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Abstract
An implication of two-country international real business cycle models is that total factor 

productivity should be an exogenous stochastic process. Economic theories which feature labor 
hoarding, variable capacity utilization, and increasing returns predict that measured productivity 
shifts are not exogenous; instead, expansionary aggregate demand shocks should lead to an 
increase in measured productivity. For each of the G-7 countries, this paper measures quarterly 
aggregate total factor productivity for the domestic country and its rest-of-world (G-6) 
counterpart. In each case the domestic productivity measures are not strictly exogenous: 
expansionary U.S. monetary policy shocks, as well as other G-6 monetary policy shocks, lead 
to productivity expansions. The evidence indicates that international business cycle models are 
misspecified unless they feature endogenous productivity mechanisms.
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1. Introduction

Empirical assessments of real business cycle theories have recently been extended to the 

analysis of two-country open economies. Backus, Kehoe, and Kydland (1992) and Baxter and 

Crucini (1993) analyze one-sector international economies, while Stockman and Tesar (1990) and 

Reynolds (1992) consider two-sector international economies. In each of these papers, the 

principal driving processes are exogenous shifts in domestic and foreign production possibilities 

which are persistent and correlated.1 These international real business cycle theorists follow 

Prescott (1986) in interpreting the total factor productivity data as empirical measures of 

productivity shocks.

More generally, real business cycle theorists have been reluctant to define precisely what 

they mean by a productivity shock in terms of actual historical events. This is evident from the 

rhetorical question posed by Hansen and Prescott (1993): "What are these technology shocks?" 

As Ball and Mankiw (1993) note, Friedman and Schwartz’s (1963) meticulous cataloguing of 

monetary events from 1867 to 1960 stands in sharp contrast to the historical documentation of 

technology shocks by real business cycle theorists. Instead, the evidence for the existence of 

productivity shocks comes from an examination of the data on total factor productivity (as in 

Prescott (1986), Backus, Kehoe, and Kydland (1992), Stockman and Tesar (1990) and Reynolds

(1992)).

This paper critically assesses the statistical properties of measured productivity shifts in 

each of the G-7 countries: Canada, France, Germany, Italy, Japan, the United Kingdom, and the 

United States. We construct measures of domestic and rest-of-world total factor productivity for

'Stockman and Tesar (1990) also consider preference shocks in their economies, but their focus in those experiments is to explain why the cross-country consumption correlations can be low in these models.
1
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each of these countries on a quarterly basis. First, we document some of the statistical properties 

of these productivity measures. Under the maintained assumption that these productivity measures 

are exogenous shocks, we assess the variability, persistence and covariability of these stochastic 

driving processes for each of the G-7 countries.

Second, we investigate the exogeneity assumption. Many economic models predict that 

standard measures of total factor productivity will not be exogenous: for example, periodically 

during the business cycle, firms will hoard labor, underutilize capital, or exhibit increasing 

returns.2 These endogenous mechanisms predict that measured productivity will rise temporarily 

following a positive shock to aggregate demand (as in Burnside, Eichenbaum, and Rebelo (1992), 

Baxter and King (1992), and Braun and Evans (1991)). This empirical investigation assesses the 

plausibility of these explanations by examining the productivity response from a U.S. monetary 

policy shock. Since the U.S. economy is large and linked to the remaining G-6 countries through 

international trade, a U.S. aggregate demand shock should represent a demand shock for each of 

these countries. U.S. monetary policy shocks are identified as innovations in the ratio of 

nonborrowed reserves to total reserves (NBRX), as in Eichenbaum and Evans (1992), and 

alternatively as innovations in the Federal Funds rate, as in Bernanke and Blinder (1992). Other 

countries’ monetary policy shocks are identified as innovations in those countries short-term 

nominal interest rates (as in Sims (1992)).

The empirical results find evidence that total factor productivity in each of the G-7 

countries is serially persistent and positively correlated across countries. These results are 

complementary to the empirical findings in Backus, Kehoe, and Kydland (1992), Reynolds

Endogenous growth mechanisms are also potential candidates in environments where "business-cycle" fluctuations interact with growth mechanisms.
2
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(1992), and Stockman and Tesar (1990). On the other hand, these productivity measures fail the 

exogeneity tests.3 Expansionary monetary policy shocks lead to substantial and persistent 

increases in measured productivity for each of the G-7 countries. These findings lend further 

credence to economic theories which imply that measured Solow residuals are contaminated by 

labor hoarding phenomena, variations in capacity utilization, or increasing returns.

The remainder of the paper is organized as follows. Section 2 discusses the role of 

productivity shocks in the international RBC literature and the competing hypotheses of 

endogenous fluctuations in measured productivity. The relationship of U.S. monetary policy 

measures to this debate is also discussed. Section 3 discusses how productivity shocks are 

typically specified in the international RBC literature. This specification forms the basis for the 

empirical work. Section 4 describes the data. Maintaining the exogeneity assumption, section 

5 describes the bivariate statistical properties of the detrended domestic and foreign productivity 

shocks. Correlations are reported for individual G-7 countries also. Section 6 reports the 

estimated effects of alternative U.S. and G-7 countries’ monetary policy shocks on the 

productivity measures. Section 7 concludes the paper.

2. Productivity and international fluctuations 

In ternational R B C  econ om ies

The emerging literature on international real business cycles (RBC) attributes an even 

greater role to exogenous productivity shocks in generating economic fluctuations than the work 

of Kydland and Prescott (1982, 1989), Prescott (1986), and King, Plosser, and Rebelo (1988).

3Costello (1993) has also found that international, industrial Solow residuals do not behave like innovations to the state of technology at short-run frequencies.
3
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This impression is apparent from four broad issues that this literature addresses. First, Backus, 

Kehoe, and Kydland’s (1992) benchmark simulations indicate that the percentage of the variance 

in output which can be attributed to productivity shocks rises from Kydland and Prescott’s (1989) 

estimate of 70% to 82% in their benchmark economy. Intuitively, international capital mobility 

allows capital to flow to the high-productivity country more rapidly than in a closed-economy, 

since investment can exceed domestic savings. Relative to a closed-economy analysis, a larger 

increase in physical capital will lead to a larger increase in the demand for labor, and labor hours 

will increase more if the wealth effect on labor supply is not too large. Consequently, a larger 

increase in output is likely in the international model than in the closed-economy setting; this 

is borne out by their simulations. Since only 18% of the output variance is unexplained by this 

model (rather than 30%), the scope for aggregate demand fluctuations to generate economic 

fluctuations is further narrowed within the RBC literature.

Second, Backus, Kehoe, and Kydland (1992), Baxter and Crucini (1993), Stockman and 

Tesar (1990) and Reynolds (1992) find that these models can explain the cross-country output 

correlations if the domestic and foreign productivity shocks are sufficiently positively correlated, 

either contemporaneously through their innovations or dynamically through large spillovers. 

Third, while Baxter and Crucini (1993) and Backus, Kehoe, and Kydland (1992) find that their 

parameterized models generate too large a correlation between domestic and foreign consumption, 

Reynolds (1992) finds that this is due in part to the forcing processes assumed for the 

productivity shocks.4 In some cases, she estimates forcing processes in which a productivity 

innovation in the domestic country actually leads to a productivity decline in the foreign country.

4The two-sector structure of her model economy also plays a role in reducing the consumption correlations across countries.
4
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Since permanent income in these countries will be negatively correlated in this situation, the 

consumption correlations will be smaller than before. Consequently, the success or failure of 

these models to match the cross-country consumption correlations depends in part on the assumed 

productivity process. Fourth, Baxter and Crucini (1993) make the point that the high correlation 

between a country’s investment and savings rates is predicted by these models. When a country 

experiences a positive shock to productivity and would like to increase investment by borrowing 

more in world capital markets, other countries also tend to increase their investment demand 

because their productivity is also higher (or is anticipated to be higher in the near future). Since 

the demand for world capital is higher in all countries, the equilibrium flow of capital across 

borders may not be substantially different following this shock. Rather than indicating a lack of 

capital mobility, the positive correlation between investment and domestic savings is consistent 

with perfect capital mobility— as long as exogenous shocks to productivity move together across 

countries.

