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Our study tries to quantify the predictability of economic growth and links it to the capability of regimes to fight against inflation. A regime with a high persistence of inflation and, hence, low credibility exhibits a high level of predictability of economic growth using the yield curve as indicator. Based on structural VAR models, we evaluate the credibility of monetary regimes in Germany from 1870 to 2003. The period of the Classical Gold Standard exhibited the highest credibility compared to the interwar period, the Bretton Woods and free float era. The reliability of the Bretton Woods agreement deteriorated years before the official break down in 1971.
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1. Introduction

During recessions, investors avoid engaging in long-term contracts; hence, long-term bonds exhibit high risk-premia. In contrast, short-term interest rates show a pro-cyclical behavior: they decline during recessions. This pattern is driven by central banks that lower short-term rates to stimulate economic growth. Thereby, recessions are characterized by a positive spread (difference between long and short run interest rates). Due to business cycles, a high spread today indicates future recovery.  Based on this consideration, several studies forecasted economic growth with spreads (Harvey, 1989, 1993; Laurent, 1988; Stock and Watson, 1989; Chen, 1991). Yet these studies covered only short periods without regime shifts. In contrast, our paper has a long-term perspective and covers major regime changes from 1870 to 2003 in Germany. Thus, we can compare the impact of different monetary regimes on the predictability of economic growth. Bordo and Haubrich (2004) emphasized the interrelation between predictability of economic growth using spreads as indicator and the credibility of monetary regimes.
 They argued that an incredible regime exhibits a high persistence of inflation; thus, inflationary shocks are supposed to be long lasting and increase long and short run interest rates. Consequently, spreads are hardly influenced by inflationary shocks. Real economic shocks, however, are transitory and affect short – but not long run interest rates; thereby, spreads change if real economic shocks occur. Observing a change in spreads conveys information about real economic shocks – but not about inflationary shocks. In contrast, a credible regime guarantees that inflationary shocks are transitory. Accordingly, inflationary shocks and real economic shocks only influence short-term interest rates and possess a similar effect on spreads. Observing spreads becomes a noisy signal, as changes in spreads might be due to real economic or inflationary shocks. As a consequence, spreads have low predictive power under a credible monetary regime.

2. Data 

For the pre-1914 period, Hoffmann’s (1965) GDP estimates are not reliable; thus, we use Burhop and Wolff’s (2005) recalculated compromise estimates. In line with Voth (1998), private discount rates and average bond yields are proxies for short and long-term interest rates.
 From 1950 to 1959, we do not have private discount rates and take day-to-day money rates provided by Morawietz (1994). Private discount rates and day-to-day money rates are highly correlated during the years when both series are available. The rest of the data for the pre-1975 period can be found in `Deutsches Geld- und Bankwesen in Zahlen 1876-1975’. After 1975, the ‘Deutsche Bundesbank’ and the ‘Statistische Bundesamt’ reported quarterly data – but prior to 1975 only annual data are reliable.
 Since 1975, yields of three-months treasury bills and ten-year government bonds (`Bundesanleihe’) can be used as proxies for short- and long-term interest rates. 

3. Empirical model

We estimate Bordo and Haubrich’s (2004) regression model with annual data for the period 1870 to 2003 and with quarterly data from 1975 to 2003. We regress economic growth rates (yt on spreads (spreadt) and apply maximum likelihood. The terms ((L) and ((L) are lag operators.
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In contrast to former studies, we permit an arbitrary lag structure of spreads; however, including the spread of the previous year is sufficient.
 In the literature based on quarterly data, four lags for the autoregressive component are common. Hence, we use four lags for quarterly and one lag for annual data. 

The standard regression model might be misleading because spreads affect growth rates but not vice versa. To model a possible feedback, we propose a structural VAR model that imposes the short run restriction that innovations in economic growth rates do not have an immediate impact on spreads.
 To determine the appropriate lag length of the VAR model, the Akaike, the Schwarz and the Hannan-Quin information criteria are calculated. All criteria favor a model with one lag for annual data. For quarterly data, the Akaike criterion reaches its minimum if four lags are specified – but the other criteria indicate a simpler structure with two lags. Table 1 reports results of the simple regression model (1) and the VAR model for four monetary regimes. Granger causality tests indicate that spreads affect economic growth (p-value: 0.004) – but spreads are also influenced by economic growth (p-value: 0.001). Hence, using VAR models as suggested by Ang et al. (2004) makes a difference. To discuss the quality of forecasts, we compare one-step ahead forecasts based on our VAR model and an autoregression of economic growth rates AR(1).
 Following Diebold and Mariano (1995), the mean-square errors (MSE) of forecasts are compared. Table 1 summarizes the MSE for every sub-period and indicates whether a simple AR(1) process outperforms VAR models that account for spreads. 

