BUILDING A SMALL MODEL

In the following series of lessons, we shall build by steps a small econometric model of the French economy.

For this, we shall a commercial modeling package, Eviews. Starting from actual data, we shall follow the same steps as in the building of a true operational model. For each of these steps, we shall describe the context, lead the user to complete the required tasks through a series of questions, and propose a solution, which can be run using a provided Eviews statements file.

Using a model supposes solving numerically a system of equations. This means we shall need a set of formulas, and the associated data. This data will be used not only to allow numerical computation of the model but also to choose which formulations describe the best the evolution of historical data.

We hope it is clear that defining these two sets: data and formulations, cannot be done sequentially, as formulas condition which data is needed, and the availability of data, and the values they take, influence the specifications.

Preparing the model

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

To keep the process within practical limits, we shall start from a partially solved problem. Knowing the scope of available data, we have defined a model framework for which values can be attributed to all variables, either directly or by computation. This means that the field described by the model, the variables used as assumptions, and the variables it shall compute, have already been decided. Moreover we have divided the equations into identities, which set indisputable links between variables, and equations describing the behavior of agents, for which we will base the final formulation on past evolutions of associated elements.

Our first task will be to gather, by reading from files and transforming the data, the full set of variables needed by the model, and to define the form of the identities. We shall check for which periods the necessary data is known, and that on these periods identities hold true. We shall also make a first economic analysis of the framework implied by model specifications.

Estimation

The second phase will look for a satisfying description of the behavior of agents, by checking economic theory against available data. We shall define alternate formulations with unknown parameters, compute for each formulation the values which give the best explanation of past evolutions, and make our selection, using as criteria both statistical tests and compliance to economic theory. This process can lead us to introduce new variables, or to change some definitions, which could mean reformulating some identities.

Model simulation and analysis.

Once the full model is defined, we can try to solve it.

We shall first check for consistency the present set of equations, data and parameters, by computing each equation separately on the sample period. If we have introduced the estimation residuals as additional elements, the process should give the historical values in all cases.

We shall then simulate the full model on the same period, this time with zero residuals. This will show us if taking into account current and lagged interactions does not amplify too much the estimation errors.

Finally we shall measure the reactions of the equilibrium to a change in assumptions, for instance the exogenous component of demand. We shall compare the results with the teachings of basic economic theory, and what we know of values given by other models.

Discovering discrepancies can lead us to change some elements of the model, including the set of its variables.

Scenarios

Once the model has passed all tests, we can consider using it for future simulations. For this we shall need values for future assumptions. Again, we shall study the sensitivity of the model to shocks, this time with a longer and smoother base.

Lesson 1 : preparing the model

We want to produce a very small annual model of the French economy, with elements at constant prices and a single good. The specifications will be as follows:

Model specifications

1 . Only the final component of domestic demand will be considered (thus intermediary consumption is not taken into account). This demand will be decomposed into four endogenous variables:

Household consumption CO

Housing Investment HI

Productive investment I

Change in inventories IC

and an exogenous one:

Government demand GD

2. The supply-demand equilibrium will hold true :

Gross domestic product (Q) + imports (M) = Domestic demand (FD) + exports (X)

3. The employment level of firms (LE) will be explained in a behavioral equation, as a function of added value. For the other agents (civil servants for the most part), employment will be exogenous (LG). The sum will give total employment LT.

Real disposable income RHI will combine real wages (measured by applying an exogenous real wage WR to total employment LT
) and a non-wage component, supposedly proportional to GDP, using an exogenous ratio R_RHIQ.

Household consumption CO and housing investment HI will be obtained by applying an exogenous savings rate SR and an exogenous ratio R_HI to real disposable household income RHI.

4. Productive investment I, change in inventories IC, imports M and exports X will come from behavioral equations. The expected explaining elements will be as follows:

Investment: 

Gross domestic product Q

Change in inventories:
Gross domestic product Q

Exports     : 

world demand WD

Imports     : 

Final domestic demand FD

5. Capital K will be assessed at the end of each period, by adding the investment of the period to the remaining part of the previous level (using an exogenous depreciation rate DR).

The available data

The Excel file FRA_q.XLS  the following 71 quarterly series, coming from an OECD data base. The values start at periods between 1962 and 1975, and end in the first semester of 2010. However, 2004 is the last historical period. The years 2005 to 2010 come from a forecast.

Series use the following units :

Values : Euros

Deflators : base 100 in 1995.