The conclusions reached by these authors necessarily rely on two properties of changes 

in total factor productivity: (1) the productivity shifts are exogenous shocks; and (2) the 

shocks are persistent and positively correlated. The exogeneity assumptions are explicitly made 

in the literature. Backus, Kehoe, and Kydland (1992) and Stockman and Tesar (1990) measure 

international productivity shocks using data on total factor productivity: they find that these 

empirical measures exhibit positive serial persistence, with a variance which is large enough to 

drive international business cycles. Baxter and Crucini (1993) consider parameterizations for the 

productivity driving processes which are similar to the estimates of Backus, Kehoe, and Kydland. 

Reynolds (1992) finds empirically that her measures of the shock innovations are positively

5
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correlated, but the persistence and spillover effects differ across country definitions.5 

The ev iden ce ag a in st the exogen eity  o f  p ro d u c tiv ity  m easures

There is mounting evidence that measured shifts in productivity do not behave like 

exogenous stochastic processes. Furthermore, the endogenous mechanisms which may be 

responsible for the nonexogeneity findings imply that international measures will be positively, 

but imperfectly correlated. In U.S. postwar data, Hall (1988,1990) finds that industry-level Solow 

residuals are correlated with a set of exogenous instruments; he interprets this correlation as 

evidence of either market power or increasing returns. Evans (1992) finds that U.S. aggregate 

Solow residuals fail simple exogeneity tests, being Granger-caused by money, interest rates, 

inflation, and government spending. Furthermore, innovations in these aggregate demand 

variables account for between 25% and 50% of the 16-quarter-ahead forecast error variance in 

impulses to measured productivity; this finding is consistent with unobserved variations in labor 

effort, variations in capital utilization rates, or increasing returns. Caballero and Lyons (1990,

1992) and Bartelsman, Caballero, and Lyons (1991) find evidence of nonexogenous 

manufacturing-level Solow residuals in the United States and four European countries. They 

interpret these findings as external effects which are due to customer-linkages, consistent with 

a Diamond (1982) theory of search and thick-market externalities. In aggregate U.S. productivity 

data which is unadjusted for seasonality, Braun and Evans (1991) find evidence of external 

increasing returns due to economic activity and labor hoarding phenomena at seasonal 

frequencies; Burnside, Eichenbaum, and Rebelo (1993) find evidence of labor hoarding in 

seasonally adjusted data. Finn (1991) finds evidence of variations in capital utilization rates in

5A third assumption, that productivity shocks share a common trend, is implicit in the specification of a two-country, 
one-sector growth model such as in Baxter and Crucini (1993) and Backus, Kehoe, and Kydland (1992).

6
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her Solow residual measures. Since the properties of theoretical productivity shocks are 

determined empirically by these measures, each of these findings call into question the size, 

persistence, and covariance structure of the exogenous productivity shocks which have been used 

to drive theoretical models of economic fluctuations in closed economies.

Contrary to the assumptions of the international RBC literature, if measured productivity 

is not exogenous, then the positive correlation among these international productivity measures 

may be due to a single, world demand shock or correlated aggregate demand shocks. For 

example, suppose that firms in the U.S. and U.K. hoard labor. If a positive world demand shock 

occurs, these firms can increase output sharply without substantially varying factor inputs. For 

each country, measured productivity will appear to increase, generating a positive cross-country 

Solow residual correlation. If the world demand shock affects these countries differentially 

across time or the endogenous mechanisms differ across countries, the time path of the responses 

will vary somewhat but should be qualitatively similar. The theoretical models of Backus, 

Kehoe, and Kydland (1992), Baxter and Crucini (1993), Stockman and Tesar (1990), and 

Reynolds (1992) ignore this alternative interpretation of the total factor productivity correlations. 

M onetary p o licy  shocks an d  p ro d u c tiv ity

One example of a world demand shock is when the U.S. experiences a large expansionary 

monetary policy shock. International trade patterns between the U.S. and the U.K. suggest that 

the U.K. will experience an export demand shock. Recently, Bernanke and Blinder (1992), Sims 

(1992), Christiano and Eichenbaum (1992a), and Strongin (1992) have argued that innovations 

in U.S. monetary policy can be identified in one of three different but related ways: (1) as 

innovations in the U.S. Federal Funds rate, (2) as innovations in nonborrowed reserves, or (3)

7
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as innovations in the composition of total reserves between nonborrowed and borrowed reserves. 

Intuitively, shifts in these narrow monetary aggregates (Christiano and Eichenbaum (1992a) and 

Strongin (1992)) captures the exogenous shifts in interest rates which Bernanke and Blinder 

(1992) and Sims (1992) identify as monetary policy shocks. Christiano and Eichenbaum (1992a) 

and Eichenbaum (1992) show that only the nonborrowed reserve measures generate persistent 

liquidity effects of monetary policy to short-term interest rates; broader aggregates such as the 

monetary base and Ml do not. Strongin (1992) shows that focusing upon the composition of 

total reserves (between nonborrowed and borrowed reserves) sharpens these results and identifies 

substantially larger effects of monetary policy on real output.

Given the alternative assumptions across literatures regarding the exogeneity of measured 

Solow residuals, a natural test is: (1) to ask if aggregate demand variables influence measures 

of domestic and foreign productivity, and (2) to characterize the direction of influence. 

Identifying a positive, world demand shock allows us to predict the effect on productivity if labor 

hoarding, increasing returns, or variations in capacity utilization are important— measured 

productivity should rise. Since most real business cycle models predict that attempts at 

expansionary monetary policy are either neutral or contractionary (as in Cooley and Hansen

(1989) due to the inflation tax), focusing on a world monetary policy shock seems especially 

informative. The next section describes the productivity specification which forms the basis of 

the empirical work.

3. Exogenous specifications of productivity shocks

The international real business cycle literature typically assumes that output is produced

8
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from a constant-returns-to-scale technology involving labor and capital. A typical specification

of the production technologies assumes Cobb-Douglas production functions:6

(i)

(2)

where Y, N, K, and z are output, labor hours, capital, and a productivity variable.7 The

(1) and (2) indicate how measures of zt can be recovered from the data.

The productivity shocks are assumed to be persistent and correlated across countries. In 

principle, zt=[zdI,zft]’ could be either trend-stationary, 1(0), or difference-stationary, 1(1). The 

literature has evolved in a way which is more consistent with the trend-stationary assumption. 

Baxter and Crucini (1993) allow for deterministic growth which is common to both countries. 

Backus, Kehoe, and Kydland (1992) consider only stationary economies, and so do not specify 

the nature of nonstationarity which is actually present in the data. In the Backus, Kehoe, and 

Kydland (1992) economies, however, if the logarithm of the productivity shocks is trend

stationary with a common trend (as Baxter and Crucini (1993) assume), then a simple 

transformation of the nonstationary economy produces their stationary economies and the results 

are readily interpretable (Christiano (1988) and King,Plosser, and Rebelo (1988) provide more

6Our empirical measures below are calculated using time-varying weights, and are consistent with constant-returns-to- scale technologies in a competitive economy (as in Solow (1957)). Using the mean-value of these weights for the Cobb- 
Douglas technology in equation (1) leads to similar nonexogeneity findings as the ones reported in Section 6.

7This set-up could represent either a one-sector or two-sector model. In the one-sector model, the domestic and foreign goods are perfect substitutes in generating consumption services and accumulating capital. Although the specifications considered by Stockman and Tesar (1990) or Reynolds (1992) are more complex than this one, the current 
set-up can represent a two-sector economy as long as the domestic and foreign goods are not perfect substitutes.

subscripts {d,f} refer to the domestic and foreign countries. Given values of 0 and 0*, equations

9
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details on these transformations). The following specification is consistent with their set-up:

log z t = p. + a t  + p log zf-1 + ef (3)

where log represents natural logarithms; p, a, and et are 2x1 vectors; and p is a 2x2 matrix. 

Backus, Kehoe and Kydland (1992) and Stockman and Tesar (1990) consider only stationary 

economies: the vector of detrended productivity shocks above corresponds to their set-up. Baxter 

and Crucini (1993) and Reynolds (1992) address the nonstationarity in the data by assuming that 

productivity is trend-stationary. Another way to address the nonstationarity in the productivity 

data is to model log z, as an 1(1) process, setting p to be a 2x2 identity matrix, and letting e, be 

serially correlated. In either case, the international RBC literature is unanimous in assuming that 

e, is an exogenous random variable (and hence, Zj is exogenous as well given equation (3)).

