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Abstract: The nature of the relation between stock returns and the three monetary variables of interest
rates (bond yields), inflation and money supply growth, while oft studied, is one that remains unclear.
We argue that the nature of the relation changes over time, and this variation is largely driven by
shocks, with a change in risk associated with each variable shifting the pattern of behaviour. We
show a change in the correlation between each of the three variables with stock returns. Notably,
a predominantly negative correlation with bond yields and inflation becomes positive, while the
opposite is true for money supply growth. The shift begins with the bursting of the dotcom bubble
but is exacerbated by the financial crisis. Results of predictive regressions for stock returns also
indicate a switch in behaviour. Predominantly negative predictive power switches temporarily to
positive around economic shocks. This suggests that higher yields, inflation and money growth
typically depress returns but support the market during periods of stress. However, after the financial
crisis, higher inflation and money growth exhibit persistent positive predictive power and suggest a
change in the risk perception of higher values.
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1. Introduction
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The nature of the relation between stock returns and three monetary variables, interest
rates, inflation and money supply growth, has changed over the past 20 years (see, for
example, Campbell and Ammer 1993; Rankin and Shah Idil 2014; Fan and Mitchell 2017;
McMillan 2017). This paper, therefore, aims to examine these changing relations. We
document, first, how the nature of the relations has changed, for example, shifts within the
sign of the correlations, and second, we seek to explain the reasons for such change. We
further consider the potential for changing parameter values in a predictive regression for
stock returns.
Movements in stock returns are determined by changes in discounted cashflows (e.g.,
Campbell and Shiller 1988). Hence, the link between these three variables with stocks is in
how they affect both cashflow and the discount rate. Notably, changes in each variable have
implications for subsequent economic performance and the risk premium attached to stocks
and thus should exhibit predictive power. Hence, part of our question concerns the riskrelated implications of each variable and whether this has changed. Knowledge of these
changing relations is crucial for both asset pricing and the conduct of portfolio management,
implying time-varying behaviour between stocks and key economic variables.
The relation between stock returns and bond yields is one that is well researched, with
a change in their correlation identified. Notably, several papers report a change in the sign
of the stock and bond correlation and condition this change on a range of macroeconomic
and financial variables (e.g., Andersson et al. 2008; Baele et al. 2010; Viceira 2012; Aslanidis
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and Christiansen 2012, 2014; Aslanidis et al. 2019). The evidence typically identifies a
change around the time of the dotcom crash (2000) and links this behaviour to a flightto-safety phenomenon, which is combined with a period of low interest rates. Li (2002)
develops a theoretical model that links the sign of the correlation to the source of shocks,
while the above noted studies use empirical frameworks to identify variables that may
explain the correlation.
In terms of the relation between stock returns and inflation, likewise, there is an
ongoing debate about its nature and one that extends back over a longer period. Fisher
(1930) argues in favour of a positive relation to maintain the real value of stock returns,
while Bodie (1976) applies a similar, inflation hedge argument. Fama (1981), in contrast,
argues in favour of a negative relation arising through the proxy hypothesis with stock
returns driven down as higher inflation leads to poorer expected economic conditions.
Indeed, notwithstanding that evidence for both a positive and negative relation is presented,
there exists greater support for a negative one (e.g., Fama and Schwert 1977; Barnes 1999),
while an extensive review is provided by Madadpour and Asgari (2019).1
Regarding money supply, again, the literature provides a mixed picture, with the
relation dependent on the expected future impact of a change in money supply on economic
conditions and interest rates.2 Of note, Sellin (2001) provides a review of the literature
linking monetary growth and stock returns and details the potential for positive and
negative influences. A positive relation can arise whereby looser current monetary policy
will give rise to expectations of a future tightening that will lead to higher interest rates
and, through the discount rate, higher future stock returns (lower prices). Equally, higher
interest rates will depress economic activity and put further downward pressure on current
stock prices. The negative predictive relation can be explained through a decreased in the
risk premium, which leads to a higher current price and lower expected return. An increase
in money supply leads to lower interest rates and improved economic expectations, higher
expected earnings and lower macroeconomic risk. Thus, whether money supply growth
has a positive or negative effect on stock returns largely rests on its effect on expectations
and the implications for future economic activity and risk. In recent work, McMillan (2017)
indicates that money supply growth has a negative predictive relation for stock returns,
and this is driven by higher money supply growth leading to lower risk and improving
economic conditions.
As indicated above, while research into the stock and bond relation has continued
apace, the relation regarding inflation and money supply growth, while a recurring theme,
has been more ignored in recent times, and notably so for money supply. This may
have occurred as, on the one hand, central banks have dropped money supply targets
with interest rates adjusted to meet inflation targets that now dominate monetary policy
considerations, and, on the other hand, bond market considerations more directly interact
with stocks in portfolio building. However, the past 20 years have witnessed significant
economic turmoil, from the highs and lows of the dotcom bubble to the financial crisis of
2007–2009 and the COVID-19 pandemic throughout 2020 and beyond. This suggests that a
re-examination of the relations between stock returns and these three monetary variables is
needed. Thus, we consider the nature of the relation between stocks and these variables,
examining whether the magnitude and sign of any relation has changed: notably, whether
the correlation between stocks and bonds returned to its pre-2000 state or the pattern that
emerged since this date remains, and equally, whether the negative relation with inflation
and money supply growth continues to hold.
Moreover, understanding the nature and drivers of these relations is important for
both investors and policymakers. Since the bursting of the dotcom bubble, interest rates
have reached unprecedented lows, which has been exacerbated first by the financial crisis
and then the COVID-19 pandemic. The result of this is 10-year Treasury bond yields below
2.5% for most of the past 10 years (and 3-month bills below 0.5%). Further to this, while
the quantitative easing (QE) that followed the financial crisis saw annual increases in M2
growth of around 10%, following COVID-19 induced QE, annual M2 growth increased
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by over 20%. Such changes are likely to an impact the nature of relations between the
variables and affect investors.
Our results indicate that both the correlation and predictive relation of interest rates,
inflation and money supply growth with stock returns change over the sample period. The
correlation involving interest rates and inflation is predominately negative from the start of
the sample before becoming primarily positive after 2000, while the reverse case is reported
for money supply growth. The three monetary variables have a largely negative predictive
relation, where increases in each depress stock return. Around crisis periods, however,
the predictive relation temporarily switches to positive, with higher values supporting the
market. Moreover, after the financial crisis period, this switch becomes more persistent
for inflation and money supply growth. This indicates a change in the risk perception of
higher inflation and money supply growth, with increases suggesting improving future
economic conditions.
2. Background
In understanding why stock returns move, and thus how the three monetary variables
link, we consider the standard theoretical present value model based on Campbell and
Shiller (1988) and expanded on by Lamont (1998) and Bali et al. (2008). Log stock returns
(rt ) are given by:
rt+1 = log( Pt+1 + Dt+1 ) − log( Pt )
(1)
with Pt and Dt representing prices and dividends. Using an approximation around a
first-order Taylor expansion, Equation (1) becomes:3
∞

