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This paper studies the information content of the slope of the term structure for recessions, 

using monthly US data spanning 1857-1913. We find that the term spread predicts future 

recessions up to about 12 months ahead, as does the current value of the recession dummy.  We 

also find that stock prices are significant in the probit models we use to predict future 

recessions, but that business failures and growth in industrial production are generally 

insignificant. Overall, the results give broad support to the findings of Bordo and Haubrich 

(2004, 2008a, 2008b), who use quarterly data from 1875 to study the ability of the term structure 

to forecast real GNP growth.  
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1. INTRODUCTION 

The ability of the term structure of interest rates to predict future economic growth and 

recessions is a well-established empirical regularity in US data.  While most of that research has 

focused on data from the 1960s and onward, in a series of papers, Bordo and Haubrich (2004, 

2008a, 2008b) – BH hereafter – have demonstrated that the slope of the term structure and the 

short-term interest rate both helped predict future real GNP growth in the US over the period 

1875 to 1997. As they point out, that is an important finding because it suggests that the 

predictive content of the term structure does not depend solely on occasional episodes in which 

the Federal Reserve raised interest rates sharply.1 Furthermore, BH demonstrate that the 

predictive power of the term spread for real GNP growth varies over time. In particular, they 

find a break around the time of the establishment of the Federal Reserve in 1913. 

In this paper we revisit the findings of BH, focusing on the time period before the establishment 

of the Federal Reserve in 1913. The paper complements their work in three ways. 

First and most importantly, we ask whether the slope of the term structure forecasts recessions, 

as defined by the NBER, rather than real economic growth. As noted by Bordo and Haubrich 

(2008b), national accounting was only invented after the First World War and attempts to 

construct historical time series for earlier periods have yielded varying results. Indeed, Romer 

(1988, 1989) shows that there is a considerable impact of measurement error on US national 

income estimates in the pre- and interwar periods, with the result that estimates tend to 

overstate economic volatility during this period. National accounts statistics from the 19th and 

the early 20th centuries should therefore be seen as debatable estimates rather than as hard data.   

By contrast, recessions are defined by sharp movements in a broad cross-section of time series 

correlated with economic activity such as manufacturing, sales and labour market statistics. 

Such movements are easily spotted in time series correlated with the business cycle, which in 

many cases are available for large parts of the 19th century. The NBER's Business Cycle Dating 

Committee have used such data to date business cycle expansions and contractions since 1857. 

                                                             
1 See Estrella (2005) for a discussion of how the predictive power of the spread varies with the monetary 

policy reaction function.  
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It is therefore worthwhile to complement BH’s work on the term structure’s ability to forecast 

real GNP growth in the 19th century by analysing its ability to forecast US recessions, as dated 

by the NBER.   

Second, the NBER data starts in 1857, whereas the estimates of real GNP start in 1875. We can 

therefore expand the pre-Fed period from 38 to 53 years. Looking at a longer time period is of 

independent interest, and lengthening the sample increases the precision of the statistical 

estimates.  

Third, the NBER recession dummies are monthly in contrast to the real GNP data which is 

quarterly. While the use of monthly data triples the number of data points, permitting more 

precise estimates, they may be subject to greater measurement error than quarterly data. 

Whether monthly data are more informative than quarterly data is therefore an empirical 

question best settled by studying both data types.  

While studying the ability of the slope of the term structure to forecast recessions in the 19th 

century is of interest, as BH notes, this requires us to use private sector yields rather than yields 

on risk-free treasury bills and bonds since the latter were not actively traded.2 Using private 

sector yields is problematic because the variations in credit risk that it can mask may exacerbate 

any relationship between the slope of the term structure of risk free rates and the probability of 

a recession. While BH 2008b argue that private and public yields are highly correlated in 

modern data, the situation could have been very different a century ago. However, in the 

absence of data, it is difficult to make progress on this important issue. 