Another important feature of international real business cycle models is that the 

productivity variables are positively correlated. This correlation arises for two reasons in the 

trend-stationary specification of equation (3): (1) the innovations £dt and £ft are positively

correlated, and (2) log zdt and log zft exhibit positive spillovers (that is, the off-diagonal elements 

of p are positive). Given measures of the productivity variables, these correlations can be 

computed and compared with the correlations in Baxter and Crucini (1993) and Backus, Kehoe, 

and Kydland (1992). For the difference-stationary specification, the correlations of the Solow 

residuals, £dt and £ft , are of interest.

4. The Productivity Data

Since the RBC literature typically models the decision interval of economic agents as a 

quarter, it seems most appropriate to investigate the statistical properties of the quarterly

10
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productivity variable. This section identifies the theoretical variables (in the statistical 

framework) with the available data at a quarterly frequency. Although the typical sources of the 

data are listed below, the reader is referred to the data appendix for a complete description of the 

data sources for each country.

To construct the domestic country Solow residuals, we need aggregate measures of output, 

labor hours, the capital stock, and labor’s compensation as a percentage of output. Output is 

taken to be either real GDP or GNP, depending upon availability over the sample period. The 

capital stock is constructed in one of two ways: either annual net capital stock data are

interpolated to a quarterly frequency or quarterly aggregate real investment flows are accumulated 

from an initial capital stock with a quarterly depreciation rate of 2.5%. The annual capital stock 

data are available from the OECD; the investment data is from the IFS.8 Aggregate labor hours 

data are much more difficult to obtain consistently on a quarterly basis. For five countries we 

have quarterly data on average weekly hours and employment in nonagricultural establishments; 

for France, Germany, Italy, and Japan this data is available from the B ulletin  o f  L a b o r S ta tistics, 

International Labor Office; for the United States, the Bureau of Labor Statistics. For Canada, 

while nonagricultural employment is available, only average weekly hours for the manufacturing 

sector is available (ILO).9 For the United Kingdom, only manufacturing average hours per week

8Our interpolation uses the current and past year’s capital stock. Backus, Kehoe, and Kydland (1992) do not use any capital stock data at all. To justify this, they cite the lack of a quarterly data series, the smoothness of the capital stock data in the U.S., and its low correlation with the business cycle. Their choice ignores the problem that capital growth rates were falling smoothly over much of the postwar period in these countries. If this low frequency variation is not controlled for, the resulting productivity measures will inherit a slowly-varying mean growth rate of technology. 
Regressions which only allow for a constant mean growth rate, as in Backus, Kehoe, and Kydland (1992), will induce 
spurious low-frequency, positive autocorrelation in the estimated process for the logarithm of zt.

9 In the U.S., average weekly hours in manufacturing have been more variable than in the aggregate. It seems likely that using manufacturing average hours in place of aggregate average hours will bias the cyclicality of productivity downwards.
11
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and industrial employment are available on a quarterly basis. Labor’s share is computed as the 

ratio of aggregate labor income to gross factor income (OECD). These shares are computed from 

annual data. The Solow residual measures are computed using (quarterly interpolated) time- 

varying share-weights; this generalizes the production technology described in Section 3 from 

explicitly Cobb-Douglas to simply constant-returns-to-scale.

Given productivity measures for each of the G-7 countries, we compute country-specific 

rest-of-world measures by defining the remaining six countries to be the rest-of-world. 

Specifically, the rest-of-world Solow residual is computed as a weighted sum of the six foreign 

Solow residuals. Each foreign country’s weight corresponds to its percentage contribution to total 

output in the six countries. These time-varying weights are computed from annual data and then 

interpolated to a quarterly frequency.

For each of the G-7 countries, Figure 1 graphs the log levels of the domestic and rest-of- 

world productivity variables, the solid and dashed lines respectively. To facilitate comparison 

across the seven countries, the shaded areas correspond to the five U.S. recessions since 1960 as 

dated by the National Bureau of Economic Research. Three observations are in order. First, the 

foreign productivity variables are typically smoother than the domestic ones. This is to be 

expected if the individual countries are buffeted by country-specific productivity shocks as well 

as common international shocks. Second, the U.S. productivity growth profile over the sample 

is flatter than the other countries profiles. While this property of the data may seem to be at 

odds with the conventional view that the U.S. is a technological leader in the world, it need not 

be an artifact of measurement error. Labor, capital, and technological growth each contribute to 

the growth in output. In the data, the U.S. experience of tremendous job growth relative to the

12
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other industrialized countries apparently leaves a smaller role for technology growth. Third, 

individual country experiences can be quite different. For example, Japan’s level of technology 

seems to have been permanently displaced downward following the 1973 oil price shock. 

France’s technology fell temporarily in 1968 during a period of social unrest around the time of 

May day. Canada’s productivity level appears to have stagnated in the mid-1970s and then 

turned down precipitously beginning with the 1979 oil price shock and two U.S. recessions in 

the early 1980s. U.S. productivity levels also fell beginning in 1979. Finally, Italy’s productivity 

levels appear to have fluctuated substantially during the sample period.

5. Statistical properties of exogenous productivity shocks

The international real business cycle literature has focused on bivariate AR(1) 

specifications for the detrended productivity shocks zdt and zft. The one-sector growth models 

of Backus, Kehoe, and Kydland (1992) and Baxter and Crucini (1993) require that the 

deterministic trends in zdt and zft be the same. Without this condition, one country will 

asymptotically become arbitrarily large relative to the other and international trade between the 

countries will approach zero. On the other hand, the common trends hypothesis need not hold 

if each country’s output is an imperfect substitute for each other; in this case, the relative price 

of the two goods will have a trend which ensures that trade will not approach zero 

asymptotically.

The evidence does not favor the common trends hypothesis. First, Generalized Method 

of Moments estimates of a common trend can be used to test the deterministic common trends 

hypothesis (as Eichenbaum and Hansen (1990) describe). The tests easily reject the hypothesis

13
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unless a great deal of serial correlation is assumed. Second, the plots in Figure 1 give the 

appearance of distinct trends in most of the data. Third, if zd t and zf t are detrended with the 

same estimated trend value, the correlations of the detrended productivity levels are either 

negative or very close to zero for 6 of the 7 countries. Since output is correlated across countries 

and the one-sector international RBC model has difficulty generating this result without positively 

correlated shocks, imposing the common trends specification will lead to a failure of these 

models. Consequently, the analysis in this section will proceed without imposing this restriction. 

One economic interpretation of these results is that they apply to a two-country, two-sector 

economy.

Table 1 reports the bivariate AR(1) estimates for the detrended log levels of the two- 

country productivity measures. For each of the G-7 countries, the correlations between the 

domestic and foreign productivity shocks is substantially positive, ranging from a low of .391 for 

France to a high of .68 for Canada and Japan. This correlation is consistent with the belief that 

there is a common international shock to the state of technology. For each domestic country 

productivity shock, the own persistence is high (as measured by pd): the smallest value is .481 

for the U.K., then .755 for Italy, and then the others exceed .827. For each domestic country 

productivity shock, spillovers tend to be positive (as measured by pf) and larger than the .088 

value that Backus, Kehoe, and Kydland (1992) focus on in their analysis. Consistent with their 

findings, the spillovers are larger for Europe than the U.S. (which is negative) and Japan. Except 

for the U.S., the standard deviations of the domestic innovations range from 2 to 3 times larger 

than the rest-of-world innovations. This is not surprising if individual G-7 countries have a 

substantial idiosyncratic component; in that case, the rest-of-world measure would tend to

14
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average-out a sizable portion of the idiosyncratic component and leave mainly the common 

component.10 For the U.S., the innovation standard deviation is about the same size as the rest- 

of-world measure: this finding is consistent with Backus, Kehoe, and Kydland’s (1992)

specifications for their two-country study which includes the U.S. However, the correlations 

between ed and ef tend to be less than the .258 chosen by Backus, Kehoe, and Kydland (1992) 

Table 2 reports correlations of the productivity shocks across each of the G-7 countries. 

The level correlations tend to be positive and moderately large; the innovation correlations are 

smaller and some tend to be negative. The log first-differenced productivity shocks (Solow 

residuals) tend to have the same correlation structure as the detrended innovations. Despite the 

negative correlations for the innovations, the positive correlations across productivity levels  

indicates that cross-country permanent incomes and consumption likely would be correlated in 

the two-country, one-sector growth models which incorporate these driving processes. 

