our
model, if we introduce the estimation of imports M, then state:

M +Q=FD+ X

EViewswill give an error message, as M appears to be computed twice.

Moreover, when an equation is forecasted individually, one can chose between the computation of the left hand term
and theelementwhich determinesit, for instance M oDlog (M) for our impats equation.

However EViewddoes not solve analyticalbnyequation forthe variable. For instance:

MA(Q+M) = f(...)

will be translated into:

M=Q+M)(....)

introducing a norrecursive process over M.

In any eventpormalizing the general equation

24 Or most packages of the same type.
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f(y,...)=0

is possible by adding on both sides the same variable, which gives:

y=y+ f(y,....)
However the convergenc@ ¥ | Y2 RSt RSFTAYSR Ay (KA& YIYyySNIAa 2F6GSy
fAY{SR (2 @00 Ly dGdKFG OFasSzs 2yS OFy dzaS 6iGKS @It dzS T2

y=y+ad(y,....)
Stronger simplifications are sometimes possible and will be approached with the numerical solution process.
Identification is not alwayeconomicallystraightforward: in our example, when balancing demand and supply, we can
observe that three last variddés (Final demand, Exports and Imports) are going to be determined by their own equation

(the sum of its elements for the first, estimated equations for the others). This means that balancing must be done
through GDP, and we must write the equation as:

Q+M=FD+X

or

Q=(FD- M)+ X

which makes its theoretical content clearer as: production n{astd can)satisfy both exports and theon-imported
part of domestic demand.
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1.2.12CONCLUSION

It must be clear by now that the formal definition of the whole set of equations represents with the estimation of
behavioralequations an iterative and simultaneous process:

1 Behavioral equationstart from an initial theoretical formulation to evolve gradually to their final form by
reconciling this theory witllata andestimation results.

1 Accountingequations have been defined as precisely as pasdgiblthe preliminary phase, to establish a
coherent framework, but they often will have to adapt to the evolution of behavioral equatlogtsus suppose
for example that the first estimationesults suggest exatling from the econometric explanation of exports
their agricultural component, setting it as exogenous new equation and variable will appear, and the
equation for total exports will become an identity.
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CHAPTER 2: MODBRPPLICATION

We shall now give a panorama of applications using models. Comments will be centered on the example of economic
models, and more particularly on the maessonomic ones. But most of the observations can be transposed to the
general case.

For each of these applications, technical details shall be left to the "implementation” part (chapter 7). To understand
these practical aspects of the usemodels, one must firknow aboutthe way they are builtdescribed later in chapter
4 to 8.

2.1 OPERATIONAL DIAGNGSE

The most natural use of a model seems to beeakialuationof the economic futurewhether as its most probable
evolution orasthe consequences of some decisions. Assumptions concerning the future will be injected imtodbk

and its solution will produce the requested diagnosis. Thus one will seek to anticipate the evolution of the main
aggregates of the French economy until the y2@20, taking into account assumptions on the evolution of international
economy.

2.1.1 DIFFEBRNT TYPESF DIAGNOSES: SCENXS AND SHOCKS

Two types of forecasts can be considerscknariosandshocks

1 Inascenarig one is interested in absolute results, and associating to a full set of assumptions a future evolution
of the economic equilibrium. One might seek to obtain

forecasts on the basis of most probable assumptions

forecasts associated to a given ¢iitel LJ NI & Qa LINRINI YO
an evaluation of the scope of potential evolutions

assumptionsallowingto reachspecific economic targets.

O O O o

1 On the contrary, with ashock one starts from a base simulation (often called "reference forecast" or
aGol &St Asniukatiorzon thélfistorical period, and measures the sensitivity of the economic equilibrium
to a change of assumptions. Two economic paths will then be compared (on the past, one of them can be the
historical one).

These shocks can be more or less caxpirom the modification of a singlassumptionto the testing of a new
economic policsp.

These two techniques, scenarios and shocks, before the production obengitional policy diagnosis, will play an
important role in the model validatioprocess.

25 However, this new policghould stay within the economic framework of the original model.
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2.1.2 ADVANTAGES OF MODELS

Now that we have described theharacteristicoof models and their basic use, we shall discuss the advantages they
bring (and theirfailingstoo).

Relative tathe diagnosis provided by a human expert, advantages common to all models will:
1 Guaranteehe accounting coherence of the resulting equilibrium.
9 Takeinto account a practically unlimited number of interdependérftuences
1 Providean expliciformalization of behaviors, allowing an external user to interpret them.
1 Produceanexact and instantaneous computation of associated formulas.
1 Adaptimmediatdy the full system to a local change of theoretical formulation.
but also
1 Allowthe stability of reasoningfor human users on unchanged model.
1 Providethe possibility of formal comparisons with other models.

This forecasting ambition was already the basis for the construction of the first models. But this type of use has benefited
(sincethe 1970s) from some evolutions:

1 The progress of economic theory, allowing the formalization of more sophisticated mechanisms, better
adapted to the observed reality.

1 Theprogress of econometrics, giving access to the statistical method that will prathecenost reliable
formulation associated with a given problem, and to test more complex assumptions.

1 Theimprovementof numericalalgorithms both for computation speed, angblving more complex systems.

1 Thesimultaneousmprovement ofcomputation hardwareallowing to process problemaf growing size, by
increasingly complex methods.

1 Theprogress of modelling science, in producing models better adapted to the original problem, facilitating the
production of assumptions, and reducing the cost of reaching acceptable solutions.

1 Theproduction of computer software specialized in model buitgiincreasingly efficientiserfriendly, and
connected with other packages
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1 Theimprovement of the reliability of data, and the growth of the available sample, regarding both the scope
of series and the number of observations (years and periogfgity

1 The easier communication between modellers, through direct contact and forums, allowing to communicate
ideas, programs and methods, and to get the solution to small and large problems already addressed by others.

2.1.3 A CERTAIN REASSEGSIN

Howeverthe use of models has engendered criticism from the start, using often the tebtask box», describing the
difficulty in controlling and understanding a set of mechanisms often individually simple but globally very complex.

In recentdecaderiticism has moured, to the point of calling for a global rejection of traditiodati & (i NHribdetizNI t ¢ 0
Surprisingly, critics often find thergumentsin the above improvements. One can find:

A utilitarian critique: models have proven unable to correctly anticipate thture. If this observatiohas appeared (in

the beginning othe eighties) it is obviously not because the quality of models has declined. But information on model
performance is more accessible (some systematic studies have been produced), andttraifinsfollowingthe first

oil shockhave made forecasting more difficult. In periods of sustained and regular growth, extrapolating a tendency is
very easy for experts as well as for modélRaradoxically, the emergence of this criticism has followather than
preceded, the increasingly direct intervention of model builders and their partndg@castingresults.

An econometric critique modern techniques require a quantity and a quality of observations that available samples
have not followed A gap has opened between estimatiorethods judgedy econometrics theoreticianas the only
ones acceptableand methods really applicable to a mdtfe

A theoretical critique the development of economic theory often leadsdaphisticatedformulations that available
information have difficulty tovalidate. And in any event many areas present several alternate theories, between which
any choice runs the risk of being criticized by a majority of economists. Thus in the monetgrg@ng beyond a basic
framework leads to rely on information unavailable in practmeon formulations too complex to be estimated.

A mixed critique users of models are no longer passive clients. They criticize formulations, as to their estimated
specification, or their numerical properties. This evolution is paradoxically favored by the improvement of the logical
interpretation of economic mechanisms, itself fathered essentiallyebgnomic knowledge (even the economic
magazine articles use implicitacroeconomic relations) armdodelling practice (the population of clients includes more

26 However, the sizef samples does not necessarily grow with time. In a system of national accounts, the base year
has to be changed from time to time, and the old detaot necessarily converted.

270ne could argue that recent years have presentedgular degradation of the activity. But apart from the fact that
this observation is disputable, forecasters have often the temptation to anticipate an exit from a crisis, leading to a
forecasting bias.

28 Actually, the sample size required by present teighies (50 or better 100 observations) limits the possibility of
estimating equations using deflators or variables at constant prices. Even using quarterly data, separating values into
prices and volumes is quite questionable 15 years from the base period.
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and more previous model builders at least followers of courses on modelljn@ne could say that model users ask
the tool to go beyond their own spontaneous diagn® and they want this additional information to be justified.

It is clear that these criticisms grow in relevance as the goal grows in ambition. Forecasts are more vulnerable than
simple indicative projectionsyhich seeko cover the field of the possie evolutions. As for policy shock studies, they
are not prone to errors othe baselineassumptions, if we discount ndimearities®.

This relevancy also will depend on credit granted to results. One can use figures as such, or be content with orders of
magnitude, or even simply seek to better understand global economic mechanisms by locating the most influential
interactions(possibly involving complex causal chaifhs)our sense, it is in this last aspect that thleeof models is the

most fruitful and the least disputabfé.

2.2 THEORETICAL MODELS

Contrary to previous models, theoretiaalbdels may be built for the single purpose of formalizing an economic theory.

It may be sufficient to write their equations, associating to a theoretical behavior a coherent and complete system.
Reproducing the observed reality is not the main goal of¢heodels, and it is not mandatory to estimate parameters:
one can choose an arbitrary value, often dictated by the theory itself. In fact, this estimation will often be technically
impossible, when some of the variables used are not observed statist{tfadlygoals or expectations of agents for
example).

However, even based on an artificial series and arbitrary parameters, the numerical simulation of these models can be

interesting. Actually, the formulas are often so complex that solving the model ricatigrwill be necessary to observe
its solutions as well as properties (such as the sensitivity of solutions to assumptions and to coefficients).

2.3 QUANTIFIED SMALL M&DS

| 2.3.1 WITH SCIENTIFRURPOSE

These models represit an intermediate case. One seeks a realistic representation of the economy, adapted to
observed reality, but sufficiently simple to accept the application of complex anatgdieds (and the interpretation

of their results). In adtion to scientificresearch, this study can be done to measure and to analyze properties of an
operational model on a simplified representation (in the eighties MiniDMS, then MicroDMS have been used to
characterizehe Dynamic Multi Sectorial model of INSEE).

There are two categories of methods:

2With a lineamodel, the consequence of a shodepends only on its sizeot on the simulation it starts from.

300One example is the impact of a decrease in local tariffs. Ex ante it increases imports (a negative demand shock). Ex
post it decreases local factor costs (with cheaper investment and cheaper labor, indexed on a lower consumption
price). This leads to motecal capacity and competitiveness, both on the local scene (limiting the imports increase),
and the foreign one. In most models, GDP decreases then grows.

The full interpretation of such a shock provides a lot of information, even if one remains abthguantitative level.
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1 ¢Externaf methods will use model simulations to observe its quantitative properties,iafed a descriptive
comment, both statistical and economic

1 dinternak methods seek to explain properties of the model by its structural characteristics, using mathematical
tools. Thisdoesnot necessarily call for actual simulations.

2.3.2 WITH AN EDUCATIONRURPOSE

Although often of the sam type as the ones above, these models try to present economic mechanisms as complete as
possible, based on real data, under an interpretable and concise form. If necessary, one will favor the message contained
in the presentation over the respect of ststical criteria.

This is the case of the MacSim package, allowing students to interpret international mechanisms and interactions.
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CHAPTER 3: MODELPES

We shall nowtry to establish a classification of models, focusing on the link betweerytBeR St Qa OKIF NI OG SN
the goal for which it has been built.

3.1 THE FIELD

The field described by a model is characterized by the variables it computes, but also by assumptions it takes into
account.

In the economic model subset, vean consider:

1 Ageographical field: national models, multinational models, world models. These last can be built in two ways:
by putting together preexisting national models, with potentially quite different structures, or by building
simultaneously coumy models of identical structure, possibly with a single team of modellers. We shall deal
with this later.

1 A theoretical field: the theory used for the formalization of the model may or may not approach specific
economic aspects. A Keynesian model mighit the treatmentof monetaryaspects A short-term model will
not formalize demographic evolutions.

1 Afield of units: a model might present only variables at constant prices, or physical qudik#ibarrels of oil
or number of pigs

1 Afield of agets: a model will describe the behavior of a single agent: households, the State, firms.

1 Afield of goods: a model might consider only the production and the consumption of one good, for example
energy. An energy model can use physical units.

There are ther types of fields. However, the distinction is not always easy: some models will describe summarily a
global field, except for a certain aspect on which it will concentrate. An energy model, to take into account interactions
with the rest of the economywill have to model it also, but not in the same detail. And it can mix physical units (barrels
of oil or gigawatts) with national accounts elements.

On the other hand, it always will be possible, and made easier by some modelling packages, to chaalig t@c
restrict) at the time of simulation the scope of the model. The distinction is then no Igagaeranent a multinational
model can be used to simulagecomplete evolution of the world economy, but its user can also restrict calculations to
the evolution of a group of countries or even a single one, the other elements being @ectan simulate a model of
the real economy with or without additional monetary featureé®r a model usingrormally rational expectation
elements can drop them to become purely backward looking.
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3.2 THE SIZE

The history of modelling shows that for a long period new models generally have seen their size grow, for the reasons
cited earlier: the progres®f modelbuilding techniques, the increased availability of data, the faster computer
computations. Additionally, for any given model, size increases regularly in the course of its existence, as new team
members want to add their contribution.

However the last decades have seen a trend favoring a return to models of limited size. Productivity improvements,

requested from teams of model builders, are less and less compatible with the utilization of a large model. Despite the
progress of modebuilding techniques, the desire to reduce costs and delays conflicts with the size, especially (but not

only) regarding human operations: elaboration of assumptions and interpretafioesults.

Also, the use of a very detailed model can makgividual estimations and specifications look too expensive. The
attractiveness of a calibrated and gemellar CGE model will increase.

Finally the desire to reply to critics comparing models to "black boxes" leads model builders to look for more explicit
and manageable instruments.

3.2.1 DETERMINANTS OF THEE

Determinants of the size of the model will be:
1 Thesize of the fieldcovered (see above).
I The degree of aggregatiorvhich can be

o verticat number of operations taken into account (for example one can distinguish several types of subsidies,
or social benefits),

o or horizontal number of agents listed; one can distinguish more or less sectors of, foamtypes of
households.

The degree of aggregation will not be inevitably uniform: an energy model will use a particularly fine detail for energy
products.

In fact the same model can appear under several versions of different size, depending especithié degree of
aggregation. Each version has then its proper area of utilization: detailed forecasts, quick simulations, mathematical
analysisand educationalises.

Thus at the end of the 1980s, the 3000 equation D.M.S modebfbigs Multi Sectorial) used by INSEE for its medium
term forecasts had two companion versions of reduced size: MdWS (200 equations), used for somperational
projections and analysishich did not require detailed productand Micro- DMS (45 equabns), with an essentially

educational purpose.

This distinctiorhas lost most oits validity, however, following the reduction of the size of operational models.
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3.2.2 A CLASSIFICATION

We propose the following classification, necessarily subjective:
1 Smallmodels: 1 to 50 equations

Examples: Kleioldberger, Micre DMS (INSEE), D.M.M. (CEPREMAP), FAIR model.
1 Average models: 150 to 400 equations

Examples: MULTIMOD (IMF), TESTUS (Federal Reserve Board), AMADEUS (INSEE), HERMES (Ecole Qentrale de Pec
MESANGE (INSEE and French Ministry of Finance), MZE (INSEE and French Ministry of Finance)

1 Large models: 800 to 2000 equations

Example: TESTMCM (Federal Reserve Board), METRIC (Direction de la Prévision), MOSAIQMERISFOEBank of
France), MUTIMOD (IMF)

1 Very large models: more than 4000 equations.

Example: NIGEM (NIESRNTERLINK (OECD), the LINK model (United Nations + University of Toronto + partners),
MacSimMIMOSA (CEPDOFCE). Today this last category should apply only to intematimodelling.

Gaps have been left for intermediary cases.
In addition, a number of models built by the author in the course of economic cooperation are listed in the study on
algorithm efficiency, presented later. Current projects include Chinanafiet Algeriaand Morocco Past projects have

concerned Poland, Slovakia, the Czech Republic, Lithuania, Ukraine, Tunisia, the Andean Community, Argentina,
Kazakhstapand Tajikistan

3.3 THE HORIZON

3.3.1 FOR FORECASTING

If a model is designed fdorecasting, its horizon will be defined at the construction of the model. It will be strongly
linked to its general philosophy and to the set of mechanisms it implements. Adamgmodel will be little interested

in circumstantial phenomena (such as tlags in the adjustment of wages to prices), while a st@ntn one will not
take into account the longest trends (such as the influence of the economic situation on demography).

31 One shall notice that we can useveral words to characterize these exercises: forecasts, projections, scenarios
simulations It all depends on the purpose for which the tesissmade, and perhaps the trust allowed to the results.
We favor the last termwhich unfortunately has to be completed intosinulation over future periods.
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These differences seems to discatdborainga model that can be usddr both short- and longterm projections. But
we shall see that strong reasons, in particular economeliawe madethis optionappear as thanost natural in the
present situationWe will develoghem when we address periodicity, in paragraph 3.4.

In any case, one can find a certain asymmetry in the relevance of this observation-tédonguodels can neglect
intermediate periods if theglo notshow significant fluctuationsimulation of the periods beyonithe operational
horizoncan evidence futre problems, already present but not visible in the short term

3.3.2 FOR MODEL ANALYSIS

Here, the horizordepends on the type of analysis one wants to produce. Often, to analyze a model built with a given
forecasting horizonsimulation over a longer period must be obtaindtlzen more than for forecastspalytic shocks

will show and explain anomalies that were not apparent in the normal projection period, but had already a significantly
harmful influence. We shidtress these issues later.

73.3.3 A CLASSIFICATION

One could use the following classification:
1 Shortterm models: 1 quarter to 2 years.
1 Mediumterm models: 4 to 7 years.
1 Longterm models: 10 years and more.

Obviously, fo a dynamicsimulation, the full path, including intermediate values, is of interest.

3.4 THE PERIODICITY

The periodicity of a model is linked to the mechanisms it seeks to study and therefore to its horizon

Shortterm models demand a short periodicity to take into account circumstantial phenomena: delays of the wage
indexation on prices, progressive adjustment of the consumption level to an increase of income.

Longterm models can use a sparser pdigity, less for theoretical reasons (loterm behavior can be described by a
short-periodicity model), than for technical onahis choicewill reduce constraints on the availability of serieilitate
the production of assumptions, and limit simditat costs.