To preview the results, there are four main findings. First, the term spread is a significant 

determinant of recessions up to 13 months ahead in the 1857-1913 sample that we study. This 

result supports the findings of BH. Second, the current value of the recession dummy is 

generally significant in the probit models and is therefore always included in the empirical 

work. One reason it is desirable to take count of the current state of the economy in the analysis 

is that it is likely to capture any part of the term spread that may be due to credit risk.  At short 

                                                             
2 For a discussion of the availability of data on the yields of treasury securities, see BH 2008b. 
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horizons, the coefficient on the current value of the recession dummy is positive and significant, 

implying that if the economy is in recession it is expected to remain so. However, at longer 

horizons it is negative and significant, implying that if the economy is in recession it is not 

expected to remain in this state permanently. Third, the estimated parameters on short and long 

interest rates are individually significant but of opposite sign and sum approximately to zero. 

This suggests that it is the spread that matters. Furthermore, the short rate is insignificant when 

included in the probit models alongside the term spread. Fourth, the 12-month change in a 

stock market index is significant when included in the model. This suggests that the term 

spread does not contain all the information about the likelihood that the economy will slip into 

recession. The growth of industrial production over 12 months is also sometimes significant but 

has a negative sign. The change in business failures over 12 months is never significant, 

suggesting that while this variable is correlated with the business cycle, it is lagging. In all cases 

the findings for the term spread is broadly similar to in the baseline.  

The paper is structured as follows. The next section reviews the literature in the area. Section 3 

describes the data and Section 4 presents our estimates.  Section 5 concludes. 

 2. LITERATURE REVIEW  

There is a long literature demonstrating that the slope of the term structure of interest rates 

contains information useful for forecasting future economic activity.  The value of term spreads 

as an indicator of the probability of whether a recession will occur in the US at short horizons 

was first demonstrated by Estrella and Hardouvelis (1991). Subsequent studies have 

investigated various aspects of the predictive power of the term spread. For instance, Plosser 

and Rouwenhorst (1994) Hamilton and Kim (2002) and Ang et al. (2006) showed that term 

spreads also predict output growth, as BH document in their papers using a very long time 

span of data.   
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Often, the predictive power of the term spread is seen as depending on the central banks 

conduct of monetary policy.3 Feroli (2004), Estrella (2005), and Estrella and Trubin (2006) show 

that the responsiveness of monetary policy to deviations of output growth from potential 

impacts the predictive power of the term spread; the more responsive it is to output, the higher 

the predictive power. Adrian and Estrella (2008) demonstrate that the term spread at the end of 

policy tightening cycles is correlated with subsequent economic activity: monetary tightening 

cycles are followed by increases in unemployment whenever the term spread is below 103 basis 

points, and it is followed by a decline in unemployment in the three cases when the spread is 

above that level.  

However, other studies find that the predictive power of the term spread is unaffected by the 

inclusion in the forecasting regression of measures of current stance of monetary policy, as 

captured by the short interest rate (Estrella and Hardouvelis (1991), Wright (2006)). Plosser and 

Rouwenhorst (1994) argue that the expected future stance of monetary policy4 also does not 

matter.  Thus, it appears that there is at least some information embedded in the term structure 

that is independent of monetary policy but nevertheless useful for forecasting future economic 

growth and recessions.  

Indeed, the papers of BH show that the relationship between output and the term spread also 

existed prior to the establishment of the Federal Reserve, when counter-cyclical monetary policy 

                                                             
3 Other explanations have been put forward. Harvey (1988) and Hu (1993) argue that consumption 

smoothing consumes who expect a recession will sell short-term financial instruments and purchase one-

year discount bonds (narrowing the real term spread) to obtain income during the recession year.  

Harvey (1988) and Rendu de Lint and Stolin (2003) show empirically that the term spread is useful for 

forecasting growth in both consumption and output. However, the theoretical results relate to the real 

term structure, whereas the empirical evidence relates to the nominal term structure.  
4 The expected future stance of monetary policy is measured in two ways: first as growth in M1 over the 

previous 12 months, and second as realised growth of M1 over the next 12 months.  The authors argue 

that these are lower and upper bounds on agents’ available information on the future path of policy and 

show that the term structure continues to have predictive power for growth in industrial production in 

the presence of these measures.  
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was not pursued.5 This is the motivation for BH’s work and one reason it is particularly 

interesting. 

 

3. THE DATA 

BH study quarterly real GNP data from 1875 onwards, using data from Balke and Gordon 

(1986). In this paper we study the monthly NBER recession dummies from 1857 onward.6  

Figure 1 shows the two data sets.7 The figure shows that real GNP growth averages 1.5% in 

recessions and 6.5% in expansions. However, that relationship seems weaker before the 

recession that started at the end of 1892.  Two obvious explanations come to mind: the growth 

of potential might have been higher in the first part of the sample, or measurement errors may 

exaggerate real GNP growth.  