Consequently, the high correlations of consumption across countries is likely to hold for these 

specifications of productivity shocks. Also, Baxter and Crucini’s (1993) finding that a country’s 

saving and investment rates are positively correlated due to the positive correlation of 

international productivity shocks seems likely to hold as well for these specifications. The 

primary remaining question about these productivity measures is the exogeneity assumption.

6. The effects of monetary policy shocks on measured international productivity

If the productivity measures obtained using equations (l)-(3) are indeed exogenous driving 

processes for the world economy, a necessary condition is that the domestic productivity

l0This result seems consistent with Costello’s (1993) finding that Solow residuals which are measured at the industry and country levels contain a sizable country-specific component.
15
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measures not be Granger-caused by any variables other than the foreign productivity measures. 

For each of the G-7 domestic country productivity measures, Table 3 reports Granger-causality 

results. Specifically, an autoregression for the growth rate of domestic productivity is estimated 

with the following variables included: the growth rate of the rest-of-world productivity measure, 

the growth rate of domestic Ml, the change in domestic short-term nominal interest rates, the 

inflation rate as measured by the domestic country Consumer Price Index (CPI), and the growth 

rate of real government expenditures (or purchases, depending upon availability). For each 

country, at least one variable Granger-causes the domestic productivity measure. Except for 

Germany, the money, prices, government spending, and interest rate block Granger-cause each 

of the domestic productivity measures at significance levels below 1%. For Germany, prices 

individually Granger-cause zd at the 3% level, and all of the variables Granger-cause zd at the 8% 

level. Furthermore, the high R2 indicate that the nonexogeneity findings are economically 

significant.11

These findings are not surprising if labor hoarding phenomena, variable capacity 

utilization rates, or external increasing returns to scale are present in the productivity data. In 

these cases, an expansionary aggregate demand shock should lead to an increase in the level of 

measured productivity. Thus, given an arguably exogenous expansionary aggregate demand 

shock, the plausibility of these alternative mechanisms can be assessed.

Iden tifying m on etary p o lic y  shocks

A great deal of progress has been made in measuring exogenous shocks to monetary 

policy. Recent research by Bernanke and Blinder (1992), Sims (1992), Christiano and

"Similar results are found if the data are deterministically detrended and the same tests are performed.
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Eichenbaum (1992a) and Strongin (1992) support the notion that innovations in short-term 

interest rates and nonborrowed reserves behave like monetary policy shocks. Christiano, 

Eichenbaum, and Evans (1993) document the findings for the United States that positive 

innovations in the Federal Funds rate and negative innovations in nonborrowed reserves behave 

like contractionary monetary policy shocks:12 these shocks lead to persistent declines in real 

GNP, employment, retail sales, corporate profits, the S&P 500 index of stock prices, holdings of 

Government securities by the Federal Reserve, total reserves, and M1, and a persistent increase 

in unemployment and manufacturing inventories.

The basic strategy underlying our measures of monetary policy shocks is to identify the 

shocks with the disturbance term in a regression equation of the form:

1/ = £(Q,) + e Vl (4)

where V, is the policy instrument at time t, C, is a linear function, Qt is the information set 

available to the monetary authority when V, is set, and eVl is a serially uncorrelated shock that 

is orthogonal to the elements of £2,. To rationalize interpreting eVl as a policy disturbance, 

equation (4) must be viewed as the monetary authority’s reaction function for setting the policy 

instrument Vt. Since eVt is serially uncorrelated and Qt contains variables which are dated time 

t and before, the force of the orthogonality conditions between eVt and Q, is that the monetary 

policy shock does not affect the contemporaneous elements of £2t.

To assess the exogeneity assumptions of the two-country real business cycle literature, we 

identify the U.S. and other G-6 monetary policy shocks in the context of a two-country

12In spite of the fact that the economics profession has not agreed upon a single model of the monetary transmission mechanism, these responses are quite consistent with the conventional view of monetary contractions as conveyed by intermediate macroeconomic textbooks.
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environment. Define Xt to be the 7 by 1 vector containing the following time t variables: the 

domestic productivity level (zd), the foreign productivity level (zf), the domestic price level (pd), 

the U.S. price level (pus), the ratio of U.S. nonborrowed reserves to total reserves (NBRX), the 

U.S. Federal Funds rate (R^), and the domestic country short-term interest rate (Rd).13 Now 

define fi, = [ 1 Xt’ Xt.j’ ... Xt.k+1’ ]’, so that the vector of information Qj consists of 7k+l 

elements. We assume that the U.S. and domestic country reaction functions ^us(£2t) and £d(Q,) 

take the following forms:

t/  US _  yUS 
Vi -  Soo (5)

V? = Coo + f ^ d x ^  + C iN b r x , h- + 4 , (6)

For the U.S. we consider two sets of policy instruments for V,us, namely, NBRX and R1̂ . Since 

either measure is arguably a measure of U.S. monetary policy shocks, our analysis of both shocks 

can be viewed as a robustness check. Eichenbaum and Evans (1992) found that their NBRX and 

R1"17 measures induced similar responses in each of the variables in the VAR.14 * * For the G-6 

monetary policy shocks, V d is taken to be the domestic short-term interest rate. Sims (1992) and 

Grilli and Roubini (1993) identify positive innovations in foreign short-term interests as 

contractionary monetary policy shocks in those countries.

We interpret equations (5) and (6) as reaction functions of the monetary authorities. The

l3Eichenbaum and Evans (1992) also use the ratio of nonborrowed reserves to total reserves as one measure of the U.S. monetary policy instrument. By considering the ratio rather than each variable separately, the size of the VAR is reduced without substantially altering the empirical results.
l4Each of these measures is in turn closely related to the Romer and Romer (1989) index of U.S. monetarycontractions. Eichenbaum and Evans (1992) find evidence that monetary contractions, as identified by Romer and Romer(1989), lead to coincident increases in the Federal Funds rate and reductions in the ratio of nonborrowed reserves to totalreserves.
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reaction function for U.S. monetary policy states that the policy instrument responds 

systematically to the past history of Xt and does not respond contemporaneously to any 

variables.15 For each G-6 country, domestic monetary policy responds systematically to the past 

history of X, and contemporaneously to NBRX, and R ^. This specification assumes that the U.S. 

sets its policy instrument without concern for the time t G-6 country setting; the time t G-6 

policy instrument, however, is set after considering the time t setting of the U.S. policy 

instrument.16

The em pirica l eviden ce fro m  im pulse response fu n ction s

The preceding discussion indicates how monetary policy shocks are identified. The actual 

implementation of this analysis is with VAR methods. That is, to investigate the effect of 

expansionary monetary policy shocks on the measured domestic productivity level, a seven- 

variable VAR was estimated in log-levels for each of the seven countries:17 the ratio of U.S. 

nonborrowed reserves to total reserves (NBRX), the U.S. Federal Funds rate, the domestic short

term interest rate, the domestic productivity measure, the rest-of-world productivity measure, the

15This specification of the U.S. monetary policy reaction function is simplified along several dimensions from earlier studies. First, at some level, most studies assume that the Fed reacts to real economic activity and prices. In our case, the Fed is reacting to productivity levels rather than either GDP, employment, industrial production or unemployment. In the context of a two-country economy in which productivity shocks produce variations in real activity, however, the monetary authority would choose to respond to the structural real shocks. Second, an alternative specification of U.S. monetary policy shocks might have the Fed responding to U.S. productivity shocks (zus) rather than the rest-of-world productivity shock. The results of that alternative empirical analysis are reported in an appendix to the paper, and the results are similar.
16These assumptions are similar to the exchange rate analysis of Grilli and Roubini (1993). They refer to thisassumption as the leader-follower relationship between the U.S. and other countries.
17Four lags of each variable are included in the VAR with a constant term. Sims, Stock, and Watson (1990)

demonstrate that the estimated impulse response functions and variance decomposition functions have standard asymptotic
distributions.
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domestic price level, and the U.S. price level.18 The monetary policy shocks are identified by 

assuming a Wold causal ordering in the order listed above; this implements the identification 

strategy described above. The impulse responses were computed in the usual way. As a check 

on the plausibility of these measures of monetary policy shocks, we note (without reporting) that 

liquidity effects are present in each of the estimated VAR systems. Specifically, positive 

innovations in NBRX lead to persistent declines in short-term U.S. nominal interest rates (Federal 

Funds rate), and negative innovations in the Federal Funds rate lead to persistent increases in 

NBRX. Consequently, our identification of expansionary U.S. monetary policy shocks is 

consistent with an immediate, and simultaneous, injection of nonborrowed reserves relative to 

total reserves and a reduction in the Federal Funds rate.

