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1. INTRODUCTION

The weak form of the inflation irrelevance proposition posits that domestic
inflation does not impact in a statistically significant way stock returns. The
semi-strong form is a hypothesis that, not only domestic inflation, but foreign
inflation and foreign exchange rate changes also do not affect stock returns.
Thestrong version isthat inflation, foreign inflation and exchange rate changes
do not explain stock returns neither in the short run nor in the long run. In
other terms these three nominal variables do not affect a real variable like
stock prices. Stock prices are designated as a real variable because of the net
worth or Net Present Value (NPV) equation: nominal cash flows are
discounted by a nominal rate and real cash flows are discounted by a real
rate, and each is one side of the same coin, and should be equal. The present
paper tests the three forms of the inflation irrelevance proposition on the
market stock indexes of a sample of 22 countries, both developed and
developing. While the weak form and the semi-strong form are solidly
validated and supported empirically, the statistical evidence on the strong
version israther mixed and indeterminate. Overall, the proposition of inflation
irrdlevance fares well, and deserves to be accepted as a new norm or as an
established stylized fact to reckon with.

Key words: stock returns, inflation irrelevance, three forms of general
neutrality, Gordon constant dividend growth model, multiple regression
analysis, international evidence.
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Theréd ation between stock returns and inflation has received a renewed interest and attention
recently. See, for example, the comprehensive new book of Azar (2022a), and thereferences
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therein. Azar has pioneered the research on the topic since 2010 (Azar, 2010). Before that,
the empirical literature has mainly studied the bilateral relation, without resorting to a
theoretical background®. Azar starts his analysis from the Gordon constant dividend growth
model, and solves for the determinants of the stock price. Over the years the determinants
have changed, frominitially bivariateregressionsto multivariate ones. To thesedeterminants
theinflation variableis usually appended. Thenull hypothesisisthat theadditional variable,
which is not part of the fundamentals, does not influence stock returns. Changing the
sample period, the stock index, the econometric procedure, the country, the data management
procedure, and the number of fundamental determinants do not result in the rgection of the
null hypothesis. Moreover, applying the relation on individual stocks, like the Dow stocks,
instead of market indexes, produces no statistical significance (Azar, 2020). The evidence
is strongly in favor of inflation irrdlevance. Azar (2022b) studies Canada’s experience and
generalizes the irrelevance procedure to include the foreign (US) inflation rate, and finds
support to a stronger version of the proposition, which is that both domestic and foreign
inflation rates do not impact stock returns. The present paper tests for an even stronger lack
of association: domestic inflation, foreign inflation, and, additionally, foreign exchange
rate changes do not explain stock returns. Moreover, the paper tests whether the same three
variables fail to explain stock returns not only in the short run but also in the long run. A
model that incorporates short run and long run effects is devel oped, based on unconstrained
error-correction regression methods which are implied by cointegration. In general, the
irrelevance proposition stands solidly, although the support wanes a bit as one expands the
null hypothesis.

Theoretically theanalysisisin linewith monetarist and neoclassical principles. Nominal
variables, like inflation and foreign exchange rate changes, should not affect real variables,
like stock prices. Stock prices are the present value of future cash flows, and it does not
matter whether these cash flows are nominal or real, as long as they are discounted
appropriately by either a nominal or a real interest rate. It follows that stock prices are
essentially real and nominal variables at the same time.

The paper has the following organization. Section 2 presents the theoretical modd.
Section 3 provides for the empirical results. Theseare ventilated depending on the respective
explanatory variable. Section 4 gives additional results and a general discussion of findings.
The last section, section 5, summarizes.

2. THETHEORETICAL MODEL

The starting point is the well-known Gordon constant dividend growth mode of stock
prices, with S the stock price, E the EPS (Earnings per Share), k the cost of equity, g the
constant growth rate, x the payout ratio, and the subscript t the time period
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A+ g)xkxE,
S (1)

By taking a first-order Taylor series expansion of the natural log of Swith A the first-
difference operator one has

ologS ologS ologS
AlogS = At + Ak + AE
93 ok oF @
Which converts to, with A as an intercept
1 AE
AlogS =p— Ak +— 3
k-9 E @)

If E is decomposed into domestic E, and foreign earnings in domestic currency E,. If
E, = Ef x A?, where A is the foreign exchange rate against the US dollar, E is foreign
earnings in foreign currency, and ¢ is an dasticity parameter, then

Alog E, = Alog E + pAlogb
And the rdation becomes

1
AlogS§ =p— .

Ak +AlogE, +AlogE, +@Alog6 (4)

Notice that the coefficients on Alog E; and Alog E" are unitary.