Quantities : 1995 Euros

Populations : persons

	Name
	Definition
	Units

	FRA_CAPS
	Productive capacity
	Euros at constant 1995 prices

	FRA_CG
	government final consumption expenditure, value
	Euros at current prices

	FRA_CGNW
	government final non-wage consumption expenditure, value
	Euros at current prices

	FRA_CGV
	government final consumption expenditure, volume
	Euros at constant 1995 prices

	FRA_CGW
	government final wage consumption expenditure, value
	Euros at current prices

	FRA_COMPM
	price competitiveness, imports
	Euros at constant 1995 prices

	FRA_CP
	private final consumption expenditure, value
	Euros at constant 1995 prices

	FRA_CPI
	consumer price
	Euros at constant 1995 prices

	FRA_CPV
	private final consumption expenditure, volume
	Euros at constant 1995 prices

	FRA_EE
	dependent employment
	Persons

	FRA_EG
	government employment
	Persons

	FRA_ES
	self-employed
	Persons

	FRA_ET
	total employment
	Persons

	FRA_ETB
	employment of the business sector
	Persons

	FRA_EXCHEB
	nominal effective exchange rate, chain-linked, overal weights
	Chained index

	FRA_FDD
	final domestic expenditure, value
	Euros at current prices

	FRA_FDDV
	final domestic expenditure, volume
	Euros at constant 1995 prices

	FRA_GAP
	output gap of the total economy
	Euros at constant 1995 prices

	FRA_GDP
	gross domestic product, value, market prices
	Euros at current prices

	FRA_GDPB
	gross domestic product, business sector, value,factor cost
	Euros at current prices

	FRA_GDPBV
	gross domestic product, business sector, volume,factor cost
	Euros at constant 1995 prices

	FRA_GDPTR
	potential output of total economy, value
	Euros at current prices

	FRA_GDPV
	gross domestic product, volume, market prices
	Euros at constant 1995 prices

	FRA_GDPVTR
	potential output of total economy, volume
	Euros at constant 1995 prices

	FRA_IB
	private non-residential fixed capital formation, value
	Euros at current prices

	FRA_IBV
	private non-residential fixed capital formation, volume
	Euros at current prices

	FRA_IG
	government fixed capital formation, value
	Euros at constant 1995 prices

	FRA_IGBV
	fixed investment of government enterprises, volume
	Euros at constant 1995 prices

	FRA_IGV
	government fixed capital formation, volume
	Euros at constant 1995 prices

	FRA_IH
	private residential fixed capital formation, value
	Euros at current prices

	FRA_IHV
	private residential fixed capital formation, volume
	Euros at constant 1995 prices

	FRA_IPV
	private total fixed capital formation, volume
	Euros at constant 1995 prices

	FRA_IRL
	long-term interest rate on government bonds
	Points

	FRA_IRS
	short-term interest rate
	Points

	FRA_ISK
	increase in stocks, value
	Euros at current prices

	FRA_ISKV
	increase in stocks, volume
	Euros at constant 1995 prices

	FRA_IT
	gross total fixed capital formation, value
	Euros at current prices

	FRA_ITV
	gross total fixed capital formation, volume
	Euros at constant 1995 prices

	FRA_KBV
	capital stock of the business sector, volume
	Euros at constant 1995 prices

	FRA_KHV
	capital stock, housing, volume
	Euros at constant 1995 prices

	FRA_MG
	imports of goods, value, national accounts basis
	Euros at current prices

	FRA_MGB
	goods imports, value, balance of payments basis
	Euros at current prices

	FRA_MGS
	imports of goods & services, value, national accounts basis
	Euros at current prices

	FRA_MGSV
	imports of goods&services, volume, national accounts basis
	Euros at constant 1995 prices

	FRA_PCG
	government final consumption expenditure, deflator
	Index base 1995=1 

	FRA_PCGNW
	government final non-wage consumption expenditure, deflator
	Index base 1995=1 

	FRA_PCP
	private final consumption expenditure, deflator
	Index base 1995=1

	FRA_PIG
	government fixed capital formation, deflator
	Index base 1995=1

	FRA_PIH
	private residential fixed capital formation, deflator
	Index base 1995=1

	FRA_PISK
	increase in stocks, deflator
	Index base 1995=1

	FRA_PMGS
	imports of goods&services,deflator,national accounts basis
	Index base 1995=1

	FRA_POPT
	working-age population
	Persons

	FRA_PTDD
	total domestic expenditure, deflator
	Index base 1995=1 

	FRA_PXGS
	exports of goods&services,deflator,national accounts basis
	Index base 1995=1 

	FRA_STOCKV
	stocks, volume
	Euros at constant 1995 prices

	FRA_TDD
	total domestic expenditure, value
	Euros at current prices

	FRA_TDDV
	total domestic expenditure, volume
	Euros at constant 1995 prices

	FRA_UN
	unemployment
	Euros at constant 1995 prices

	FRA_UNR
	unemployment rate
	Euros at constant 1995 prices

	FRA_WAGE
	wages, value
	Euros at current prices

	FRA_WR
	wage rate of the business sector
	Euros at current prices

	FRA_WSRE
	real compensation rate of the business sector,deflator PCP
	Euros at current prices

	FRA_WSSE
	compensation rate of the business sector
	Euros at current prices

	FRA_WSSS
	compensation of employees, value
	Euros at constant 1995 prices

	FRA_XGS
	exports of goods & services, value, national accounts basis
	Euros at current prices