However, we shall see that these of dmoderré econometricsmethodscalls for a shorperiodicity, for all kinds of
models as soon as estimations are considered.

This means thathe main determinant of model periodicity comes from the data. Countries which produce quarterly
national accounts use quarterly models, which allow them to apply modern techniques with some comfort, and produce
both short and long term studies. When omgarly accounts are available, the techniques become more simplistic, and
true short term applications are not possible. Unfortunately, this applies most often to countries with a short history of
statistics, making the problette harder
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3.5 OTHER MODELS

We have essentially concentrated on the magroonomic model case. One can also find:
1 Micro-economicmodels: describing the behavior of firms, of households.

These models will sometimes be more theoreticzdlling for optimizabn computations (cost minimization) or to
elements of strategygametheory). They will often be estimated on survey data.

1 Noneconomicmodels: they can apply to biology, physics, chemistry, astronomy, meteorology, ecology,
process control, and so on.and be used for evaluating the consequences of the building of a dam, controlling
the functioning of a manufacturing process, looking for the best organization of a project, describing a
biological process. These models will often be conceived not asnaliaed equation system, but as the
maximization of a criterion under some constraints, or as a system of propositions connected by logical
operators.
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CHAPTER 4: GENERAIEEENTS

This part of the book describes the process of development, utilizatidrupdate of a model, taking special interest in
technical aspects and particularly computaiented features. Applications tBViewswill be presented in detail, but
most of the teachings can be applied to othggickagesincluding those which are not desated to econometric
structural modelling.

First, let us give a quick description of the organizatibthe model building process.

4.1 THE STAGES IN THEORESS

4.1.1 PREPARING THE MODEL

The first step in the building of any model is producing a draft wlingdures some compatibility between available data
(wherever it might come from) and the type of model its builder has in mgual(scope, nature of the variables,
underlying theory).

Knowing the scope of available dathe economiswill define a modéframework for which values can be attributed

to all variables, eitheusing availablelementsor by computation. This means that a first decision has to be made as to
the field described by the model, the variables used as assumptions, and the vaiiablad compute. Moreover he

must divide the equations into identities, which set indisputable links between variables, and equations describing the
behavior of agents, for which the final formulatierill be basedn past evolutions othe associated &ments.

The first task will be to gather, by reading from files and transforming the data, the full set of variables needed by the
model, to define the form of the identitieand give a first assessment of the behaviors he intends to desttéshall

check for which periods the necessary data is known, and that on these periods identities holfl saree elements

are not available, he will use the best proxies he can get. And if this also fails, he will use his imagination.

Hecan also rake a first economic analysis of the framework implied by model specificdtjozetly helpedby EViews)

4.1.2 ESTIMATION

The second phase will look for a satisfying description of the behavior of agents, by checking economic theory against
available data.The modeller shall define alternate formulations with unknown parameters, compute for each
formulation the values which give the best explanation of past evolutions, and hiskelection, using as criteria both
statistical tests and compliance to economiebry. This process carall for the introduction ofnew variables, or
changes irsome definitions, whiclwill mean reformulating some identities.

4.1.3 SOLVING AND TESTINGER THE PAST.

Once the full model is definedne can try to solve it.

1 Oneshall firstcheck for consistency thset of equations, data and parameters, applyingeachformula
separately on the sample period. If the estimation residirage been introduceds additional elements, the
process should give the historical values in all cases.
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1 Oneshall then simulate the full model on the same periseiting (temporarily) theesidualsto zera This will
show if taking into account current and lagged interactions does not amplify too much the estimation errors.

1 Finally the reactions of the @dibrium to a change in assumptianfer instance the exogenous component of
demand, will be measuredhe resultswill be comparedvith the teachings of economic theory, and what
known of values given by other models. However, one should not spentifaohere, as simulations over the
future will provide a much better context.

Discovering discrepancies can lead to chanigesome elements of the model, including the set of its variablédss
means going back to step 1 or 2.

4.1.4 SOLVING AND TESTINGERTHE FUTURE

Once the model has passed all tests on the past, further tegtde conductedunder conditions more representative

of its actual use: on the future. For this valwedl have to be establishefibr future assumptions. Again, the sensitivity

of the model to shockwill be studied this time with a longer and smoother base. As to the reliability of baseline results,
one shall rely this time on stochastic simulations.

74.1.5 USING THE MODEL FEBRECASTS AND POISTUDIES

Finally, the model will be emidered as fit for economic studies: forecasts and economic policy analysis.

We shall suppose we are using a dedicated package like EViews (even if some people stiirmagted spreadsheet).

4.2 HOW TO ORGANIZE THEVELOPMENT OF THEDMEL

Let us nowconsider the organization of the model production task.
To create a model, twextremetypes of organizatioan be considered:
1 Methodical option:
The model builder
o0 Specifiescompletely a coherent model (inading accounting equations), precisely separating assumptions
from results.
0 Looksfor the necessary series.
Estimatesbehavioral equations.
o0 Usesthe consequent model.
Applying such a framework is obviously illusory, as many backtrackings will be nedegsacyice:
o Some series will show up as unavailable, and it will be necessary to replace them or to eliminate them from

formulations. Thus, in the absence of seriesifierests paid by firmsne will have to be content witprofits
before interests.
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Some estimations will give unsatisfactory results: it will be necessary to change formulations, to use additional
or alternate series. Thus, a formulation in levels might have to be replaced by a formulation in logarithms
(constant elasticities), or in gngh rates. Or one will be led to explain the average monthly wage instead of
the hourly wage and to introduce in this last explanation the evolution of the minimal wager an oil
producing country, it will appeanecessaryto identify oil (and noroil products) in both production and
exportss?

New ideas will appear during estimatioRor example, a recent article ¢ime role of Foreign Direct Investment
might lead to test an original formulation.

Formal errors are going to be identifie Thus, an element (a type of pension) might have been forgotten from
K2dzaSK2ft RaQ AyO2YSo

Some variables defined as assumptions are going to appear sufficiently influenced by results to see their status
modified.

Improvisation

To the contraryamodel builder can

o O O O

establish general options for the model structure and theoretical framework,

produce some formulations independent from each other,

estimatethem by accessing to separate series,

Andgradually connect selected elemis by completing the model with linking identities and the data set with
the necessary exogenous variables.

This framework will be even less effective, if only because the number of single operations on equations and series will
present a prohibitive cdsFurthermore enforcingthe accounting and theoretical coherence of the model cqriove
difficult, and the modelling process might never converge at all to a satisfying version.

The optimal solution is of course intermediate:

Define as precisely asopsible the fieldand theclassificatiorof the model.
Define its general theoretical options and its goal.

Obtain, create and store the total set of presumably useful series.

Establish domains to estimatapecify associated variables and set formal connections, especially accounting
ones.

Undertake estimations

And go throughchangeghopefully limited) until an acceptable form is obtained.

32 Actually, his should have been evident from the start.
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It is clear that this type of organizatias all the more easy to implement if:

1 Thesizeof the model is small: it is possible to memorize thtal setof variable names for a thirty equations
model, but for a large model a formal documentatiaiil be necessaryproduced from the start and updated
regularly.

1 Thenumber of concerned persons is small (the distinction comes essentially between one and several): for a
team project, the role of each participant and his areaasfponsibility have to be clearly defined. Especially,
physical changes (on bottata andmodel specificationy shouldbe the responsibility of one individual, who
will centralize requests and apply them. And modifications must be clearly announced anmieited.

Individual modifications of the model can be allowed, however, provided a base version is preserved. Thus several
members of a team of model builders can test, one a new production function, another an extended description of the
financial sectorBut even in this case updates will often interfere, at the time modifications generated in sepsstte
versions are applied to the base one. For instaaceew definition of thecosts of wages and investment, which define

the optimal shares of laband capitalin the production functionwill influence the target in the price equation
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CHAPTER 5: PREPARIINE MODEL

We shall now start with the first (and probably most important fagkeparing the production of the model.

One might be tempting tstart model production as soon as possible. But it is extremely important to spend enough
time at the start evaluating the options amthoosinga strategy.Realizingnuch later that he has chosen the wrong
options, the modeller is faced by two badlutions: continuing aprocess leadintp a subpar model, or backtracking

to the point wherethe choice was made

This can concern

1 Theorganization of tasks, like producing at first single country models, for a wuttellingproject.
1 Economidssues, like choosing the complexity of the production function, or the decomposition of products.
1 Technicabnes, like the number of letters identifying the country in a world model series names.

5.1 PREPARING THE MODEHE FRAMEWORK

At the start of the mdel building process, the modeler (or the team) has at least:

1 General ideas about the logic of the modielwants to build.
1 Information about the set of available data.

Actually, things can be more advanced:

1 The data can be directly available, almostajs as a computer file, but not necessarily in the format needed
by the modelling package.

1 Equations may have already been established, either as formulas or even estimated items, if the modeling is
the continuation of an econometric study.

In any casethe first stage in the process should lead to:

1 Afully defined set of equations, except for the actual estimated formulas.
1 The corresponding set of data.

Obviously, these two tasks are linked, as equations are established on the basis of availabndldtee data is
produced to fit the model equations. This means that they are normally processed in parallel. However, it is quite
possible:

1 To produce most of the data before the equations are defined. Some concepts (the suppmand
equilibrium atconstant and current prices, employment, the interest rates) will certainly appear in the model.
But some modekpecific variables will have to wait.

1 To produce the model specification before any data is available. Of course, writing an identity, ray siati
equation to be estimated, does not require data. It is only the application (checking the identity is consistent,
or estimating the equation) which does. But one mustrbasonablysure that the data will be available, or
that there will be a reasaable technique to estimate it.
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One can even produce a first version of the program transforming into model concepts the original data, once these
concepts are completely defined, but before any data is technically available (just their definition).

One @an compare the situation with the building of a house: one can draw the plans béferequipmentis bought,
but its eventual availability (at the right time) must be certain. And the goods can be bought before the plans are
completely drawn (but the chare of having to use them must be reasonatilyh)=3.

These options are not optimal in the general case, but they can help to gain Mos. modellingprojects have a
deadline, andnce the work force is available, the tasks should be processed as spossille, if one wants to have
the best chance of meetinig.

One can question the feasibility of producing a full set of equations before any estimation. What we propose is to
NBLIX I OS (GKS FdzidzNBE TF2NXNdzt I (A 2y & nhotle variableé B dxplabddiiah@the 2 F
elements which will explain iEa each equation, théormat should be as close as possible to:

Variable =f(list of variables)

The advantages of defining a full model are numerous:

The modeller will be able toheck by sight the logiaf his model.
The text can bgivento other economists for advice.

The full list of requested variables can be established, allowing to produce a complete transfer program.
Processing the equations through EViews will give irstiatg advice on several elements:

= =4 =4 =4

0 The equations:

*  The grammatical acceptability of equatiomgll be checked for instance the number of left and right
parenthesizes.
*  Also thefact that each endogenous variable is computed only once.

0 The variables.

*  Themostimportantinformation will come from the listf exogenousone might findelementswhich should
have beerdetermined by the model, according to Itsic In general this will mean one has forgotten to state
the associated equatiorAlso,some elemeats might appear, whickshouldnot belong to the model. Normally
this corresponds to typing errors.

o0 The block structure:

It decomposes the set ofjgations into a sequence of blocks, either recursive (each variablendispnly on preceding
elements) oisimutaneous (some variables are used before they are computedie isgoingto succeed in estimating
equationswhich followthe same logic as intended in the preliminary version, the block structure described sticitpés
will be alreadyfully repreentative of the future one. One can detect:

33 Asthere is a cost to the goodBor free or quasiree data, the chance can be lowered.
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Abnormal simultaneities: a causal loop might appear, which is not supported by economic theory behind the
model.

Abnormal recursie links a block of equations containing a theoretical loop (the wage price theg{eynesian
ONRPaao OFyYy [LIISIFENI Fa NBOdZNEAGS® ¢KA& OFy 02YS TNRY

In any case, observing the causal structure of the model will give some preliminary information about its general logic,
and its potential properties.

5.2 PREPARING THE MODBEPECIFIC DATA ISSUES

Let us detail the process.

75.2.1 TYPES OF DATA

In the case of a national macroeconomic model, the needed data can be:
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National Accounts elements: operations on goods and services, transfers beageats, measured in value,
at constant prices, or at the prices of the previous year. The producer will generally be the national statistical
office. For France it would be INSEE (the National Institute for Statistics and Economic Studies).

Thecorresponding deflators.

Their foreign equivalents, using the accounting system and the corresponding base year of the particular
country, or rather a synthesis produced by an international organism (OECD, International Monetary Fund,
EuroStat....).

Variables in a greater detail, possibly measured in physjgahtities (oil barrels, tons afce). They can come

from a public or private agency, or from the producers themselves. In France energy elements would come

from the Observatoy of Energy.

Monetary and financial data, coming mostly from the local National Bank (in France the Bank ofdfitiece
European Central Bank..), from an international bankEBRDADB, or from the International Monetary Fund.

Data on employment punemployment. One can get detailed labor statistics (by age, qualification.) fexn
the US Bureau of Labor or the French Ministére du Travail.

Demographic data: population, population in age of working, age classes (INSEE in France).

Survey data: growth and investment prospects according to firm managgn@ductive capacityJiving
conditions of households (coming from public or private institutes).

Qualitative elements: the fact of belonging to a specific set, meeting a specific constraint.

Micro economic models will generally use survey data (households, firms) with sometimes dirtigresion
(panels, cohorts) and possibly include some of the above elements as global indicators.



As the area of application of modelsuislimited, the field of potentially relevant data is also. A model on the economy
of transportation would include technical data on the railway system and on distances between cities, an agricultural
model meteorological data and information on varietidsspecies.

5.2.2 THE ACCES® DATA

The medium through which data can be obtained will play an important role. Accessing the necessary data takes into
account several features:

9 the mode of transmission
M the formatused
9 the institutional aspects

We shall treat them in turn, then present the most usual cases.

25.2.2.1 The mode of transmission

Several options are available for transferring the data to the model.

5.2.2.1.1 Physical transmission

Data can be obtained from a physical suppeither commercially produced or created for the purpose. This can be
either a CD or DVROM or another rewritable media such as an USB key, or a memory card. For instance, INSEE
provides CEROMSs containing the full National Accounts.

5.2.2.1.2 E-mail transmission

Files can be transferred from a user to another byail, as an attachment to a message.

5.2.2.1.3 Internet transmission

Files can be downloaded from a website, commercial or not. The INSEEsitensee.frallows the access ta set of
national account series, in Excel or HTML formats.

Most of the time, these files are available in Excel format, the most frequently used for data treatment, and one for
which every package on the market provides a simple interface.

5.2.2.1.4 Other media

Inless and less frequent cases, some data will not be availablagnetic formseries will be found in printed or faxed
documents, or obtained directly from other experts, or fixed by the user (who then plays the role of expert). This data
will havegenaally to be entered by hand, although a direct interpretation by the computer through optical character
recognition (OCR) is quite operational (but this technique needs documents of good quality).

In this case it is essential not to enter figures direicttp the model file, but to create a preliminary file (such as an Excel

sheet or even and ASCII file) from which the information will be read. This separates the modelling process from the
LINE RAZOGAZ2Y 2F Ga2FFAOALIE & AYTF2NNIGAZ2Y D
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25.2.2.2 Change of format

As indiated above, the original data forma&generallydifferent from the one used by the modélilding software

In the worst cases, transfer from one software program to another will call for the creation of amadete file in a
given format, which the moddjuilding software can interpret. The Excel format is the most natural intermediary, as it
is read and produced by all packages. In that case, it is not necessary to own a copy of the package to use its forma

In the very worst cases, it is always possible to ask the first program to produce a character file (in the ASCII standard)
which can, with minimal editing, be interpreted by the second program as the sequence of statements allowing the
creation of thetransferred series, including data and definitiéhs

However, the situation has improved in the last years, as more and more packages provide a direct access to the formats
used by the most common software. For instare¥jewswill create a workfile audmatically from a list of 12 formats

Accessmdb

Aremos.tds

Dbasedbf

Excelxls

Gaussdat

Givewinim7

HTML.htm, .html

Lotus 123wks, .wk1, .wk3
MicroTSPwf

34 For instance, the sequence:

use 1970 to 2007

read x

----- values ----

end

can be translated easily by a word processor into
smpl 1970 2007

series X
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ODBCdsn, .dqy

Rats.rat, .trl

SASvarious)

SPSSav, .por

Stata.dta

Text.txt, .csy, .prn, .datX ®
TSPtsp

25.2.2.3 Institutional issues

Of course, one must also consider the relationship between the data producing and modelling institutions. The most
technically complex transfers do not necessarily occur between separate institutions. A coadraentract might give

the modelling institution direcaccesgthrough a modem or the access to a global networkipformationmanaged by

a data producing firm, under the same softwdoemat, while a large institution might still useBDROMsas a medium
between separate units.

However, one must also consider the cost of establishing contracts, including perhaps some bartering between data
producing andstudyproducing institutions.

25.2.2.4 How to cope with several sources

Asa general principle, one should favor using a single source. But this is not always possible. In that case, one should
define a primary source, and take from the alternate ones the only additeerés. Thenain problems might come
from:

1 Deflators and values at constant prices using a different base year.
1 Financialnd labordata bases sharing elements with national accounts.
9 Variables measured in physical units (tons, square meters) havingctheiterparts in values.

In all these cases, the priority is the consistency of model equations, based on the data from the primary source.
Additional elements must be adjusted to provide this consistency. This applies in particular to the balanckbsfiequi
equations (supply = demand), or sums (total demand= sum of its components).

5.2.3 PREPARING THE DADRFTHE TRANSFER

Let us now define the best organization for transferring data from the original source to the package (we shall use
EViews as an example

We have to guarantee several things:

i The original data must remain available
i It mustbe updated easily.
i Transfer must be as easy as possible.

To achieve these goal$id best organization should be:

i Copying the original file under another name.
i In the ile, creatng a new page.
1 Copyngthe original series into this page, usiagD2 LI8 A GK f Ay ] é
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We shall suppose the original data is organized as a matrix (or a set of matrixes) with series either ircbhearts
If not, an additional intermediary phasan be neede#.

i Insert a line okeries mmes above the first period datar a column left of the first column).
It does not matter if the matrix does not start in cell B2. Just insert as asked.

i Read it in EViews using the extended matrix (using imgocopy).