Next we turn to the interest rates, shown in Figure 2. As BH (2008a) note, t-bills were only 

authorised by Congress in 1929 and the yield on longer-term government debt, because of 

irregular issuance and its use as backing for bank notes, was not representative of market 

yields. Indeed, yields on short term US government securities are only available on the St Louis 

Fed’s FRED database since 1920, and long-term US bonds since 1919.  Because of the lack of 

data on the yields of US government securities, BH therefore use the two interest rates tabulated 

by Balke and Gordon (1986): a commercial paper rate to capture the short-term interest rate and 

a corporate bond yield to capture long interest rates. As noted above, BH emphasise that the use 

of these private sector yields may be problematic since movements in the term structure could 

be dominated by movements in credit risk premiums. If so, BH’s measure of the slope of the 

term structure may be capturing a risk spread rather than a term spread.  

                                                             
5 Although the Treasury did carry out some functions of a central bank to ease periods of tension in 

financial markets in the period before the establishment of the Federal Reserve. See, for example, Rogoff 

Taus (1943), Kinley (1910) and Bloomfield (1959) for a discussion. 
6 The source of the data is FRED. 
7 Since Bordo and Haubrich study the term structure ability to forecast real GNP growth over the coming 

four quarters, we plot that measure of real economic growth in the graph. The quarterly data has been 

rendered monthly by setting each month equal to the value in the corresponding quarter.  
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However, BH (2008b) note that credit risk is typically seen as increasing term spreads, 

generating a positive correlation between the slope of the term structure and the real economic 

growth. Since the relationship between the slope of the term structure of risk free treasury 

yields and economic growth is negative, the introduction of credit risk imparts a bias against 

finding predictability.  

Furthermore, BH (2008b) look at the correlation between the spread that they use with a 

standard 10-year-to-3-months spread and the spread between Moody’s Baa yields and 10-year 

treasury yields over the period 1953 to 1997. They find that their corporate bond yields to 

commercial paper spread is much more strongly correlated with the slope of the term structure 

of treasury yields than with risk spreads. This suggests that term spreads computed using 

private sector securities incorporating credit risk rather than treasury yields are therefore 

unlikely to have much effect on the estimates.  

In this paper we use a call money rate and the yield on high quality railroad bonds. These series 

are available on Fred from 1857 onwards. As Figure 2 shows, they are much lower than the 

yields used by BH but strongly correlated: the correlation between the short yields is 0.51 and 

the correlation between the long yields is above 0.99. 

4. ESTIMATES 

Next, we present estimates for the period January 1857 to November 1913 when the Federal 

Reserve was founded. As is common in the literature, we estimate probit models in which the 

dependent variable is the NBER recession dummy h months ahead, and as regressors the 

interest rates discussed above.  As is well known, conventional t-statistics are biased in this case 

since the forecast errors are overlapping. We therefore present t-statistics computed assuming 

MA(h-1) errors.8  

4.1 PRELIMINARY ESTIMATES  

                                                             
8 See Estrella (2005) for a discussion. 
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As a preliminary, we first consider the case of h = 6 months before providing estimates for h = 1, 

… , 18. Table 1 shows the results.  

The results in column 1 show that the spread is highly significant and negative, indicating that a 

steeper yield curve is associated with a lower probability of a recession in 6 months’ time. In 

these regressions we include the current value of the recession dummy to take account of the 

fact that we use private interest rates that are subject to credit risk that are likely to rise in 

recessions. Since the coefficient on the recession indicator is generally significant, we include it 

among the explanatory variables in all regressions we run.9 

The finding in column 1 is silent on the relative importance of the short and the long interest 

rates in driving the correlation between the spread and the likelihood of a future recession. In 

the regression in column 2, the short and the long interest rates are entered separately. The 

results show that both are individually significant and with the absolute value of the 

parameters roughly equal in size. The parameter on the short rate is positive, implying that as 

short rates rise, the likelihood of a recession increases. In contrast, the long rate enters 

negatively, implying that as it rises, the likelihood of a recession is reduced. 