∞

i =0

i =0

pt = k + Et ( ∑ ρi (1 − ρ)dt+i+1 ) + Et ( ∑ ρi rt+i+1 )

(2)

where k is a linearisation parameter and ρ a constant discount factor.4 Given Equation (2),
Lamont shows that the time t expectation of time t + 1 returns can be written as:
∞

∞

i =0

i =0

Et (rt+1 ) = − pt + Et ( ∑ ρi (1 − ρ)dt+i+1 ) + Et ( ∑ ρi rt+i+1 ) + k

(3)

This equation notes that expected returns are negatively related to the current price
and are higher with higher expected future dividends (cashflow) and future returns (risk
premium). Each of the interest rate, inflation and money supply growth variables can
affect stock returns through their impact on expected future economic conditions and thus
cashflow and risk. Moreover, the relation in Equation (3) also demonstrates the potential
for confounding effects. For example, higher interest rates and inflation can signal poorer
economic conditions with lower cashflow and lower stock returns but equally a higher risk
premium and returns.
In considering the relation between stocks and bonds, the literature is predominantly
couched in the correlation and for which research has identified both positive and negative
periods. In identifying the sign of correlations, care needs to be taken regarding whether
we examine the correlation between stock and bond returns (based on a price index) or
stock returns with bond yields. The nature of these two correlations is often the opposite.
For example, a rise in the bond yield will lead to a fall in the bond price and so a negative
bond return. Equally, a typical assumption is that higher interest rates lead to lower stock
prices as future cashflows are discounted at a higher rate. Thus, the correlation between
the two returns is positive, while the stock return and bond yield correlation is negative.
Within the literature, Barsky (1989), Shiller and Beltratti (1992) and Campbell and Ammer
(1993) all highlight a positive correlation between stock and bond returns, while a negative
correlation linked to flight-to-safety is noted by, for example, Gulko (2002), Connolly et al.
(2005, 2007) and Andersson et al. (2008).5 As an example of the changing correlation,
Gregoriou et al. (2009) note that stock prices fell with interest rates during the financial
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crisis, reversing the usual expectation. They argue that the lower interest rates signalled
weaker economic conditions.
In seeking to explain the change in correlation, the literature identifies several variables
that proxy for risk factors that may drive such dynamics. As noted, discussion typically
focuses on the flight-to-safety phenomena as main cause of change to the correlation. Thus,
a series of papers consider a range of macroeconomic and financial variables that explain
the change in the stock and bond correlation through their links to wider economic risk.
Li (2002), in developing a theoretical model to link stock and bond returns, argues that
while interest rate shocks will lead to a positive correlation, dividend and inflation shocks
negatively affect the correlation. Baele et al. (2010) consider inflation and interest rates for
the stock and bond correlation and include an output measure. Likewise, for the stock and
bond correlation, Aslanidis and Christiansen (2012, 2014) use interest rates and inflation.
They also include the dividend/price ratio (and other valuation-related variables). Viceira
(2012) also considers interest rate and inflation variables together with the asset returns and
macroeconomic variables (they include consumption growth instead of output growth).
Aslanidis et al. (2019) include interest rates, a measure of output growth and measures of
financial conditions and policy uncertainty.
In considering the stock return and inflation and stock return and money supply
growth relations and the factors that affect them, inevitably the same proxies for economic
risk are important. The literature regarding inflation began with the work of Fisher
(1930) who argues for a positive relation between stock returns and inflation. In contrast,
Fama (1981) suggests a negative correlation between stock returns and inflation as higher
inflation signals lower economic growth. The subsequent literature has tended to favour
a negative relation, while the extent to which stocks returns might respond negatively to
higher inflation is likely to depend on the state of the economic, and interest rate, cycle.
Stulz (1986) argues that higher inflation is associated with a lower real interest rate and,
equally, stock return. In contrast, Fisher (1930) suggests that to maintain the real return on
stocks, the return should move in unison with inflation. Bodie (1976) likewise supports an
inflation hedge argument, where investors are compensated for higher inflation through
higher stock returns. In considering these opposing views, Söderlind (1998) argues that the
correlation depends on whether the central bank is targeting output growth or inflation.
This link with monetary policy is also commented upon by Geske and Roll (1983) and Kaul
(1987). Notwithstanding this, some work argues that a positive relation can exist, although
this typically emerges only when examined over a longer horizon (e.g., Boudoukh and
Richardson 1993; Schotman and Schweitzer 2000). Further work considers the distribution
of returns using a quantile approach (Alagidede and Panagiotidis 2012) and reports a
positive relation at higher quantiles.
The sign of the stock returns and monetary growth relation is similarly unclear.6 Here,
again we can consider the potentially confounding effects of the cashflow and the discount