This guaranteethat:

1 The original data is not modified.
i Updates areeasy:just copy the new page into the original one (and drag cells in the second page if new
observations have appeared).

Theonly change in th&Viewdransfer programgoncernghe sample period

5.2.4 THE PRELIMINARROCESSIN®F SERIES

Very often the nature of available series is not really adapted to the needs of the model. A preliminary processing is
then ne@ssary. This can apply to several features.

25.2.4.1 Time transformations

Most of the time the series the model builder will accésse the right periodicityIndividual exceptions can occur.
New series will have to be cqmated (inside the modelling package).

The change can be undertaken in two directions: aggregatidgdisaggregating

5.2.4.1.1 Aggregation

The easiest case happens if the available periodicity is too short. The natthie wériable will lead naturally to a
method of aggregationgiving the exact value of the series:

If we note Xthe aggregated variable in t, andixhe variable of the sub period i in t, we can consider the following
techniques:

1 Sum for a flow (such as the production of a branch).

Xi=a x,

i=1

1 Average for a level (such as unemployment in a given period).

35 For instance, quarterly data can appear in yearly lines of four columns.
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X, =1/nQ X,

i=1

1 First or last value, for a level at a given date (for example the capital on the first day of a year will come from
the first day of the first quarter). This will apply to stockiables.

Xi =X
or
Xi =X

5.2.4.1.2 Disaggregation

Whenmoving to a shorter periodicifythe computation will need an approximation. One can consider:

9 Dividingthe total value by the number of syberiods (for a flow).

X, =lUnX,

9 Distributingon each sukperiod the total evolution observed on the period (for a level).

Xy =Xy +in @X, -X,,)

1 computing the series that associates global observed evolution with constant growth rate {pesad, for
example with:

Xt,i /X t-1,n = (Xt / X t—l)i/n

9 Filtering the series over the period, so that the transformed series is a moving average of the original one.
However, one must be aware that the two last methods do not guarantee that the sum of disaggregated values equals

the global oneMost packagegincludingEView$ can achieve this constraint if requestéda SS G KS ! aSNRa al
available options)
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5.2.4.1.3 Smoothing

Smoothing represents a particular case: preserving the same periodiitye original series, but with the constraint
of a regular evolution, for example a constant growth rate. Instead fofe values, the choice is reduced to the value
of one (or maybe two) parameters.

We will be more or less brought back to disaggrématexcept that we will be able to use the additional information.
For example, it is now possible to estimate the constaté formulation that presents the smallest distance to the
observed series. The respect of coherence constsafor instance on the average of smoothed and original variables,
will often lead to specific estimatiomethods (a normal regression would only establish this constraint on the
transformed variables, growth rates for example).

More complex smoothing techniques can be applied, the most pophdargthe HodrickPrescott (for simple cases)
and Kalman (more complex) filters.

5.2.4.1.4 Seasonal adjustment

As we explained before, one method for dealing with variables presenting a seas@igtiminate it, and work with
seasonally adjusted series.

Several algorithmgan be considered, the beknown being probably Censsl2 (or Census A3)and TRAMGSEATS,
both available in EViews.

Obviously, ae should not mix oginal and adjusted series in the same set of model variables.

25.2.4.2 Change otlassification

‘We have already considered this problem when we addressed the fields of models.

Changing categories will usually correspond to aggregatiothe case of economic models, this will apply essentially
to:

1 Economicagents: one might separate more or less precisely households categories (following their income,
their occupation, their size...), types of firms (according to tlséhe, the nature of their production...),
Government institutions (central and local, social security, agencies...).

1 Productg(productioncan be described in more or less detail).

Operationg(one can separate social benefits by risk, by controlling agemcpnsider only the global value).

1 Geographicalinits (a world model can aggregate countries into zones).

=

25.2.4.3 Formal transformations

Some variables needed by the model will not be available as such, but will have to be computed from existing series by
a mathematical formula. For example, the rate of use of production capacity will be defined as the ratio between
effective production andtapacity, coming possibly from different sources. Or the relative cost of wages and capital
(used for defining the optimal production process) will take into account the price of the two factors, but also the
interest rate,the depreciation ratethe expeted evolution of wages, and some tax rates.
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5.2.5 UPDATES

Once adapted to needs of the model builder, series often will have to be modified.
Changing the values of existing series bane several purposes

1 Correctinga formal error, made by the model builder the producer of series: typing errors, or errors of
concept.

1 Lengtheninghe available sample: new observations will keep showing up for the most recent periods.

1 Improvinginformation: for the last known years, series iretRrench National Accounts appearsinccession
as provisional, senfinal and final.

1 Changinghe definition of some variables.

One can also add to the bank a completely new series

1  Which has appeared recently as useful to the model
1 Which has been madavailable by access to a hew source of information, or the creation by data builders of a
new, more interesting, concept.

This multiplicity of possible changes prohibits the global set of series used by the model to remain the same even for a
short perial. Adapting constantly model specifications (in particular the estimated equations) to this evolution would
ask a lot from the model builder, to the detriment of more productive tasks. This meashould limit the frequency

of reconstitutions, for the perationaldata set(for example once or twice per year for an annual modekvery quarter

for a quarterly ong, with few exceptions: correcting serious mistakes or introducing really important information.

Without doubt, the best solution is actualty manage two sets of data, one updated frequently enough with the last
values, the other built at longer intervals (the periodiaitfithe model for example). This solution allows to study in
advance, by estimations based on the first,gshe consequences of the integration of new values on the specifications
and properties of the next model version.

75.2.6 SUPPRESSIONS

It is beneficial to delete in the bank those series which have become useless:

This allowgo gain space.

Searches will be faster.

The bank will be more coherent with the model.

The model builder will have less information to memorize, and the architecture of the bank will be easier to
master (one will have guessed that this is the most importaatdre, in our sense).

=A =4 -4 =4

Useless series that are preserved too long lead to forgetting what they represent, and their destruction will require a
tedious identification process.

ForEViewsthispresents an additional interest: the elements in the work#ifdl be display in a single window, and it is
essential for this window to contain as many interesting elements as possible.

5.2.7 THE DOCUMENTATION
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Similarly, investment in the documentation of series produces quick returns. taaern:

1 Thedefinition, possibly on two levels: a short one to display titles in tabtegraphs and a long one to fully
describe the concept used.

1 Thesource:original file (and sheetproducing institution andnaybehow to contact theproducer.
1  Theunits in which the series is measured
1 Additional remarks, such as the quality and status (final, provisory, estimated) of each observation.

I The date of production and last updafhours and even minutes also can be useful to determine exactly which
set of values an application has used). This informasamften recorded automatically by the software

1 If pertinent, theformula used to compute it.

Example: Wage rate = Wages paid / (employment x Number of weeks of work x weekly work duration).
EViewsallows to specify the first four typesasing the label commanénd produces automatically the last two.
For example, aeries called GDP cae defined through the sequence:

GDP.label(c)

GDP.label(d) Gross Domestic Product at constant prices

GDP.label(u) In 2005 Euros

GDP.label(s) from the Excel file accounts.xls produced by the Statistical Office

GDP.label(r) 2012Q4 is provisory

Which clears the contents, gives the definition, describes units, the source, and adds remarks.

f Inadditon,E¥ga y Fff2¢a (2 Ay jfoddRaded Be cBuitd Maa nuldngtiordalmbdRif A
the agentfor an acounting one, or the fact that a series belongs to a particular model.

For instance you can use:

Hl.label(agent) Households
MARG.label(agent) Firms

 Moreover, ¥ GKS @g2N] FTAES gAYyR2g aONBSYy A& Aagtording fodhkif I & b ¢
characteristics. In addition to the name, the type and the time of last modification (or creatiomayuaccess
to the description.

And f you fight click on one of the column headings, and choi@sgit Columné & 2 displ@ytagdibnal columnsfor
any of the label types, includirtge ones you have created
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This can prove quite usefs it allows you to filter and sort on any criterion, provided you have introduced it as a label.
This criterion can be fanstance:

The agent oncerned

The country

The association with a given model

The formula in the model

The formula used to create the series (if afy)

¢KS (eSS sAGKAY G(KA& Y2RSt 0SE23S8y2dzas SyR23Sy2dzaz
The subtype: for exogenous it can be policy, foreign, structural. &mdogenous itan be behavior or identity.

O O O 0O o o o

hyO0S GKS RAaLX L@ A& LINRPRdAdZOSRXZ Al OFy 0SS GNIyafFSNNBR
presentations.

Forinstanceonecanpr&k dzOS | GF o6t S F2NJ I Y2RStX gAlGK O2fdzyya F2NJ 4
table can be sorted using any of the criteria.

These new functions allow table production to be integrated in the modelling process, a very powerful indortoat
for both model development and documentation.

For instance/ou coulduse:

F_HDIl.label(d) Disposable income
U_MARG.labetfy Margins
F_HDIl.label(model) France small
U_MARG.label(model) USA small
F_HDIl.label(agent) Households
U_MARG.label(agentl) Firms

and produce sorted tables according to any of the three criteria.

5.2.8 CONSEQUENCES ON WORKANIZATION

Letus now givesome specific considerations on data management.

In the general case, the model builder will be confronted with a large set of series of more or less various origins. Optimal
management strategy might appear to vary with each case, but in fact it is unique in its main feature: one must produce
afile, inthe standard of the model building softwarand containing the serigsaving a chance to beseful for the

model.

¥ 2dz OFy Ftaz2 dzasS GKS Gaz2dz2NDOS¢

B
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This is true even if the global set of necessary series is produced and managed on the same computer or computer
network, using the same software (the task of transfer will be simply made easier): it is essential that the model builder
has control over the series he uses, and especially that he manages changes (in particular afpskies in arrent

use). Interpreting a change in model properties (simulations, estimations), one must be able to dismiss a change in the
data as a source, except if this change has been introduced knowingly by the model builder*himself

Such an organizatioalso makes the management of series easier. In particular, limiting the number of series in the
bank, apart from the fact that it will save computer time and space, will make the set easier to handle intellectually.

Concerning the scope of the series, two extreme options can however be considered:

1 Transferringn the model bank the whole set of series that have a chance (even if a small one) to become useful
at one time to the development of the modél
1 Transferringhe minimum, then adding to the set according to needs.

If a median solution can be considered, the choice leans strongly in favor of the first solution. It might be more expensive
initially, in human time, and in size of files, but it will prove gengraligood investment, as it avoids often a costly
number of limited transfers, and gives some stability to the bank as well as to its management procedures.

5.2.9 THE PRACTICAL OPT3ON

For models managed by institutions, theost frequently found organizatiois a team working on a local netwook
connected computerswhere one can transfer a selection of data coming from distant sources (mainframe, data
providers). One might in some cases acabsectly the banks of the provider from inside a motheiilding sessiorThe
producers of modelling packages are giving a high priority to this type of option.

Forlarge teams, or teams working in different locationesmmunication is no longer an issympvided Internet access
is availablelnternet connection is now even used by economists working in the same building.

One must however pay attention to formaicompatibilities, especially if the operating system is different (Windows
and its versions, Linux, UNIX, MacintosH...)

5.3 BACKTO OUR EXAMPLE

Now that we know the principles, let us see how to apply them to the case we have defined darleaoid switching
between distant pages, we shall repeat its presentation.

37 This remark is a particular application of the general principkt us avoid potential problemahich carnprove
expensive in thinking time.

38 Even if they are not considered for actual model variables. For instance, one can be interested in comparing the
capital output radio of the modelled country with those of other countries.

39 Actually this problem appea quite rarely, as most modelling packages (except perhaps Troll) work only under
Windows.
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1. IntheSEF YLX ST 2dzNJ SO2y2YA&ld KI& RSOARSR (2 odaAaftR I @SN
the following elements: Based on their production expectations and productivity of factors, firms invest and hire
workers to adapt productive capacityottever, they exert some caution in this process, as they do not want to be stuck

with unused elements.

2. Productive capital grows with investment, but is subject to depreciation.
3. The levels actually reached for labor and capital define potential GDP.

4. Theyalso need intermediate products (proportional to actual GDP), and build inventories, starting from the
previous level.

5. Households obtain wages, based on total employment (including civil servants) and a share of Gross Domestic
Product. They consume pauf this revenue, and invest another (in housing).

6. Final demand is the sum of temponentsconsumption, productive investment, housing investment, inventories,
and government demand. Total demand includes also intermediatsumption. Finaand total cemand are the sum
of their components

7. Imports are a share of loctdtal demand, final or intermediate. But the fewer capacities remain available, the
more imports will be called for.

8. Exports follow world demand, but the priority of local firms is sgiigf local demand. They are also affected by
capacity constraints.

9. Supply is equal to demand.

We have voluntarily kept the framework simple (maybe not enough), as our purpose is only explanatory at this time.
However the model we are building has some economic consistencyamalctuallyrepresent the nucleus for further
extensions which we shalresent later.

2SS aKkFftf Ffaz2 &adzadi2asS dKFd GKS F2tft26Ay3 RIEGE A& F3F AL
Perspectives data set. Series are available from the first semester of 1970 to the last of 2004.

The reason for thé& Cw! ¢  LINd®rify $eried far Fiarte in a large set of countriepresentingall the OECD
membersas well as some groupings

They use the following units:

Values: Euros

Deflators: base 100 in 1995.

Volumes (or quantities): Millions of 1995 Euros
Populations: persons

FRA CGV Government Consumption, Volume
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FRA CPV Private Consumption, Volume

FRA_EG Employment, Government

FRA ET Total Employment

FRA CGV Government Consumption, Volume

FRA_CPV Private Consumption, Volume

FRA_EG Employment, Government

FRA_ET Total Employment

FRA _FDDV Final Domestic Demand, Volume

FRA_CGV Government Consumption, Volume

FRA CPV Private Consumption, Volume

FRA_EG Employment, Government

FRA ET Total Employment

FRA _FDDV Final Domestic Demand, Volume

FRA_GAP Output Gap

FRA GDPTR Potential Output, Total Economy at Current Prices
FRA _GDPV Gross Domestic Product (Market prices), Volume
FRA_IBV Gross Fixed Cap Form, Business Sector, Volume(Narrow Definition)
FRA_ICV Intermediate consumption, Volume

FRA_IGV Government Investment, Volume

FRA IHV Investment in Housing, Volume

FRA_ISKV Increase in stocks. volume

FRA KBV Capital Stock, Business

FRA MGSV Imports Goods and Services, N.A. Basis, Volume
FRA _PCP Deflator, Private Consumption

FRA_TDDV Total Domestic Demand, Volume

FRA WSSS Compensation of Employees

FRA_XGSV Exports Goods and Services, N.A. Basis, Volume
FRA_XGVMKT  Exports Goods and Services, Market Potential, Volume
FRA_YDRH Real Household Disposable Income

Applying the principles we have defined above calls for:

Creating the model specifications

Identifying the variables in the model.

Separating them into endogenous and exogenous.

Writing down the full identities.

Estabishing each behavioral equation as an identity, presenting in the simplest way the variable it defines, and
the explanatory elements.

Creating the associated series, from the available data.

Transferring theelementsalready available intsnodel series usig the names allocated to them.

1 Specifying formulas computing the remaining elements

=A =4 =4 4 =4

=A =4

Now that we havebtainedthe data, we camove tothe two tasks: transform it to fit the model needs, start specifying
the model equations.

It should be clear thathis will have to be done through a set of stored statements in a readable language (a program).
This option will allow:

1 Establishing an apparently consistent set of statements, which can be controlled visually.
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Locating errors and introducing correctioas simply and clearly as possible.

Storing subsequent versions, including the last and most correct one, until a satisfying version is established.
Replicating this process with the smallest amount of work.

Displaying the steps in the process as cleaslpassible, introducing comments.

Once a satisfying stage has been reached, memorizing the actions for later use (especially if the modeling
project faces breaks, short or long).

1 Allowing external users to master the current state of operations, to evaltret present stage of development

of the project.

=A =4 =4 -4 =4

The program can be inserted with comments, making the sequence of tasks and the role of individual commands clearer,
and allowingo warn of the presence of local problems and the way they have beengss®sd. This is especially useful
for a team project, for which the name of the author should also be included.

UnderEViewstwo other methods are available:

1 Using a sequence of menu and sumlenu functions,
1 Typing commands without saving them, diredtlym the command window.

These two methods fail on all criteria. The record of the tasks is not available, which means errors are difficult to detect.
Reproducing the task, whether to correct errors or to update specifications or data, calls for a ngsnseaf menu
selections or typed statemerfts

The obvious choice is even comfortedthyee features provided by EVievés

1 You can run part of a program, by selecting it with the mouse (in the usual Windows way), clicking on the

right button, and choosiBE awdzy { St SOGSRé @

This is generally more efficient than the previous method of copying the selected part into a blank program, and
running it. However the new method does not allow editing, useful when one wants to run a selected AND modified
set.

T {8YYSGNAROIffe 2yS Oly SEOfdzRS G(SYLERNINAf& FTNRBY SES(
GKAAY 2yS &aK2dzZ R aSftSOG GKS NBfS@OIFyd LI NIz Of A01 2y
reactivate the statements, one shouldselécK SY F 3 Ay | yR dza$S a! yOo2YYSyid {S

This can be a little dangerous, especially if you (like myself) have the reflex of saving the program before each
execution. To avoid destroying the original, one can save first the modified program under anathet.n

Finally, one can ask a column of numbers to be displayed left of the program lines. This is particularly efficient if you
a8 (KS 6D2 ¢4 [AySé allG8YSyd

40 However, one can copy the sequence of statements entered in the command window into a program file.
41 Only once of course.

42 However, you have to be careful to update the numbers when the program changes.
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So atually, the onlyoption is the one we proposed aboveefininga program producing alhe necessary information,

and the framework of equations which is going to use it. But the ordering of the tasks can be questioned, as we have
started explaining earlier. Until both are completed, the job is not done, but they are technically indepeodietoes

not need the physical model to create the data, or series filled with values to specify the equations. This means that one
can consider two extreme methods:

1 Creating all the data needed by the model, then specifying the model.
1 Specifying all thenodel equations, and then producing the associated data.

The criterion is the intellectual feasibility of the ordered sequence of tasks.

