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abstract:
The purpose of this paper is to give an empirical answer to two related but different questions: First, are economic growth and business cycles interdependent? Second, is money neutral even in the long run? Using data from the United States, this paper finds (using a VAR model) and presents evidence for the interdependence hypothesis, and against the long-run money neutrality hypothesis. The results suggest that counter-cyclical growth models best capture the main channel of influence between cycles and growth. A policy implication is that, if money affects the cycle, it is not neutral even in the long run, and a positive monetary shock may result in hysteresis, having negative growth consequences.
JEL classification: E32, E47, O42, O47.
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1. Introduction
   “A change in the money supply cause[s] real output to change in the short run, but not in the long run (…) as prices and wages gradually rise, real money balances return to their original level and in the long run the real economy is unaffected”
Taylor (1999)
   “It follows that barring the elements of growth the trends of our time series are not due to influences distinct from those that create the cyclical fluctuations but simply embody the results of the latter.”

 Schumpeter (1935)
   The standard paradigm in macroeconomics is to study long-run growth and economic cycles as separated phenomena. It is however possible that these dimensions endogenously influence each other and if so a unified approach is recommended. Some literature mainly starting in the 1990’s has attempted this task but still in a preliminary way. (see Aghion and Howit (1998) for an overview).
   The role of money in economics is not a consensual issue and its relation to economic cycles and growth is subject to contemporary debate. Today most economists agree that due to informational, nominal, or other types of rigities money does matter in the short run, as it influences the cycle. However, due to its purely nominal nature, a monetary shock is generally believed to be unable to cause any real effects in the long run. This is why it is often heard that money is neutral in the long run. What this implies is that according to this perspective, money can influence the economic cycle, but not the trend that defines long run output and productivity growth.

   However, if cycles and growth are endogenously related, any shock that affects one of them will affect the other. Because of this, the long run neutrality of money is threatened. A monetary shock that affects the cycle may have permanent growth consequences, resulting in economic hysteresis. Furthermore, this effect depends on the causality direction between cycles and economic growth, and it may negligible, or by the contrary, large and important. What follows is the importance of money in economics, with obvious policy implications.
   The purpose of this paper is to test wherever a temporary nominal shock such as an increase in the money supply by the central bank has a permanent long run effect in the economy: this is, if there is empirical evidence in favor of economic hysteresis and the interdependence of business cycles and economic growth.
   The organization of this paper is as follows: In part 2 the presently standard research methods will be discussed. The section argues that cycles are usually interpreted as temporary deviations from a long run trend. Part 3 discusses the theoretical literature about the possible interactions of business cycles and economic growth. This literature presents different and sometime opposing theories, indicating that there may be several directions of causality. The empiric literature is also not consensual. In part 4 some existing results are briefly discussed and new results are estimated for the United States. Part 5 concludes.
2. The Standard Research Paradigm

2.1. Growth and Cycles: current methodology
   The standard research approach to macroeconomics is to model economic growth and economic cycles separately. Different mainstream models attempt to explain either one or the other.
   It is possible to set a long-run trend from an output series by using a statistical method such as a linear trend, the Hodrick-Prescott filter, or a moving average. The class of models that specializes in explaining this trend are generally called growth models.
   It is also possible to find the difference between the actual series and the trend determined in the way that was just described. The result is a detendred series that is usually interpreted as representing the economic cycle. It deliberately ignores economic growth, so that the fluctuations are clearer. The class of models that specializes in explaining these fluctuations are usually called business cycle models.
   The above analysis assumes that it is appropriate to decompose a series in cycle and trend and study them independently. This procedure is however not met without criticism. The decomposition process was early criticized by economists such as Mitchell, Harrod, Schumpeter and Kalecki.
   The problem of the methodology of the decomposition of a series in trend and cycle is discussed and criticized in detail in Freeman and Louçã (2001).
2.2. A critique
   Models designed to explain business cycles only look at one side of the picture: they leave economic growth unexplained.

   Growth models represent the other extreme and are subject to the opposite critique. They model productivity and output growth but fail to replicate business cycles.
   The relevance of both approaches mainly depends on if these phenomena are independent. “De-trending supposes an economic distinctive reality for the trend and consequently implies its strict separability from the cycle; the choice of a specific curve for de-trending is equivalent to the previous definition of a certain hypothesis about the economic behavior of the long-run series” Freeman and Louçã (2001: p.99).

   This paper argues that it very likely exists a strong interdependency between growth and cycles. All models that wish to analyze them separately miss important links, and therefore a unified approach is necessary to a deeper understanding of these phenomena.
   This brings us to the next section.
3. Endogenous Theory: A Unified Approach
    An early theory about the interaction between cycles and growth was held by Schumpeter (1935, 1942). He argued that slumps are a necessary evil of the capitalist process. The schumpeterian story is about innovation waves: an innovation would produce a surge of growth, then imitation would erase firms’ profits, and there would be a growth decline until a new innovation appeared and the process restarted all over again. The corollary is that these phenomena are inseparable, as it is clear from the quotation from Schumpeter (1935) in the introduction of this paper.
   There are several hypothetical ways in which cycles and productivity growth can interact and endogenously influence each other. Some of these will now be discussed.
3.1. Cycles on Growth.

   Economic cycles can hypothetically influence growth in a variety of ways. It is not consensual however if productivity growth is positively or negatively related to the cycle.