	FRA_XGSV
	exports of goods & services, volume, national accounts basis
	Euros at constant 1995 prices

	FRA_XGVB
	goods exports, volume, balance of payments basis
	Euros at constant 1995 prices

	FRA_XGVMKT
	export market for goods, volume, customs basis
	Euros at constant 1995 prices

	FRA_YDH
	household disposable income, value
	Euros at current prices

	FRA_YDRH
	household disposable income, real
	Euros at constant 1995 prices

	FRA_YRH
	current receipts of househol
	Euros at constant 1995 prices


We need also need a time trend, which we shall put (for avoiding future tedious computations) to the value of the corresponding year, adding 0.25 for each quarter after the first. For instance, in 1980 the series will be given the values 1980 to 1980.75.

Note : the program :

fra_def.prg

will associate to each variable its definition and units.

This will make it easier to locate the right elements.

You can look at the program to learn how to produce the same result, for your future models.

Contents of the lesson

You are asked

· To create an EViews work file, quarterly from 1962Q1 to 2010Q4.

· To import all the data from the above Excel file, in a sheet called “oecd”

· To document the data using the program “fra_def.prg”.

· To create a second sheet, which will be associated with the model.
· To specify the equations .

The above presentation gives all the elements to specify the identities.

The behavioral equations should be written as :

endogenous variable = f * (sum of explanatory variables)

where f  is defined as a parameter. This formulation is obviously not meant for computation, merely to explicit the interactions between variables.

· To produce all the data needed by the model, either by a direct link to the “oecd” sheet for series is available as such, or by transforming its values. The names should be taken from the above text (each name appears at least once).

· To produce named lists “groups” in Eviews language, associated to :

· the behavioral equations

· the identities

· the variables computed by identities

· the variables computed by behavioral equations

· the exogenous variables

and the unions of these lists:

· the equations

· the endogenous variables

· the variables

· To check the consistency of identities with available data, and that any variable included in behavioral equations is available. The differences between historical and computed values will be presented both is levels and relative values. The computations will use the option “d=f”, and will be restricted to the period for which all necessary data is available.

· To examine the structure of the model, looking in particular for recursive influences. You will draw a graph of interactions, looking in particular for potential loops.

· To save the file.

· Lesson 2 : Estimating the behavioral equations

We shall now look for a formulation of the behavioral equations which agrees with economic theory (or at least one which is frequently used), and shows acceptable statistical quality, according to simple criteria.

We shall use the series in the work file created at lesson 1, over the longest period available.

General principles for storing results

Let us present the way the output from estimation should be defined and stored.

Once a satisfying equation has been obtained, one will specify the equation as a formula, declare a set of associated coefficients, and a residual (with the initial value 0). 

The names will be standardized, and characteristic of the estimated variable. If the name of the variable is “X”

· The equation will be called EQ_X

· The coefficient vector will be called C_X

· The residual will be called EC_X

The equation will be estimated immediately, using least squares (not necessarily ordinary). The results description will be transferred to a text file.

After estimation, the residual variable will be set at the current residual value, RESID.

Example of statements :

smpl 1962Q1 2004Q4

genr ec_x=0

coef(10) c_x

equation eq_x.ls(p) log(x)=c_x(1)*log(wd)+c_x(2)+ec_x

genr ec_x=resid

Notes : 

· Eviews will adapt the sample period to available values 

· One should set the dimension of the coefficients vector at a high value (10?), to avoid further changes.
Eviews allows expressions on the left-hand side (for most cases).

Now, computing the estimated equation will give the exact historical value of x.

As the questions call for successive estimations of the same variable, our proposal will first estimate tentative equations with the name EQ_X1, EQ_X2 (for X) without residual, then repeat specification and estimation of the selected equation including a residual this time. 

Another (and quite acceptable) method is to accept the names proposed by Eviews (EQUn, where n is the next available number after considering present equations) and leave the description to the comment part (using the Details + option).

Question 1 : Imports

Let us suppose that imports show a constant elasticity to domestic demand.

How can we write the equation, using the present values of variables?

Estimate the associated equation. What do you think of the results?

Suppress first order autocorrelation. This can be done by adding the element :

AR(1) to the list of variables

or

+[ar(1)=”coefficient”] if the equation is completely defined.

What problems can we expect from results, regarding the properties of the model?

Let us introduce a constant time trend. Does it improve the results?

Store the selected equation and its coefficients.

Question 2 : Exports

We shall also suppose that exports show a constant elasticity, this time to world demand.

Estimate the equation. What do you think of the results, regarding both the regression tests and the value of coefficients? Again, one can try to eliminate auto-correlation.

Store the selected equation and its coefficients.

Question 3 : Change in inventories
We shall start from the idea that firms want to keep the level of inventories proportional to the level of GDP. In other words, they shall measure inventories in GDP months.