rate avenues. A positive relation with money supply growth can arise where higher
growth improves economic conditions and boosts expected cashflows, or where higher
growth increases expected future inflation, leading to worsening economic conditions and
a higher risk premium and discount rate. Thus, we have confounding effects where a
higher money supply could affect corporate earnings (e.g., lower interest rates leading to
higher consumption and investment) or the riskiness of those earnings (e.g., affecting the
risk premium by which future cashflows are discounted).
Moreover, a change in money supply is linked to both interest rates and inflation, and
so we can see how the three variables interact with stocks. At a basic level, the dividend
discount model suggests that an increase in money supply leads to a decrease in interest
rates (Friedman 1961). This can lower the discount rate and lead to an increase in the
current stock price. Lower interest rates that decrease the risk-free component of the
discount rate, may also decrease the risk premium component, as lower interest rates could
signal lower macroeconomic risk, an increase in expected future economic activity and
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correspondingly corporate earnings. This will result in a negative relation with future stock
returns.
Equally, building on the argument of Fama (1981) for inflation, higher money supply
will signal higher expected inflation and a decline in stock returns. From a risk premium
perspective, Sellin (2001) argues that an expectation of a tightening of future monetary
policy will lead to higher current interest rates (and risk premium) and higher stock returns
(lower prices). Higher interest rates may also depress economic activity and lead to further
downward pressure on current stock prices. Recent evidence suggests that monetary policy
primarily operates through the risk channel (see, for example, Hanson and Stein 2015;
Gertler and Karadi 2015).
Cornell (1983) focuses on the risk premium effect of an increase in the money supply
and supports a positive relation with stock returns. Cornell argues that holding money as
opposed to alternate assets is directly proportional to risk and risk aversion. An unexpected
increase in money supply indicates higher money demand, which suggests an increase in
risk. As such, investors demand a higher risk premium for holding stocks, causing prices
to fall, and making them less attractive. In contrast, Bernanke and Kuttner (2005) argue that
money supply changes and the risk premium vary inversely. A tightening of money supply
increases the risk premium required to compensate investors for holding risky assets as
it indicates a slowing of economic activity. Here, investors bear more risk and demand a
higher risk premium to hold stocks. This risk premium lowers the price of the stock.
Overall, the evidence on the nature of the relations is mixed. For each of bond yields,
inflation and money supply growth, there is evidence of a positive and negative relation
with stock returns. A higher money supply leads to lower interest rates, higher stock prices
and lower stock returns. However, higher money supply can also lead to higher inflation
and interest rates, a lower stock price and higher returns. The most recent evidence for
stock returns points towards a positive relation with bond yields and a negative one with
inflation and money supply growth. This paper therefore seeks to reconsider the above
views and examine the nature of both the correlation and predictive relations over the most
recent period including the COVID-19 pandemic, notably asking whether a change in the
nature of macroeconomic risk affects these relations.
3. Data and Correlations
We obtained monthly data for the S&P500 index, 10-Year Treasury bonds (TB10), the
consumer price index (CPI) and M2 money supply over the period from 1959M1 to 2020M6.
The stock price data are from the website of Shiller, while the remaining data are taken
from the Federal Reserve FRED database. Figure 1 presents the annualised return/growth
rates for the stock index, CPI (inflation) and M2 series and the level of the TB10, while
Table 1 presents both monthly and annualised summary statistics. Table 1 also presents
the monthly and annual correlations, although our primary focus is on the stock return
correlations.
While the data are well known, from Figure 1, we can observe significant market
drops in the early 1970s, including those associated with the oil price shock of 1974, two
notable bear markets in the 1980s including the October 1987 crash, the dotcom crash of the
early 2000s and the financial-crisis-related crash of 2008–2009. As the data are annualised,
the COVID-19-related crash is not evident here; however, in the monthly data, we can
observe a 20% fall in March of 2020. In the other series, we can see the secular decline in
interest rates since the highs of the early 1980s and reaching unprecedented lows following,
first, the financial crisis and then the COVID-19 pandemic. In the inflation series, we see
the highs that were spurred on by the oil price shocks of the 1970s. The 1980s were marked
by policy designed to control inflation before a period of general price stability in the 1990s
and 2000s, which appeared to end just prior to the financial crisis, with inflation in the
post-crisis period subdued. The most notable aspect regarding M2 money supply growth
is the huge increase associated with the COVID-19 pandemic, dwarfing previous increases.
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1. Summary statistics.
Table 1. SummaryTable
statistics.