   Aghion and Saint-Paul (1998) is a crucial paper on this matter. They show that the sign of the relation depends on whether the activity that generates growth in productivity is a complement or a substitute to production. In the case where they are substitutes, since the opportunity cost of productivity improving activities falls in recessions, a larger amplitude and frequency of business-cycle fluctuations may have a positive effect on long-run productivity and growth (Aghion and Saint-Paul, 1998). In the case of complementarities, they show, as does Stadler (1990), that a positive shock will have a positive long-term impact on productivity.
   Opportunity cost models have an interesting consequence: because R&D and “reorganization” are sunk costs, once they occurred the process cannot be reversed. Productivity growth is a direct consequence of reorganization activities and technological change caused by R&D. This provides a theoretical fundament for hysteresis.
    Other counter-cyclical theories are usually centered in a single mechanism: market cleaning (in the low phase of the cycle less efficient firms exit and because of this the average aggregate productivity rises). Canton (2002) describes a process where business cycle fluctuations induce precautionary savings. In particular, agents want to insure against future income risk by increasing the accumulation of human capital. Increasing the rate of human capital accumulation implies an enlargement of the learning sector relative to the production sector, and this may be beneficial for growth.
   Pro-cyclical growth theories also exist. Some features of learning-by-doing models can lead to the pro-cyclical movement of productivity (Blackburn 1999). Cash-balance models often lead to pro-cyclical growth, as firms are more willing to spend in R&D during economic expansions. Last, but not the least, come labor hoarding models. Because there are rigities in the labor market, it is possible that during recessions firms are forced to keep (hoard) a greater number of workers that they would should those rigities not exist.
   It is also a plausible hypothesis that growth is a-cyclical, either because the processes described above are not significant or just because contrary effects have the same weight. Note that this is the only case were the hysteresis hypothesis does not hold.
3.2. Growth on Cycles
   Nothing suggests however that the causality direction cannot be the inverse: for example RBC theory considers that real productivity shocks are the main sources of the cycles.
   The main existing models of this type of interaction are known as General Purpose Technology (GPT) models. (see Helpman and Trajtenberg 1994).
   A GPT is a breakthrough invention that affects the entire economic system, for example the steam engine or the computer. Each GPT potentially raises the output and productivity in the long run, but it will cause cyclical fluctuations while the economy adjusts to it. The implementation of a new GPT requires non-smooth costly learning and restructuring, and cyclical downturns may appear as a consequence – the social price for the further long run growth. As Aghion and Howit (1998) notice, the idea that long-run growth may result from technological change goes back to Kondratiev.
3.3. Volatility and Growth.

   The linkage between volatility and growth is not consensual. While Blackburn (1999) argues for a positive correlation between volatility and economic growth, Bean (1990) and Saint-Paul (1993) propose a negative relationship. Grier and Perry (2000) did an empirical study where they do not find a statistical significant relation.
   Too much uncertainty caused by economic volatility is certainly bad for growth as several studies for Latin America suggest (see Ramey and Ramey 1995). Macroeconomic instability and uncertainty tends to delay R&D investments, and might delay the diffusion of new technological knowledge. 
3.4. Hysteresis: The end of money neutrality

   If money shocks are capable of affecting the cycle and the cycle influences productivity growth, then money is not neutral even in the long run.
   For concreteness, let an (unexpected) monetary supply shock be considered. Even when prices and expectations have fully adjusted to the shock, the result will be a permanent effect on real income. The result is economic hysteresis: a temporary shock will have a permanent and irreversible effect. The direction of this effect depends however on if growth is either counter-cyclical or pro-cyclical as discussed above. This paper will empirically test which case is supported by the evidence.
4. Empirics

4.1. Literature Review

   The empirical literature about the unified approach is not consensual and sometimes even contradictory. Some existing empirical studies conclude that the productivity growth is pro-cyclical (see Saint-Paul 1993), but there is no general agreement about this, as Aghion and Howit (1998) emphasize. Rafferty and Funk (2004), for example, find empirical evidence that supports opportunity-cost (thus counter-cyclical) models.

4.2. Methodology
   There are several studies that use the VAR approach to relate monetary shocks (and other demand shocks) with output, inflation and unemployment. (see Blanchard and Quah 1989, Galí 1992). This paper’s approach uses a close methodology but with a different goal in mind: to study the relation between business cycles, economic growth, and monetary or interest rate shocks.
   Specifically, it will be tested wherever a temporary nominal shock such as an increase in the money supply by the central bank (or change in interest rates) can have permanent long run effects, namely on productivity levels and growth.
   Because there is no consensus about what theoretical model is more appropriate, the pragmatic approach will be to estimate a structural VAR. (see section 4.2.4.).
   The next section will discuss the variable usage for empirical purposes. Regarding the unified approach testing, Saint-Paul (1993) will be followed.
Unemployment rate
   All stylized facts about cycles state that the unemployment rate is strongly pro-cyclical. Historically slumps are characterized by high unemployment levels, in accordance to their level of severity. During booms unemployment falls. It is thus quite appropriate to use it as a direct measure for the cycle. (for more about this approach, see Saint-Paul 1993).
Solow residual
   The growth of the Solow residual (a.k.a. total factor productivity, as calculated in section 4.3.2.) measures productivity growth. It must be noted that the Solow residual can should, be interpreted as more than simply technological progress.
Interest rate
   To measure monetary shocks a monetary aggregate could be used, however the interest rate will be used because this is what in practice the central banks directly control. The inclusion of the interest rate in the structural VAR will allow us to test the hysteresis hypothesis (see section 4.5.3.3.).
4.3. Data

The sample
   This paper uses a sample of time-series quarterly data from 1972:2 to 1992:4 for the United States.
Data
   The source of the data is as follows: from the St. Louis Federal Bank series, unemployment rate and the 6-month interest rate were taken. Because it is the real interest rate that affects the economy, the inflation data was also taken and subsequently the real interest rate was calculated using the fisher equation. To calculate the Solow residual (see section 4.4.) output, stock of capital, and labor data were necessary. These were taken from Burnside and Rebelo (1996).
4.4. Transformations of the Data
   This section describes the necessary transformations done to the sample prior to estimation of empirical results.
Calculating the Solow Residual

   To derive the Solow residual this paper will follow the methodology presented in Burnside and Rebelo (1996). First a Cobb-Douglas function will be assumed:

(1)                                Y=A.Kα.L(1-α)                            
   Where K represents the capital stock, L the labor force and A the Solow residual stock.