How can we justify such a behavior?

We do not know the figures for inventories, only for their change from one period to another. If we suppose that the target was reached at the previous period, how can we specify the equation to estimate?

The change in inventories is measured at constant prices, and we can suppose it grows with time, along with the other variables of this type. The error should grow also, which means the residual will not be homoscedastic. How can we write the equation, using the same explanation, but in such a way that the variables have no dimension, which should make the residuals homoscedastic? 

Estimate the equation, explaining the change in inventories by the change in GDP over the last year.

What do you think of the result?

How can we interpret the residual?

But there is a point we should address immediately: the second quarter of 1968 shows an abnormally high residual. It corresponds also to a highly negative value of the change in inventories itself. Do you know what happened in France at that time?

The economy was disrupted by what we call the “May 68 events” (or “revolution” for some people). There were huge strikes. This meant production was much reduced, and travel of goods and people very difficult (due to strikes in the transportation system and unavailability of fuel). 

Can you explain the consequences for the economy, and the sign of the residual?

What would be the consequence if we kept this period in the sample?

From now on, we shall introduce a dummy for that period, under the form:

(t=1968.25).

 Estimate the equation. You can use several forms :

· The change over the present year (and maybe the previous one)..

· A sequence of independent elements with different lags.

· A polynomial distributed lag.

If you want to eliminate autocorrelation, you can introduce

· The left hand variable lagged.

· An autoregressive coefficient.

What do you consider the best equation?

If you introduced a constant term, can it be justified? Is it significant?

Store the equation you have chosen, and the associated vector of coefficients.

Question 4 : Firms employment

To describe the problem, let us first give a few theoretical elements.

The theoretical background

We shall start from the ideas developed by BRESCHLING in 1976. Let us suppose that firms have a labor productivity target, growing at a constant rate. An ex ante gap between the desired level of employment and the level at the previous period will only partially closed (whatever its sign), for at least two reasons : 

· the technical difficulties the firms meet in filling the new jobs (or in firing workers), 

· and their caution facing short term fluctuations of production (hiring or firing unduly can prove expensive, considering the initial learning costs and severance payments).

For a given period, ex ante disequilibria can come from:

· a gap between desired and actual employment, at the previous period. Firms will try to fill it, at least partially, at the present period.

· a change in desired employment, at the present period. This can only come from different growths of production and desired (structural) productivity. 

The above elements can be presented in a more statistical way:

The French economy presents an underlying target for productivity growth, growing at a constant rate.

External elements introduce at each period unexplained errors, which make the actual values deviate from this target. These errors follow a random law with zero average and constant standard deviations, and they are independent from each other.

The memory of each individual error remains, but it decreases with time. So the global variance, composed of independent errors from different time origins, is bounded. We will call the process “stationary”. The distance between the observed data and the underlying process keeps within certain bounds, symmetrical around the trend. The average error coming from this residual is zero.

Moreover, it is possible that firms do not adapt immediately employment to the target given by GDP and target productivity. At first, they might accept a temporary increase in actual productivity. This gap will be reduced with time, through the same correcting process.

But this time, the global consequences of a steady change in the employment target are known, from the estimated coefficients, and the growth rates of both value added and productivity. If for the period considered value added grows faster than target productivity, a gap will appear, actual employment will never catch up, and the gap will build up to a constant value in the case a a steady difference in growth (the same process applies with opposite signs if GDP grows slower than productivity). 

In other words, the global gap between target and actual labor productivities becomes in the long run a random variable with a given standard error and a given average, different from zero, and which can be computed from the growth rates and the coefficients. 

This means that the growth rate of actual productivity will converge to the growth rate of the target, and this will also be true for employment.

Let us now show how to compute the gap.

If we have, naming lp_t the value of structural productivity :

Log(lp_t) = a + b t

LED = Q / lp_t

(3) Log(LEt) 


the change in actual employment

= c Log(LEDt) 

the change in the target
+ d Log(LEDt-1/LE t-1) +t
the previous gap to the target

and if Q grows at a steady rate q, we have from (3) on average

q-b = c(q-b)+d Log(LED t-1/LE t-1) 

or

Log(LED/LE) = (1-c) (q-b) /d = -Log(lp_t/lp)
We can observe the conditions for the existence of a gap:

· c must not be equal to 1 : if it is, then any additional gap will be eliminated immediately and fully, and any initial gap will be corrected with time.

· q must not be equal to b : if it is, then the target employment is constant, and the only reason for changing the actual level is again correcting the initial gap, which will be done with time.

One will have recognized here an error correction framework. Indeed we shall use this equation to present more “modern” techniques: estimating the productivity trend, we shall test the presence of breaks in the equation. Then we shall test the stationarity of the equation, including any breaks detected. Finally, we shall estimate the dynamic equation, using as error the deviation from the productivity trend.