Clearly the first option is not realistic, as writing down the equations will surely evidence the need for adition
elements. The second is more feasible, as one does not need actual series to write an equation. But as the definition of
the equation processes, one has to check that all the addressed elements are or will be available in the required form,
either as atual concepts (GDP) or transformations of actual concepts (the budget deficit in GDP points calls for the
deficit and GDP series). If a concept appears to be lacking, one will have to: use an alternate available element (a
GLINREE& ¢ VS Sail ddokidaiterniaty basesd rody®t hiitdsseg, or simply eliminate the element from the
model.

This shows that if producing both sets can be done in any order, there is a preference for specifying the efjisitions

If the data is not ready, but its contemnare known, it is possible to writkown the equations and ask the software to
proceed the text. The user will be told about possible syntax errors, about the nature of the variables (endogenous /
exogenous), and the architecture of his model. This ledt to early model corrections, allowing to gain time and
avoiding taking wrong directioniater. And if the model specifications are still discussed, it is possible to build a first
version of the associated data set, which will be updated when the nmsdamplete.

In practice especially in thesimplestcasespne can also start defining the program with two blank paragraphs, and fill
them with data and equation creating statements until both are complete. The eight original paragraphs in our model
specifications can be treated one by one (not necessarily in the numerical order) filling separately the data and equation
generating blocks with the associated elements.

Actually among the above proposals we favor two alternate techniques:
1 Model then data Specifying first the full model, checking that all elements used can be produced either directly
or through a formula. Then producing the full set of data, preferably through a direct transfer or a

transformation.

1 Model and data Producing the equations sequence, or related block by related block, and establishing
simultaneously the statements which create all the series they need.

5.3.1 APPLICATION TO OURAMPLE
Let us now show on our example how the process can be conducted using the second rpetbablly more adapted

to such a small model (one cannot expect to switch between the two processes to many times).

We shall first present the process in general (lEfiew} terms, treating each case in sequence, and presenting both
the equations and thestatements generating the associated variables. To make thinks clearer, the equatibbe
numbered andthecreat2y a il (SYSyida Attt adGFNI 6AGK aphHé
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Also, the endogenous variable will use uppercase characters, the exogenous will use lowercase.

(1) Basedon their production expectations and productivity of factors, firms invest and hire workers

This defines two behavioral equations for factor demand, in which employment (let us call it LE) and Investment (called
I) depend orlGDPcalled Q.

(1) LE=F(Q)

(2) I=H(Q)

We need:

>> |P=FRA_IBV
>> Q =FRA_GDPV

But for LE, we face our first problem. Private employment is not directly available. However, we have supposed that
total employment contained only public (government) gmivate. This means we can use:

>> LE=FRA_ET-FRA_EG

(2) Productive capital grows with investment, but is subject to depreciation

Capital K, measured at thend of the period, is defined by an identity. Starting from the initial level, we apply a

depredation rate (called dr) and add investment. The equation is written as:

(3) K(H)= K(t-1).(1-dr(t)) + 1(t)

Defining it at the end of the period would only change notations.

We need the data for K

>> K=FRA_KBV

And we get dr by inverting thiermula:
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>> dr=((K(-1) + IP) T K) / K(-1)

In other words, dr will be the ratio, to the initial capital level, of the difference between two levels of capital; tiee val
we would haveobtainedwithout depreciation, and the actual one.

(3) The levels aaally reached define potential production.

Capacity (called CAP) depends on factors LE and K

(4) CAP(t)=f(LE(t), K(t))

It can be computed directly as:

>> CAP=FRA_GDPVTR

GKAOK NI GKSNJ NBLINBaSyda | ay 2 N¥loffactorR5t @t dzS§ 02y ai RSNA

The direct availability of this concept as a series represents the best case, not often met in practice. Later in the text we
shall address the alternate techniques available in less favorable situations.

(4) They need inputs, and also liihventories.

Intermediate consumption can be defined as proportional to GDP, using the actual value. This means that at any level
of production, each unit produced will need the same amount of intermediary products.

(B)IC=r_icqg.Q

For inventaies, we will estimate its change:

(6) CI=f(Q)

For this, we need to compute:

>> [C=FRA_ISKV
>>r_icq=IC/Q (or FRA_ISKV/FRA_GDP)
>> CI=FRA_CIV
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(5) Households obtain wages, based on total employment (including civil servants) and a sharessf
Domestic Product. They consume part of this revenue.

Now we need to define total employment, by adding government employment (clajjed LE.

(7) LT=LE+lg

The new series are obtained by:

>> LT=FRA_ET
>> |g=FRA_EG

Now we have to compute household revenue, which we shall call R_HI. We shall suppose that the same wage applies
to all workers, and that th@on-wagepart of Household revenue is a given share of GDP, a series called r_rhiq. This
gives:

(8) RHI =wr . LT +r_rhig . Q

Actually the above assumption, while simplistic, is probably not too far from the truth. The sensitivity to GDP of the
elements included in this heterogeneous concept can be low (such as pensions, or interests from long term bonds), high
(the revenue of small firm owners, with fixed costs and variable output), or medialfrefnployedworking in the same
capacity as wage earners).

Household consumption is given by applying to RHI the complement to 1 of a savings rate which we shatocahe

time being the savings rate is exogenous

(9) CO=RHI. (17 sr)

Housing investment is also a share of RHI, which we shall call r_ih.

(10) IH=r_ih . RHI

The new variables are RHI, wr, r_rhiq, sr, IH and r_ih.

RHI is givesimply by:

>> RHI = FRA_YDRH
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Let now compute the real wage raver. This is done through the following computation.
Dividing FRA_WSSS by FRA_ET gives the individual nominal value, which we divide again by FFRAoc QBI/1G0
real valué.

>> wr = (FRA_WSS/FRA_ET)/(FRA_CPI/100)

(parenthesizes are added for clarity).

r_rhi will be obtained as the ratio to GDP of household revenue minus wages

>>r_rhi=(RHIT wr.LT)/Q

Consumption and housing investment will be obtairmectly:

>> CO=FRA_CPV
>> |[H=FRA_IHV

Computing the savings rate and r_ih will use the inversion of the associated equation:

st =(RHI-CO)/RHI

or

sr=(FRA_YDRH-FRA_CPV)/FRA_YDRH

(savings divided by revenue)

>> r_jh=IH/RHI

43 The OECD deflators are measured as 100 in 1995.

44 Considering the above list of available series, one can observe other optiosn aren possible.
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>> FRA_IHV/FRA_YDRH

(6) Final demand is the sum of its compongntonsumption, productive investment, housing investment,
inventories, and government demand. Total demand includes also intermediate consumption.

(11) FD=IP+CO+IH+gd+ClI
(12) TD=FD +r_ic.Q

We need to compute gd as the sum of FRA_IGV and FRA_CGV.

>>gd = FRA_IGV+FRA_CGV
>>FD = FRA_TDDV
>>r_ic = FRA_ICV/FRA_GDPV

(7) Imports are a share of local demand («domestic demand»). But the less capacities are still available, the more
an increase in demand wilave to be imported

This callgor:

(13) UR=Q/CAP
(14) M=f(FD+IC,UR)

We need tocompute:

>> UR=Q/CARP (its definition)
>> M=FRA_MGSV

(8) Exports will essentially depend on World demand. But we shall also suppose that if tensions appear (through
UR) local firms will switch some of their output to local demand, and bedgsamic in their searcfor
foreign contracts.

(15) X=f(WD, UR)

We need:
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>> X=FRA_XGSV
>>WD=FRA XGVTR
(9) Supply is equal to demand.

The supplydemand equation will for the moment use the following implicit form:

(16) Q + M= FD + X

(all variablevalues areobtainedearlier)

We can now reorder the framework of our model into the following elements:

[1] LE =(Q)

[2] IP=f(Q)

[3] K= K1 (1-depr) + IP

[4] CAP=f(LE, K.1)

[5] IC=r_icq . Q

[6] CI=f(Q)

[7] LT=LE+lg

[8] RHI = wr . LT +r_rhiq . Q
[9] CO = (1-sr) . RHI

[10] IH = r_ih . RHI

[11] FD=CO +IH + IP + Cl + gd
[12] TD=FD +r_ic.Q

[13] UR = Q/CAP

[14] M=f(TD, UR)

[15] X=f(wd, UR)

[16] Q + M= FD + X
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Endogenouwariables

| Firms investment.

LE Firms employment.

K Firms (productive) capital
CAP Potential output

LT Total employment.

Cl Change in inventories

IC Intermediate consumption
IH Housing investment.

CO Household consumption.
FD French final demand

TD French total demand

M French Imports.

RHI Household real income.
UR Rate of use of capacities
X French Exports.

Q Gross Domestic Product

Exogenous variables

depr Depreciation rate of capital

ad State consumption and investment.

[o} Public employment

r_ih Share of Housing investment in Household revenue.

r_rhiq Share of GDP transferred to Households, in addition to wages
wd World demand normally addressed to France.

r_icq Ratio of intermediate consumption to GDP

wr Real average wage rate

One observes:

That we have indeed as many equations as variables to compute.

Thatwe have separated behavioral equations and identities.

Thataccounting identities are completely defined.

Thaton the other hand the form of behavioral equations is still indefinite, although the explanatory elements
are known (at least as a first guess).

O O O O

This distinction is normal. As we have already indicatightities generally represent a mandatory formal connection,
while conforming behavior equations to economic theory is not so restrictive.

1 Computing formulas
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By considering the formulas we have obtained, we can see that most of the data needed Hadaiértly, so a simple
transfer should be enough. We might even have considered using the original names. But as our model will apply only
to France, there is no reason to keep the prefix, which helped to identify the French dataanmuch larger miti-

country file. And one might decide (rightly in our sense) thatnamesare clearer.

The correspondences are:

Q = FRA_GDPV
CAP = FRA_GDPVTR
of = FRA_ISKV

LT =FRA_ET

LG = FRA_EG

FD = FRA_TDDV
co = FRA_CPV

RHI = FRA_YDRH

| = FRA_IBV

IH = FRA_IHV

WD = FRA_XGVMKT
X = FRA_XGSV

M = FRA_MGSV

Only eight elements are lacking, seven of them exogenous variables:

gd =FRA_IGV+FRA _CGV Government demand

UR =Q/CAP Rate of use of capacities

depr = ((K(t-1) +1P) 7T K(t)/K(t-1) Depreciation rate of capital

r_ic =IC/Q Ratio of intermediate consumption to GDP
r_ih =IH/RHI Share of Housing investment.

r_rhiq =(RHIT wr.LT)/Q Non-wage households revenue: share of GDP
sr =(RHI-CO)/RHI Savings rate

wr = (FRA_WSS/FRA_ET)/(FRA_CPI/100) Real average wage rate

In real cases, this kind of computation will be used often. One must be awareedmportant issue

The use of these formulas is separfeom the definition of model equations. The only reason we need them is to
produce thehistorical values of series not yet available. If the statisticians had made a comprehensiangtibthey
knew the requirements of the model) they would have praddhe full set, and no computation would have been
necessary (just a changes of names).

So thesdwo types of formulas have completely different purposes
1 Applying thecomputation statementsensures that all the requested data is availalg associdahg formulas

to missing elementsthey allowto produce the set required for simulation and estimatidghthe data was
already available in the right format, and the names given to the variables were acceptable, no statement
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would be necessary. And onerceheck that in our case, most of the computations are abtulirect transfers,
which allow to create a model element while retaining the original series.

Actually, onecould question the necessity of having a full set of historical values for endogevemiables. These will
be computed by the model, which will be simulated on the future anyway. The reasons for producing a full set are the
following:

o Estimation will need all the elements in the associated equations.

o Controlling the consistence of idéty equations with the data is a prerequisite before any simulation;
otherwise wemay start with a flawed modeset.

o Checking that the model gives accurate simulations on the past will need all the historical elements.

o0 Many equations use lagged valuehislrequires actual values preceding the starting simulation date.

These formulas can include original data, transformed data computed earlier in the program, or simply assumptions.
For instance:

0 GDP has been drawn directly from the original set.

0 The depeciation rate relates the sequence of capital values, and investment.

o Inthe absence of other information, the target for inflation can be set to 2%.

1 Themodel equationsestablish a logical link between elements, which will be used by the model to produce a
consistent equilibrium. This means that if the formula for computing variable A contains variable B, variable A

is supposed to depend on B economic terms

This § obviously true for estimated equations. For instance, the wage rate can depend on inflation, of exports on world
demand. But this is also true for identities:

Household revenue is the sum of its elements. If one grows, revenue changes in the same-aatg,(ef course).
Basically, we suppose that some behaviors apply in the same way to every element of revenue, whatever its source.
If household consumption is estimated, savings are the difference between revenue and consumption.

It is extremely impaant to understand this issue, at the start of any modeling project.

It is quite possible however th#te sameformula is present in both sets. For instance we might not have values for FD,
and we believe that C@,IH and gd represerthe whole setof its components|n this case the formula:

FD=CO +IP +IH +gd

will be used both for computing historical values of FD and to define FD in the model.

This introduces an obvioysoblem:if we make a mistake in the formula, or we use the wrontadthere is no way to
detect it.
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5.3.2 THEEVIEW®$ROGRAM
Let us now consider how the above task can be produced. We want to create:
1  Workfile for all model elements

1 Animage ofthe model, with fully defined identities, indications as the intended estimated equations,
1 The associated data.

25.3.2.1 The workfile

1 First, we need a work file. BViews all tasks are conducted in memory, but they apply to the image of a file
which will contain dlthe elements managed at a given moment.

We can create the file right now (as a memory image) or start from sepisting one, in which case the file will be
transferred from its device into memory.

Some precautions have to be taken.

o First, only one ersion of the file must be open in memory. As we state elsewhevkewsallows the user to
open a second versioh 2 NJ S@Sy (i KA iR Jile dirgady ofededzNEeK éhanges can be applied
separately to both memory versions, such as series germeratnd estimations.

This is obviousfy very dangerous. At the least, one will lose one of the set of changes, as there is no way to transfer
elements from an image to the other. Of course, each file can be saved under a different name, but this does not allow
mergingthe change®. At the worst one will forget the allocation of changes to the files, and one or both will become
inconsistent, the best option being to avoid saving any of them, and to start afresh.

This means one should:

* In command mode, check that no file of the same name isxegeand close it if necessary.
* In program mode (the case here) make sure that no file is agefirst. This calls forrminitial a / [ h { 9 €
statement, which will not succeed most of the tifiéut will guarantee that we are in the required situation.

0 Second, a new project must start from a cleandorpty) workfile. For a initial file to contain elements is at
best confusing, at worst dangerous. For instance series with the same name as elements in our project can
already be present with a different@aning (GDP for a different country?), and available for a larger period.
AllowingEViewdo estimate equations over the largest period available will introduce in the sample irrelevant
values.

A simple way to solve the problem is to delete any existiegent, through the statement:

4 This is only a personal opinion.
46 Providing this option does not look impossible.

47With fortunately no error message.
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DELETE *

which will destroy any prexisting item, except for the generic C (generic vector of coefficients) and RESID (generic
series of residuals) which are created automatically with the work file, and cannot éedel

There is only one acceptable case for-prasting elements: if the work file contains some original information, provided
to the user by an external source. But even in this case the file has to be saved first, to allow tracing back the steps to
the very beginning in which only this original information was present, in its original form.

In any casgin EViewsthe possibility to define separate sheets inside the work file solves the prol#ieiwe have seen
earlier, onecan just store the originalata in one sheet, and start building the transformed data in a blank one, logically
linked to the original.

First principle of modeling: always organize your work in such a way that if step n fails, you can always get back to
the result of step nl.

Hrst principle of modeling (alternate version): Always organize you programs in such a way that you can produce
again all the elements associated with the present situation.

This (long) discourse leads to the following statements:

CLOSE small
WFCREATE (page=model) small Q 1970Q1 2005Q4
DELETE *

Applying them guarantees:

§ That the file smaWf1 is open in memory with the needed characterisics ¥ 2 NJ | LJ 35 OF t ft SR ¢
1 That only one version is open (provided no mtran one was open previously, of course, but we shall suppose

you aregoing tofollow our suggestions).
1 Thatthe pageis empty (actually it contains only C and RESID).

15.3.2.2 The data

Now that we have a work file, we must fill it with the necessary information.

The original information is represented by the 20 series in the FR& Xix8el file. We shall import them using the
IMPORT statement. This statement is quite simple (séeS ! a S Nir detaiet! ghtiahs):

48 EViews allows also to read Excel 2010 .xlsx files (but not to produce them).
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READ fra.xls 20

But beware: even if the Erl file contains dates (in the first column or line) this information is not taken into account.
What is used is rather the current sample, defined by the last SMPL statement. Fortunately, in our case, the current
sample, defined at workfile creation,tise same as the one in the Excel file. But this will not always be the case: better
to state the SMPL before the READ.

SMPL 1970Q1 2004Q4
READ fra.xls 20

Second principle of modéng: if introducing a (cheap) statement can be useful, evextremely seldom, do it.

One also has to be careful about the orientation of series: normally they appear as columns, and data starts from cell
B2 (second line, second columAny othercasehas to bespecified as well as the name of the sheet for altitgsheet
file.

An alternate (and probably better) option

LT GKS F2tt2¢ GKS F1020S YSGK2RzZ Fff GKS RIFGE gAft o0S
as all information will be immediately availabRut

1 The separation betwen original and model data will not lméear.

The stability othe original data is not guaranteed.

1 As the original series are probably more numerous, most of the screen will be occupabsitgntsno longer
useful.

==

Of course, one can separate origiaatd model data by using a prefior the first type. But it is even better to separate
the two sets physically. This can be done throtighd f ABVigvéfunction.

Instead of loading theriginal series in the model paga specific page is created (nane@ NJ A y a ()infdiéh a2 SOF
the data is imported.

¢KSYy Ay (GKS Y2RSt LI 3S G(KS Y ARISIlnkigdefdddiwibhithd arigihaNsBriesRni3t@t I NB
GOECH LJ 3 S0

The associated syntax will be presented tate

15.3.2.3 The model

1 Now, weneed to define the model on which we shall work. Producing a model starts with the statement:

MODEL modelname
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Let us call our modelfra_1.

Atrick: starting the name of important elements by an underscore allows them to be displayed at the beginning of the
workfile screen, avoiding tediousscrollingif the number of elements is largéor very important elements (like the
model itself) you caevenuse a double underscore.