   A standard calibration methodology shall be used. Following Mankiw, Romer and Weil (1992), α is assumed to be the capital share in output and (1-α) the labor share in output. Then the growth rate of product (gY), capital (gK), and labor (gL) shall be computed. It is easy to see that the growth rate of the product is a weighted average of the growth of the factors by their productivity, so:

(2)                        gY = gA + α.gK + (1- α).gL                    
   Once having gY, gA and gL the growth rate of the Solow residual stock is:

(3)                     gA = gY - α.gK - (1- α).gL                           
   This paper will assume, following Burnside and Rebelo (1996), that α=0.73.
Testing for unit roots
Table 1 here
   Evidence is found of unit root in the interest rate and the Solow residual. However, following the standard approach in these cases (see for example Wooldridge 2002) this paper will admit that the latter is I(0) for two reasons. First a reduced number of observations exist which compromises the number of degrees of freedom. It would be dangerous to make statistical significance inferences in these conditions. Second it makes more economic sense not to consider economic growth a random walk.
Transformation

   For the highly persistent series (unemployment and interest rate) first differences, shall be used, following Nelson and Plosser (1982).
4.5. A Vector Auto-Regression

4.5.1. The model
                                  p

(4)                      yt =  Σ Ai yt-i + ut
                                 i=1

   Where yt is a three variable vector (for the Solow residual, the unemployment rate, and the interest rate), ut is a i.i.d. error with zero expected value and a fixed variance σ, and Ai, i = 0,…p, are parameters to be estimated, where p are the number of lags, determined in the next section.
4.5.2. Lag length and residual autocorrelation
   To determine the lag length of (4) for both countries in turn, this paper shall take first in consideration the classical statistical significance test known as the Schwarz’s Information Criteria (SIC), and then a second test, the maximum likelihood ratio.
Swartz’s Information Criteria
Table 2 here
   The optimal number of lags according to the Swartz’s Information Criteria is the one that minimizes the SC value. In this case, it indicates the usage of two lags.
Likelihood Ratio Statistic
Table 3 here
   This test thus indicates that the statistically significant number of lags to be used is one to four.
Lag Length Choice
   This paper shall use the number of lags indicated by the correspondent LR statistic for two reasons. First, it is of common knowledge that the SIC is too restrictive (see Johnson and DiNardo 1997). Second, the possibility of residual autocorrelation suggests the usage of the larger number of lags.
4.5.3. Empirical results

   From the estimation of (4) using the number of lags chosen in the previous section for each country, the following results were derived.
Testing for Hysteresis
    What this paper wishes to test is if money does directly influence growth. It is important to notice that this test will not test if there is an indirect effect through the cycle. This net effect shall be analyzed in the impulse response functions section. 

   For testing the direct influence of interest rates on growth a granger causality test was conducted. The hysteresis hypothesis is:

        H0:             RATE Granger causes SOLOW

Table 4 here
   Even using a 1% critical value analysis, the null hypothesis that DRATE granger causes SOLOW is not rejected, thus finding clear evidence of the hysteresis hypothesis.
4.6. Impulse Response Analysis.

4.6.1. Orthogonalization and Structural Decomposition

   Because the variables of the model historically move together, it could be misleading to examine a shock to a single variable in isolation. Orthogonalization takes this co-movement into account. The standard approach to orthogonalization is the Cholesky factorization.  However, this approach may not be useful in this context because it imposes a purely mathematical structure that is arbitrary. This may certainly be serious because the results for the impulse response functions crucially depend on the factorization method chosen for the covariance matrix of the residuals.

   Bernanke (1986) and Sims (1986) have proposed alternative ways to the Cholesky factorization of looking at the factorization problem. Their approach imposes an economic structure, in contrast to the arbitrary lower triangular approach of the Cholesky factorization. This paper adopts this methodology - the structural VAR - in this paper so that the estimated impulse response functions can have a useful interpretation.

   The structural model is:
                                      p

(5)                   B.yt =  B. Σ Ai yt-i + et          

                                     i=1

   Where B is a matrix such that B.ut = et such that the expected value E(et et’) = D, were D is a diagonal matrix, i.e. these innovations are contemporarily independent. 
   As discussed above, there are multiple solutions to the matrix B that solves equation (5). The contemporaneous innovation model that will be adopted will now be interpreted and justified.
Assumption 1. Unemployment is contemporaneously affected by a productivity shock, by an interest rate shock, or by an exogenous unemployment shock. Thus:

(6)                    u1t = e1t + b2.u2t + b3.u3t
.  The economic interpretation of this assumption is rather trivial: A productivity shock will alter labor productivity and thus the optimal number of jobs held by firms, and an interest rate shock will affect the present discounted value of investments alternative to labor, thus altering the desired employment level of firms. Note that no direction to the causality is imposed: b1 and b2 are parameters to be estimated.

Assumption 2. An interest rate shock is contemporaneously caused by a productivity shock or by an exogenous interest rate innovation. This is:
(7)                           u2t = e2t + b3.u3t
   Interest rate shocks are exogenous, as they are assumed to be exogenously decided by the central bank. Although Central Banks sometimes conducts monetary policy according to some rule, such as the Taylor rule, and their policy is thus sometimes influenced, if not determined by the conjecture, it is a reasonable assumption that discretionary policy lags at least one period, and if so, equation (7) holds.
Assumption 3. Productivity shocks are contemporaneously caused only by an exogenous productivity innovation. This is:

(8)                                u3t = e3t
   An exogenous productivity innovation may be, for example, the discovery of a General Purpose Technology. It is quite reasonable and intuitive to assume that technology shocks are not affected by unemployment or interest rate shocks in the short run. These shocks do affect R&D, however the technology change produced by it should not be felt in period contemporary to those shocks. Note that the more-than-one-period causality of these variables in technology, that certainly exists, is represented in the VAR, and thus their influence on subsequent periods will be felt.
   The contemporaneous innovation model described by equations (6), (7) and (8) can be stated in matrix terms:
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                      1    -b1  –b2      u1t   =  e1t

(9)                  0     1    -b3      u2t       e2t

                      0     0     1       u3t       e3t

   This is the equivalent to one specific Cholesky matrix. Estimating (9) will permit us to perform impulse response analysis.
4.6.2. Impulse Response Results
   The impulse response analysis will provide the ultimate test for the general soundness of the unified approach and the hysteresis hypothesis.
Impulse response analysis

Figure 1 here
   The above effect provides strong evidence in favor of the hysteresis hypothesis. Namely, the result that growth is counter-cyclical provides evidence in favor of the opportunity cost, market cleaning, and precautionary savings models.
Figure 2 here
   This graphic provides clear evidence that the net effect to a shock in the first difference interest rate has a permanent growth effect. This is clear evidence in favor of hysteresis. It is important to notice that a rise in the interest rates has to be interpreted in within a general equilibrium framework – although a rise in the interest rate could, ceteris paribus, cause less R&D expenditure, as discussed above, we should not ignore its income and substitution effects in other relevant variables which indirectly affect productivity. Thus, its net effect may well be positive, as the present results suggest.
4.6.3. Policy Implications