Estimating structural productivity

You are asked first to compute actual (or apparent) labor productivity, and to regress its logarithm on time. This would give the productivity trend, and evidence potential cycles (remember that the actual value can show a constant difference, but the cycles should be the same).

Specify and estimate the equation.

Can we say that the observed and estimated value show a common trend? What seems to be the reason(s)? What can we do to solve the problem?

If we suppose break(s) in the trend, test them using the Chow test. First estimate the equation without break, and save it under a name. Then the syntax for equation “eqname” and break dates “date1” and  “date2” will be :

eqname.CHOW(p) date1 date2

Is the test successful, and what are the optimal break periods?

The program we shall propose uses an iterative process to determine the breaks with the highest likelihood. This process is slightly complex, and we do not ask you to produce it yourself. However, you are welcome to use it if you face the same problem in the future.

Produce the equation for structural productivity.

Note : a trend ending at period “t0” can be defined by as the product of a trend, taking the value 0 at t0, by a condition limiting non-zero values to the period before t0:

(t-t0)*(t<t0).

One could consider it more natural to define partial trends starting after the break point. But our technique presents a significant advantage : these trends do not have to be forecasted, and the trend used over the future is obtained directly from the estimated global value.

Test its stationary by applying a unit root test to its residual res_lp. One can use the Augmented Dickey-Fuller test, with one lag and the “print” option: 

Genr res_lp=resid

UROOT(1, p) res_lp

Or the Phillips-Perron test:

UROOT(h, p) res_lp

Save the value of structural productivity and desired employment.

Estimating actual employment

We can now estimate the employment equation:

Log(LEt) = a Log(LEDt) +b Log(LEDt-1/LEt-1)+c
Are estimation results satisfactory? (this can depend on the breaks you have chosen).

As we have told earlier, the French productive process was disrupted. At that period production decreased a lot, but producers kept confidence in a quick return to normal. 

Should we use this period, and why? How can we modify the equation to treat the problem?

What can you say of coefficient c? Is there a reason to introduce it, and what would be its meaning?

How do a and b compare, both in value and significance? If a is slightly higher than b (this is what we obtain with our own break years) can you find a reason for it?

Save the equation and its coefficients.

Question 5 : Productive investment

The formula for productive investment will use an accelerator effect, which means that investment (interpreted as a variation of capital) will adapt to variations of production, to maintain the degree of use of productive capacity.

A simple estimation

At first thought, investment is meant to increase production and to replace depreciated capital.

Estimate a linear equation linking the level of investment to the variation (first difference) of the production level from one year to another, and a constant term. What do you think of the results?

Depreciation should be better explained as a proportion to the initial level of capital. Estimate the associated equation. Are the results better?

The results run the risk of heteroskedasticity. Why? How can we eliminate the problem?

A better representation

Let us look for a formulation giving a better representation of the mechanism we want to describe.

Let us start from productive capacity. We shall suppose that it is proportional to capital, for a given period. This corresponds to a complementary production function, 

CAP = min (pk K, pl L)

in which capital is the limiting factor.

Let us suppose also that firms want to increase their capacity in the same proportion as the production they expect for the next year.

We shall have then :

CAP*t+1 = pk t+1Kt = a Qa t+1
with CAP* the desired level of CAP and Qa the expected level of Q.

While at the present period we have:

CAP t= pk t K t-1 = a Q t
How can we link the growth rate of K to the expected growth rate of Q? (remember that the growth rate of a product is the sum of the growth rates)

Let us now take the capital equation

(11) 
Kt = Kt-1 (1 - drt) + It
How can we transform it to get the growth rate of capital? 

Using the two formulas, we can now link investment to expected growth rate of production, with a formulation much more complex than the initial one. 

Establish the full equation

We shall simplify the equation through the following assumptions :

Firms expect for the following year a repetition of the present grow rate of GDP.

dr is constant over the period.

pk keeps a constant growth rate over the period.

Are the two last conditions met? How can you explain the evolution of capital productivity?

How is it different from the last one? Under which conditions would it be equivalent? Is this condition met?

Estimate the equation, and judge its quality. Is it better then the last one?

One can suppose that firms base their growth expectations on more quarters. Test the same equation replacing the present growth rate by its average over the last eight quarters.

We can expect the firms to delay taking into account the expected changes in the growth of production. For which reasons? 

How does it translate in our formulation? Estimate the new equation, and judge its quality, compared to the previous one.

Compute the long term elasticity of capital to production. In other words, what is the percentage change in capital following a permanent increase in production by 1%? What do you think of this figure?

Store the equation, its coefficients and residual.

Lesson 3 : Building the model and analyzing its properties.

We have now defined the whole set of model elements: data, equations, coefficients. Before declaring the model fit for use, we have to make several checks : first that its elements are consistent with each other, then that the estimation errors does not bring the simulation too far from actual values, finally that the reactions to a change in assumptions are coherent with economic theory.

Question 1 : Gathering the elements and checking consistency.