In column 3 we include the short rate in addition to the spread but find that it is insignificant. It 

follows that all the information in the two interest rates can be collapsed into the spread.  This is 

somewhat in contrast to the findings in BH (2008a) who find that, compared to a model 

including just the interest rate spread, also including the short rate generally significantly 

improves the MSE of their forecasts of real GNP growth. 

Overall, the results in Table 1 indicate that the term spread predicts recession 6 months ahead.10 

                                                             
9 A similar specification is implemented by Kauppi and Saikkonen (2008). 

10 As noted in Section 3, the relationship between real GNP growth and the recession indicator seems 

weaker before the recession that started at the end of 1892. This could arise due to a change in the 

measurement error in real GNP data or because of a structural shift in the economy. We test for the latter 

by including a dummy that takes the value of 1 from 1893M1 onwards in the regression, along with 

interaction terms with the spread and the current value of the recession indicator. Although the 

coefficient on the interaction term with the spread is significant at the 5% level (p-value = 0.04), the other 
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4.2 ESTIMATES FOR VARYING HORIZONS 

Next we re-estimate the models using the current value of the recession dummy and the spread 

to forecast over the horizons h = 1 to 18 months. This allows us to pinpoint the horizons at 

which the term spread predicts best the likelihood of a recession and adds to the work of BH 

(2008a and 2008b) which examines just one forecast horizon.11 The results of our analysis are 

presented in Figure 3. We first estimate the model with the current value of the recession 

dummy and the spread between the long and short rates.  

The estimates for the spread parameter are presented in Panel (a). The parameter is always 

negative, demonstrating that there is an inverse relationship between the spread and the 

likelihood of a recession. The parameter is significant for all horizons from 1 to 13 months.  

Turning to the estimated coefficients on the current value of recession dummy, the results in 

Panel (b) show that it is significant and positive at forecast horizons up to 11 months. Thus, if 

the economy is in recession now, it is expected to remain in recession for about another year. 

However, from h = 17 onward, the parameter is negative and significant. One reason for that 

might be, as suggested by Figure 1, the recessions are rather brief (averaging 22.5 months), 

implying that a variable that predicts that a recession will start soon must by implication predict 

an expansion to start in about a year and a half.  

The pseudo r-squareds are presented in panel (c).  They start at almost 0.9 for h = 1, decline as h 

is increased, reach a trough at about 0.05 for h = 14 and then start to rise again. The main 

message from the graph is that, not unexpectedly, the forecasting power of the term structure 

declines rapidly with the forecasting horizon.  

Overall, these results show that the slope of the term structure was strongly negatively 

correlated with the probability of a recession even before the establishment of the Fed.   

4.3 OTHER LEADING INDICATORS 

                                                                                                                                                                                                    
two terms are not individually significant, and a test for the joint significance of the three terms rejects (p-

value = 0.11). 
11 Specifically, BH examine the predictive power of the term spread for the growth rate in real GNP four 

quarters ahead. 
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Next, we include additional variables to see if they contain information not already embedded 

in the spread. We already attempt to control for the state of the economy and thus the 

possibility that credit risk is driving our spread by including the current value of the recession 

indicator in our model.  Here, we add other variables which capture the current state of the 

economy. Nonetheless, we are limited in the number of series available for this time period, 

many of which are available for only a subsample. 

In the first instance, we add the percent change over 12 months of an index of stock prices for 

American railroads, where the per share value is weighted by outstanding shares. The series is 

available in levels from 1857M1 to 1913M1112, and the results are presented in Figure 4. We find 

that the annual percent change in the index is significant for forecast horizons up to h = 10 

(Figure 4a). Since stock prices often form a part of leading indicator indices, this is not 

surprising. The sign of the coefficient indicates that there is a negative correlation between stock 

market growth and the probability of recessions. Nevertheless, the coefficient on the spread 

remains significant for horizons up to h = 13, the same as under the baseline specification 

(Figure 4b), and the magnitude of the coefficient is also similar to the baseline. The coefficient 

on the current value of the recession dummy also follows a similar pattern (Figure 4c).  