   Kneller and Young (2001) and Fatás (2002) notice that good economic policy may not be stabilization (counter-cyclical) policy as it has been a common idea in economic theory.
   Their result is consistent with the results form this paper that suggest that growth is counter-cyclical. If the economy is in a recession, stabilization, or counter-cyclical policy should have negative growth consequences. However, if it is in an expansion stabilization policy could be useful and beneficial for growth.
5. Conclusion
   The results of this paper suggest that is necessary to abandon the current dichotomy of a research program based on different models for explaining growth and cycles. There is evidence that economic cycles are not temporary deviations from a long-run growth trend. The two are a single phenomenon, different sides of the same coin, inseparable due to their very nature. Thus the decomposition methodology is a fallacy.
   Separate models should therefore replaced for unified models of cycles and growth. Also, the long-run neutrality of money hypothesis must be dropped, as it is clearly threatened by, and inconsistent with, the unified approach. The new paradigm should be based on the notion of economic hysteresis. Thus the history of a system should be regarded as a central feature for the analysis of its evolution. The empirical results suggest that growth is counter-cyclical. It also implies that, if the goal of economic policy is growth, stabilization policy should act in booms but not in depressions.
APPENDIX: Tables and Figures
Figure 1: The response of productivity to an unemployment shock
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Figure 2: The response of productivity to a (first difference) interest rate shock
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Table 1: 

Unit root test for U.S.: Augmented Dickey-Fuller
	Series
	Trend
	Constant
	Lags included
	t-statistic
	Usable observations
	ADF critical value
	Evidence of unit root at 5%?

	Unemployment
	No
	Yes
	1
	-3,050
	81
	-2,90
	No

	Interest Rate
	No
	No
	0
	-0,828
	82
	-2,00
	Yes

	Solow residual
	No
	No
	3
	0,074
	38
	-2,00
	Yes*


Table 2: Optimal lag length according to the SIC
	p lag
	SC value
	p lag
	SC value

	1
	-15,04938
	8
	-13,83824

	2
	-15,28719
	9
	-13,31169

	3
	-15,21057
	10
	-12,9703

	4
	-15,08467
	11
	-12,98613

	5
	-14,83115
	12
	-12,46296

	6
	-14,54941
	13
	-12,69198

	7
	-14,29605
	14
	-12,41659


Table 3: Likelihood Ratio Statistic for the United States
	p lag
	p-value
	p lag
	p-value

	1
	0
	8
	0,74

	2
	0
	9
	0,01

	3
	0
	10
	0,96

	4
	0,05
	11
	0

	5
	0,07
	12
	0,4

	6
	0,82
	13
	0,26

	7
	0,66
	14 
	0,24


Table 4: F-tests, Dependent Variable Solow
	Variable
	F-Statistic
	Signif

	UNEMP
	2,8064
	0,0325104

	DRATE
	7,706
	0,000037

	SOLOW
	1,9317
	0,1154716
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SOLOW: Impulse Response to shock in DRATE



impulsosfinais

		Responses		to		Shock in UNEMP

		Entry				UNEMP		DRATE		SOLOW

				1		-0.0161451234		0.4157565519		-0.0027824712

				2		0.1216097613		0.0103846083		-0.0089570657
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				5		0.9225017868		0.0186159308		0.0020102667