4. Conclusion
During the Classical Gold Standard, a simple AR(1) process clearly outperforms predictions based on spreads. Correspondingly, the predictive power of spreads is low, and the Classical Gold Standard could be regarded as highly credible. Contrary, the interwar period exhibit a relatively high predictability using spreads, as the R-squared reaches 0.62, and the MSE test shows that spreads improve forecasts. This underlines the low reliability of the monetary regime during the Hyperinflation. Based on MSE, we find differences between the Bretton-Woods period and the free-float system, as spreads are useful to improve the predictability after 1971. The fixed-exchange rate system, consequently, had a higher credibility compared to a free-floating system. Quarterly data from 1975 to 2003 can support this finding, as the coefficient of spreads reaches 0.0036 with a p-value of 0.008. Using rolling regressions with a ten-year window, we can assess the change of credibility over time. Figure 1 depicts the coefficients of spreads and indicates whether coefficients are significant. A striking change in investors’ credibility can be observed during the second half of the Bretton Woods era. Our proxy of credibility shows a decreasing tendency in the 1960s prior to the official break down of the Bretton Woods agreement in 1971.
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Table 1. Regression results 

	
	Classical Gold Standard
	Interwar period
	Bretton Woods period
	Free-float period

	
	Regression model (1)

	Constant
	2.5722 (0.000)
	1.0022 (0.557)
	5.3238 (0.017)
	1.2358 (0.071)

	Spread t-1
	0.1850 (0.685)
	1.8864 (0.130)
	0.5758 (0.453)
	0.6422 (0.016)

	(yt-1
	-0.0874 (0.482)
	0.6725 (0.000)
	0.3424 (0.138)
	0.1955 (0.331)

	Observations
	43
	14
	20
	33

	Pseudo R2
	0.31
	0.13
	0.01
	0.03

	
	VAR model

	Constant
	2.7183 (0.000)
	-3.1383 (0.185)
	1.4624 (0.734)
	1.0538 (0.113)

	Spread t-1
	0.1826 (0.616)
	2.4868 (0.013)
	0.8558 (0.373)
	0.5334 (0.034)

	(yt-1
	-0.0554 (0.714)
	0.6442 (0.000)
	0.4108 (0.160)
	0.1478 (0.350)

	Observations
	43
	14
	20
	33

	Adjusted R2
	0.01
	0.62
	0.09
	0.14

	
	Diebold – Mariano MSE comparison

	MSE based on VAR
	13.06
	15.29
	10.19
	5.08

	MSE based on AR(1)
	9.04
	22.62
	10.67
	5.77


P-values are set in parentheses. Coefficients that are significant on the 95% level of confidence are shaded. We only report one equation of the VAR model that has economic growth as dependent variable. 

Figure 1: Coefficients of spreads based on ten-year windows

The VAR model (2) is estimated for ten-year windows and shifted by one year after estimation. This figure plots resulting coefficients of spreads and indicates (dark color) whether coefficients are significant on the 95% level of confidence.


[image: image2.wmf]-4

-2

0

2

4

6

8

1875

1879

1883

1887

1891

1895

1899

1903

1907

1931

1958

1962

1966

1970

1974

1978

1982

1986

1990

1994

1998

coefficients

significant coefficients


� Peel and Ioannidis (2003) argued in a similar manner – but they focused on a monetary policy reaction function. They stressed that the relation between economic growth and spreads disappear when central banks solely focus on inflation targeting. 


� Donner (1936) collected interest rates for the pre-World War I period.


� Quarterly GDP estimates and long-term government bond yields are available since 1963, but 3-months treasury bills data provided by the IMF were not reported before 1975.


� Cross-correlograms or regressing the basic model with different numbers of lags and comparing the models using information criteria can confirm this specification.


� Hence, we follow Ang et al. (2004) that applied VAR models and Cecchetti and Ehrmann (1999) – but due to data availability our structural VAR model has only two endogenous time series. 