First, consider the effects of a positive innovation in NBRX on the level of domestic 

productivity in each of the G-7 countries. Figure 2a plots this impulse response function from 

each of the seven estimated VAR systems. The dashed lines correspond to one-standard error 

bands for the impulse response function.19 For each country, the impulse is a one-standard 

deviation shock and the units are in percent (so a response of 0.40 corresponds to a 0.4% 

increase in the level of measured domestic productivity).

For each country, productivity rises at some point in the first two years, according to the 

point estimates. The increase is largest for Canada, France, and Japan, and somewhat more 

modest for Germany, the United Kingdom, and the U.S. Except for Italy, these responses seem

l8For the U.S. data, the foreign variables are taken arbitrarily to be the German data. Also, the data series are described in the data appendix.
19Monte Carlo standard errors were computed as described in the RATS 3.11 Manual, using 500 random draws. The 

reported impulse response function is the average of the 500 Monte Carlo draws.
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demand impulse in a foreign country (the United States) slowly builds the demand for a domestic 

country’s product. The productive externalities build slowly, and hoarded labor or unused 

capacity are gradually brought on line as the demand shock propagates. For Canada, Japan, the 

U.K. and the U.S. the initial response is approximately zero for the first 2 to 4 quarters. This 

pattern of delay is also found in the United States for a variety of real economic variables, such 

as real GNP, employment, and retail sales (see Christiano, Eichenbaum, and Evans (1993)). 

Apparently, the monetary stimulus takes time to work its way into real economic activity and 

then the demand for foreign products (non-U.S. goods). In that case, the rising levels of 

productivity in each of the G-6 countries is consistent with the endogenous mechanisms view.

To gauge the statistical significance of these responses, Table 4, Panel A reports the 

average of the Figure 2a impulse responses over successive four-quarter intervals along with 

standard errors. Statistically significant t-statistics are marked for the null hypothesis that the 

average response is zero versus the alternative hypothesis that the response is positive.20 With 

the exception of Italy, the average response of productivity to a positive NBRX shock is 

significantly positive at the 5%  level or better.

Second, consider the effects of measuring U.S. monetary policy shocks as orthogonalized 

innovations in the Federal Funds rate. For this case, the Wold causal ordering is reversed 

between NBRX and the Federal Funds rate. The impulse responses are remarkably similar to the

20Eichenbaum and Evans (1992) argue that these average impulse response measures are better suited to test 
hypotheses about the direction of responses. The error bands in Figures 2a, 2b, and 3 can be used to test the simple hypothesis that the response at a single point-in-time (say 4-quarters ahead) is zero. While there may be substantial uncertainty regarding the response of a single horizon step, the smoothness of the overall shape suggests that the average response is more tightly estimated. Table 4 typically reports this to be the case. Also, a one-sided test is appropriate since 
the maintained alternatives (the endogenous productivity mechanisms) predict a positive response to a monetary expansion.

to be quite consistent with the endogenous mechanisms described earlier: an expansionary

21

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



NBRX responses. The precision of the impulse response estimates is smaller for Germany and 

Japan, but stronger for Canada. This is reflected in Table 4, Panel B where the effects of the 

Funds rate innovations on German productivity are now significantly different from zero at the 

10% level whereas before they were significant at the 5% level.

Third, Figure 3 reports the effects of a domestic country monetary expansion (measured 

as a decrease in domestic interest rates). The point estimates indicate that this leads to an increase 

in domestic productivity in Germany, Italy, Japan, and the U.K. Table 4, Panel C reports the 

average impulse responses of domestic productivity to innovations in the domestic interest rate. 

Not surprisingly, given the error bands in Figure 3, the Japanese response is not significant. The 

productivity responses in Germany, and the U.K. are significant responses at the 5% level; Italy 

is significant at the 10% level.

How important economically are these effects on measured productivity? Table 4, Panel 

D displays the average variance decompositions for each country’s domestic productivity measure 

at the 9-12 quarter forecast horizon. A relatively short forecast horizon is considered since the 

endogenous mechanisms affecting measured productivity are presumably temporary phenomena. 

The table refers to the percentage of the forecast error variance in future domestic productivity 

levels which can be attributed to innovations in NBRX, the Federal Funds rate, the domestic 

interest rate, domestic productivity, foreign productivity, domestic prices and U.S. prices.21 

Across the G-7 countries, innovations in the domestic and foreign productivity measures account 

for between 28% in Canada and 54% in France of the forecast error variance in measured

2lThe order of orthogonalization is in the order listed. Innovations in domestic and foreign productivity are arguably innovations in true productivity. That is, the endogenous components in measured productivity have been purged from these innovation variances due to the presence of lagged monetary and price variables, as well as the contemporaneous effects of NBRX, Fed Funds, and domestic country interest rate innovations.
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productivity. If these productivity measures were block exogenous relative to the monetary, 

interest rate and price variables, then the productivity innovations should account for 100% of 

the forecast error variances. A substantial fraction of the variance in domestic productivity is left 

unaccounted for from these two variables. U.S. and domestic country monetary policy shocks 

jointly account for between 19% in Germany and 33% in France, the U.K. and the U.S. (using 

the NBRX measure of U.S. policy shocks). This evidence demonstrates that international 

productivity variables are not exogenous and are significantly influenced by monetary policy 

shocks.22

7. Conclusions

This paper finds evidence that international productivity measures do not behave as 

exogenous stochastic processes for the G-7 countries. Each country’s domestic productivity 

measure is positively affected by either an expansionary U.S. monetary policy shock or an 

expansionary domestic country monetary policy shock. This response pattern is to be expected 

if: (1) expansionary monetary policy shocks lead to expansions in the aggregate demand for 

goods and services which are not completely erased by price level increases, and (2) firms either 

hoard labor, have periods of excess capacity, or are subject to external (or internal) increasing 

returns. Consequently, the implications of current international real business cycle models are

"In an appendix to this paper we display some additional results which indicate that the findings here are robust. First, if the order of orthogonalization is changed so that the monetary policy instruments react contemporaneously to domestic productivity, foreign productivity, domestic prices and foreign prices, then the estimated impulse response functions are very similar to those reported in Figures 2a and 2b. The precision is somewhat reduced. Second, if the rest- 
of-world productivity variables are replaced by the U.S. productivity variable in the analysis, the results are again very similar (except that the German response is about zero). Third, if U.S. monetary policy shocks are identified with innovations in broad monetary aggregates such as the monetary base, Ml, or M2, the effects of policy shocks on productivity often have the wrong sign. This is consistent with Sims’ (1992) conjectures that these aggregates are dominated by money demand shocks.
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Finding these effects in the data requires a plausible measure of monetary policy shocks. 

Innovation-based policy measures using either NBRX or the Federal Funds rate seem to provide 

a remarkably good picture of U.S. monetary policy shocks. For example, positive innovations 

in NBRX lead to persistent liquidity effects in short-term interest rates (Strongin (1992)), 

persistent expansions in real GNP, employment, retail sales, and broad monetary aggregates 

ranging from total reserves to M2 (Christiano, Eichenbaum and Evans (1993)), persistent 

depreciations in the U.S. dollar exchange rate against foreign currencies (and also in the real 

exchange rate) (Eichenbaum and Evans (1992)), and persistent expansions in domestic 

productivity measures.

unclear until these endogenous mechanisms are included and studied.
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Figure 1
Domestic and Rest-of-World Productivity Levels in the G-7 Countries

Canada Japan

France 0.40 
0.35 
0.30

2 0 25
“j 0.200| 0.15 
| 0.10
1 0.05 
0 00 
-.05 61 65 69 73 77 81 85

United Kingdom
ZClZFlKl --) C1 -

rJ '
r/j**

'

<rri'r i 1 i 1 i 1 i 1 i ■ i n ■Ir’-i ■ t-V'-H i '-r ■ i nr1' hr* i •n ■ i ' i

Germany

Italy

United States

28

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



Figure 2a
The Effect of a Positive N B R X  Innovation on G-7 Productivity

V A R  order: nbrx ff rd zd zf pd p_us
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Figure 2b
The Effect of a Negative Fed Funds Innovation on G-7 Productivity

V A R  order: ff nbrx rd zd zf pd p_us
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EFFECT OF FED FUNDS ON Z(FRA) EFFECT OF FED FUNDS ON Z(UKI)

EFFECT OF FED FUNDS ON Z(GER) EFFECT OF FED FUNDS ON Z(USA)

EFFECT OF FED FUNDS ON Z(fTA)
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Figure 3
The Effect of a Negative Domestic Country Interest Rate Innovation on

G-7 Productivity, V A R  ordering (nbrx ff rd zd zf pd p_us)
EFFECT OF CAN RA TE ON Z(CAN) EFFECT OF JAP RATE ON Z(JAP)
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Table 1
Bivariate AR(1) Estimates

Detrended Log Levels of Two-Country Productivity Variables

Country Eqn Pd Pr S.E.(e) Corr(ed, ef) Corr(zd, zt)
Canada Zd .875 .109 .0122 .147 .680(.06) (.07)

Zf .017 .903 .0054
(.02) (.05)

France Zd .855 .264 .0144 .132 .391
(.12) (.15)

Zf -.018 .884 .0053
(.02) (.05) .