Mean
Mean

Med
Med

Min
Min

Max
Max

Skew Kurt Kurt JB—pJB—p
SD SD
Skew
Monthly
Data
Monthly Data
SR SR
0.550
0.924
−22.805
11.352
3.606 −1.213
−1.213 8.1918.191 0.00 0.00
0.550
0.924
−22.805
11.352
3.606
TB10
(/12)
0.498
0.474
0.055
1.277
0.240
0.769
TB10 (/12)
0.498
0.474
0.055
1.277
0.240
0.769 3.3943.394 0.00 0.00
Inflation
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0.253
−1.786
1.794
0.313
0.256
7.511
0.00
Inflation
0.296
0.253
1.794
0.313
M2
0.563
0.528
−−1.786
0.561
6.452
0.454
4.9830.256
55.6017.511
0.00 0.00
M2
0.563
0.528
−0.561
6.452
0.454
4.983
55.601
0.00
Annualised Data
Annualised Data
SR
6.548
9.195
−55.353
42.298
15.179
−0.970
4.531
0.00
SR TB10
6.548
9.195
−55.353
42.298
15.179
−0.970 3.3944.531 0.00 0.00
5.980
5.690
0.660
15.32
2.884
0.769
3.599
2.921
−0.660
1.978
13.621
2.672
1.5160.769
5.3513.394
0.00 0.00
TB10 Inflation
5.980
5.690
15.32
2.884
M2
6.578
6.527
0.229
20.809
2.706
0.343
4.006
0.00
Inflation
3.599
2.921
−1.978
13.621
2.672
1.516
5.351
0.00
Correlations
M2
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SR
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SR
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SR
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Inflation
M2
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1
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SR Inflation
1
−0.015
−0.049
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0.676
1−0.043
−0.095
M2
0.012
0.177
0.156
1
TB10
0.019
1
0.466
0.003
as the log difference of the index,0.676
TB10 is the 10-Year Treasury bond yield,
of CPI,
InflationNotes: SR is stock returns
−0.154
1 Inflation is the log difference−0.095
M2 is the growth rate, log difference, of M2 money supply, all measured over both monthly (one-period) and annual (12-period) horizons.
M2
0.177data, and the top-right triangle0.156
1
For the correlations, the 0.012
bottom-left triangle refers to the annual
refers to the monthly data.
Notes: SR is stock returns as the log difference of the index, TB10 is the 10-Year Treasury bond yield, Inflation is the log
difference of CPI, M2 is the growth rate,
log difference,
M2
money supply,
all present
measured
bothcharacteristics,
monthly (one-period)
Regarding
Table 1,of
the
summary
statistics
noover
unusual
so we
and annual (12-period) horizons.
For
the
correlations,
the
bottom-left
triangle
refers
to
the
annual
data,
and
the
top-right
focus on the correlations reported in the lower panel of the table. We report correlations for
triangle refers to the monthly data.
the monthly (upper right triangle) and annualised (lower left triangle) data. Our primary

interest concerns the correlations with stock returns. We can see that the value of both the

Regarding Table 1, the summary statistics present no unusual characteristics, so we
focus on the correlations reported in the lower panel of the table. We report correlations
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monthly and annualised stock return correlations are all close to zero. This result covers
the full sample period and so may arise because the correlation is near zero or because this
masks greater variation in the correlation, which traverses zero. Moreover, these are (very)
mildly negative for the monthly frequency and positive for the annual. The only exception
is the annual correlation with inflation, which exhibits a slightly larger negative value.
Regarding the correlations across the other variables, the TB10 and inflation correlation
exhibits the largest positive values at both the monthly and annual frequencies, while the
annual TB10 and inflation correlations with M2 growth are mildly positive.
To consider whether the correlation coefficients for the whole sample are representative
of the contemporary relation between stock returns and the three monetary variables,
Figure 2 plots the 5-year rolling correlations between stock returns and TB10, inflation and
M2 growth over both the monthly and annualised frequencies. Across both frequencies
the results are similar, and thus we discuss them concurrently. The correlation between
stock returns and TB10 is mostly negative from the start of the sample until the early 2000s,
although the correlation is briefly positive in the early 1980s. This period is associated
with the monetary tightening and the desire to establish inflation credibility under the
Federal Reserve chair Volker. After 2000, the correlation becomes positive for several
years, and while it turns negative by the middle of the 2000s, it becomes predominantly
positive thereafter. This period is associated with the dotcom crash, which was succeeded
by the financial crisis and then the COVID-19 pandemic. As seen in Figure 1, this period
is additionally associated with historically low interest rates. This is consistent with a
flight-to-safety argument, where investors move out of stocks (and thus, a lower stock
return) and into bonds (and thus, a lower bond yield).
The pattern of time-varying correlation between stock returns and inflation follows a
similar pattern to that described for stock returns and TB10. The correlation is negative
from the beginning of the sample until the early 2000s, except for a brief period in the
early 1980s. Following the dotcom crash the correlation becomes positive. For the monthly
frequency, the correlation becomes negative again during the mid- to late-2000s, while this
is only observed briefly for the annual frequency around late 2007 and 2008. However,
more noticeably, after the financial crisis period, the correlation becomes strongly positive
across both data frequencies. The correlation between stock returns and M2 growth exhibits
the opposite pattern. The correlation is positive from the beginning of the sample until the
period associated with the dotcom crash (except for a period around the early 1980s). From
the early 2000s, the correlation turns negative and remains so (with a brief exception in
2017 for the annual data).
Thus, the stock return correlation with M2 growth mirrors those of TB10 and inflation.
As an illustration, the correlation of the annual stock return and TB10 (inflation) itself has a
correlation with the stock return and M2 growth correlation of −0.71 (−0.73). However, it
is noticeable that stock return and M2 correlation does start to increase from 2015 onwards
(although for the monthly frequency there is a negative spike in March 2020 following
the onset of the COVID-19 pandemic). Again, purely illustrative, the correlation between
the annual stock return and TB10 (inflation) correlation with the stock return and M2
growth correlation over the period from 2010 to the end of the sample is 0.27 (0.12). The
time-varying correlations show that there is a clear shift in the contemporaneous relation
between stock returns with TB10, inflation and M2 growth. Prior to the financial crisis and,
to a lesser extent, the dotcom crash, the correlation with the former two series is negative,
while it is positive with the latter. However, after this period, each of the correlations
change sign becoming positive with the former two and negative with the latter. Moreover,
while the correlations involving TB10 and inflation mirror those of M2 growth, they appear
to move in sync from the mid-2010s onwards.
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any complications from potential non-stationary behaviour in the time-varying correlation.
Thus, our equation is:
∆ρt = ω0 + Σi δi zi,t −1 + ut
(4)
where ∆ρt refers to the change in the correlation between stock returns and one of the
monetary variables assets, zi,t−1 are the explanatory variables lagged one period to provide
predictive content and ut is a random error term; other terms are coefficients to be estimated.
Table 2. Correlation regressions.
∆ in Correlation Regression
∆Real IR