				6		1.2245068579		-0.0459631319		-0.0034437044

				7		1.4371404308		-0.0334922881		-0.0016266532

				8		1.5377594986		-0.0859891672		0.0008588261

				9		1.5176341628		-0.0116788035		0.0020359078

				10		1.5139548983		-0.0063813671		0.0002733177

				11		1.4843902099		-0.0068998456		0.0016246437

				12		1.4613543668		-0.0216497144		0.0011000726

				13		1.4310067339		0.0028111662		0.0018223115

				14		1.4151418372		-0.0035654257		0.0016263303

				15		1.3983161055		0.0029305264		0.001557125

				16		1.3933372149		-0.0054333549		0.0011687864

				17		1.3782637475		-0.0012603603		0.0016631342

				18		1.3648468923		-0.0016109015		0.0014282308

				19		1.3519888128		0.0035970914		0.0014026278

				20		1.3446347846		-0.001337071		0.0012744734

				21		1.3354002766		0.0000323598		0.0013749629

				22		1.3293217229		-0.0007152729		0.0012853968

				23		1.3230350131		0.0008508288		0.0013430414

				24		1.3190709822		-0.0009159772		0.0012490553

				25		1.3146483814		-0.0004156131		0.0012746494

				26		1.3106584926		-0.0013392224		0.0012612744

				27		1.3056125444		-0.0004783291		0.0012857857

				28		1.3013022335		-0.0008970508		0.0012430995

				29		1.2966006633		-0.0007185947		0.0012585178

				30		1.2920560895		-0.0011526068		0.0012449676

				31		1.2871255901		-0.0007478804		0.0012543327

				32		1.2824559743		-0.0009249894		0.0012400545

				33		1.2776155521		-0.0007927162		0.0012418386

				34		1.2729284631		-0.0009692239		0.0012305644

				35		1.2680579465		-0.0008342464		0.0012341298

				36		1.2632579914		-0.0008954025		0.0012256919

				37		1.2584007842		-0.0007984093		0.0012231499

				38		1.253636678		-0.0008768293		0.0012156574

				39		1.2488148981		-0.0008259999		0.0012141133

				40		1.2440498347		-0.000849453		0.0012076952

				41		1.2392751375		-0.0008043599		0.001204439

				42		1.2345574843		-0.0008351497		0.0011983633

				43		1.229836444		-0.0008125718		0.0011947711

				44		1.225151875		-0.0008263527		0.0011895731

				45		1.2204688967		-0.0008051908		0.0011857135

				46		1.2158210275		-0.0008141511		0.0011804642

				47		1.2111828503		-0.000803302		0.0011763756

				48		1.2065701795		-0.0008092752		0.0011716002

		Responses		to		Shock in DRATE

		Entry				UNEMP		DRATE		SOLOW

				1		0.0302528774		0.3426717076		-0.0059894582

				2		0.1296175006		-0.0252025676		-0.0068119431

				3		0.2666140901		-0.0083077695		-0.0017979242

				4		0.5599014035		0.02439204		-0.0039039094

				5		0.7937571042		0.0070964998		0.0013109935

				6		1.049813476		-0.0539812193		-0.0027364606

				7		1.2250943328		-0.0326998891		-0.0013650661

				8		1.2976682582		-0.0674459247		0.0011896504

				9		1.273224541		-0.0090874176		0.0016782981

				10		1.2662335958		-0.0046053103		0.0000589721

				11		1.2374757606		-0.0087842445		0.0014470044

				12		1.2102777523		-0.0165482262		0.0011193695

				13		1.1835098894		0.0050308679		0.0014659484

				14		1.1712257386		-0.0020519222		0.0013360425

				15		1.1579456279		0.000890211		0.0012849634

				16		1.1532174408		-0.0041571216		0.0009941708

				17		1.1407462943		-0.0005326716		0.001392513

				18		1.1295105837		-0.0008570759		0.0011847609

				19		1.1194757023		0.0027429212		0.0011285954

				20		1.1133939863		-0.0011954773		0.0010642646

				21		1.1056071309		-0.0000033785		0.0011473736

				22		1.1005930674		-0.0002578554		0.0010618173

				23		1.0958228754		0.0006462062		0.0011011068

				24		1.0926705381		-0.0008777669		0.001036036

				25		1.0890870593		-0.0004193974		0.0010550774

				26		1.0857798647		-0.001018932		0.0010472667

				27		1.0816801558		-0.0004193469		0.0010627133

				28		1.0781357558		-0.0007596519		0.0010284494

				29		1.0742614431		-0.0006456291		0.0010422392

				30		1.0704403698		-0.0009379221		0.0010336199

				31		1.0663558705		-0.0006119072		0.0010383435

				32		1.0624919626		-0.000758611		0.0010270489

				33		1.0584897901		-0.0006817932		0.0010286392

				34		1.0545855041		-0.000798675		0.0010201781

				35		1.0505478059		-0.0006879937		0.0010223881

				36		1.0465655572		-0.0007353719		0.0010155713

				37		1.0425453451		-0.0006682931		0.0010130458

				38		1.0385922043		-0.0007254437		0.0010073446

				39		1.0345947039		-0.0006848912		0.0010059195

				40		1.0306433672		-0.0006992433		0.001000595

				41		1.0266909514		-0.0006677225		0.000997681

				42		1.0227816299		-0.0006919901		0.0009928645

				43		1.0188705211		-0.0006741328		0.000989819

				44		1.0149884957		-0.0006827329		0.000985557

				45		1.0111102345		-0.0006674679		0.0009822677

				46		1.0072596826		-0.0006743836		0.0009779741

				47		1.0034176848		-0.000666159		0.0009745663

				48		0.999595724		-0.0006699238		0.0009706528

		Responses		to		Shock in SOLOW

		Entry				UNEMP		DRATE		SOLOW

				1		0		-0.8874732363		-0.0020584296

				2		-0.4202601178		-0.0938215812		0.0204842905

				3		-0.9635168377		0.0084922249		0.0101897882

				4		-1.7033941446		0.0824471068		0.0072351626

				5		-2.1455288513		-0.0545702444		-0.0055559517

				6		-2.7355552558		0.0580235486		0.0070635901

				7		-3.1712349884		0.0592413394		0.0035662363

				8		-3.3935309736		0.1898750645		-0.0011462005

				9		-3.3589907143		0.0271641362		-0.0047182589

				10		-3.357290513		0.0099248713		-0.0011772429

				11		-3.3086940802		0.0081321378		-0.0033320641

				12		-3.2783066211		0.050327666		-0.0021056111

				13		-3.2173091261		0.0011122019		-0.0041162756

				14		-3.1792478867		0.0084032558		-0.003707232

				15		-3.140366264		-0.0096252885		-0.003475509

				16		-3.1295667411		0.0117941882		-0.0025714899

				17		-3.0969805657		0.0042303864		-0.0036499974

				18		-3.0675529077		0.0042611623		-0.0032205385

				19		-3.0387335933		-0.0082351229		-0.0032000758

				20		-3.02305843		0.0025340563		-0.0028450831

				21		-3.0037526219		0.0003254438		-0.0030550963

				22		-2.9902643217		0.0023633603		-0.0029009736

				23		-2.9754907043		-0.0017873662		-0.00303502

				24		-2.9661141967		0.0017206858		-0.0028116189

				25		-2.9560065196		0.0009130524		-0.0028621996

				26		-2.9468689116		0.003146541		-0.0028334009

				27		-2.9353454014		0.0011157405		-0.0028944342

				28		-2.9254723302		0.0019258718		-0.0028015158

				29		-2.9148831265		0.0015447739		-0.0028283307

				30		-2.9047359665		0.0025977983		-0.0027961514

				31		-2.8936583299		0.0017368704		-0.0028209502

				32		-2.8830960089		0.0020683376		-0.0027899603

				33		-2.8721938394		0.0017415534		-0.0027916789

				34		-2.8616664074		0.0021682302		-0.0027658086

				35		-2.8507253857		0.0018927353		-0.0027739949

				36		-2.8399281181		0.0020136851		-0.002755828

				37		-2.8290059657		0.0017858093		-0.0027501142

				38		-2.8183032176		0.0019635895		-0.0027327377

				39		-2.8074792237		0.0018609379		-0.0027290136

				40		-2.7967722039		0.0019150783		-0.0027151021

				41		-2.7860368892		0.0018088416		-0.0027078643

				42		-2.7754313113		0.0018737586		-0.0026940377

				43		-2.7648216157		0.0018272781		-0.0026858568

				44		-2.7542912025		0.0018599612		-0.0026742793

				45		-2.7437626628		0.0018111007		-0.0026656545

				46		-2.7333125888		0.0018292128		-0.0026538721

				47		-2.7228858595		0.0018056127		-0.0026446076

				48		-2.7125166729		0.0018197435		-0.0026338714
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SOLOW: Impulse Response to shock in UNEMP