The statement

MODEL _fra_1

defines fra 1 & GKS al OGA @S¢ Y2RSt @
Two cases can be considered:

0 The model does not exist. It is created (with no equations yet).
0 The model exists. It is opened, with its present equations

The second option is dangerous in our case, as we want to start from scratch. To make sure of that, the most efficient

(and brutal) technique is to delete the model first, which puts us in the first case.

DELETE _fra_1
MODEL _fra_1

Thisintroduces a slight problem, however. In most cases (including right now) the model does not exist, and the DELETE
statement will fail. No problem, as what we wanted is to make sure no model preexisted, and this is indeed the situation
we obtain. But Kiews will complain, as it could not perform the required task. Arlde maximum number of accepted
errors is 1 (the default option) the program will stop.
0 Wecandzd S G KS ay2SNNE 2LIWiA2yY 6KAOK | OOSLIi& FIFAfdzNB 2
DELETE(noerr) fra_1
MODEL fra_1

0 We can changthe default number of accepted errors.

Another way to avoid this situation is obviously to set the maximum number of errors to more than 1. This is done by
OKFy3Ay3 (KS ydzYo SN ANB (KISt Giay H#4 YAZXE SNNPNBES 0 65W @&y LINE 3 NJ

Actually, if you have followethe principle above, there is no risk in proceeding in a program which produced error
messages, even valid ones. You have saved the elements associated to the initial situatewgraifigou forgot to do

that, you can always repeat the steps which led to it.

The advantage of this option:
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0 The program will continue after irrelevant error messages.

0 You can produce artificial errors, which can be quite usefiflagé’.

0 The messages can be associated to sevéoglcally independenterrors, which can be corrected

simultaneously, leading faster to a correct version.

Now, which number should we specify? In my opintepending on the model size, from 1000 to 10000. The number
has to behigher than the number of potential errorasyou want to get as close as possible to the end of the program.
Of course, you will never make 10000 logical errors. But the count is orattee number of error messages. And in a
2000 equations model, if you have put all the endogenous to zero and you compute their growth rates, this single
mistake will generate 200Messages
The only drawback is that if your program uses a loop on thebar of elements of a group, and this group could not
be created, the loop will run indefinitely with thmessage:

Syntax error in "FOR !I=1 TTO@COUNT

You will have to wait for the maximum number to be reached.
1 Introducing the equations.

Now that we have a blank model, we can introduce the equations one byTdretext of these equations has already
been defined, we just need to establish tB¥iewscommands.

This is done through the APPEND statement.

The first one wilbefine investment

_fra_1.append IP=f*(Q)

Clearly the syntax
o /2yilAya GKS adrdSYSyd al LILISYRE
o0 Adds the model name on the left, with a dot.

0 Adds the text of the equation on the right, with a separating blank.

We must now explainhte strange syntax of our equation.

“Themessage associated with a real error will locateetween the preceding and following artificial errors.
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0 At this moment, we expect the model to explain the decision on investment by the evolution of GDP. This
seems quite logical, but we have not established the possible forms of the theoretical equation, and we have
not checked that at least one of these equations is validated by all required econometric tests.

0 But at the same time we warViewso give us as much information as possible on the structure of our model:
simultaneities, exogenous parts...

0 The best compromes is clearly to produce a model which, although devoid of any estimated equation,
nevertheless presents the same causal relationships as the (future) model we consider.

The simplest choice should be, as if we were writing model specifications in a dacontmna blackboard, to state:

IP=(Q)

Unfortunately,EViewsloes not accept an equation written this way. It will consider we are using a function called f,
with the argument Q. As this function does not exist, the equation will be rejected.

¢KS GNARAO1l 6S LINRLIR&S Aa (2 Lidzi Fy |aiSNrRal o0SiéeSSy afF

IP=H(Q).

And state f as a scalar (to avoid confusion with an additional exogenous).

If more than one explanatory variable is used, such as iptbéuctve capacity equation, we would like to write:

CAP=f*(LE,K)

Again, this is not accepted IBViewsand we can write instead:

CAP=f*(LE+K)

One just has to state his conventions, and you are welcome to use your own.

However, dropping the f idangerous, such as in:

M=FD+TD

Thiswill work too, but the equation can be confused with an actual identity, quite misleading in this case.
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The complete set of equation statements is:

_fra_l.append LE =f*(Q)

_fra_l.append I=f*(Q)

_fra_1.append K = K(-1)*(1-depr) + |
_fra_l.append CAP=f*(LE+ K)
_fra_l.append IC=r_icq * Q
_fra_1.append CI=f*(Q)

_fra_1.append LT=LE+lg

_fra_l.append RHI = wr * LT + r_rhiq .*Q
_fra_l.append CO = (1-sr) * RHI
_fra_l.append] IH = r_ih * RHI
_fra_1.append FD=CO + IH +IP + Cl + gd
_fra_l.append TD=FD +r_ic*Q
_fra_l.append UR = Q/CAP
_fra_l.append M=f*(TD+UR)
_fra_l.append X=f*(wd+UR)

_fra_1.append Q + M =FD + X

They produce a 16 equations model called _fra_1. After running the statements, an item will be created in the workfile,
GAGK GKS yIFYS auFNXmpbue) ' yR (KS aevyoz2f aaté

Doubleclicking on this item will open a special window, with the list@fiations:

 Text(withtheicoré ¢ - ¢ ¢ 2y GKS fSTh0=

Number (in the order of introduction in the model).

1 Economic dependencies: the dependent variable on the left, the explanatory on the right, using actually the
syntax we could not apply earlier. Laaye not specified, as we shall see latéo K is presented as depending
on K.

=

Il Oldz tte& GKNBS 20KSNJ RA&aLIXFE Y2RSa INB GFAfFofSsS dzaAy
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T zFNAlIotSay aK2g¢a G(KS QOINARIFIOoftS&a 6SyR23ISy2dior they of dz
endogenous, the number of the equation is given. This allows locating the equation in the model text, which is
useful for large models.

¢t KS GRSLISYRSYOASaé¢ o-gmni, dhych aléwsd ® aentifyQl@ Saiiablesideperidinggodzbe current
one (Up) and which influences it (Down).

C2NJ AyaidlyOSz F2NJC53 4! LX¥ gAftt IABS ¢5 FYyR vI a526y¢

h¥ O2dz2NBEST SE23Sy2dza sAff 2yfe 068 [fft26SR (K a! L¥E 0 dzi

¢CKS GaCAfUSNE 2LIA2Yy At | 2 BoriasthhcSiDadinitindantrPhodd thedFfel  dza A
variables can be identified withRA *, provided one has used such a convention.

I Source text: this is basically the text of the model code. We shall see that this changes with estimated
equations.

91 Block #ructure: this gives information on the logical structure of the model (detdieer in Chapter Y.
We get:

0 The number of equations.

o0 The number of blocks, separated into simultaneous and recursive.

0 The contents of each block.
For the time being, let us only say that a simultaneous block contatesdependentelements. Br any couple of
elements in the block, a path can lead from the first to the second, andveisa. Of course this property does not
depend on the orderingfeequations inside the block.

EViews give alsonumber of feedback variableth{s willbe explained latetoo).

On the contrary, a recursive block can be ordered @Néwscan do it) in such a way that each variable depends only
(for the present period) on previously defined variables.

This information is useful timprove theunderstandng ofthe model, to locate inconsistencies and to correct technical
problems.

EViewscan detect errors if:

o Avariable is defined twice
0 The syntax of an equation is wrong (a parenthesis is laétirigstanceg

andallow the user to observe errors himself if:

o Normally endogenous elements appear as exogenous: the equation for the eahablbeen forgotten, or
written incorrectly.

o Elements foreign to the model appear: variables have been misspelled.
A loop appears where there should be none.
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o Or (more likely) an expected loop does not appear: for instance a Keynesian model is descridmasige,
or amodelfor two countriestrading with each othecan be solveds two independent blocks

All these errors can be detected (and corrected) without calling for the data. This can speed up the building process

especially if the data is nget produced

For the production of serieshere are two options.

ax

LT GKS 2NARIAYIE FYR Y2RSt aSNRS

genr Q=FRA_GDPV

genr CAP=FRA_GDPVTR
genr Cl =FRA_ISKV

genr IC=FRA_ICV

genr LT =FRA_ET

genr LG =FRA_EG

genr FD = FRA_TDDV
genr CO =FRA_CPV

genr RHI =FRA_YDRH
genr IP = FRA_IBV

genr IH = FRA_IHV

genr WD = FRA_XGVMKT
genr GD = FRA_IGV+FRA_CGV
genr X =FRA_XGSV

genr M =FRA_MGSV

genrr_icqg= FRA_IC/FRA_Q

genr r_ih=IH/RHI (or FRA_IHV/FRA_YDRH)
genr r_rhig=(RHI-WR*LT)/Q

genr sr=(RHI-CO)/RHI

genr UR=Q/CAP

genr wr=FRA_WSSS//FRA_LT (FRA_PCP/100)
genr rdep=((K(-1)+IP)-K)/K(-1)

aKitl

NS

(i tKeSseqadnce .S

If the original series are managed in their own page (a beiion inour opinion), one willse:

for %1 Q CAPCIICLTLGFD CORHIIIHWD XM
link {%1}

next

Q.linkto oecd\FRA_GDPV
CAP.linkto oecd\FRA_GDPVTR
Cl.linkto oecd\FRA_ISKV
IC.linkto oecd\FRA_ICV
LT.linkto oecd\FRA_ET
LG.linkto oecd\FRA_EG
FD.linkto oecd\FRA_TDDV
CO.linkto oecd\FRA_CPV
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RHI. oecd\FRA_YDRH

I.linkto oecd\FRA_IBV

IH.linkto oecd\FRA_IHV

WD.linkto oecd\FRA_XGVMKT
X.linkto oecd\FRA_XGSV

M.linkto oecd\FRA_MGSV

GD .linkto oecd\FRA_IGV+FRA_CGV

However, a problem remains for GD, the sum of the two original variftités IGV andFRA_CGV. The LINK function
allows to refer to single variables and not functofas Excel doed)ntil EViews 8 you had two options.

Creating links to the original elements in the model page.

LINK FRA_IGV

LINK FRA_CGV

FRA IGV.linkto oecd\FRA_IGV
FRA _CGV.linkto oecd\FRA_CGV
genr gd=FRA_IGV+FRA _CGV

Or computing &RA_GDV variable in the original page.

genr FRA_GDV=FRA_IGV+FRA_CGV

And linking it

LINK GD
GD.linkto oecd\FRA_GDV

ButEViews 8 allows to refer to variables in a different page, as

page_namelvariable name

This means you can use thaioh simpler method :

genr GD= oecd\FRA_IGV+oecd\FRA CGV

Of course, the same method could have been used for single variables.
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genrQ=o0ecd\FRA_GDPV
genrCAP=0ecd\FRA_GDPVTR
genrCl=oecd\FRA_ISKV
genrlC=oecd\FRA ICV
genrLT=oecd\FRA ET
genrLG=oecd\FRA_EG
genrFD=oecd\FRA_TDDV
genrCO=o0ecd\FRA_CPV
genrRHI. oecd\FRA_YDRH
genrl=oecd\FRA_IBV
genrlH=o0ecd\FRA IHV
genrWD=oecd\FRA_XGVMKT
genrX=oecd\FRA_XGSV
genrM=oecd\FRA_MGSV
genrGD =oecd\FRA_IGV+oecd\FRA_CGV

it all depends if you wanthangesin the original serieso be applied automaticallyor to control the process through
GENR. But f the series is not present (like GD) in the original data, a GEN&nstat is called foanyway

Now we have produced a first version of the model, and the associated data. At the behaviors have not been established,
we obviously cannot solve it. But we can check two important things:

0 The data required for estimation is present.
0 The data izonsistent with the identities.

These conditions are needed to start estimation, the next stage in the process. The first one is obvious, the second less
s0. But inconsistencies in identities can come from using a wrong concept for a variable, of cgnitputongly. If this

variable is going to be used in estimation, whether as dependent or explanatory, the whole process will be based on
wrongelements

0 The time spent in estimation will be lost.

o This time will probably be longer than usual, as it isegalty more difficult (sometimes impossible) to find a
good fit based on wrong data (fortunately?).

o If agood fit is found, the associated equation can remain in the model for a long time ifiidedinitely), and
all the subsequent results will be iniddted. If one is honestiscovering the errofater means thata lot of
work will have to be done again, including possibly published results.

This test can be conducted through a very simple techniquerahiglual check

5.3.3 A FIRST TEST: CHENGKXTHE RESUALS IN THE IDEWNES

50 Of course, this will also increase the size of the workfile.
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At this point, asking for a solution tife model cannot be considered. However, some controls can be conducted, which

R2 OFff F2NJI @GSNER &ALISOAFTAO daraydZ GA2yeéd ¢KAA GSOKYAJ
Thismethod will compute each formula in the model using the historical values of the variables. This can be done by
creating for each equation a formula giving the value of the flgdmd side expression (using the GENR statement in

EViews). However, there asmuch simpler method, provided by EViews.

If we consider a model written as:

Yo = F (Y0 Yen %o d

with y and xthe vectoss of endogenousand exogenousariables.
WeOl y LISNF2NYXY | @GSNE aLISOATAO GaAyYdd FdA2yés AYy 6KAOK SI
Technically this means:

1 Breaking down the model into single equation models, as many as there are equations.
1 Solving each of these modeleparately, using as explanatory values the historical ones. If we call these

. . 0
historical valuesy,

It means we shall compute:

Yo = F(O Yo% & +e

This method will control:
i Foridentities, the consistency between data and formulation.
1 Forthe behavioral equations, the availability of the variables requested by the contemplated estimations. But

one gets no numerical information (actually the method we are proposing will giveavakie).

Actually EViews allows the use of an expression on the left hand side. This applies also here, the comparison being made
between the left and right expressions.

The interest of this method is obvious: if the residual in the equation is ot #Zeneans that there iat leastone error
in that particularequation. Of course thproblemis not solved, but its location is identified. We shall see later that this

method is even more efficient for a fully estimated model, and we shall extendiscussiorat that time.

It would be illusory, however, to hope to obtain a correct model immediately: some diagnoses might have been
badly interpreted, and corrections badly performed. But even if the error has begeded:

1 There could be several errors in the same equation
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1 The correcting process can introduce an eiroanother equation that looked previously exact, but contained
actually two balancing errors. Let us elaborate on this case.

Let us consider our example. If we had usedHousinginvestment the value at current prices:

genr IH=FRA_IH

Then the equation for FD

_fra_1.append FD=CO + IH + IP + Cl + gd

would not hold true, but the one for IH

_fra_l.append IH =r_ih . RHI

will, as the computation of r_ih as the ratio of IH to RHI will compensate the error by another error.

If we correct the error on IH without correcting r_ih, the IH equation will now appear as wrong, while its number of
errors has decreased from 2 to 1.

This means achieving a set of all zero residuals might take a little time, and a few iterations, but should converge
regularly until all errors have disappeaféd

25.3.3.1 The types of erromet

The residual checillows diagnosing the following errors
i1 Failure to solve

o syntax error(call to a norexistent function, unbalanced parentheses).
series with the right name, but unavailab&ather completely (they have not been obtained), or partially (some
periods are lacking).

0 bad spelling (call to a neexistent series)

1 Nonzero residuals
bad spelling (catb the wrong series).

o errors of logic This can be morerdess serious, as it can come from a purely technical error: forgetting a term
for example, or from a conceptual errostatingan unverified theoretical identity.

51 Unless the modeler allows some identities to hold true only approximately.
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o data error badly entered informatiorhadly computed seriegnformation coming from nofcoherent sources,
or from different versions of the same bank.

1 Nonverified behavioral equationfr with erroneous residugl This issue will be applicable (aaddressed)
later.

Observing errovalues can give clues as to their origin:
1 If some periods give a correct result:

0 At the base year (where elements at constant and current prices are identical): the price indexes could be
mistaken for one another, or values could be mistaken for volumes.

o Ifavariable in the formula is null for these periods, it could be responsible.

o Otherwise it could come from a typing errfimade by the user or the data producer).

o Orif it appears in the last periods, the provisory elements could be inconsistent.

1 Observing the magnitude of the erratso can be useful: a residual exceedingrtbemaleconomic magnitude
(1000% for example) should come frorsgecification error: bad operator, inversion of coefficigntastaking
values and values per capita.low residual will often come fromonfusionbetween two close concepts (the
consumptionprice deflator excluding or includiny AT).

1 For additive equabns, a missing or extra element may be identified by comparing the redidtlé actual
values of variable$:orinstanceif the error on final demand for 2000Q1 is 56734 andithike value of housing

invesment.

1 If the 9gn of the erroris constant (and especially if the order of magnitudsinsilar across periodisthe error
could come from the absence of an element, a multiplication by a wrong factor, or a missing positive influence.

1 If severderrors have identical values, they should have the same origin

1 If two variablesshow roughlyidenticalerrorswith the opposite sign, this can contiee fact that one of them
has erroneous valueand explainghe other.

For instance if historical values for Q are overestimated, the relative error on UR and Q will be similar with different
signs.
UR = Q/CAP

Q+M=FD+X

25.3.3.2 Processing errors

: Diagnosing errors the residual checghase can lead back to different phases of the modelling process:
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1 Datamanagement: the data obtained from external producers is not consistent, for a full series or for specific
observations (this happens!).

1 Producton of model data: using the wrongriginalseries, usingawrongcomputation

Example: using a variable at current prices instead of constant, or forgetting an element in a sum.
1 Specificatiorof the model (badly written equations).

Example: forgetting the term for Housing investment in the definition of demand.
1 Estimation(modified series since estimation, bad coefficignts

Example: an erran the imports equation shows that the explanatory series for domestic demand has been changed
since estimation.

Applying this process a number of tim&al be necessary to produce a coherent model.

15.3.3.3  Back to the example
Producing a residual check isite easy irEViewy 2y 8§ 2dz i Kl a G2 &LISOATe GKS 2 LA

_fra_1.solve(d=f)

Of course, as all equations will be computed separately, all information must be available on the current sample period,
including the endogenaivariables (whiclshouldbe exogenousomewhere elsg Contrarily to computations and
estimations EViewsloes not adapthe simulationprocess to the feasible peridthis seems rather logical).