IP Growth

Inflation

∆DP

Uncertainty

NFCI

SR-TB10

0.007
(2.41)

−0.128
(−2.36)

0.208
(1.61)

0.081
(2.30)

0.010
(0.21)

−0.008
(−2.44)

SR-Inflation

0.010
(2.05)

−0.123
(−2.11)

−0.084
(−0.35)

0.094
(1.99)

0.031
(0.43)

0.005
(1.08)

SR-M2

−0.007
(−2.11)

−0.040
(−0.80)

−0.007
(−0.06)

−0.069
(−1.24)

−0.116
(−2.24)

−0.001
(−0.37)

Probit Correlation Sign Regression
SR-TB10

−0.039
(−0.29)

−0.437
(−2.56)

−0.159
(−4.98)

0.140
(2.83)

0.719
(5.94)

−0.047
(−0.48)

SR-Inflation

0.059
(0.47)

−0.286
(−1.86)

−0.136
(−4.67)

−0.429
(0.85)

0.431
(4.03)

−0.089
(−0.89)

SR-M2

0.135
(0.88)

0.933
(4.45)

0.523
(10.70)

−0.243
(−4.05)

−0.119
(−7.81)

0.149
(1.24)

Notes: Entries are the coefficients (and t-statistics) based on Equation (4) for the change in the correlation and Equation (5) for the sign of
the correlation. The first column is the correlation pairs, while the explanatory variables are the change in the real interest rate (∆Real IR),
the rate of growth in industrial production (IP), inflation, the change in the dividend/price ratio (∆DP), macroeconomic uncertainty based
on the measure of Jurado et al. (2015) and National Financial Conditions Index (NCFI) from the Chicago Federal Reserve.