impulsosfinais

		Responses		to		Shock in UNEMP

		Entry				UNEMP		DRATE		SOLOW

				1		-0.0161451234		0.4157565519		-0.0027824712

				2		0.1216097613		0.0103846083		-0.0089570657

				3		0.3227865632		0.0038747103		-0.0034951589

				4		0.6735375141		-0.0044282593		-0.004121919

				5		0.9225017868		0.0186159308		0.0020102667

				6		1.2245068579		-0.0459631319		-0.0034437044

				7		1.4371404308		-0.0334922881		-0.0016266532

				8		1.5377594986		-0.0859891672		0.0008588261

				9		1.5176341628		-0.0116788035		0.0020359078

				10		1.5139548983		-0.0063813671		0.0002733177

				11		1.4843902099		-0.0068998456		0.0016246437

				12		1.4613543668		-0.0216497144		0.0011000726

				13		1.4310067339		0.0028111662		0.0018223115

				14		1.4151418372		-0.0035654257		0.0016263303

				15		1.3983161055		0.0029305264		0.001557125

				16		1.3933372149		-0.0054333549		0.0011687864

				17		1.3782637475		-0.0012603603		0.0016631342

				18		1.3648468923		-0.0016109015		0.0014282308

				19		1.3519888128		0.0035970914		0.0014026278

				20		1.3446347846		-0.001337071		0.0012744734

				21		1.3354002766		0.0000323598		0.0013749629

				22		1.3293217229		-0.0007152729		0.0012853968

				23		1.3230350131		0.0008508288		0.0013430414

				24		1.3190709822		-0.0009159772		0.0012490553

				25		1.3146483814		-0.0004156131		0.0012746494

				26		1.3106584926		-0.0013392224		0.0012612744

				27		1.3056125444		-0.0004783291		0.0012857857

				28		1.3013022335		-0.0008970508		0.0012430995

				29		1.2966006633		-0.0007185947		0.0012585178

				30		1.2920560895		-0.0011526068		0.0012449676

				31		1.2871255901		-0.0007478804		0.0012543327

				32		1.2824559743		-0.0009249894		0.0012400545

				33		1.2776155521		-0.0007927162		0.0012418386

				34		1.2729284631		-0.0009692239		0.0012305644

				35		1.2680579465		-0.0008342464		0.0012341298

				36		1.2632579914		-0.0008954025		0.0012256919

				37		1.2584007842		-0.0007984093		0.0012231499

				38		1.253636678		-0.0008768293		0.0012156574

				39		1.2488148981		-0.0008259999		0.0012141133

				40		1.2440498347		-0.000849453		0.0012076952

				41		1.2392751375		-0.0008043599		0.001204439

				42		1.2345574843		-0.0008351497		0.0011983633

				43		1.229836444		-0.0008125718		0.0011947711

				44		1.225151875		-0.0008263527		0.0011895731

				45		1.2204688967		-0.0008051908		0.0011857135

				46		1.2158210275		-0.0008141511		0.0011804642

				47		1.2111828503		-0.000803302		0.0011763756

				48		1.2065701795		-0.0008092752		0.0011716002

		Responses		to		Shock in DRATE

		Entry				UNEMP		DRATE		SOLOW

				1		0.0302528774		0.3426717076		-0.0059894582

				2		0.1296175006		-0.0252025676		-0.0068119431

				3		0.2666140901		-0.0083077695		-0.0017979242

				4		0.5599014035		0.02439204		-0.0039039094

				5		0.7937571042		0.0070964998		0.0013109935

				6		1.049813476		-0.0539812193		-0.0027364606

				7		1.2250943328		-0.0326998891		-0.0013650661

				8		1.2976682582		-0.0674459247		0.0011896504

				9		1.273224541		-0.0090874176		0.0016782981

				10		1.2662335958		-0.0046053103		0.0000589721

				11		1.2374757606		-0.0087842445		0.0014470044

				12		1.2102777523		-0.0165482262		0.0011193695

				13		1.1835098894		0.0050308679		0.0014659484

				14		1.1712257386		-0.0020519222		0.0013360425

				15		1.1579456279		0.000890211		0.0012849634

				16		1.1532174408		-0.0041571216		0.0009941708

				17		1.1407462943		-0.0005326716		0.001392513

				18		1.1295105837		-0.0008570759		0.0011847609

				19		1.1194757023		0.0027429212		0.0011285954

				20		1.1133939863		-0.0011954773		0.0010642646

				21		1.1056071309		-0.0000033785		0.0011473736

				22		1.1005930674		-0.0002578554		0.0010618173

				23		1.0958228754		0.0006462062		0.0011011068

				24		1.0926705381		-0.0008777669		0.001036036

				25		1.0890870593		-0.0004193974		0.0010550774

				26		1.0857798647		-0.001018932		0.0010472667

				27		1.0816801558		-0.0004193469		0.0010627133

				28		1.0781357558		-0.0007596519		0.0010284494

				29		1.0742614431		-0.0006456291		0.0010422392

				30		1.0704403698		-0.0009379221		0.0010336199

				31		1.0663558705		-0.0006119072		0.0010383435

				32		1.0624919626		-0.000758611		0.0010270489

				33		1.0584897901		-0.0006817932		0.0010286392

				34		1.0545855041		-0.000798675		0.0010201781

				35		1.0505478059		-0.0006879937		0.0010223881

				36		1.0465655572		-0.0007353719		0.0010155713

				37		1.0425453451		-0.0006682931		0.0010130458

				38		1.0385922043		-0.0007254437		0.0010073446

				39		1.0345947039		-0.0006848912		0.0010059195

				40		1.0306433672		-0.0006992433		0.001000595

				41		1.0266909514		-0.0006677225		0.000997681

				42		1.0227816299		-0.0006919901		0.0009928645

				43		1.0188705211		-0.0006741328		0.000989819

				44		1.0149884957		-0.0006827329		0.000985557

				45		1.0111102345		-0.0006674679		0.0009822677

				46		1.0072596826		-0.0006743836		0.0009779741

				47		1.0034176848		-0.000666159		0.0009745663

				48		0.999595724		-0.0006699238		0.0009706528

		Responses		to		Shock in SOLOW

		Entry				UNEMP		DRATE		SOLOW

				1		0		-0.8874732363		-0.0020584296

				2		-0.4202601178		-0.0938215812		0.0204842905

				3		-0.9635168377		0.0084922249		0.0101897882

				4		-1.7033941446		0.0824471068		0.0072351626

				5		-2.1455288513		-0.0545702444		-0.0055559517

				6		-2.7355552558		0.0580235486		0.0070635901

				7		-3.1712349884		0.0592413394		0.0035662363

				8		-3.3935309736		0.1898750645		-0.0011462005

				9		-3.3589907143		0.0271641362		-0.0047182589

				10		-3.357290513		0.0099248713		-0.0011772429

				11		-3.3086940802		0.0081321378		-0.0033320641

				12		-3.2783066211		0.050327666		-0.0021056111

				13		-3.2173091261		0.0011122019		-0.0041162756

				14		-3.1792478867		0.0084032558		-0.003707232

				15		-3.140366264		-0.0096252885		-0.003475509

				16		-3.1295667411		0.0117941882		-0.0025714899

				17		-3.0969805657		0.0042303864		-0.0036499974

				18		-3.0675529077		0.0042611623		-0.0032205385

				19		-3.0387335933		-0.0082351229		-0.0032000758

				20		-3.02305843		0.0025340563		-0.0028450831

				21		-3.0037526219		0.0003254438		-0.0030550963

				22		-2.9902643217		0.0023633603		-0.0029009736

				23		-2.9754907043		-0.0017873662		-0.00303502

				24		-2.9661141967		0.0017206858		-0.0028116189

				25		-2.9560065196		0.0009130524		-0.0028621996

				26		-2.9468689116		0.003146541		-0.0028334009

				27		-2.9353454014		0.0011157405		-0.0028944342

				28		-2.9254723302		0.0019258718		-0.0028015158

				29		-2.9148831265		0.0015447739		-0.0028283307

				30		-2.9047359665		0.0025977983		-0.0027961514

				31		-2.8936583299		0.0017368704		-0.0028209502

				32		-2.8830960089		0.0020683376		-0.0027899603

				33		-2.8721938394		0.0017415534		-0.0027916789

				34		-2.8616664074		0.0021682302		-0.0027658086

				35		-2.8507253857		0.0018927353		-0.0027739949

				36		-2.8399281181		0.0020136851		-0.002755828

				37		-2.8290059657		0.0017858093		-0.0027501142

				38		-2.8183032176		0.0019635895		-0.0027327377

				39		-2.8074792237		0.0018609379		-0.0027290136

				40		-2.7967722039		0.0019150783		-0.0027151021

				41		-2.7860368892		0.0018088416		-0.0027078643

				42		-2.7754313113		0.0018737586		-0.0026940377

				43		-2.7648216157		0.0018272781		-0.0026858568

				44		-2.7542912025		0.0018599612		-0.0026742793

				45		-2.7437626628		0.0018111007		-0.0026656545

				46		-2.7333125888		0.0018292128		-0.0026538721

				47		-2.7228858595		0.0018056127		-0.0026446076

				48		-2.7125166729		0.0018197435		-0.0026338714





impulsosfinais

		



DRATE: Impulse Response to shock in DRATE



		