Germany Zd .827 .124 .0116 .239 .520(.06) (.08)
Zf .010 .894 .0053

(.02) (.05)
Italy Zd .755 .661 .0120 .054 .516(.05) (.14)

Zf -.048 .917 .0053(.02) (.06)
Japan Zd .932 .040 .0112 .218 .681(.03) (.08)

Zf .016 .893 .0055(.02) (.04)
U.K. Zd .481 .183 .0131 .165 .519(.09) (.07)

Zf .035 .939 .0055(.04) (.03)
U.S.A. Zd .897 -.016 .0073 .153 .496(.04) (.03)

Zf .114 .929 .0071
(.05) (.03)

Each of the domestic and foreign productivity variables was detrended without imposing restrictions on 
their joint trends. Standard errors for the autoregressive parameter estimates are in parentheses.
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Table 2
Correlations of Individual Productivity Data

1. Detrended Log Levels of Domestic Productivity

Country Canada France Germany Italy Japan U.K. U.S.A.

Canada 1.000
France .287 1.000
Germany .643 .729 1.000
Italy .378 .591 .443 1.000
Japan .384 .023 .079 .353 1.000
U.K. .523 .190 .271 .297 .476 1.000
U.S.A. .470 .003 .224 -.001 .480 .410 1.000

2. Innovations in the Detrended Log Levels of Domestic Productivity (Bivariate AR(1) specification)

Country Canada France Germany Italy Japan U.K. U.S.A.

Canada 1.000
France -.133 1.000
Germany .245 .220 1.000
Italy -.098 .112 -.012 1.000
Japan -.087 .103 .081 .004 1.000
U.K. .222 .184 .242 .179 .005 1.000
U.S.A. .229 -.028 .144 .045 .187 .054 1.000

3. Log First-differences of Domestic Productivity Shocks (Solow Residuals)

Country Canada France Germany Italy Japan U.K. U.S.A. ROW

Canada (.0126) .194
France -.100 (.0147) .122
Germany .237 .169 (.0120) .250
Italy .001 .130 -.011 (.0141) .094
Japan -.087 .120 .107 .043 (.0130) .175
U.K. .151 .205 .213 .091 .010 (.0149) .148
U.S.A. .200 -.064 .109 .045 .150 -.029 (.0075) .107

Numbers in parentheses are standard deviations of Solow residuals. ROW refers to the "Rest-of- 
World" Solow residual defined for each country (i.e., the remaining G-6 countries).
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Table 3
Granger Causality Tests

A z f  = Pi(A)A z U  + p 2(L )A z f- i  + + e.

Marginal Significance Levels for testing the Null Hypotheses:

Country p2(L)=0 (Xi(L)=0 a(L)=0

Azf AMI AR ACPI AGOVT ALL R2

Canada .2321 .7410 .0255 .1469 .5642 .0000 .480

France .0001 .0670 .0000 .0955 .0000 .0000 .695

Germany .2028 .2220 .3150 .0290 .7842 .0703 .512

Italy .3354 .0088 .8129 .4531 .9899 .0022 .461

Japan .8476 .2344 .7756 .0012 .3724 .0002 .295

U.K. .2808 .0011 .5300 .0295 .0421 .0000 .495

U.S.A .7047 .0000 .0000 .2748 .1342 .0000 .513

Hor each country, the X-vector includes the growth rates of Ml, CFI, and Government purchases, and the change in nominal 
interest rates. Marginal significance levels refer to Wald test statistics for the hypothesis that a particular block of coefficients 
is equal to a zero vector. Heteroskedasticity-consistent estimators were used in forming the Wald statistics.
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Table 4
Effects of Monetary Policy Shocks on Domestic Productivity 

7-variable VAR systems: ( NBRX, Rff> Rd, zd, zf, pd, pus )

A. Average Impulse Responses: Effect of Positive Innovation in NBRX on zd

Time Horizon Canada France Germany Italy Japan U.K. U.S.A.

1-4 quarters .020 .280** .140* -.336 .058 .059 .131*
(.096) (.118) (.082) (.125) (.127) (.082) (.063)

5-8 quarters .395** .456** .269* .165 .463* .207* .272**
(.159) (.183) (.140) (.210) (.227) (.102) (.101)

9-12 quarters .398* .522* .308+ .184 .418+ .205* .175+
(.234) (.237) (.189) (.244) (.293) (.101) (.107)

B. Average Impulse Responses: Effect of Negative Innovation in Federal Funds Rate (Rff) on zd

1-4 quarters(a) .114 .152 .118+ -.402 .055 .119+ .084+
(.094) (.133) (.086) (.129) (.134) (.079) (.064)

5-8 quarters(a) .607** .331* .228+ .126 .377* .166* .239*
(.150) (.195) (.149) (.227) (.247) (.092) (.104)

9-12 quarters(a) .629** .442* .236 .291 .416 .152+ .101

(.239) (.267) (.218) (.279) (.351) (.100) (.123)

C. Average Impulse Responses: Effect of Negative Innovation in Domestic Interest Rate (Rd) on zd

1-4 quarters -.197 -.055 .175* .157+ .100 .083 Panel B
(.078) (.125) (.076) (.108) (.126) (.075)

5-8 quarters .016 .101 .201+ .247+ .150 .192* Panel B
(.118) (.214) (.124) (.169) (.205) (.083)

9-12  quarters -.114 .040 .049 -.107 .099 .101 Panel B
(.183) (.281) (.159) (.205) (.264) (.089)
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Table 4 (cont)

D. Average Variance Decompositions at 9-12 quarter horizon: Effect of X on zd

X-variable Canada France Germany Italy Japan U.K. U.S.A

NBRX 19.4 26.9 19.2 15.0 17.4 20.5 27.8

(11.1) (12.7) (11.5) (8.3) (12.0 ) (8 .1) (10.0 )
Federal Funds rate (a) 41.0 18.4 15.1 24.5 12.6 13.9 21.5

(12.0 ) (12.5) (11.8) (9.1) (9.8) (7.0) (11.1)
Domestic Interest rate 6.4 6.2 9.7 11.8 6 .0 11.2 5.2

(3.9) (5.4) (6 .8) (6 .1) (6 .2) (6 .2) (3.5)
zd 28.4 53.7 42.4 32.4 51.3 46.9 38.9

(9.5) (12.4) (10.4) (9.2) (14.0) (8 .1) (9.6)
zf 2.7 3.7 5.0 8.3 3.8 8.8 2.9

(2 .2) (3.3) (4.5) (4.8) (3.8) (4.3) (1.9)
pd 14.0 2.8 4.5 8.6 14.7 5.3 9.1

(7.2) (2.7) (4.0) (7.4) (8.5) (3.2) (5.9)
pus 13.8 3.1 4.3 8.2 14.2 5.3 9.7

(7.2) (3.1) (3.5) (6.9) (8.4) (3.0) (6.3)

The numbers in parentheses are Monte Carlo standard errors which were generated using 500 random draws (described in footnote #19). The order of 
orthogonalization in the 7-variable system is ( NBRX, Rff, Rd, zd, z*, pd, pus ) except where noted by an (a) and then Rff appears ahead of NBRX. 
Significant t-statistics are denoted by the symbols ** (1%), * (5%), and + (10%) for the following one-sided hypothesis: the null hypothesis of zero 
effect versus the alternative hypothesis that the effect is positive. Note that the within a country column the variance decompositions do not sum to 
100%: this is because a 7th response is not reported (namely the contribution of Federal Funds rate innovations where they are ordered after NBRX).
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Data Appendix

This appendix lists the sources of our data for the G-7 countries. All of the data is quarterly, 
except where noted below (for certain countries’ capital stock data which is interpolated from 
annual data). Many of the data are taken from the following publications:

1. F low s an d Stocks o f  F ixed  C apita l, OECD publication, annual data. Hereafter referred to 
as FSFC.

2. In ternational F inancial S ta tistics, International Monetary Fund. Hereafter referred to as IFS.

3. M ain E conom ic In d ica tors, OECD publication, quarterly data. Hereafter referred to as MEI.

4. B ulletin  o f  L a b o r S ta tistics, International Labor Office, quarterly data. Hereafter referred to 
as ILO.

Additional sources of data are listed below as necessary. .