Asthe model is recursive (supeecursive?fomputation gves the resuldirectly, andno element describing the solving
methodis needed (we shall see them later).

However:

1 One shouldspecifythe name given to the computed variables.
Every timeEViewdhas to solve a model, the name given to the resultsheibuilt from the original name of the variable,
to which will be added a suffix (a prefix is also possible but less manageable in our opinioayoicsdestroying the

original information, and allows comparing alternate solutions.

The prefix isspecified usinghe statement:

modelname.append @all suffix
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(remember:appendadds text to the model, aidentity equation is only a special case of text).

In our caseapplyingl KS &dzFFAE ay/ ¢ OFffa T2N¥

_fra_l.append @all _C

The equatiorfor FD will give FD_C, which we can compare with the actual values of FD.
Computing the differences between actual and computed values can be done in a loop, using the syntax dataribed

¢tKS StSYSyita Ay (KS f 22L) Oe efficienSo uRSemak&Ruptsatément. y R¢ 6 dzi

_fra_1.makegroup(a,n) groupname @endog
_fra_1.makegroup(a,n) groupname @exog

In our case:

_fra_l1.makegroup(a,n) g_vendo @endog
_fra_l1.makegroup(a,n) g_vexo @exog

Two remarks:
1 You surely wonder about the reason for the (a,n). This modifies the default options ahthkegroug
statement, which would produce a group with the baseline nane®(r casewith _C added) and leave out

the actual names. Stating (a,n):

0 Introduces theactual names (#or actua)
o Eliminates the baseline onesffr no baseling

It would be best to restrict the computations to the identitielk S NX aA Rdzl t & 2y (MeBning:&a G A Y I (
GKS aFé¢ &aO0OFfI NI Aa ydz f I dask&o, Al h&percektagy &rorzad R®AGBNVAue- 0SS O3

0)/value.But being able to compute the whole model proves thatimations can be conductezh that period.

One can create two suggroups by

group g_vbeha CI | LE M X

group g_viden CAP COFD IC IHK LT Q RHI TD UR

Or
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group g_vbeha Cl | LE M X
_fra_1.makegroup(a,n) g_viden @endo
g_viden.drop Cl | LE M X

This creates first a full group g_viden, then eliminates the estimated from it.

This last technique is cleailyefficient here, but will be much more with a 500 equations model with 50 estimated ones
(a more usual situation).

However, both techniques call for a us#efined list,which will have to be updated each time the variable set is
modified, something we vant to avoid: we propose using a more complex, but automatic one.

Atip: Avisual check is made difficult by tmelative imprecision ofEViewswhich often produces small residuals for
exact equations. In scientific format, these residuals appear asbetsnwith high negative exponents are hard to
identify. One solution is to move to a fixed decimal presentatiopselectingazoné Ay ( KS & a LINBBh R&AKS S
dzaAy3 GKS NRARIKG Y2dzAaS odzidz2y G2 | 0O0Saa aRAaLIiX & F2NXIG

A simple solutionto observe if there is no error e displayall the residuals as singlegraph, and look, not at the series
(they should move around in Brownian motion) but at the scale: both maximum and minimum must be very small.

Another idea is to transfethe residuals to Excel and sort the sheet (unfortunatel§iewsdoes not sort a sheet across
serieson thevalues at a given period). Then-negligibleelements should appear at the top and the bottom according
to their sigh and the sorting order. Thechnique takes more time but allows to identify immediately and fully the faulty
elements.

25.3.3.4 A trick: generating the groups of identities and behavioral

“You certainly have realized by now (and you knew it probably before anyway) that one should avozhassmossible
having to edit the text of modeling programsach timechangeshave beermade earlier in the process. This represents
at best extra work, at worst a source of error. We hgwst violated this principleby separating by ourselves the
endogenous into behavioral and identity.

This will introduce problems, in particular in large models: the initial process will be tedious and error prone, and one
will have to remember to update the list every time the model structure changes.

We propose aimple technique to avoid this, and make the initial separation and its updating automatic. It is based on
GKS LINBaSyO0S 2F (KS aF¢ alOlftFNIAY GKS 06SKI@GA2NIt Sljdz

We just have to:
o {AYdA I GS GKS Y2RSt ¢AGK GKS andéii dagvghsoffRlI' F¢ | yR FIrmX 2
o0 Setfto 2 and update the model (this is necessary to take into account the change).

o Simulate the model again with f=2 and another suffix.
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o Create empty groups of estimated and identity variables.

o Produce a loop over the whole growb endogenous, and test each time if the resufghe two simulations
are different.

* If they are, add the variable to tHist of estimatedelements

* If not, to thelist of identity elements

We can use the following program (for the period 2G02002) We suppose thaany percentage error higher than
0.00001 denotes an error.

_fra_l1.makegroup(a,n) g_vendo @endog
_fra_1.makegroup(a,n) g_vexo @exog
group g_varia g_vendo g_vexo

group g_vbeha 0creates an empty group
group g_vVviden 6creates an empty group
smpl 2000S1 2002S2

_fra_1.append assign @all _c

scalar f=0

solve(d=f) fra 1

scalar f=1

_fra_1l.update

_fra_l.append assign @all _d

solve(d=f) fra 1

for li=1 to g_vendo.@count

%1=g_vendo.@seriesname(!i)

series pf_{%1}=100*({%1} d-{%1} c)/({%1} c+({%1} c=0))
if @max(@abs(pf_{%1}))>1e-5 then

g_vbeha.add {%1}

else

g_viden.add {%1}

endif

next

This sequence calls for some explanation.

9 ¢KS 221 64F2NE (2 aySEG£0 Aa&a NBLNRBRAdZOSR F2NJ SI OK @&l
g_vendo@count(For EViewss.@countis anintegerscalar containing the number of elements in group x).

o liis the rank of the variable in the group g_vendo (from g teendo.@count)
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o %1 receivess a character strinthe contents ofg_vendo.@seriesname(lj)the name of the variabl in group
g_vendo, with rank li

o The subsequent formulagplace%lby its dring value, and brackets are dropped leaving the characters in the
statement.

For regular usersfdeViews or people familiar with programming, the above was prolaidéar. For others, this is the
time to giveverybasic information abouEViewsprogranming (even if this is not the purpose of this book)

5.4 USING LOOPS AND GRGBUINEVIEWS

In the programs we are going to preseimtensive use is made of two elements: groups and loops.

5.4.1 GROUPS

Groups are named elements which refer to a sebbfects (which canbe series, series expressions but also other
object9, allowing to treat them either as a whole or in sequence.

The statement creating a group is

group name-of-the group list-of-elements

For instance

group g X y z xly

will create a groumamed g containing the three series X, y arahd the ratio of x to y.

Theelement must be seriesf expressionbut one can cheat by creating artificial series with the name of the requested
element.

One can:

1 Group groups
1 Add and drop elementsom groups

g.add a

will add the series a to the group g.

g.drop x
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will drop the series x from the group g.
Two useful elements can l@ssociated withthe group:

g.@counts a scalar which contains the number of elemenftgroup g
g.@seriesname is eharactervector which contains the names of the seriegroup g

Finally, groups can be created through a mask:

group g_frafra_* will create a group from all the eleants starting with fra an underscore.

group g_GDP ???_GDP will create a group from all the GDPs of OECD countries (using three characters as a
label).

group g_3 ???_* will create a group from all the elements starting with three characters, then

Grouws can be used to display a list of series, as spreadsheet or graph, by-dbickileg on its name in the workfile
window (wherethey appeal & | o f dzS or@dligg fodie Yo 2 £ 0

The default display is a spreadsheet format, but one canmovetogogdhd y 3 G KS a+xASgé odzidGzy
SRAGAY3I GKS tAad 2F StSYSyita oe axAS¢¢é b aaNRBdzZLI YSYO SN

[5.4.2 LOOPS

EViewsallow two kinds of loops:
1 By elements (a list or a group)

The syntax is:

for %parameter list-of-variables or group-name
block of statements including {%parameter} or %parameter
next

The block of statements will be repeated in sequence for each element in the list, whitttewiképlace the parameter
The presence of brackets around the parameter changes its stfitis brackets the associated characters are included
in the statementsthen the brackets are dropped. Without brackets the parameter is considered as a chastatgr

variable

For instance with

%1="111"
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The statement

genr xxx={%1}

will give to the series xxx the value 111,

while

XXx=%1

gAtt ONBFGS I OKINFOUGSNI AadNAYI gAGK (GKS @I fdzS ammmé

Thestatement

genr xxx=%1

will be illegal as it tries to transfer a character string to a series

We get themessage:

can not assign string expression to numeric variable in "GENR XXX="111""

On the other hand, the statement:

%2=%1+"333"

2Aff ONBFIGS || ammmoooé aAGNAY3IAZ gKAES

%2={%1}+"333"

will be illegal as it mixes strings and values:

Scalar assigned to string in "%2=111+"333""

1 Byintegernumber.
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The syntax is:

for Iname=first-integer to second-integer by third integer
block of statements including {!parameter}
next

The block of statements will be repeated in sequence fromtiir&tger to secondnteger,incrementingif necessarypy
third-integer,the value replacing the parameter.
Integers can be negativéf third-integeris omitted, the increment will be 1.
This type of loop can also be applied to a group
for linteger=1 to group-name.@-count
%1=group-name.@seriesname(!integer)
block of statements including linteger, %1, {%1}
next

1 group-name.@count is the number of elements in the grogpoup-name.

1 %1 receives the contents gfoup-name.@seriesname(li) , the name of the variable in grogyoup-name,
with ranklinteger.

5.5 COMPARING WORKFILEEHE WFCOMARE COMMAD

During the modelling process, yoften have to compare two sets of information.
In particular, you might want to:

o Make sure that two sets of data are identical. This applies to the results of a program you are running again,
maybe after a long delay.

o Oontrol the evolution of historical values for a model data set, shoviimgnstancewhich equations will have
to be estimated again.

o Summarize the results of a residual check, showing for which equations the right hand side (using historical
values of tle explained variable) is different from the right hand side (the result of the computation). By setting
a tolerance level slightly higher than zero (for instance 0.0001) one can restrict the display to the errors deemed
significant.

o Oryoujust might wantto knowwhich elementf a set are present in another sdbr instance which available
series are actually used by one model.

108


mailto:group-name.@count

This can be done easily, using thfcomparecommand.
You can compare elements between workfiles and pages inside the sarkBlevdViews will display one line per
element, in which will be stated its relation, between: unchanged, modified (numerically), added, deleted, replaced

(logically, the last case applies for instance to a linked variable have been modified). Afiler applied.

For series, a tolerance level can be set, under which the series are not considered modified. The display will tell how
many periods show a higher difference.

By default, all elements will be displayed, but one can restrictcthee for instance, to all variables present in both
pages with a difference higher than the criterion).

Equations and models are not compared but appear in the list.

The syntax of thevfcomparecommand is:

wfcompare(tol=riterionlist=comparison_typglist of compared_series list_of reference series

For more details you should refer to the EViews Help.

C2NJ AyadlyOS AT &2dz gtyid G2 O2YLINB Fff CN
for a tolerancdevel of 0.00001 onwvill state

&
<
O
A
Qx
w
zZ
S
w»
ax

wfcompare(tol=1E5,list=m) updatetifra_* basafra_*

CHAPTER 6 THE ESTIMANOF EQUATIONS

We nowhave

1 A full description of the framework of the model, in which all ientities are completely specified, and the
intents in terms of behaviors are described as clearly as possible.
1 A full database containing all the series in the present model, endogenous and exogenous, with their

description.
We have also checked that:
1 The specification of identities is consistent with the available data.
1 The information obtained on the structure of the model (causalities, interdependencies) is consistent with our
economic ideas.

Both the list of variables and equations are availablprastable documents.
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The next stage is obviously to replace each of the tentative behaviors by actual ones, validated both by economic theory
and statistical criteria.

6.1 THE PROCESS OF E&MMMN

What we are proposing is not a book on eoaretrics, and anyway we will never be as knowledgeable, by far, as the
EViews team, both in terms of theory and ability to teach it.

This means we will not approach the theoretical aspects of the subject, leaving the reader to the use of the books we
propose in our bibliography, or even to the EViews Help manuals, which can be actually used as teaching tools, as they
are both comprehensive and very progressive in their approach.

But once the modeler is familiar with the concepts, their applicatian actual casé?is not straightforward at all. This
means wethink this book can bing a very importancontribution: showing how these methods can be used in the
process of building our models. The reader will learn how, in very specific cases, first vemhéasnore operational
econometrics can be used (or not used), considering the information he has and the goal he is pursuing.

We shall also show the role econometrics take in the process, not as a single task between data gathering and
simulations, buts a recurrent partner in the iterative process of model building.

We shall not only give examples workisigmoothlyfrom the start, but showalsohow econometrics can be set aside,
and how, in some cases, an initial failure can be transformed into ssjozéih some imaginatios.

6.2 SPECIFIC ISSUES

Nevertheles, we feelit will be useful to present two cases, which are not generally treated by manuals, and can lead
to wrong decisions, or wrongly evaluatitige results of tests.

We shall use a very practiagbproach.

76.2.1 THE R2 OR-RQUARED

The statistic called "R2" or “Rjuared" is the most commonly used to judge the global quality of an estimation. It is
defined by the following formula.

T T
R?=3 (€ -0 /4 (x,-X)
t=1 t=1

520ne in which he is not playing with data, but actualiyided to succeed.

BwSYSYoSNI 5| irBoldenSuyeR diBcOndmetrics: 1.Think brilliantly, 2.Be infinitely creative, 3.Be
outstandinglylucky, 4.0Otherwise, stick to being a theorist
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This statistic cartherefore be interpreted as the share of the variance of the observed variable x explayndte
estimatedformula.

A geometrical explanation also can be used: if we consider the space of variables (dimension T = number of
observations), the estimation method will consist in minimizing the distance between the explained variable and the
space (the plane or hyper plangenerated by thevectors of explanatory seriesisingcombinatiors of parameter

values.

Especially, if théormula is linearelative to estimated parameterand contains a constant term, we can consider the
estimation is based on the difference of variables (explained and explanatory) to their means. In thisinasi&ing

the Euclidian distance will lead (as can be seen on the graph) the v@z[teryt) to be orthogonal to the space and

therefore to the vecto(¥, - y) . These two elements represent the nenplained and explained paot (y, - ) , the

variance of which is the sum of their squares. TheaR be interpreted as the square of the cosine of the angle between
the observed and adjusted series: the closer tRésRo 1, the smaller the angle will be and the héglthe share of the
estimated variable in the explanation of the total variance. The explanation will be perfgetyf belongs to the space,

and null if the perpendicular meets the space at the origin.
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If the equation presents no constant term, the same reasoning can be applied, but this time the measuistrastted
However, the Rno longer has the same meaning: instead of variances, direct sum of squares will be used.

We will not go further in the explanation of this tesbncentrating instead on its practical properties.

26.2.1.1 Questioning the Rquared

' One mst be very careful when using the R2 statistic.
1 itincreases with trends in variables

The R statistic will be all the higher as the explained variable and at least one of the explanatory vapisdsest a

time trendaccording to the rank of the observation. Thus components of each sétlaiables on axes of observations

will grow in the samer oppositedirection (from highly negative to highly positive or the reversa)d give associated
vectors very close origations. On the above graph, the components of variables on the axes will be more or less
ordered according to the numbering of the axes themselves. The first observations will be the most negative, then
values will grow through zero and reach the mostifies ones in the end. The same goes if the ordering follows
opposite directions: the estimation will evidence a negative link.
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In this case, even in the absence of a true causal relationship between variables, the orientation of the vectors will be
similar to a given multiplicative factor, artHe R test will seem to validate the formulation. Amdosttime series lfke

values, quantities or prices), generally present a growing trgndng this phenomenon a good chance to hapgeor.
example if we apply the previous equation for French imports:

(1) Log(M,)=aQuog(TD,) +b+u,

Replacing TD by any steadily growing (or decreasing) vatigble f t 3 A @5 better maagib2 thahéctual French
demand.

Actuallyit can be shown thiatestingfor each OECD country the estimation of its imports as a function of the demand
2F ye O2dzyiNBX (GKS aiGNHzSé¢ Sljdz A2y R2Sa yz2i4 02YS |tgl

1 It gives misleading diagnoses when comparing estimatiopkimnng different elements.
This happens in particular when we explain the same concept using a different transformation.

Let us consider our equation 14, as

(14 DLog(M,)=aLog(TD,)+b+V,

We can see that the time trend has disappeared from bathies, and any correlation will come from common
deviations around this trend (or rather common changes in the value from one period to another). This is of course a
much better proof of a link between the two elemer{tadependently from autocorrelation)

Toput the two formulations on equal groundthey must explain the same element. For thae can just modify the
new equation into:

Log(M,) = Log(M, ,) + aLog(TD,) +b+v,

Compared to the initial formula, thisansformation will not change the explanatithas obviously the minimization of
the sum of squared residuals represents the same proddssonly modified statistic will ke R, which willincrease
alot, as an identical element with a high variance (comp#metiat of DLog(M)) has been addedroboth sides.

54 Like Australian demand, or the price of a pack of cigareitédzbekistan.

55 Before estimation EViews will move the lagged term to the left.
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The choice between the two formulations should not rely on tAéiR on the autocorrelation of the residual: if is

not correlated one should use (1), if it is one shamd(2). But in any case the issues will be solved by error caorect
models anccointegration which we shall address later.

6.2.2 THE CONSTANT TERM

When observing the validity of individual influences, one element plays a very specific role: the constant term.
This element can have two purpes:

1 To manage the fact that thequation does not consider elements as such, but the deviations from their
means.In ordinary least squares, even if the final result is a linear formulation of the variables and a
constant term, the process actually

0 computes the deviations
o uses them to estimate a formula with no constzht
0 recombines estimated coefficients and means into a constant

This constant is an integral part of the process. It should be included every time at least one of the explanatory

elements does not have a zero mean.