SOLOW: Impulse Response to shock in UNEMP




_1174095936.xls
Gráfico1

		-0.0008273

		-0.0047832

		-0.0003556

		-0.0160229

		0.0079271

		-0.005353

		0.0029656

		-0.0039462

		0.002769

		-0.0010369

		0.0005869

		-0.0003966

		0.000362

		-0.0001126

		0.0000157

		0.0000161

		0.0000054589

		-0.000014

		-0.0000027866

		0.0000102

		-0.0000048002

		-0.000004082

		0.0000027346

		0.0000007026

		-0.0000007599

		-0.0000009321

		0.0000011929

		-0.0000003075

		-0.0000000938

		-0.0000000552

		0.0000002093

		-0.0000001173

		-0.0000000114

		0.0000000329

		0.0000000087

		-0.0000000246

		0.0000000039

		0.0000000109

		-0.0000000054

		-0.0000000035

		0.000000003

		0.0000000012

		-0.0000000018

		-0.0000000001

		0.0000000009

		-0.0000000002

		-0.0000000003

		0.0000000001



SOLOW: Impulse Response to shock in UNEMP



impulsosportugal

		Responses		to Sh		ock in DUNEMP

		Entry				DUNEMP		DRATE		SOLOW

				1		-0.3835052		0.0696132		-0.0008273

				2		0.0388652		0.1584519		-0.0047832

				3		-0.0440431		0.0851462		-0.0003556

				4		-0.0296855		-0.1163136		-0.0160229

				5		-0.0417872		0.0482393		0.0079271

				6		0.0122776		-0.031849		-0.005353

				7		0.0071006		0.0157248		0.0029656

				8		-0.008304		-0.0195895		-0.0039462

				9		0.0048267		0.0093151		0.002769

				10		0.0018405		-0.0077468		-0.0010369

				11		0.0014672		0.0004841		0.0005869

				12		-0.0016657		0.0013079		-0.0003966

				13		0.0018481		0.000529		0.000362

				14		-0.0000374		-0.0009085		-0.0001126

				15		-0.0003986		-0.0002753		0.0000157

				16		-0.0000636		0.0009393		0.0000161

				17		0.0002754		-0.000171		5.46E-06

				18		-0.0000787		-0.000173		-0.000014

				19		-0.0001632		9.09E-06		-2.79E-06

				20		0.0000733		0.0001422		0.0000102

				21		0.0000278		-0.0000533		-4.80E-06

				22		-0.0000306		-0.0000398		-4.08E-06

				23		-0.0000185		0.0000311		2.73E-06

				24		0.0000238		-5.51E-08		7.03E-07

				25		-6.56E-07		-9.10E-06		-7.60E-07

				26		-8.65E-06		-2.36E-06		-9.32E-07

				27		2.71E-06		8.66E-06		1.19E-06

				28		3.56E-06		-4.93E-06		-3.08E-07

				29		-1.83E-06		-1.19E-06		-9.38E-08

				30		-1.37E-06		1.80E-06		-5.52E-08

				31		1.59E-06		8.34E-07		2.09E-07

				32		5.41E-08		-1.41E-06		-1.17E-07

				33		-6.61E-07		3.16E-08		-1.14E-08

				34		5.26E-08		6.79E-07		3.29E-08

				35		3.50E-07		-1.70E-07		8.70E-09

				36		-1.42E-07		-2.49E-07		-2.46E-08

				37		-1.27E-07		1.07E-07		3.90E-09

				38		9.38E-08		1.09E-07		1.09E-08

				39		3.53E-08		-8.75E-08		-5.38E-09

				40		-5.11E-08		-2.02E-08		-3.54E-09

				41		-5.93E-09		4.09E-08		3.04E-09

				42		2.72E-08		-7.76E-10		1.18E-09

				43		-5.30E-09		-1.92E-08		-1.81E-09

				44		-1.06E-08		5.43E-09		-1.23E-10

				45		4.92E-09		8.20E-09		9.27E-10

				46		3.94E-09		-5.50E-09		-2.28E-10

				47		-3.45E-09		-2.07E-09		-3.15E-10

				48		-9.49E-10		2.94E-09		1.43E-10

		Responses		to Sh		ock in DRATE

		Entry				DUNEMP		DRATE		SOLOW

				1		0.0558606		0.92828		0.0016649

				2		0.0776002		-0.3167799		0.0005114

				3		-0.0293537		-0.1353986		0.0071303

				4		-0.1408136		0.0418531		-0.0045592

				5		0.0589434		0.1457027		0.0023139

				6		0.0082169		-0.0198165		-0.0027085

				7		-0.0172927		-0.0676203		-0.0033514

				8		-0.0216877		0.0252859		0.003107

				9		0.0151064		0.005517		-0.0009104

				10		0.0037949		0.00236		0.0001878

				11		-0.0061608		-0.0109666		-0.0013159

				12		0.0004982		0.0052409		0.0012546

				13		0.002061		-0.0018933		-0.0003429