Canada

Capital Stock: Total Net Capital Stock, 1970 Billion Canadian Dollars (FSFC, interpolated to 
quarterly figures from annual data). Real Output: Real Gross National Product, 1980 Billion 
Canadian Dollars (MEI). Employment and Hours Worked: Index of number employed in 
nonagricultural activities (1970 = 100) (ILO). Weekly average hours of work in manufacturing 
(MEI and ILO). Consumer Price Index: Index, 1980=100 (IFS). Ml Money supply: Billions 
of current Canadian dollars (MEI). Nominal interest rate: 3-month Treasury Bill rate (IFS). 
Government Final Consumption: Current billions of Canadian dollars deflated with the GNP 
deflator (IFS).

France

Capital Stock: Total Net Capital Stock, 1970 Billion Francs (FSFC, interpolated to quarterly 
figures from annual data). Real Output: Real Gross Domestic Product, 1985 Billion Francs 
(IFS). Employment and Hours Worked: Index of number employed in nonagricultural
activities (1970 = 100) (ILO). Weekly average hours of work in nonagricultural activities (ILO). 
Consumer Price Index: Index, 1980=100 (IFS). Ml Money supply: Billions of current Francs 
(MEI). Nominal interest rate: Call Money rate (IFS). Government total expenditures: 
Current billions of Francs deflated with the GDP deflator (IFS).
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Germany

Capital Stock: Total Net Capital Stock, 1980 Billion Marks (FSFC, interpolated to quarterly 
figures from annual data). Real Output: Real Gross National Product, 1980 Billion Marks 
(IFS). Employment and Hours Worked: Index of number employed in nonagricultural
activities (1970 = 100) (ILO). Weekly average hours of work in nonagricultural activities (ILO). 
Consumer Price Index: Index, 1980=100 (IFS). M l Money supply: Billions of current Marks 
(MEI). Nominal interest rate: Call Money rate (IFS). Government total expenditures: 
Current billions of Marks deflated with the GNP deflator (IFS).

Italy

Capital Stock: Quarterly data on nominal investment was available from the IFS. This was 
deflated to 1980 prices using the GDP deflator. A quarterly net' capital stock figure was 
computed using an initial stock value, a constant depreciation rate and the real investment data. 
The initial capital stock figure was computed from data contained in "Notes on Italian Economic 
Growth, 1861-1964," by Giorgio Fua. Real Output: Real Gross Domestic Product, 1980 Billion 
Lira (IFS). Employment and Hours Worked: Index of number employed in nonagricultural 
activities (1970 = 100) (ILO). Weekly average hours of work in nonagricultural activities (ILO). 
Consumer Price Index: Index, 1980=100 (IFS). Ml Money supply: Billions of current Lira 
(MEI). Nominal interest rate: Short-term bond yield at credit institutions (MEI). Government 
total expenditures: Current billions of Lira deflated with the GDP deflator (IFS).

Japan

Capital Stock: Estimated on the basis of investment data. We have an estimate of the net 
capital stock in 1955:IV from Roger Cukierman, "Capital Structure of the Japanese Economy." 
Using annual data on nominal investment expenditures from 1955 to 1960 and assuming an 
annual inflation rate of 1.5%, we estimated a capital stock figure for 1960:1. The quarterly 
investment data from the IFS data base and a constant rate of depreciation lead to the net capital 
stock data. Real Output: Real Gross National Product, 1980 Billion Yen (MEI). Employment 
and Hours Worked: Index of number employed in nonagricultural activities (1970 = 100) 
(ILO). Weekly average hours of work in nonagricultural activities (ILO). Consumer Price 
Index: Index, 1980=100 (IFS). Ml Money supply: Billions of current Yen (MEI). Nominal 
interest rate: Call Money rate (IFS). Government final consumption: Current billions of Yen 
deflated with the GNP deflator (IFS).
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United Kingdom

Capital Stock: Total Net Capital Stock, 1980 Billion Pounds (FSFC, interpolated to quarterly 
figures from annual data). Real Output: Real Gross Domestic Product, 1980 Billion Pounds, 
not seasonally adjusted (IFS). We seasonally adjusted this data by the SAS Proc X I1 procedure. 
Employment and Hours Worked: Index of employment in industry, 1980=100, seasonally 
adjusted (IFS). Index of average weekly hours of work in manufacturing, 1975=100 (MEI). 
Consumer Price Index: Index, 1980=100 (IFS). Ml Money supply: Billions of current 
Pounds (MEI). Nominal interest rate: 3-month Treasury bill rate (IFS). Government total 
expenditures: Current billions of Pounds deflated with the GDP deflator (IFS).

United States

Capital Stock: Net Capital Stock, real 1972 dollars, from Bureau Economic Analysis, quarterly. 
This series was listed on the 1984 version of the Citibase tape. This is the capital stock series 
used by Prescott (1986). Real Output: Real Gross National Product, 1982 dollars, from
National Income and Product Accounts (NIPA). Employment and Hours Worked: Total hours 
worked in nonagricultural establishments, Bureau of Labor Statistics. Government total 
expenditures: 1982 dollars, NIPA. Other data: Consumer Price Index (Urban), Ml Money 
Supply, Monetary Base, Nonborrowed Reserves including Extended Credit, Total Reserves, and 
Federal Funds rate: Federal Reserve Macro database.

Other Data and Calculations

Labor’s Share weights: In computing each country’s productivity shock series, we used time- 
varying weights for labor’s share. For each country we collected annual data from the OECD 
National Accounts for labor income and total gross factor incomes, and then calculated the annual 
shares. The quarterly share weights were computed as an interpolation of the annual figures.

Rest-of-World productivity shocks: For each country the rest-of-world shock was defined as 
a weighted average of the other six country’s shocks. The weights were defined as the shares 
of each country’s output in the rest-of-world output measure. For this purpose, we collected from 
OECD National Accounts, data for each country’s output at 1985 prices and exchange rates. 
Then we defined for each country, the rest-of-world output as the sum of the other six countries’ 
output.
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Appendix A: Data Graphs

This appendix displays the data used in this study for each country. For each country, 

the left-hand column presents the data used to compute the total factor productivity data; that 

is, the measures of output, labor hours and the capital stock. The right-hand column presents the 

data which were used in the Granger-causality tests of Table 3. Specifically, Ml (as well as the 

monetary base), the Consumer Price Index, the short-term nominal interest rate, and government 

purchases (or expenditures). For the U.S., the Federal Funds rate is plotted as the short-term 

nominal interest rate. The NBRX ratio is also plotted on the U.S. page of graphs.