For the stock return and TB10 correlation, the change in the real interest rate and the
change in the dividend/price ratio exhibit a positive and significant effect on the correlation
change, while output growth and the NFCI have a significant and negative effect. For the
correlation between stock returns and inflation, we see a similar pattern with both the
change in real interest rates and the dividend/price ratio having a significant positive effect
and output growth having a significant negative effect, although NFCI is not significant.
For the stock return and money supply correlation, the change in the real interest rate now
has a negative and significant relation, as does macroeconomic uncertainty, with no other
significant variables.
These results support the primary view that an increase in real interest rates is consistent with a higher correlation between stock returns and TB10, stock returns and inflation
and a lower correlation between stock returns and money supply growth. Higher real interest rates are associated with strong current economic conditions, as firms and households
are bidding for funds, but is likely to indicate increased expected economic risk as higher
real interest rates signal a future slowdown. This is further supported by the negative
relation with output growth, with lower growth indicating an increase in risk. For the other
variables, an increase in the dividend/price ratio increases the correlation between stocks
and TB10 and stock and inflation, which again is consistent with an increase in expected
economic risk leading to lower current stock prices. For both NFCI and uncertainty there
is only a single significant coefficient.
While the above regression models the change in the correlation, we can also use
probit analysis for the sign of the correlation. As observed in Figure 2, the correlations
with stock returns exhibit both positive and negative signs through the sample period.
Therefore, we can define an indicator variable that is equal to one if the correlation between
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stock returns and the monetary variable is positive and zero if the correlation is negative.
Thus, we estimate:
Ir,t = µ + Σi φi zi,t −1 + νt
(5)
where Ir,t is the indicator variable, zi ,t the same predictor variables as noted above, νt an
error term and where the remaining terms are estimated coefficients. The results for this
analysis are presented in the lower half of Table 2. These results reveal some similarities
and differences with those for the change in correlation. One notable difference is that
while the change in the real interest rate is important for the change in correlation (which
is a dynamic measure), it is insignificant for the sign of the correlation (which is a static
measure). For the remaining results, we do see a consistent pattern of behaviour. For the
stock return with TB10 and inflation correlations, we see a negative coefficient with output
growth and inflation and a positive coefficient with the change in the dividend/price
ratio and macroeconomic uncertainty. For the stock return and money supply growth
correlation, the opposite is found with a positive coefficient on output growth and inflation
and negative coefficient on the change in the dividend/price ratio and macroeconomic
uncertainty. This pattern of results is consistent with Figure 2, where the stock return
correlation with TB10 and inflation exhibit a similar pattern, while that of stock returns
and money supply growth mirrors.
These results generally support the view that an increase in risk is associated with a
positive correlation between stock returns and TB10 and inflation and a negative correlation
with money supply growth. Specifically, lower output growth and higher macroeconomic
uncertainty are directly related to higher risk. A higher dividend/price ratio indicates a
lower stock price and higher required rate of return, which are indicative of higher risk. A
lower level of inflation is also indicative of potentially higher risk as it is associated with a
lower level of activity. However, it should also be acknowledged that higher inflation is also
associated with increased risk.11 Nonetheless, alternative explanations could be considered.
For example, Schädler and Grabinski (2015) argue that instability in the relations arise
from increased levels of speculative financial activity. Notably, they argue that while stock
prices should move in line with fundamentals, this is not the case. Indeed, this can be
seen in Figure 1, where a monthly change of approximately 20% is not unusual. Schädler
and Grabinski (2015) note that such a substantial change can impact the wider economy,
creating macroeconomic fluctuations and thus altering the relation between the financial
and macroeconomic variable.12
4. Predictive Regressions
To further examine the changing nature of the relation between stock returns and the
three monetary variables, we consider predictive regressions, as such:
rt = α0 + Σi βi xi,t −1 + εt

(6)

where rt is stock returns at time t, xi,t−1 are the three monetary variables (the change in
TB10, inflation and M2 money supply growth) and εt is a random error term.
The results of estimating this predictive equation are presented in Table 3 for both the
monthly and annualised frequencies. We estimate the regression for the three monetary
variables both individually and jointly. For the monthly individual regressions, the coefficient on the change in TB10 and inflation are negative and statistically significant, while
the coefficient on M2 growth is positive but insignificant. For the joint regression, while
the coefficient signs remain the same, only the change in TB10 is statistically significant.
Of course, as observed in Table 1, there is notable correlation between TB10 and inflation,
which may result in multicollinearity and explain the lack of significance for inflation
(although note that in the regression we use the change in TB10 to ensure stationarity). For
the regressions based on the annualised data, the coefficient on the change in the TB10
is again negative and statistically significant for both the individual and joint regression,
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while the same is now true for the coefficient on M2 growth. In contrast, the coefficient on
inflation is now statistically insignificant throughout.
Table 3. Linear predictive regression results.
∆TB10

Model

Inflation

M2 Growth

Monthly Data
1

−0.268 (−4.72)

-

-

2

-

−1.337 (−2.37)

-

3

-

-

0.516 (1.35)

4

−0.237 (−4.00)

−1.631 (−1.63)

0.384 (1.06)

Annualised Data
1

−0.070 (−3.10)

-

-

2

-

−0.459 (−0.91)

-

3

-

-

−0.947 (−2.54)

4

−0.061 (−2.60)

−0.250 (−0.49)

−0.855 (−2.25)

Notes: Entries are the coefficients (and t-statistics) based on Equation (6) for stock returns with lags of the variables
listed in the first row as predictors, both individually and jointly.

As highlighted in the above discussion regarding the correlations between stock
returns and the three monetary variables, there is the potential for breaks with the predictive
regression. We use the approach of Bai and Perron (1998, 2003a, 2003b), which sequentially
tests the regression coefficients for breaks. Table 4 reports the result for the annualised
data only, this is partly as more breaks are reported in the annual regression as well as for
conciseness.
Table 4. Predictive regression with breaks.
∆TB10
Date

1959:01–1981:11

1981:12–1999:09

1999:10–2008:09

2008:10–2020:06

Coef
(tstat)

−0.063 (−2.11)

−0.091 (−3.13)

0.077 (0.91)

−0.039 (−1.00)

Inflation
Date

1959:01–1972:10

1972:11–1981:10

1981:11–1999:10

1999:11–2009:05

2009:06–2020:06

Coef
(tstat)

−0.937 (−0.53)

2.836 (3.26)

0.523 (0.44)

−7.930 (−2.47)

0.942 (0.81)

M2 Growth
Date

1959:01–2008:09

2008:10–2020:06

Coef
(tstat)

−1.168 (−2.92)

1.834 (2.46)
Joint Regression

Date

1959:01–1974:07

1974:08–1986:10

1986:11–1999:10

1999:11–2008:09

2008:10–2020:06

∆TB10

−0.103 (−1.39)

−0.052 (−2.77)

−0.075 (−1.79)

0.087 (1.29)

−0.032 (−0.93)

Infl

−2.781 (−2.26)

−1.261 (−2.28)

−1.710 (−1.15)

−10.270 (−2.78)

−0.231 (−0.18)

M2

−1.240 (−1.26)

−4.257 (−5.93)

−0.444 (−0.46)

−7.563 (−5.14)

1.801 (2.49)

Notes: Entries are the coefficients (and t-statistics) based on Equation (6) for stock returns with lags of each variable estimated using the
Bai–Perron breakpoint approach. Regressions are conducted for each individual predictor variable as well as jointly.