				14		0.0001942		0.0003781		0.0000489

				15		-0.001206		0.0002745		-0.0001725

				16		0.0008234		0.0002471		0.0002014

				17		0.0000699		-0.0006358		-0.0000588

				18		-0.000268		0.0000289		-0.0000128

				19		-0.0000381		0.0004813		7.00E-06

				20		0.0001976		-0.0001472		0.0000101

				21		-0.0000591		-0.0001601		-9.10E-06

				22		-0.0000908		0.0000468		-1.54E-06

				23		0.0000507		0.0001019		6.26E-06

				24		0.0000269		-0.0000507		-2.81E-06

				25		-0.0000262		-0.0000297		-1.99E-06

				26		-0.0000114		0.0000234		1.56E-06

				27		0.0000171		7.01E-06		8.03E-07

				28		-2.57E-08		-9.92E-06		-9.37E-07

				29		-6.81E-06		-1.54E-06		-3.49E-07

				30		1.39E-06		5.54E-06		6.78E-07

				31		2.88E-06		-2.13E-06		-1.01E-07

				32		-1.37E-06		-1.22E-06		-1.80E-07

				33		-9.87E-07		1.14E-06		9.03E-09

				34		9.99E-07		5.10E-07		1.31E-07

				35		1.27E-07		-9.10E-07		-6.74E-08

				36		-4.76E-07		5.27E-08		-2.10E-08

				37		3.85E-08		4.40E-07		2.53E-08

				38		2.42E-07		-1.22E-07		7.89E-09

				39		-9.46E-08		-1.87E-07		-1.69E-08

				40		-8.92E-08		9.15E-08		2.29E-09

				41		6.55E-08		7.66E-08		7.32E-09

				42		2.74E-08		-6.40E-08		-3.31E-09

				43		-3.78E-08		-1.77E-08		-2.57E-09

				44		-4.31E-09		3.11E-08		2.15E-09

				45		1.94E-08		1.35E-09		8.41E-10

				46		-3.16E-09		-1.48E-08		-1.32E-09

				47		-8.01E-09		3.41E-09		-5.92E-11

				48		3.35E-09		5.92E-09		6.42E-10

		Responses		to Sh		ock in SOLOW

		Entry				DUNEMP		DRATE		SOLOW

				1		0.0026112		0.0070994		0.014815

				2		0.0110622		-0.0128682		-0.0055302

				3		-0.025115		0.0523844		0.0010717

				4		0.001393		0.0019813		-0.0025143

				5		0.0019212		-0.0041735		0.0024189

				6		-0.007584		-0.0143279		-0.0020856

				7		-0.0027895		0.0129827		0.000926

				8		0.0023533		0.0005208		-0.0006558

				9		0.0012548		-0.0030456		0.0002878

				10		-0.002285		-0.0024107		-0.0003203

				11		0.0003444		0.0020209		0.0002656

				12		0.0008084		0.0002188		-0.0000852

				13		0.0000334		-0.0007415		-9.13E-06

				14		-0.0003966		-0.0000168		-0.0000128

				15		0.0001735		0.0002024		0.0000453

				16		0.0001311		-0.0000195		-0.0000123

				17		-0.000086		-0.0000679		-0.0000104

				18		-0.000029		0.0000688		4.86E-06

				19		0.0000431		-6.72E-06		5.43E-06

				20		8.06E-07		-0.0000312		-3.73E-06

				21		-0.0000257		0.0000165		-9.79E-07

				22		8.61E-06		0.0000156		1.24E-06

				23		7.98E-06		-0.0000109		3.33E-07

				24		-6.42E-06		-8.46E-06		-9.94E-07

				25		-3.02E-06		8.65E-06		4.08E-07

				26		4.07E-06		1.42E-06		1.16E-07

				27		5.25E-07		-3.55E-06		-1.02E-07

				28		-2.15E-06		-6.70E-07		-1.44E-07

				29		3.33E-07		1.99E-06		1.77E-07

				30		9.01E-07		-3.01E-07		-2.35E-08

				31		-2.97E-07		-6.94E-07		-5.06E-08

				32		-3.74E-07		2.54E-07		4.40E-09

				33		2.53E-07		2.42E-07		3.57E-08

				34		9.69E-08		-1.84E-07		-1.55E-08

				35		-1.34E-07		-5.24E-08		-1.04E-08

				36		-1.26E-08		1.09E-07		8.13E-09

				37		6.70E-08		-1.26E-08		3.48E-09

				38		-1.31E-08		-4.86E-08		-4.77E-09

				39		-2.89E-08		1.91E-08		-3.30E-10

				40		1.45E-08		2.06E-08		2.21E-09

				41		9.65E-09		-1.52E-08		-4.36E-10

				42		-9.36E-09		-6.61E-09		-9.35E-10

				43		-2.43E-09		9.10E-09		4.93E-10

				44		5.26E-09		9.60E-10		2.82E-10

				45		-2.05E-10		-4.41E-09		-2.95E-10

				46		-2.45E-09		4.35E-10		-7.61E-11

				47		7.05E-10		2.02E-09		1.80E-10

				48		9.87E-10		-7.44E-10		-2.08E-11
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SOLOW: Impulse Response to shock in UNEMP