Produce the model, by updating the previous statements. Two main changes have to be made:

For the estimated equations, replacing the identity statement by an access to the equation item. Technically, the “append” statement will be replaced by :

merge equation-name

which will call for the equation item present in the workfile, and merge it into the model, with its formula, its coefficient values and its standard error.

Two new variables will have to be introduced: the labor productivity trend and the target employment. They will be defined by identities, even if the trend has been estimated. We suppose the estimation gave the exact value for the trend.

Update the graph produced in the first lesson. Has the logic of the model changed? 

Question 2 : Residual check.

Before simulating the model, we have to be sure that its elements are consistent. In practice this means checking that all equations hold true over the past, the identities as such, and the behavioral equations through the introduction of estimated residuals (we have already checked identities, but one is not sure that some error has not been introduced later).

Check the whole set of equations, by computing each of them independently, and comparing the result with historical values. Now all residuals should be zero, including estimated variables.

Question 3 : Ex-post simulation.

Simulating the model on its estimation period allows us to check if the simultaneous and lagged interactions between variables do not amplify too much the estimation errors.

To simulate the model, we shall use the Gauss-Seidel algorithm. This means that we shall start from a given value of endogenous variables, and compute in turn (in the order established at question 1) each equation in the model, always taking into account the latest values computed. Once the set of equations has been processed, we consider the (relative) change brought by the computations to the initial values. To accept the values as the solution, every change has to be lower to some limit. Otherwise the process is repeated, until this condition is met. To avoid infinite computations, we will stop after a maximum number of iterations (and then decide of course that we have failed in finding the solution).

If we had to build ourselves the algorithm, we should have to:

· define as a parameter the maximum change associated with an acceptable solution. Considering the present speed of computers and the size of our model, one can set this limit is set to 10-6 (in relative terms).

· define the maximum number of iterations (after 1000, convergence becomes improbable).

· store the previous iteration values of endogenous variables, to allow checking for convergence.

· compute the equations following a given sequence, using in formulations the last values computed. It can be shown easily that if the ordering has been adequately chosen, convergence can be tested in our case on a single variable, and that some equations can be excluded from the iterative process, and computed only once.

Fortunately, you shall not have to build the process yourself (although it could prove interesting). Instead you can use:

pic_a.solveopt(n=t m=1000,c=1e-6,o=g,d=d) 

solve(n=t m=1000 c=1e-6 o=g d=d) pic_a

.

Where 

n=t calls for the use of actual values.

m=1000 allows 1000 iterations

c=1e-6 sets a convergence criterion of 10-6.

o=g calls  for the Gauss-Seidel algorithm

d=d asks for a dynamic simulation (lagged variables use previously computed values, if available).

Solve the model on the 1975Q1 – 2004Q4 period, dynamically. 

Of course, to observe the consequences of the errors, the associated residual variables will have to be set to zero.

Compare the simulation results to historical values, both as relative errors and errors on the growth rate. What do you think of the precision?

Question 4 : The multiplier

We shall now measure the consequences of a change in the exogenous assumptions, starting from historical values. The purpose is to check if the model properties agree with economic theory.

We shall introduce an increase in government spending of 1 point of GDP, starting in the first semester of 1980 (the associated variable is GD), for the rest of the period. In other words, the new spending program will show a constant difference of 1 GDP point with the basic set, for any particular year.

Produce two simulations, with and without the shock, and compute the absolute and relative differences.

Note: be careful when you chose the starting year. It should be the same as the base simulation, otherwise additional errors will be introduced.

Interpret the results. Do the conclusions agree with your expectations?

Question 4 : storing the results

Save the new workfile

Lesson 4 : Improving the specification

Analysis of the first version of the model has led us to consider introducing in the model a new variable, the rate of use of productive capacity. We shall then revert to the estimation phase, looking for new formulations which will improve statistical criteria while granting this variable its expected theoretical role. We shall then adapt the model specifications to these findings. Finally we shall study the properties of the new model, to see if the improvements apply also there.

Note : The program pdef_b.prg, will associate definitions to the new model variables (and redefine the old ones). You should run it every time you create a new element.

Question 1 : Improving the investment equation

In the first estimation (lesson 2) we have identified the growths of desired productive capacity and expected production. This implies that the firms are always satisfied with the rate of use of their capacities. It would probably be more realistic to suppose they try to adapt to a constant target. In this case, a comparatively high rate of use will lead to an increase in desired capacity, thus additional investment.

For this we shall use a new variable representing productive capacity (the maximum GDP which can be produces with the present capital level). It is available in the “oecd” sheet, under the name FRA_CAPS. From this element we can compute the rate of use. We shall call it UR.

Copy the sheet pic_a into pic_b, and compute CAP and UR.

Let us consider introducing UR as a new explanatory variable. What are the reasons for this?

We shall suppose

(as before) that firms expect for the next period the repetition of the present growth of production

 that they have a target for the rate of use of capacity, which means that their target capacity is proportional to expected production.