Table 4 presents the breakpoint regression results for each individual regression. For
the change in TB10, we can see that it provides significant negative predictive power for
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stock returns from the start of the sample period until late 1999. After this point, the
predictive coefficient is statistically insignificant. With inflation, we see that predictability
varies throughout the sample, both in terms of the coefficient sign and statistical significance.
From the beginning of the sample until 1972, the coefficient on inflation is negative but
statistically insignificant. This switches to positive and significant between 1972–1981.
After this date, the coefficient is negative and significant between 1999–2009, which is
sandwiched between two periods of a positive and not significant coefficient. For M2
growth, the coefficient is negative and significant from the start of the sample and prior to
a break in 2008, whereafter it is positive and statistically significant.
In examining the results in Table 4, we can also consider whether there is any commonality in the break dates across the three monetary variables. For each of the change
in TB10, inflation and M2 growth, a break is identified in 2008/2009 and which would be
associated with the financial crisis. For the change in TB10 and inflation, common breaks
are identified in 1981 and 1999. The former date would be associated with the monetary
tightening as the Federal Reserve sought to establish control over inflation, while the latter
occurs just prior to the dotcom crash.
Table 4 also presents a joint regression with break, with broadly similar findings to
the above. Four break dates are identified: a break in the early 1970s, which is observed
only in the individual inflation equation, while the remaining breaks in the 1980s, 1999
and 2008 are consistent with the individual results.13 The coefficient on the change in
TB10 is predominately negative through the sample period but is only significant prior
to 2000. Inflation exhibits a negative predictive coefficient which is significant from the
start of the sample until the mid-1980s and again from the end of 1999 to 2008. For money
supply growth, the coefficient is negative from the beginning of the sample until 2008, and
significantly so between the mid-1970s to mid-1980s and from 1999 to 2008. However, after
the break in 2008, the coefficient becomes positively significant.
To further examine time-variation in the predictive regression, we consider a rolling
regression approach. Figure 3 presents the rolling coefficients based on estimating Equation (3) over a 5-year window. In addition to the rolling coefficients, we highlight periods
of statistical significance as indicated by the broken horizontal line. This line notes when
the rolling coefficient is statistically significant (a t-statistic greater than 1.96 in absolute
value), while gaps in the line indicate insignificance.14
For the rolling change in TB10 coefficient, we can observe that for the majority of the
sample, the coefficient is negative, with only temporary periods of being positive. However,
equally, the coefficient is mostly statistically insignificant, with the only prolonged period
of significance arising during the 1980s and into the early 1990s. Positive values of the
coefficient are typically associated with post-crisis periods, including the oil price shock of
the mid-1970s, the early 1990s recession, the dotcom crash and financial crisis. Of note, the
predictive coefficient becomes significantly negative at the end of the sample period.
The rolling predictive coefficients for inflation and money supply growth exhibit
a similar pattern. This differs from the correlation analysis, in which the correlations
involving TB10 and inflation are similar, while that involving money supply growth
appears to mirror. Here, the inflation and money supply growth predictive coefficients
follow a similar pattern, and the change in TB10 mirrors. Moreover, the coefficients for
inflation and money supply growth are predominantly statistically significant. For both
inflation and money supply growth coefficients, they are noticeably positive during the
second half of the 1970s and 1990s, the mid-2000s and prior to the financial crisis and from
the mid-2010s onwards. The coefficients are more noticeably negative during the early to
mid-1980s (especially for money supply growth), the early 2000s and after the financial
crisis.
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Figure 3. Rolling predictive coefficients and significance.