1 To describe an economic mechanism.

Let us give an example for the first case: if imports have a constant elasticity to demand, we will estimate:

DM, /M, = ad®TD, /TD,

Or

Log(M,) =aQog(TD,) +b

but the estimationprocess wilF A NAE G dzAS G(KS RAFFSNBYyOS (2 G(KS I @SNY 3S

Log(M,) - Log(M) = aLog(TD,) - Log(TD))

or

56 As all elements in the formula have zero mean, the sum of the residuals will also
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Log(M, /M) = aGog(TD, / TD)

Then the constant

b =Log(M)- a@og(TD)

We can see in particular the consequences of a change in the(thmitssands, millions, billions...). The constant term
gAftt I 0a2 NodzyAOKI ytaISIR@A L3/ @lKS | 6aSyO0S 2F aoéx al é gAfft

h¥ O02dzNBEST GKS Y2NB do6é Aa aiidayirTie@bafyd thelektiBatiohgaidther G &
Y2NB alé¢ gAfft 0S FFFSOGSROD .dzi GKAA Aa y2 NBlrazy (2
two platters never have the same weight, aaden the damage increases with the differencesitlways useful to
correctit. And in our case there is no cost (actuatlymakes things cheapelas the cost of the decision process

disappears

It is notfrequent for the constant term to have a theoretical meaning. The majority of such cases coma formula
in growth rates or variations, where the constant term W#l associated with &tend.

The only justification for the absence of a constant terwli®n this theoretical constant is null. In this casbserving
asignificantvaluebecomes a problemi/e shall give an example soon.

6.3 APPLICATIONS: OUR MBL

Let us now apply the above principles to our sample model.
In our model, we have to estimate five equations, for which we have already ideas aboubgieir

1 The change imventories, employment and investment should depend on GDP
1 Exports and imports should depend on the associated demand (world and domestic) and availability of
potential supply.

We shall use eachf theseequations to illustrate a specific aspect of esiion.

The change in inventories: general elements, homoscedasticity, presence of a constant term.
Employment: stationarity, error correction models.

Investment: the necessity to establish a consistent theoretical equation prior to estimation.
Exports: atoregressive processes, cointegration, long term stability.

Imports: going further on cointegration and long term stability.

=A =4 =4 -4 A

Each of our formulations will be based on very simple economic ideas, and we shall elect a specification which complies

with both econometric tests and economic consistency. They are also chosen in a way which should allow them to
merge harmoniously into the model we are building. However, it should be clear that
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1 Other simple formulations could probably be built on the same sampith equivalentor maybe better
quality.

1 Using another sample (another country for instance) the same economic ideas could lead to different
formulations (not only different coefficientalues).

1 Other economic ideas could be applied, with the same conitglex

1 To produce a truly operational model, the present framework would have to be developed in a large way. We
will presentsuchdevelopments later.

However the model we are building represents in our sense a simplified but consistent summary of tred giaissrof
models of this type. Reading descriptive documents for any operational structural model, one will meet many of the
ideas we are going to develop.

A note onestimations: one can observe that we are usingther old data, with a biyearly periodicity, half way
between the two most usuabnes: quarterly and yearly. We do have access to the same informatam a larger
period ona quarterly basis, which would have represented an obvious improvement. Howeugrcourseproposes
also a series of lessons, following the same lines (and using very similar ideas) as the ones we will develop here.

Another reason is that the most recent National Accounts produce chained savieish means thathe elements "at
constant prices" become dt the prices of the previous year"Using them as such makes econometric estimatigns

RAFTFAOQOdAZA G FYyR Y2RStfAy3 fY2aid AYLRaaroftSed ! yR GNl yatzal
in arigorousway.

Obviously the lessons (which asdersto solvea set ofproblems) cannot use the same data as the examples. We have
decided that it was more important to keep the shorter periodicity for the tests, which will represent a more important
element in the teaching process.

6.3.1 CHANGE IN INVENTGEGRI

We shall use this simplest estimation to present the basic featuré&/gdwsestimation, and also stress the necessity
for homoscedasticity

Our formulation will suppose simply that firms desire a level of stocks proportional to their productiod@). Eor a
particular producer, this should be true both for the goods he produces and for the ones he is going to use for
production. For instance, a car manufacturer will allow for a given delay between production and sale (for instance three
months, wheh will lead to an inventory level of 1M4of annual production). And tde sure ofthe availability of
intermediary goods (like stedlres, electronic componentand fuelfor machinesn this case) he will buy the necessary
guantity (proportional to production) sometime in advance.

We shall suppose that firms have achieved, at the previous period, an inventoryllleepresenting a number of
semesters of production:

IL,., = ath-l
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And they want to keep this level at the present period:

tzacQt

IL, =IL

t

Then the change in inventory will represent:

IC, =(IL, - IL,_,) =adQ,

This means that contrary to the general case #ysation should not include a constant term. Its presence would call
for a trend (and a constant) in the equation in ley@lith no economic justification. It would also introduce a problem:
adding a constant to an explanation in constant Euros wouldentfaé equation norhomogenous.

Even then, the equation faces a problem, concerning the residual: between 196308ddFrench GDP has been
multiplied by 4. We can suppose the level of inventories too (maybe a little less with economies ainstatgrored
management techniqugs

It is difficult to suppose that the unexplained part of the change in inventories is not affected by this evolution. As the
variable grows, the error should grow. But to apply the method (OLS), we need the residual to bagtaatcstandard

error. Something must be done.

The simplest idea is to suppose that the error grows at the same rate as GDP, which means that if we measure the
change in inventories in proportion to GDP, we should get a concept for which the error sestabte. Of course, we

shall have to apply the same change to the right hand side, which bexthmeelative change in GDP.

To avoid causality problems (for a giveamesterdemand for IC is partly satisfied by ®e shall use the previous value

of Q.

The equation becomes:

IC, /1Q.,=a®Q,/Q._,

26.3.1.1 The basiEViewsestimation features

As this is our first example, when shall use it to present the basic estimation features.
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Actually the technique will be differerdaccording to the stage in the estimatigmocess:whether we areexploring
several individual formulations, looking for the best option both in statistical and economic terms, or wealleagy
elected the best one, and want to merge it into our model.

We shall start with the first situation.

The simplest way to estimate an equation un@@fiewsds through the menus, using in succession:

Quick > Estimate equation

A window appears, in which one has to type the formula.

In the case of ordinargast squares, this can be a list of elements separated by blanks, in our case:

IC/Q(-1) D(Q)/Q(-1)

We can also use

IC/Q(-1)=c(1)*D(Q)/Q(-1)

¢tKS (g2 YSGiK2R& 3IAGS SEFOGte GKS al YS N& aitzrthé astintated) G K S
coefficient).

The default method will be Least Squares, appropriate in our case. If the equation was not linear in the coefficients, the
second presentation would bautomaticallycalled for.

One will note that
1 Aconstanttermha (2 0SS AYy(iNRRdzOSR SELX AOAif& o6l & +y IRRAGA

1 EViewsllows tospecify asample, which will be applied only to the particular equation (the current sample is
not modified). This is quite useful if some periods have to be excluded the estimation. This will happen
for instance ifthey are deemed not to follow the estimated behavidiké pre ¢ transition data for Central
European countrigsChina or Vietnaip or observations aralsoLINE A RSR 2 @SNJ G KS T dzi dzNJ
Perspctives completes the historical data with the results of its forecasts over the next three years).

1 On the contrary, one does not have to care about leaving in the sample periods for which estimation is not
possible, due to missing elements or the impbagy to compute a term (for instance the logarithm of a
negative value)EViewswill eliminate by itself the corresponding periodé@nd tell you about the reduced

sample)

In our case we can use the sample:
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smpl 1960s1 2002s1
which means that wesonsider data from the first semester of 1960 to the last of 2002 (our datayisasly in this
particular case).

If the equation is linear in coefficientBViewsecognizes this property, and does not try to iterate on the coefficients,
as it knows tle values found are the right ones.

' AAYy 3 (KS givdsihé follovdnd tesuls

We can see thaEViewgives the sample used (the relevant periods of our sample). Estimation starts in 1963S2, as the
Q series starts only in 1963 and is lagged once.

1 We get also the number of periods, and the time and date.

1 The other elements are the usual statistics, désea earlier. The most important are:

0 The Rsquared, the DurbitwWatson test and the Standard Error of regression for global elements.

0 The coefficient, the-Btatistic and the probability for reaching the coefficient value if the true coefficient is null

with the estimated standard error.

In our case:

1 The RSquared is very low, even if the extreme variability and the absence of trend of tHealedt element
plead in favor of the explanatiéh

However, as with almost all homogenous estimations, a sinmpégpretation is available, through the standard error:
as the explained variable is measured in points of G average error represents 0.72 points.

1 The coefficient is very significant. The probability of reaching 0.26 for a normal law with nasahsfandard
error .042 igmeasured as zero. Of course it is not null, but libvger than 0.00005, and probably much so.

1 But the DurbinWatson testtakes an unacceptable valueven if the absence of a constant term (and the
subsequent nofeero averagef residuals) makes its use questionable.

1 The graph of residuals is the second important element for diagntisssiowsthe evolution of actual and
estimated series (top of the graph, using the right hand scale) and of the residual (bottom, usinfj tfze te

571f we knew the values for IL, its estimation would get a bettefdRe to the colinearity of LI and Q). But we would
be led to estimate an error correction model on IL, anyway. We have seen the advantage of this formulation, but for
the quality to extend to the whole model, all equations must be of this type.
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scale, with lines at + angll standard error). This means that inside the band residuals are lower than average,
and higher outside it. Of course, it gives only a relative diagnosis.
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The graph shows (in our opam) that the equation provides some explanatidmyt some periods (19751980 in
particular) present a large and persistent error, and there seems to be a negative trend on residuals after 1975 (and
maybe a positive one before).

In addition to the display of estimation results and graph of residiEAlsewscreates several objects:

T ! @SOG2NI 2F O2STFFAOASyGazxr O2y il AySR Ay GKS a/ ¢ @SSO0
are replaceé®.

1 Aseriesforther@ A Rdzl f a2 O2y il AYySR Ay (GKS aw9{L5¢ @FINAIOotSD
regression are replacéy

T ! GSYyGlFridA@S Sljdz A2y OFfftSR 4! yiAlf SRE WANIKI KDEY 2 ¥
vector of coefficients, wit numbers starting from 1In our case, the formula is obviously

IC/Q(-1)=c(1)*D(Q)/Q(-1)

lye adzoaSldsSyd SadAayYldGAazy gAftt NBLXIOS GKA&a Sldad dAz2y o

S8 But if the present regression contains fewer coefficients than the previous ones, the additional elements are not put
to zero .

59 But this time, residuals from previous equations are given either computed valuelAp«
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1 EViewsrovides also several options, accessed from the menu, and whitlbe useful:

o View gives three representations of the equation: the original statement, and two formulas including

coefficients as parametershe aboved O¢ G @ LISV 2NJ & @I f dzSad

o OPrint€ allows printing the current window: to a printer, to a text file (using characters, which saves space but
reduces readability, especially for graphs), or to a graphics RTF file. This last option might call for a monochrome
presentation, which is obtainetthrough the «Monochrome» template (the last of the general Graph options).

o OdName allows creating the equation as a named item in the workfile, with an attached comment. It is
AYLRNIFYyG G2 dz&aS Ad AYYSRAFGSt&@ FFGSNI GKS SadAayYlrda
replaced by the next estimation.

However, inselihg an underscore ("_") before the nanproposedwill place the equations in the first positions of the
workingwindow.

EViewsLINB LJI2aSa Fa | adl yREF NR -digit ndBberdoliowihgthe Bwebt e Siised & the (1 6 2
moment. There are two optic

* DAGS | yIYS NBLNBaSyidl G§A@S 2tfird égéadon Estintding X asyhfluenced 1 S &
by the rate of use).
*  Accept theEViewssuggestion and rely on thettachedcomment for the explanation.

Personally we favor the second option:

* Itis simpler and more natural to use.

* |t allows placing all the equation in the same workfded window)location.

* |t avoidsdefining acomplex and maybe unclear naming method.

*  The commentoneis much wider and can follow any format, including blaakd special characters.

Actually the item saved is more complex than the actual formula. Deelldking on it shows that it contains the full
representation, including the residual (and actually the standard errors of the coefficients, even if theytare
displayed).

o0 Forecastproduces a series for the estimatedriable (or the estimated lefthand expression, generally less
interesting), and an associated graph with an error band (abdxavith the statistics).

26.3.1.2 An alternatetechnique:usingthe command window

Instead of using Quick>Estimate, one can work directly through the command window. One justhBsRo a f 8¢ 0S¥
the formula.

Is 1C/Q(-1)=c(1)*D(Q)/Q(-1)

This has several advantages:
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By copying and editing the current equation o thext lineof the command boxentering changes is made
mucheasier.

After a session of estimations, the set can be copied into a program file and reused at will. Management of a
set of alternate versions is much easier.

One can control the size of chatars. This is quite interestingghenworking with a team, or making a
presentation, as the normal font generallyquite small

The only drawback is samplefiniton:A & Kl & G2 06S SYydSNBR Ia | O2YYlIyRZ
panel.

26.3.1.3 Other possible specifications

Let us go back to our estimated formula. If we are not satisfied with the previous results, we can try alternate options,
without changing the economic background:

Firms could consider the changes in GDP for the last two semest#érgjifferent impacts

DependentV ariable: IC/Q{-1)

Method: Least Squares

Date: 11/06/M12 Time: 19:37

Sample (adjusted ) 196451 200251

Included observations: 77 after adjustments

IC/IQ1 =C_IC1@FCHQRHC_IC2@PCH(Q(-1))

Coefficient Std. Ermor t-Statistic Prob.

C IC{1) 0.130473 0.056396 2313510 0.0234

C IC{2) 0.214330 0.053280 4 022712 0.0001
R-squared 0.280583 Meandependent var 0.004821
Adjusted R-squared 0.270981 5.0. dependent var 0.007513
5SE ofregression 0006414 Akaike info criterion -7 234887
Sum sguared resid 0.003086 Schwarz critenon -7.174009
Log likelihood 2805432 Hannan-Quinn criter. -7.210536
DurbinWatson stat 0.658613

The results are actually better (not the Duridviatsontest!).
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1 We can also consider the same coefficient:
Dependent Variable: IC/Q(-1)
Method: Least Squares
Date: 11/06/12 Time: 19:37
Sample (adjusted): 196451 2002S1
Included observations: 77 after adjustments
IC/Q(-1)=C_IC(1)@PCH(Q)+C_IC(1)*@PCH(Q(-1))
Coefficient Std. Error t-Statistic Prob.
C_IC(1) 0.173786 0.020427 8.507613 0.0000

R-squared 0.274067 Mean dependent var 0.004821
Adjusted R-squared 0.274067 S.D.dependentvar 0.007513
S.E. of regression 0.006401 Akaike info criterion -7.251844
Sum squared resid 0.003114 Schwarzcriterion -7.221405
Log likelihood 280.1960 Hannan-Quinn criter. -7.239669
Durbin-Watson stat 0.628277
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This restriction does not reduce the quality (theSRuared decreases but the standard error too, a stramgelt due
to the larger number of degrees of freedom, witheoless estimated coefficient).

Actually observation of the residuals shows a growing trend before 1975, and a decreasing trend from that date. One
can be tempted to take this into account, aogpect which is not completely unlawful: in the latter years the policy of
firms has been to reduce the level of inventories (thus their change) and the technical opportunities of implementing it
have increased. The pf®75 increase is harder to explain.

We shall introduce a correcting term, represented by a constant, a trend startingrat 28d another ending at 1975.

26.3.1.4 Introducing trends in equations

To introduce a trend in an equation (or for that matter any expressiependingonly on time) two soltions are
available:

1 Createan xogenous) variable.
1 Introduce directly the associated formulasing a trend variable

We prefer clearly the second option:
1 It reduces the number of elements in the model.
1 It requires no extrapolation for simulatiormver the future.
1 It allows a direct interpretation by the modeller or other persons, and does not call for documentation.

We see no relative advantage for the first option.

To define the trend, we have two options:
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1 Usingthe @trendor @trendcfunction of EViews giving a variable starting from zero and increasing by 1 at
each period°

1 Creatinga specific time trend, taking the value of the yetlmys increasing by 1 at each year. Obviously, for
non-annual series, one will have to separate fériods. The obvious solution is to set the first period to the
calendar year, and increase subsequent observations by a fraction, giving 1 over the year.

For the firstsemesterof 1975 the value will be 1975, for tlsecond semestet975.50.

Unfortunatdy this technique faces problems with a more than quarterly frequency, a rare occurrence in modelling
however.

We shall estimaténdifferently:

ICIQ(-1) D(Q)/Q(-1) D(Q(-1))/Q(-2) (T-1975)%(T<=1975) (T>1975)*(T-1975) C

or

IC/Q(-1) = C(1)*D(Q)/Q(-1) + C(2)*D(Q(-1))/Q(-2) + C(3)*(T-1975)*(T<=1975)
+ C(4)*(T>1975)%(T-1975) + C(5)

Let us detail the computation of the trends. The first iie1975)*(T<=1975) multiplies a trend growing to a zero
value inthe first semester 01975, by a condition which is true only until 1975. The result is a trend grdtakigg less
and less negativedlues)until 1975, when it takes permanently the value 0.

The second on€l-1975)*(T>1975) creates a trend which is nuihtil 1975, then grows by one each year.

80 For any periodicity.
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The associated formulation works quite well, with highly significant terms. The standard error is reduced significantly,
the RSquared is rather high for such an erratiependentvariable, and the quality of #nexplanation is quite high in

the end (for the six last years the error is below average, and the last value is relatively very small). However, fprecastin
the trend will be quite problematic: if we maintain it in the long run, its contribution will bee@nfinitely negative, and

GKS SELIIAYSR NIXdAaAz (22X

And of course, it will probably justified to consider our formula as established ad hoc. In fact we will waive its use.