Finally, for a study like this one, the quality of the data is always a question lurking in 

the mind of the reader. The labor hours data in particular are the most difficult to collect and 

unfamiliar to the reader. We simply note here that we conducted the following, additional check 

of our data. We annualized our output and labor hours data and compared it with the annual G-7 

data which Robert Gordon reports in the 1990 edition of his textbook M acroecon om ics. The 

labor hours data can be inferred from his measures of output and output per labor hour (labor 

productivity). The levels and growth rates of these output and hours data were remarkably 

similar across the two data sets.
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Canada: GNP Canada: Monetary Base and M1

Canada: Labor Hours Canada: CPI

Canada: Capital Stock Canada: Nominal Interest Rate

Canada: Total Factor Productivity Canada: Government
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France: GDP

France: Labor Hours
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60 64 68 72 76 80 84

France: Capital Stock

France: Total Factor Productivity

France: Monetary Base and M1

France: CPI

France: Nominal Interest Rate

France: Government
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Germany: GNP Germany: Monetary Base and M1

Germany: Labor Hours Germany: CPI

Germany: Capital Stock Germany: Nominal Interest Rate

Germany: Total Factor Productivity Germany: Government
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Italy: GDP

Italy: Labor Hours

Italy: Capital Stock

Italy: Total Factor Productivity

Italy: Monetary Base and M1

Italy: CPI

Italy: Nominal Interest Rate

Italy: Government
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Japan: GNP Japan: Monetary Base and M1

Japan: Labor Hours Japan: CPI

Japan: Capital Stock Japan: Nominal Interest Rate

Japan: Total Factor Productivity Japan: Government
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United States: GNP

United States: Labor Hours

United States: Capital Stock

United States: Total Factor Productivity

United States: Monetary Base and M1

United States: CPI

United States: Federal Funds Rate

United States: NBRX

United States: Government
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Appendix B: Additional Empirical Results

This appendix presents some additional empirical results which were not documented in 

the manuscript due to space constraints. Three concerns are addressed by these results: (1) how 

important is the assumed Wold causal ordering in Figures 2a and 2b; (2) would the results 

change much if the "rest-of-world" productivity variables were replaced by the U.S. productivity 

variable in the VARs (this would allow the measures of U.S. monetary policy shocks to react 

more directly to changes in U.S. economic activity); and (3) what if broader monetary 

aggregates are substituted for NBRX in the VAR systems? Figures 1A to 7A shed some light 

on these issues.

1. Alternative Wold Causal orderings

How do the results change in Figures 2a and 2b if the contemporaneous correlations 

between measured productivity and monetary policy instruments reflect causality running from 

productivity to monetary policy? Suppose that innovations in U.S. and domestic country 

monetary policy instruments do not alter the contemporaneous values of domestic productivity 

(zd), foreign productivity (zf), domestic prices (pd), and U.S. prices (pus); furthermore, assume 

that U.S. monetary policy responds systematically to the contemporaneous values of these four 

variables. When the object of study is the effect of monetary policy shocks on domestic 

productivity, the following Wold causal orderings reflect these assumptions: ( zd, zf, pd, pus, 

NBRX, FF, rd)’ when the U.S. monetary policy instrument is NBRX (Figure 1A), and ( zd, zf, pd, 

pus, FF, NBRX, rd)’ when the Federal Funds rate is the instrument (Figure 2A). With the
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exception of Germany, it is difficult to notice any differences in the impulse responses across the 

two Wold causal orderings. For Germany, the expansionary effects of positive U.S. monetary 

policy shocks on domestic productivity are smaller and more uncertain when NBRX and FF 

respond contemporaneously to productivity innovations.

2. Bilateral VARS with domestic country productivity and U.S. productivity

How are the results affected if the empirical analysis is conducted within a bilateral 

framework between the United States and the other countries individually? Figures A3 and A4 

report the impulse responses from VARs where the "rest-of-world" productivity variable is 

replaced by the United States productivity level. In this case, the Federal Reserve’s reaction 

function allows the monetary policy instrument to respond systematically and more directly to 

changes in U.S. productivity than the specification in Section 5 of the paper. The "rest-of-world" 

productivity specification was adopted to allow a comparision between the results of this paper 

and the studies by Backus, Kehoe, and Kydland (1992), Baxter and Crucini (1993), Stockman 

and Tesar (1990), and Reynolds (1992). To investigate this issue, two VAR systems were 

specified with the following Wold causal orderings: ( NBRX, FF, rd, zd, zus, pd, plJS)’ when the 

U.S. monetary policy instrument is NBRX (Figure 3A), and ( FF, NBRX, rd, zd, zus, pd, pus )’ 

when the Federal Funds rate is the instrument (Figure 4A). As in Figures 1A and 2A, the results 

are little changed from those reported in the paper, with the exception of Germany which in this 

case appears to not be significantly different from a zero response.

3. Identifying U.S. monetary policy with innovations in broad monetary aggregates
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If broader monetary aggregates in the United States are assumed to be the instruments of 

monetary policy, the response of G-7 productivity measures to their innovations is often not 

significantly different from a zero response. Figures A5, A6, and A7 display the impulse 

responses from VAR systems which replace NBRX with the monetary base (MB), Ml, and M2, 

respectively. That is, these systems are: ( MP, FF, rd, zd, zf, pd, pus)’ where MP is the monetary 

policy instrument. For the case of the monetary base (Figure A5), the only marginally significant 

impulse responses are for Germany in the first period and Italy in the first year. For none of 

these countries does a positive innovation in MB result in an initial persistent decrease in the 

Federal Funds rate (this is not reported in the appendix; see Christiano and Eichenbaum (1992a) 

for a lengthy discussion of findings like this). Identifying innovations in MB with monetary 

policy actions requires giving up on the prior belief that expansionary monetary policy actions 

lead to reductions in nominal and real interest rates for a period of time. We view this as 

implausible and do not view innovations in MB as representing monetary policy shocks. 

Conseqeuently, the lack of a response in measured productivity shocks from MB innovations is 

not evidence against labor hoarding, endogenous variations in capacity utilization, or increasing 

returns.

The impulse responses from Ml innovations to G-7 productivity levels are often larger 

and more significant than the MB innovations (Figure A6). However, in these estimated systems, 

the response of the Federal Funds rate to positive Ml innovations is positive, so there is no 

liquidity effect on interest rates. Again, we view this as an unacceptable implication of a true 

measure of monetary policy shocks.

The impulse responses from M2 innovations to G-7 productivity levels are often
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insignificant, except for the United States and marginally for the United Kingdom. Interestingly, 

the effect of these innovations on interest rates is negative, but not very persistent (about one 

quarter with statistical significance, sometimes two quarters according to point estimates only).
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EFFECT OF NBRX/Z ON Z(JAP)

Figure A1
The Effect of a Positive N B R X  Innovation on G-7 Productivity

Alternative ordering: zd zf pd p_us nbrx ff rd
EFFECT OF NBRX/Z ON Z(CAN)

EFFECT OF NBRX/Z ON Z(FRA) EFFECT OF NBRX/Z ON Z(UKI)

EFFECT OF NBRX/Z ON Z(GER) EFFECT OF NBRX/Z ON Z(USA)

EFFECT OF NBRX/Z ON Z(ITA)
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Figure A2
The Effect of a Negative Fed Funds Innovation on G-7 Productivity

Alternative ordering: zd zf pd p_us ff nbrx rd
EFFECT OF FF/Z ON Z(CAN) EFFECT OF FF/Z ON Z(JAP)

EFFECT OF FF/Z ON Z(FRA) EFFECT OF FF/Z ON Z(UKI)

EFFECT OF FF/Z ON Z(GER) EFFECT OF FF/Z ON Z(USA)
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EFFECT OF NBRX/USA ON Z(CAN) EFFECT OF NBRX/USA ON Z(JAP)

Figure A3
The Effect of a Positive N B R X  Innovation on G-7 Productivity

Bilateral specification of VAR: Domestic Country and United States

EFFECT OF NBRX/USA ON Z(FRA) EFFECT OF NBRX/USA ON Z(UKI)

EFFECT OF NBRX/USA ON Z(GER) EFFECT OF NBRX/USA ON Z(USA)

EFFECT OF NBRX/USA ON Z(fTA)
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Figure A4
The Effect of a Negative Fed Funds Innovation on G-7 Productivity
Bilateral Specification of VAR: Domestic Country and United States
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Figure A5
The Effect of a Positive Innovation in U.S. Monetary Base on G-7 Productivity

Alternative VAR system: mb ff rd pd p_us zd zf
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Figure A6
The Effect of an Innovation in M l  on G-7 Productivity

Alternative V A R  system: ml ff rd zd zf pd p_us
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Figure A7
The Effect of an Innovation in U.S. M2 on G-7 Productivity

Alternative VAR system: m2 ff rd zd zf pd p_us
EFFECT OF M2 ON Z(CAN) EFFECT OF M2 ON Z(JAP)

EFFECT OF M2 ON Z(FRA) EFFECT OF M2 ON Z(UKI)
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