� An AR(1) model is the best ARMA specification for economic growth rates based on ACF and PACF plots as well as information criteria.
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		year		coefficients		standard		t		significant coefficients

		1875		0.86609		0.6003098		1.4427383994

		1876		-1.414094		1.291858		-1.0946203066

		1877		-1.445828		1.31445		-1.0999490281

		1878		-1.451243		1.433168		-1.0126119199

		1879		-2.798138		1.525728		-1.8339690954

		1880		-2.927457		1.882277		-1.5552742768

		1881		-3.108791		1.94996		-1.5942844981

		1882		-2.9393		1.92071		-1.5303195173

		1883		-2.433417		1.511655		-1.6097700864

		1884		-1.920261		1.796094		-1.0691316824

		1885		-0.4752374		0.5583601		-0.8511306592

		1886		-0.547858		0.7550358		-0.7256053289

		1887		-0.0444458		0.7994229		-0.0555973565

		1888		0.6821662		0.5986574		1.1394934732

		1889		2.6959		0.5567124		4.8425362898		2.6959

		1890		2.228387		0.6149287		3.6238136226		2.228387

		1891		1.861052		0.587656		3.1669071702		1.861052

		1892		2.000119		0.5715147		3.4996807606		2.000119

		1893		1.614383		0.5419944		2.9785971958		1.614383

		1894		1.436906		0.7134424		2.0140462636		1.436906

		1895		1.78363		0.6350226		2.8087661762		1.78363

		1896		1.368498		0.3846301		3.5579586725		1.368498

		1897		1.536213		0.2569706		5.9781663739		1.536213

		1898		0.9350423		0.2920006		3.2021930777		0.9350423

		1899		1.063189		0.2463873		4.3151128325		1.063189

		1900		1.413208		0.3210398		4.4019713444		1.413208

		1901		1.687474		0.5066814		3.3304439437		1.687474

		1902		1.46719		0.7266535		2.019105392		1.46719

		1903		1.312209		0.4806155		2.7302677504		1.312209

		1904		-0.0417723		0.4004435		-0.1043150906

		1905		-0.1862355		0.456735		-0.4077539492

		1906		-0.7702255		0.3650963		-2.1096502484		-0.7702255

		1907		-0.7064915		0.3816786		-1.8510115579

		1908		-1.139691		0.438665		-2.5980896584		-1.139691

		1930		2.907825		1.346732		2.1591712382		2.907825

		1931		2.973286		1.228635		2.4199912911		2.973286

		1932		2.506379		1.354097		1.8509597171

		1933		2.402316		1.424256		1.686716433

		1934		2.055		1.701434		1.2078047106

		1955		0.2311017		0.5957246		0.3879337869

		1956		0.755267		1.288628		0.5861016523

		1957		1.338521		1.723797		0.7764957243

		1958		2.611423		3.060495		0.8532681805		2.611423

		1959		2.827915		3.341878		0.8462053372		2.827915

		1960		1.970411		3.610882		0.5456868987		1.970411

		1961		3.580003		7.572145		0.4727858487		3.580003

		1962		5.870984		16.03832		0.3660597868		5.870984

		1963		7.002879		8.597851		0.8144917841		7.002879

		1964		4.341337		9.620994		0.4512358079		4.341337

		1965		1.736503		1.754104		0.9899658173

		1966		3.993884		3.72844		1.0711943869		3.993884

		1967		1.617192		0.9546264		1.6940574868

		1968		1.728153		0.9147583		1.8891908387

		1969		1.31913		0.6028445		2.1881762212

		1970		1.405005		0.8092144		1.73625803

		1971		1.911014		1.010736		1.8907152807		1.911014

		1972		1.893769		1.039543		1.821732242

		1973		1.594683		0.7676761		2.0772862409

		1974		1.215255		0.7488824		1.622758126

		1975		1.051389		0.6644506		1.5823433676

		1976		0.5213788		0.6964178		0.7486580613

		1977		0.8042364		0.3054036		2.6333559919

		1978		0.589927		0.188643		3.1272138378

		1979		0.6960233		0.1694016		4.1087173911

		1980		0.9788673		0.0407394		24.0275335425

		1981		0.9781833		0.08904		10.9858861186

		1982		0.8825741		0.1140696		7.7371543338

		1983		0.8671437		0.1190944		7.2811458809

		1984		0.975149		0.1410905		6.9115142409

		1985		1.110735		0.0943544		11.7719470422

		1986		0.4302595		0.2085583		2.0630178708

		1987		0.2345657		0.450455		0.5207305946

		1988		-0.1385139		0.5121672		-0.2704466432

		1989		1.163723		0.3580622		3.2500582301

		1990		0.8699625		0.2789797		3.1183720536

		1991		0.8728976		0.2672492		3.2662309186

		1992		0.5516421		0.3210047		1.7184860533

		1993		0.1413845		0.286794		0.4929827681

		1994		0.1843847		0.3387171		0.5443619469

		1995		0.2076651		0.2971928		0.698755488

		1996		0.2728873		0.2218002		1.2303293685

		1997		0.5408215		0.1601581		3.3767976768

		1998		0.0790489		0.2821476		0.2801686068
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