Are there reasons for the target rate of use to be different from unity?

How can we now formulate the desired relative change in productive capacity? 

We shall suppose that the target rate of use has been reached on average in the past (this variable can have no trend, so the error correction process should converge to the target), and measure it by the mean of the observed value

Estimate the new equation. 

What do you think of the results?

Now, what is now the long term elasticity of capital to GDP?

If you are pleased with the results, you can now operate on model elements (equations, series, coefficients) the needed changes and additions, and store them.

Question 2 : improving the exports equation.

We shall use this equation to illustrate the technique of cointegration, which the size our sample barely allows.

We shall start by establishing a cointegration relationship between exports, world demand and the rate of use of capacities. This means that these variables, although not stationary themselves, are linked by a linear relationship the result of which is itself stationary. Furthermore, to guarantee the stability of this relationship in the long run, we shall constrain to unity the elasticity of exports to world demand.

Test the stationarity of the associated elements (taking into account the constraint), allowing for a trend in the variables. In Eviews, one should use the statement:

uroot(t,p) expression

If the elements are not stationary, test if they are linked by a cointegration equation, allowing again for the presence of a trend in the equation. This is done by :

coint(d,p) list of elements

Create and store the cointegrating equation
 as an identity, and store the residual as an error term called res_x.

Estimate the dynamic equation. If an element is not significant, we shall have to drop it. 

Question 3 : Improving the imports equation

Again, we shall apply the technique of cointegration.

We shall first try to establish a cointegration relationship between imports, demand, and the rate of use of capacities. Again, to guarantee the stability of this relationship in the long run, we shall constrain to unity the elasticity of imports to demand.

However, we shall change our definition of demand, from final to total. This will allow in particular taking into account the impact of exports on imports, as producing the finished goods sold abroad need intermediary elements and energy.

The simplest technique is obviously to introduce intermediary consumption, as an exogenous proportion of GDP. The OECD data base does not provide this variable, but we will remain consistent with the general case if we suppose the ratio to be unitary. We shall call it ct.

As above, test the stationarity of the associated elements (taking into account the constraint), allowing for a trend in the variables. 

If the elements are not stationary, test if they are linked by a cointegration equation, allowing again for the presence of a trend in the equation. 

The results are not satisfactory. This could come from the fact that our formulation lacks the third explanatory element which traditionally appears in this type of equation: price competitiveness. 

Of course, we have decided that our model does not determine prices. But nothing forbids us to use them as explanatory elements, especially as we are actually using a ratio of prices, a variable without dimension. 
However, an important share of French imports is represented by oil, for which we can expect that competitiveness plays no role, at least in the short run. This would not be a problem if the price of oil had not changed suddenly at several periods, actually in 1973, 1979 and 1986. To solve this problem, we have created a competitiveness element. The new variable is available in the “OECD” sheet under the name FRA_COMPM.

Test again for the existence of a cointegrated relation, this time between the logarithms of M, FD+ct*Q (with a unitary elasticity), UR and COMPM. Of course, the stationarity of COMPM, as well as the absence of cointegration between the sole M, FD+ct*Q, and COMPM will have to be tested first.

If this works, write and store the cointegrating equation (Eviews4 does not create this element by itself) as eq_res_m, and store the residual as an error term called res_m.

We shall now estimate the dynamic equation, keeping only the significant dynamic terms. However, we face a problem of correlation between the dynamic variations of demand and rate of use of capacities. A free estimation will give to the first term a very high positive value, and the second coefficient is small and non significant. We shall consider fixing the first value to the one we deem to be the most acceptable. 

Question 4 : the new model

Update the lists of endogenous and equations.

Display the equations, and the variables of the new model.

Observe the new ordering, and draw the associated graph, evidencing the changes from the previous version.

Question 5 : residual check2
Produce a new residual check, to control the consistency of the new model.

Question 6 : Ex-post simulation

Simulate the new model over the sample period. Has the precision improved?

Question 7 : The multiplier

Simulate the new model with the same change in assumptions as before (an increase in Government demand by 1% of GDP, starting in 1981). Interpret the results. Are they improved? Consider in particular the medium term dynamics.

Lesson 5: A simulation over the future

This lesson will deal with the simulation of the model over future periods. We shall not use the word forecast, as we do not think our model is reliable enough. Our goal will be rather to study the properties of the model, on a long and stable period. Rather than establishing complex assumptions, we shall consider those which should lead to a regularly changing solution, in practice a "steady state growth path".

But the user can also, on a shorter period, generate a set of less crude assumptions, taking into account the recent and foreseeable evolutions of the local economy. The process of trying to converge to an acceptable forecast, through successive medium term simulations, is quite a good exercise. However, its subjectivity makes it impossible to formalize as a lesson : we prefer leaving this option completely open.