The second indicator that we use is annual growth of industrial production, which is available 

from 1876M1. Interestingly, we find that it is insignificant at short horizons, but becomes 

significant at the 5% level for horizons this 8 < h < 17 (Figure 5a). However, the sign is positive, 

indicating that higher industrial production growth is associated with a greater probability of 

recession, which is difficult to rationalise. However, it may reflect a similar mechanism to the 

one observed for the recession dummy: at longer horizons, the economy is expected to change 

state. In this case, if industrial production is weak today signalling a recession, it is anticipated 

that growth will rise in the future. Nevertheless, the spread also remains significant for horizons 

up to h = 10 (Figure 5b), and the current value of the recession dummy (Figure 5c) also is 

                                                             
12 A more comprehensive series, compiled by the Cowles Commission, is available from 1871M1, 

however, the correlation of the changes in the two series from 1871M1 until 1913M11 is 0.95, suggesting 

the series are very similar.  We therefore use the narrower series to take advantage of its longer sample. 
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positive and significant at short horizons (h < 11) and significant and positive at long horizons (h 

> 17). 

Finally, we also consider the growth rate of business failures over 12 months. Intuitively, this 

might be expected to be the series most closely linked to credit risk in the economy, however, it 

is also available for the shortest sample period, beginning in 1894M1. Nonetheless, we find it to 

be insignificant at every horizon, most likely because business failures lags the business cycle, 

and do therefore not reported it here.13  

Overall, we find that including other potential leading indicators do not impact on the 

predictive power of the term spread for predicting recessions.  Indeed, although the year-on-

year change in the stock market is significant when included in our model, the size and 

significance of the coefficient on the spread is largely unchanged. 

5. CONCLUSIONS  

In this paper we have studied the information content of the slope of the term structure of 

private yields to predict future recessions in monthly US data spanning the period 1857-1913. 

There are four main findings.  

First, the term spread is a significant in the forecasting regressions. This result supports the 

findings of BH, who demonstrate that the term spread is significant in forecasting regressions 

for real GNP growth, using quarterly data spanning 1975-1997.  

Second, the current value of the recession dummy is generally significant in the probit models.  

At short horizons, the coefficient on the current value of the recession dummy is positive and 

significant, implying that if the economy is in recession it is expected to remain so. However, as 

longer horizons are considered it changes sign (and becomes significant), implying that if the 

economy is recession it is not expected to remain in this state permanently.  

Third, the estimated parameters on short and long interest rates are individually significant but 

of opposite sign and sum approximately to zero. This suggests that it is the spread that matters. 

                                                             
13 Equally, the monthly change is insignificant, as is the log level of business failures. 
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Furthermore, the short rate is insignificant when included in the probit models alongside the 

term spread.  

Fourth, stock prices are significant when included in the model, indicating that the term spread 

does not contain all relevant information about the likelihood of a future recession. The results 

for industrial production and business failures do not seem to contains much, if any, 

information about the likelihood of a recession when included together with the term spread.  
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Table 1: Probit results for recessions 6 months ahead, sample period January 1857 –

November 1913 

 h = 6 months 

Column    1 2 3 

Spread -0.310*** 

(4.582) 

 -0.285** 

(2.462) 

Current value of 

recession dummy 

1.737*** 

(7.797) 

1.728*** 

(7.815) 

1.728*** 

(7.815) 

Short rate  0.308*** 

(0.068) 

0.024 

(0.255) 

Long rate  -0.285** 

(2.462) 

 

Constant 0.799*** 

(5.272) 

-0.904* 

(1.974) 

-0.904* 

(1.974) 

Pseudo R-squared 0.329 0.329 0.329 

Notes: Absolute value of t-statistics in parenthesis. */**/*** denotes significance at the 5/2.5/1% 

level.  
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Figure 1: NBER recession dummy and real GNP growth 
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Figure 3: Results from baseline model, h = 1 to 18 
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Figure 4: Estimated coefficients, model including 12-month change in stock market, h = 

1 to 18 

(a): Estimated coefficient on 12-month percentage change in stock market 
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(b): Estimated spread  

-.5

-.4

-.3

-.2

-.1

.0

.1

.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

horizon  

(c): Estimated coefficient on recession dummy 
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Figure 5: Estimated coefficients, model including 12-month change in industrial 

production, h = 1 to 18 

(a): Estimated coefficient on 12-month percentage change in industrial production 
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(b): Estimated coefficient on spread 
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(c): Estimated coefficient on recession dummy 
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