Dependent Variable: IC/Q(-1)

Method: Least Squares

Date: 11/06/12 Time: 19:37

Sample (adjusted): 1964S1 200251

Included observations: 77 after adjustments

IC/Q(-1)=C_IC(1)*@PCH(Q)}+C_IC(2)*@PCH(Q(-1))*C_IC(3)*(T-1975)
HT<=1975+C_IC(4)(T-1975)*(T>=1975)

Coefficient Std. Error t-Statistic Prob.

c_IC(1) 0.286030 0.048544 5.892212 0.0000

C_IC(2) 0.383594 0.047563 8.064939 0.0000

C_IC(3) 0.001608 0.000253 6.362828 0.0000

C_IC(4) -0.000327 5.37E-05 -6.083855 0.0000
R-squared 0.582654 Meandependentvar 0.004821
Adjusted R-squared 0.565502 S.D.dependentvar 0.007513
S.E. of regression 0.004952 Akaike info criterion -7.727463
Sum squared resid 0.001790 Schwarzcriterion -7.605707
Log likelihood 301.5073 Hannan-Quinn criter. -7.678762
Durbin-Watson stat 1.214565
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26.3.1.5 Preparing the equation for the model
Once an equation has been selecfed introduction in the model, a different strategy should be used.
If we use the estimated formula, we will face several problems:
91 Itis not simple to link the equatiomamewith its purpose, which makes the process unclear and forbids to use
any automaed and systematiprocess.
1 The C vectoisused by all equations is only consistent with the last estimated one.

1 The residuals cannot be managed simply

Instead, we propose the following organizatjaleriving all elementfrom the name ofthe dependnt variable though
a systematid¢ransformation:

1 Naming the equation after the estimated variable.
For instance we can call our equation EQ_CI.

1 Using the developed specification, with explicit coefficients.
1 Naming the coefficient vector after the estimatedriable.

For instance we can call it C_CI. Of course this calls for its creation, with a high dimagkion:

coef(10) c_ci
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(we chose 10 as a round number which kvewwe shall never reach).
1 Introducing an additive explicit residual, namafder the estimated variable. The reason is the following.

o It is essential for a model to estimate and simulate the same equation. Of course two versions can be
maintained, one being copied into the other after each new estimation. This is:

*  Tedious.
*  Difficult to manage.
*  Errorprone.

It is much better to use a single item. However this faces a problem: one wants access to the residual, in particular
for forecasts as we shall see later. And the estimation calls for no residual.

The solution is quite simgl introduce dormal residual,but set it to zero before any estimation.
1 Work through a program

This allows:

Visual control over the specification.

Easy replication of the estimation (for instance if the data has changed).

Easy introduction of marginahanges.
Documentation of the economic context (by introducing comments in the program).

o O O O

In our case we shall use:

coef(10) ec_ci

genr ec_ci=0

equation eq_ci ci/q(-1)=c_ci(1)*@pch(g)+c_ci(2)*@pch(q(-1))+ec_ci
genr ec_ci=resid

6.3.2 INVESTMENTEHE NECESSITY TOABETSH A CONSISTENEORETICAL EQUATION
PRIOR TO ESTIMATION

In this estimation, we shall stress the importance of establishing a sound economic framework before any estimation.
The basic economic idea is quite simple: the purpose of investment is

1 To replacaliscardedcapital.
1 Toallowa higher level productiorfacing arincreaseof demand.

Without proceeding further in theory, many formulations can be considered. For instamoestment could have a
constant elasticity to GDP, maybe with an error correction term incluchpgal...
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In our sense, trying for the best estimation without considering the economics behind the formula, and especially its
formal consequences for nael properties, is rather irresponsible. For instance, using the logarithm of investment is
quite dangerous. Its value can change in very high proportions, and if we go back to the microeconomic foundation of
this behavior, its value could very well be atige, as some firms are led to disinvest from time to time, by selling more
capital that they buy.

For instance, the following equation seems to work quite well:

DLog(l,) = aPLog(Q, ) +bAog(l,,/Q.,) +ch+d

The results are:

Dependent Variable: DLOG()

Method: Least Squares

Date: 11/07/12 Time: 12:01

Sample (adjusted): 1963S2 200251
Included observations: 78 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
DLOG(Q) 2.425971 0.195149 12.43140 0.0000
LOG(I(-1)Q(-1)) -0.076428 0.032747  -2.333903 0.0223
C -2.458531 0.535731 -4.589116 0.0000
36 0.001145 0.000249 4 605258 0.0000
R-squared 0.684209 Mean dependent var 0.017985
Adjusted R-squared 0.671407 S.D. dependent var 0.032691
S.E. of regression 0.018740 Akaike info criterion -5.066421
Sum squared resid 0.025987 Schwarz criterion -4.945564
Log likelihood 201.5904 Hannan-Quinn criter. -5.018040
F-statistic 53.44416 Durbin-Watson stat 1.658039

Prob(F-statistic) 0.000000
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Everything seems to go well: the statistics are quite good (except maybe for the Mabgon test), the signs are right,

the graph shows a really strong fit. Howewehen we merge the equation into a model, gsnulation propertiewill

be affected bythe basesolution: even a very high increase in GDP will have a low impact of the absolute level of
investment if it was very low in the previous period.

One can guess that although linking investment (a change in capital) to the change in production seems a natural idea,
the jumpto the above formulation waa little too fast a move One should be naturally reticent in taking the logarithm
of a growth rae.

We shall try to clarify the economic process through a full logical formalization.
Let us suppose that production followsomplementary factorsfunction, which means that to reach a given level of
productive capacity, fixed levels of capital anti@oyment are required, and a reduction in one factor cannot be

compensated by an increase in the other. This means obviously that the less costly process (optimal) is the one which
respects exactly these conditions.
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Combinations of K and L
/ such that:CAP=CAP

K, ° CAP=CAPR,

2AGKEAILWINE RAZOGAGAGE 2F OFLAGEIEES FyR aLX ¢ LINPRdAzZOGAGAGE 2

CAR =min( pk &, ,, pl, Q,)

0 (i K-@ énéails that we shall use tHevel ofcapital reached at the end of the previous peniod

Actually, for a given level of employmenthere is always some short term leverage production at least at the
macroeconomic level. Temporarily increasing labor productivity by 2% can be easily achieved through extra hours, less
vacations, lesraining courses.

This means capitalill be the only limiting factoin the short term

The capacity equation can be simplified into:

CAR = pk &,

Now let us define the rate of use of capacities:
UR =Q/CAR
CAR = pk &K, =Q /UR

*
Now let us supposéirms actually want to reach a constant target utilization rate Uahdexpect a productiorevel
Q® . Then by definition:
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K; =CAR / pk =Q};/UR / pk,,

K, =CAR/pk =Q /UR / pk

And defining tx(z) as the growth rate of z:

X" (K,) © t'(CAR) - tx(pk) © tx*(Q,) - &X' (UR) - tx(pk)

This means that the target growth rate of capital can be decomposed as the sum of three terngittoaepositive
influence:

1 The expected growth rate of production

and two negative:

1 The target growth rate of the rate of usetiife firms feel their capacities are 1% too high for the present level
of production, theycan reach the targeby decreasing capitaby 1% even if production is not expected to
change

1 The growth rate of capital productivity: if it increases by 1%, 1%dapital will be needed.

But the element we need is investment. getit we shall use the definition.

Kt = Kt-l@'_ drt)+ It

which can be written as

tx(Kt) =- drt + It/Kt-l

Thisgives finally:

1K =t(K) =di +X (K,) =dr +x3(Q) - X (UR) - tx(pk)

In other words:
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If firms expect a growth rate of 4%, capacities should adapt to that growth

But if they feel their capacities are undesed by 1%, their desired capacity will only increase by 3%.
If capital productivity is going to increase by 1%, they will need 1%dpisl.

But once capital growth has been defined, they also have to compensate for depreciation.

=A =4 =4 =

If we suppose

1 That the depreciation rate is constant, as well as the rate of growth of capital produgctivity
1 That production growth expectations abased oran average of the previous rates,

And we consider as the rate of use the ratio of actual GDP to a value obtained under normal utilization of factors, which
leads to a unitary target.

We get the simplified formula:

| /K., =a+3 | a®(Q.)- X' (UR,,)

with

a =0 =1

Finally, we can suppose, @& shall do alsfor employment, that the desired growth of capital is only partially reached
in practice, either because firms react cautiously to fluctuations of demand, or because theyreteanwd by
investment programs covering more than one period.

And we shall leave free the coefficients:
It* / Kt—l = bdt—l/ Kt—2 w (1' b) Qa+CCﬁ inzoai Cb(a(Qt—i) -d Cm(*(URl))

The results are rather satisfactory, with the right sign and acceptable statistics for all explanatory element&sThis w
not obvious, as their strong correlation (both use Q in the numerator) could have made it difficult for the estimation
process to separate their role.
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Dependent Variable: VK(-1)

Method: Least Squares

Date: 11/07/12 Time: 12:03

Sample (adjusted): 1977S2 200281

Included observations: 50 after adjustments
VK(-1)=C_I(1)*I(-1/K(-2)+C_I(2)*UR+C_K3)*.25"Q/Q(-4)+C_I(4)

Coefficient Std. Error t-Statistic Prob.

C K1) 0.825643 0.033524 2462809 0.0000

C K2) 0.027926 0.006984 3.998580 0.0002

C_K3) 0.152870 0.058292 2.622495 0.0118

C_k4) -0.052515 0.010337 -5.080438 0.0000
R-squared 0.959393 Meandependent var 0.087074
Adjusted R-squared 0.956745 S.D. dependent var 0.006785
S.E. of regression 0.001411 Akaike info criterion -10.21218
Sum squared resid 9.16E-05 Schwarzcriterion -10.05922
Loq likelihood 2593046 Hannan-Quinn criter. -10.15393
F-statistic 362.2686 Durbin-Watson stat 0.628797
Prob(F-statistic) 0.000000
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The graph of residuals shows that the quality of the explanation grows with time, aspéxially good for the last
periods. This is rather important for simulations over the future, and one can wonder what we would have done if the
sample had been reversed, and the initial residuald hpplied to the last periods.

We will deal with this psblem of growing errors on recent periods when we address forecasts.
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The equation we have built is not only satisfactory by itself, but we can expect it to provide the model with adequate
properties. In particular, the long term elasticity of capim@iproduction is now unitary by construction. Starting from a
base simulation, a 1% permanent shock on Q will leaeelong run value ofJR unchangeéd. This gives the same
relative variations to production, capacity and (with a constant capital produgyieapital.

¢tKS O2STFAOASY(la alé¢ IyR 40é¢ RSGSNYAYyS 2yteé GKS Reyl YA

Actually we have estimated a kind of ermorrection equation, in which the error is the gap between actual and target
capacity the rate of use).

We hope to have made clear that to produce a consistent formulation, in particular in a modelling context, one must
start by establishing a sound economic background.

6.3.3 EMPLOYMENT: STATIGNAY, ERROR CORRENTMODELS, BREAKPDINEST.

6.3.3.1 The economic framework

Of course, the employment equation should follow also a complementary factors framework.
In the previous paragraph, we have shown thrathisframeworkthe elementdetermining capacity is the sole capital,
while firms could ask from workers a temporangrease in productivity, high enough to ensure the needed level of

productiorf2d | RIF LJiAyYy 3 SYLX 28YSyid G2 GKS fS@St NBIdZANBR (2 20

This means estimating employment will allow us to applydtlenents on error correction models we have presented
earlier, in a very simple framework.

We shall suppose that firms:
1 Know the level of production they have to achieve.
1 Know also the level of production which should be achieved by each worker undeahcircumstances (in
other term his normal productivity).

From these two elements they can determine the normal number of workers they need.

But they do not adapt the actual employment level to this target, and this for:

51 As the left handside represents the (fixed) long term growth rate of capital.

62This is true in our macroeconomic framework, in which the changes in production are limited, and part of growth is
compensated by increases in structural productivity (due for instance t@ roapital intensive processes). At the firm
level, employment can produce bottlenecks. This will be the case if a sudden fashion appears for particular goods
requiring specialized craftspeople, even if the tools and machines are available for buying.

135



1 Technicateasons between theconclusion that more employees are needed and the actual Kitifigns have
to decide on the type of jobs called for, set up their demands, conduct interviesgmtiatewages, establish
contracts,get authorizations if they are foreign citizemaaybe ak prospective workers to train... Of course
this delay depends heavily on the type of job. And this goes also for laying out workers.

1 Behavioral reasondf facing a hike in production, firms adapt immediatelyitremployment level to a higher
target, they might be facedlater with over employment if the hike is only temporary. The workers they have
trained, maybe at a high cost, have no usefulnasthe time they become potentially efficient. And laying
them out will call generally facompensations..

26.3.3.2 The formulas: stationarity and error correction

“We should realize that we are facing an error correction framework, which we can materialize as:
Gb2NXYIFfE& fF02NJ LINPRAdzOGAGAGE R2Sa y20 RSLISYR 2¢ped2y 2 YA
such as:
Log(pl) =a+b®
CANX& dzaS GKA& GFNBSG G2 RSTFAYS ay2NX¥Ité¢ SYLi2e8YSyday
LE, =Q,/ pl,

They adapt actual employment to this target with some inertia:

DLog(L,) =a @Log(L,)+ bQog(L, ,/L,,)+g+e

We recognize here the error correction framework presented earlier, which requires:
Log(L; / L,) to be stationary.

Buta does not have to be unitary. However, if we follow the above reasoitggalueshould be between 0 and 1, and
probably ggynificantly far fromeach of thesédounds.

63 But not the start of actual work: what we measure is the number of workers employed, even if they are still training
for instance.
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To estimate this system we face an obvious problem: pl* is not an actual series (LE* either, but if we know one we know
the other).

But if we calbplé the actual level of productivity (Q/LE) we can observé:tha

LOg(L:/L[) = Log((Qt/ plt*)/(Qt/ plt)) =- Log( plt*/ plt)

The stationarity ofLog(L; / L) is equivalent to that ofLog(pl; / pl,)

Now it should be obvious thdttpl* and plhave atrend, it must be the sameactually the trendlefining completelypl*.
If not, they will diverge over the long run, and we will face infinite under or over employment. So target productivity
can be identifiedusingthe trend in the actual valuéf it exists

This means we can test the stationarity of the ratio as ttai@narity of actual productivity around a trend, a test
provided directly by EViews.

We can expect a framework in which actual productivity fluctuates around a regularly growing target, with cycles which
we do not expect to be too londput can last foseveral period¥.

26.3.3.3 The first estimations

; First, we compute actual labor productivity
genr PROD =Q/ LE
and regress it on time:
Is log(PROD) c t

to get the structural productivity trend.

64 Which will create (acceptable) autocorrelation in the difference to the trend.
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Dependent Variable: LOG(Q/LE)
Method: Least Squares

Date: 11/07/12 Time: 12:07
Sample: 199381 2002S1
Included observations: 19
LOG(QLE)=C(1+C(2)'T

Coefficient Std. Error t-Statistic Prob.

C(1) -22.34121 0.603556 -37.01598 0.0000

C(2) 0.009865 0.000302 3264715 0.0000
R-squared 0.984300 Mean dependent var -2.636851
Adjusted R-squared 0.983377 S.D.dependentvar 0.027976
S.E. of regression 0.003607 Akaike info criterion -8.312619
Sum squared resid 0.000221 Schwarz criterion -8.213204
Log likelihood 80.96988 Hannan-Quinn criter. -8.295794
F-statistic 1065.836 Durbin-Watson stat 1.123297
Prob(F-statistic) 0.000000

Results are quite bad. Of course productivity shows a significant growth, but the standard error is quite high (more than
5 %). More important, the graph of residuals and the actorelation test show that we are not meeting the condition
we have set: thhobserved productivity fluctuates aroundtigend, with potential but not unreasonably long cycles
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The problem apparently lies in the fact that the average growth rate is consistently higher in the first part of the period,
and lower later. Seen indidually, each superiod might seem to meet the above condition.
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From the graph, we clearly need two breaks. One will observe that the first period follows the first oil shock, and the
beginning of a lasting world econonslmwdown The reason for theegond break is less clear (some countries like the
US and Scandinavia show a break in the opposite direction).

For choosing the most appropriate dates, we can use two methods:

1 Avisual one: 1973 and 1990 could be chosen, possibly plus or minus 1 year.

1 Astatistical one: the most appropriate test is the Chow breakpoint test, which we have explained earlier. To
make our choice automatic, we shall consider two intervals, and apply the test teaalbnablypossible
combinations of dates from those interval&s we could expect, all the tests conclude to a break. But we shall
elect the couple associated to the lowest probability (of no break), which mearsighestlikelihood ratid®.

Of course, this criterion works only because the sample and the numtimeaks remain the same.

The best result corresponds actually to 1973S1 and 1992S1, as showntablisf loglikelihood ratios.

Log likelihood ratio

dates 1991S2 1992S1 199252
197252 895 913 908
1973S1 904 928 925
197352 895 917 915

The equation for structural productivity is

LOG(PRLE)=C_PRLE(1)+C_PRLE(2)*(T-2002)+C_PRLE(3)*(T-1973)*(T<1973)
+C_PRLE(4)*(T-1992)*(T<1992)

One will note:

1 That we have introduced no residual, contrary to our usual practice.
1 That we haventroduced reversed trends, which stop after a while instead of starting inside the period.

0 Target productivity is not a behavior.

The first element is quite logical: what we are estimating for the model is not actual productivity (this is given in the
model by an identityusingactual GDP and employment). We are looking for élkact value of target productivity,

prone to error only because we have not enough information to produce the true value. If the sample grew, or the

periodicity increased, therpcision would improve constantly, even if the residual does not decrease. Whereas, in a

normal behavioral equation, the residual corresponds to an error on the variable, and cannot be decreased indefinitely,
as the identification of the role of explanatoelements becomes less reliable with their number.

55the highest F gives the same conclusion

139



o Partial trends shouldpply to past periods

The reason here is purely technical. Our model will be mainly used on the future, if its peoiperafionaluse is longer
than its period of production (deast, we hope so). So it is essential to make the forecasting process as easy as possible.

If the partial trends are still active in the future, we shall have to manage iemltaneously We can expect that we
want to control theglobaltrend of labor productivity, if only to make it consistent with our long term evolutions of GDP
(which should follow world growth) and employment (which should follow population trends). Obviously, controlling a
single global trend is easier than a condtion of three trends.

Also, the last trend is the most important for interpretation of model properties, and it is better to make it the easiest
to observe.

On the other hand, our technique has no bad points, once it has been understood.

Finally, thereason for starting the trend in 2002 is also associated with handifrigs future values If the global
coefficient is changed, this wilk the period for a new break, and this is the best petimdhtroduce it.

The results look acceptable, as to tedidation of coefficients and the graphs (we aresentingthe program version,
as the equation will be introduced in the modél)

86 This is not absolutely needed, as a variable depending only on time can be considered exogenous and computed
outside the model. But we want to be able to change the assumption in forecasts, and this is the easiest way.
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