The context

We know the historical value for all variables in our model, on the 1980Q1 – 2004Q4 period. We shall now simulate it, starting in 2005Q1, and ending in the year 2100.

If we trust the model in describing correctly future behaviors, we just need the values of exogenous assumptions. Those we shall give you now follow acceptable trends, and meet the constraints requested for a steady state growth path (to make the growth rate of each variable constant in the long run).

You can of course select your own assumptions, but you should meet the same constraints.

Following the chapter on model analysis, we shall use two basic growth rates:

The growth rate of quantities, txq, which we set at 0.6% per quarter

The growth rate of population, txn, which we set at 0.05% per quarter

Actually, rather than growth rates, one can consider using the change in the logarithm of the variable, compared to the previous period. This technique can look strange, but provided simulation results are considered using the same notion, the second order error for products or ratios disappears. In the long run, all changes should converge to round values. For instance, the log of labor productivity will converge exactly to 0.006-0.0005=0.0055. 

Obviously, we do not need a growth rate for prices.

The change will depend only on the nature of the variable.

The ratios will not change:

dr
scrapping rate

sr
savings ratio

pk
productivity of capital

r_rhiq
share of non -wage revenue in GDP

compm
price competitiveness of imports

ct
ratio of intermediate consumption to GDP.

For all these variables a constant change in assumptions would not only forbid reaching a steady state path, but lead to unacceptable values (such as null or infinite ratio of imports to demand for compm ).

Quantities will change at rate txq: 

gd
government demand

wd
world demand

Populations and employment will grow at rate txn

lg
government employment

Structural labor productivity and the real wage rate will grow at rate txq-txn

Or rather : (1+txq) / (1+txn)-1, so that 

x / x(-1) = (1+txq) / (1+txn) = (q/q(-1)) / (le/le(-1))

This is needed for firms employment to grow at the same speed txn as government employment, and subsequently for real wages (wage rate x firms employment) to grow at the same speed as real production
. 

The real wage rate can be computed directly, but for structural productivity we need to change its coefficients. In practice this will be done by replacing the trend by the new value, and changing the constant term to get the same result for 2004Q4, the period at the start of the simulation. 

This is the reason why we used in the productivity trend equation, not “t” directly, but its difference to 2004. This does not change the actual result (the constant term will adapt to this constant change), but now a change in the coefficient will leave the 2004 value unchanged.

We just have to change the trend :

c_prle(2)=4*log((1+txq)/(1+txn))

Note that things would have been more complex if the two partial trends had been applied to future and not past periods.

In addition one must freeze the trend on the long term export and import equations. This is done by replacing (@trend(62SQ1) by:

(@trend(62QS1)*(t<=2004)+@elem(@trend(62Q1),"2004Q4")*(t>2004))

The trend will work until the year 2004, and be replaced afterwards by its last value in 2004 (using the function @elem).

One will note if the elasticities of trade variables to the associated demand element must be unitary (to avoid the ratios to go to zero or infinite), this is already the case, and the equations do not have to be changed. 

Finally, all residuals will be kept at their last value, except from the change in inventories, where it is set to zero

This introduces no homogeneity problem, as none of them has a dimension (they are associated with Logs or ratios). 
Question 1: A new page

Create a new page called pic_p, allowing series up to 2100.

Question 2 Computing the assumptions

Compute the values of exogenous elements. Consistency with past evolutions can be checked by producing graphs spanning at least partially the two periods (for instance 1980-2020)

Compute also the endogenous, which can be used as staring points by the solving process.

Question 3: The forecast

Produce a simulation over the 2005Q1-2100Q4 period. 

Consider the results for each of the variables, in particular the stability of their growth. 

Question 3 : A shock

We ask you to carry out the usual shock (increase of government spending), this time starting in the period 2007Q1. As usual, the size of the shock will be 1 point of GDP (the one computed at the base simulation).

Are results affected by the change in period?

In the long run, what is the value of the multiplier? What do you think of it? Are there other mechanisms, not introduced in our model, which could increase or decrease it?

Does the rate of use come back to it base value?

Can you interpret the long term evolution of the balance between demand and supply?

And the other elements?

� This means we shall suppose that individual workers get the same revenue on average as the employees.


� Eviews does not give access to the coefficients, so the simplest way is to specify them directly, by typing the values, violating the principle of avoiding manual updating. However, the program we supply solves the problem, through a devious technique. Specifying and estimating the equivalent VAR gives the same equation and this time the coefficients are available, but not the cointegration test and its results, unfortunately. So applying the two techniques is necessary to make the process fully automatic. 


2 For this question and the following it will be easier in practice to start from the similar specifications used in lesson 3, especially if they have been stored in an editable file.





� Technically, this condition comes only through the presence of the exogenous government employment. Otherwise we would get an additional degree of freedom: additional employment growth would compensate a lower productivity trend. But this is not realistic: in a more complete model the constraint will come through exogenous population (rate txn), potential work force, unemployment and unemployment rate (stable in the long run).