For all three coefficients, the predictive relation is more likely to be negative than
positive (the median value of each rolling coefficient is negative). Equally, after a crisis,
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For all three coefficients, the predictive relation is more likely to be negative than
positive (the median value of each rolling coefficient is negative). Equally, after a crisis,
the coefficients typically turn positive. However, there is a noticeable difference between
the coefficient for the change in TB10, on the one hand, and the coefficients for inflation
and money supply growth, on the other hand, after 2000. While the coefficient on TB10 is
positive after the dotcom crash and financial crisis, the opposite is true for inflation and
money supply growth. This suggests a change in the risk perception of these variables,
with higher inflation and money supply now associated with lower risk. Moreover, there
appears to be permanent shift in the inflation and money supply growth coefficients. While
the change on TB10 coefficient again becomes negative post-crisis, for inflation and money
supply growth, they switch to positive. This suggests that higher values of these variables
indicate improving economic conditions and subsequently higher cashflows.
5. Summary and Conclusions
This paper examines the changing relation between stock returns and the three monetary variables of the long-term Treasury bond interest rates (TB10), inflation and money
supply growth. Existing empirical evidence suggests a change in the stock return and bond
relation; we thus extend this to consider further variables. Moreover, we look to explain
the changing nature of the relations and, in particular, the role of risk.
We begin by examining the correlation between stock returns and the 10-Year Treasury
bond yield (TB10), inflation and M2 money supply growth. Using both monthly and annualised data over the period from 1959 to mid-2020, we estimate the correlation coefficient
over 5-year windows. Our results reveal that the correlation between stock returns and
TB10 and inflation are predominately negative from the start of the sample but become
increasingly positive following the dotcom crash and, especially, the financial crisis. The
correlation between stock returns and money supply growth follows the opposite pattern,
predominantly positive prior to 2000 and predominantly negative afterwards. Moreover,
shifts in correlations appear to take place around periods of economic crisis.
To consider this further, we undertook two exercises modelling the correlation against
variables that are identified in the literature as proxying for risk. A regression model for
the change in correlation identifies real interest rates as the main determinant, along with
output growth and the change in the dividend/price ratio. A probit regression using an
indicator variable for the sign of the correlation highlights output growth, inflation and
macroeconomic uncertainty as the main determinants, together with the change in the
dividend/price ratio to a lesser extent. Each of these explanatory variables are linked
to changing risk and support the view that correlations change in response to risk. For
example, the switch to a positive correlation between stock returns and TB10 and inflation
and the switch to a negative correlation between stock returns and money supply growth
occurs with a decrease in output growth and an increase in macroeconomic uncertainty.
Building upon this analysis, we also consider the ability of each variable to predict
stock returns and again consider the potential for time-variation. The results here also
support a change in the nature of the relations. Again, the predictive regression allows us to
consider how risk associated with these variables affects stock returns. Standard regression
analysis suggests a negative predictive relation arising from all three variables for stock
returns. The negative relations would indicate that a rise in each variable is associated with
a decrease in the risk premium over the subsequent month, while an alternative, cashflow
view would indicate that an increase in the predictor variables signals lower expected
future cashflow.
However, both breakpoint and rolling regressions suggest that the relations are more
involved. Notably, while a negative predictive relation does dominate through the sample
period, it is punctuated by a change in the sign and associated with crisis periods. Thus,
during these periods, an increase in these variables is associated with a higher risk premium.
Moreover, from the dotcom crash period, there is a change in the behaviour of the predictive
coefficient for TB10, on the one hand, and for both inflation and money supply growth,
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on the other. Notably, while a crisis continues to result in a positive coefficient for TB10,
it now drives the coefficient on inflation and money supply growth to be more negative.
This suggests a change in the perception of risk for risking inflation and money supply,
where higher values now signal a lower risk premium and lower stock returns. In a period
that is marked by historically low interest rates and inflation, arguably investors perceive
the greater risk to be falls in inflation and money supply rather than increases. Equally,
higher inflation and money supply growth signal improving future economic conditions
and higher cashflows.
The results here suggest that each of the three monetary variables exhibit a relation,
both contemporaneously and predictively, with stock returns. Of key importance, the
nature of that relation has changed, most notably from the financial crisis but also after
other crisis episodes. The results support the view that the effect of each variable on the risk
premium switches sign after a crisis. Moreover, while such a switch is typically temporary,
for both inflation and money supply growth, this effect remains after the financial crisis
and may indicate a more permanent shift. This shifting nature of the risk premium between
stocks and the variables included here is of importance to both academics involved in
modelling the relations between financial variables and market participants in building
investment strategies, and notably how changes in macroeconomic conditions affect their
stock investments. As interest rates begin to rise in the post-pandemic period, it will be
important for investors to consider a further switch in the nature of these relations.
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Notes
1

2

3

4

Greater evidence of a positive stock return and inflation relation is noted at longer horizons (e.g., Engsted and Tanggaard 2002;
Solnik and Solnik 1997).
Examples of previous research, which includes Homa and Jaffee (1971), Rogalski and Vinso (1977), Thorbecke (1997), Flannery
and Protopapadakis (2002) and Chen (2009), report evidence of both a positive and negative relation.
The interested reader is directed towards Campbell and Shiller (1988) for greater details on the approach. In short, the expression
is non-linear, and the Taylor approximation takes place around the dividend yield. The linearisation parameter is also defined
therein.
The lowercase p and d now define the log values of P and D.

5

As noted, for the stock return and bond yield correlation examined here, the signs would be reversed with a positive correlation
occurring in times of economic stress.

6

This includes evidence of a positive and negative relation as well as the potential for no relation. See, for example, Homa and
Jaffee (1971), Kraft and Kraft (1977) Rogalski and Vinso (1977), Sorensen (1982), Thorbecke (1997), Flannery and Protopapadakis
(2002) and Chen (2009).
We use industrial production and as a measure of growth consider both the first difference and the output gap from a Hodrick–
Prescott trend.
We include inflation in all correlation regression. We also consider unexpected inflation as the residual from an AR(1) model for
inflation.
We use the uncertainty measures of Jurado et al. (2015).

7
8
9
10

We use the national financial conditions index from the Chicago Federal Reserve.

11

High inflation will elicit a policy response (higher interest rates) that will lead to a subsequent economic downturn. However,
(very) low inflation (or deflation) equally poses an economic risk in which firms and households may delay activity.

12

This also leads into a bigger discussion around the behaviour of stock prices including momentum effects and the disparity
between price and value (e.g., Appel et al. 2012) and rationality (e.g., Schädler 2018).

13

The break in the 1980s occurs later than reported in the individual regressions. This may arise due to the nature of the tests where
(approximately) 10 years of observations are required between each break.

14

Strictly speaking, these results are based on marginal significance and the potential exists that global significance is overstated
(see, for example, Inoue and Rossi 2005). However, the illustrative nature of the results remains.
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