The final modd generalizes the duration equation to foreign effects, with o and y as
parameters, and the subscripts are for the US

K=r+mn+ar +yn, = AK=Ar + Ap+ aAr +yAn (5)
Themodd that includes the domestic and foreigninflation rates then takes thefollowing
formwith p and A as parameters

1 1
(k-9) (k-9

a Y
+ k-9) Ar + k-9) Am, (6)

To equation (6), whichis theregression in first-differences, is added the first lag of the
cointegration residual CR _,. This variableis equal to the following

CRt—l = Iog S—l - BlIOgCPIt—l - leogCPI tj—sl - BSIOgEd,t—l - B4|Og E;,t—l - B5|0g et—l (7)
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Where CPI is the Consumer Price Index. Equation (6) becomes the constrained Error-
Correction Regression

1 1

Ar — An+AlogE, + AlogE, + @Alogh
(k-09) (k-09) ‘ f

AlogS=p+pr+Aim, —

a Y
+ Ar + Am, + coCR_
k—g) * (k-g) : (8)

The unconstrained Error-Correction Regression is

1

1
Ar — An+AlogE, + AlogE; + @Alogh
(k-09) (k-09) ‘ f

AlogS=p+pr+Aim, —

(k-9) M —(k —9) Tws + [log S_l - BllogCPIt_l — leogcp| us

- BSIOgEd,t—l - B4|Og E;,t—l - B5|0g et—l] (9)

3. THEEMPIRICAL RESULTS

All data are retrieved from the website of the US Federal Reserve Bank of Saint Louis
(FRED). The data ranges are: Belgium, France, Germany, Mexico, Sweden, and United
Kingdom (1986M 01 2021M05), Brazil (1996M 11 2021M05), Canada, Italy, Netherlands,
and Spain (1986M01 2021M04), Chile (1996M02 2021M05), Colombia (1991M02
2021M05), Greece (1997M07 2021M04), India (1994M05 2018M12), Indonesia
(1998M 02 2021M05), Japan (1989M 02 2021M 04), Korea (1986M 01 2021M 02), Portugal
(1988M02 2021M05), South Africa (1990M02 2021M04), Switzerland (1986M 01
2021M02), and USA (1986M01 2021M06). The countries include 14 developed and 8
developing.

+

3.1 The intercepts

The modd, equation (9), is estimated for all 22 countries, and the statistical results are
given in Table 1 for these 22 countries. The intercepts in Table 1, column 2, measure the
conditional mean return for each stock market index for the whole sample of 22 countries.
Thevalues, which are expressed in decimals, range between a minimum of —2.019 (Mexico)
and a maximum of +2.346 (Brazil). Three of them have p-values less than 5%, i.e. are
statistically significant, and they are for Italy, the Netherlands, and Switzerland. Granted
the presence of sampling error, it is safe to infer that the 22 population intercepts, or
conditional means, are al zero. Thisindicates that the average stock returns do not have a
constant portion and are entirely variable,
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Table 2: Actual p—values of hypothesistests. A p-value lower than 5% is a rejection of the null
hypothesis of inflation irrelevance.

Country Domestic Foreign  Beta of Shortand  All 3 Short  All shortand  All short and

inflation inflation foreign long domestic betas long slopes long slopes
beta beta exchange inflation p= 1= ¢ #1 #2
p=0 2=0 rate betas =0 pP=A= ¢ pP=A= ¢

changes p= ap, = Oand =0 and

=0 =0 o, = op, b= 5,
of;=0 =p,=0

Belgium 0.7579  0.8085  0.0866 0.7589 0.3387 0.7118 0.7171
Brazil 0.0858  0.1694  0.0097 0.2159 0.0195 0.0035 0.0055
Canada 0.3859  0.3904  0.8860 0.2255 0.2795 0.1275 0.0076
Chile 0.3799  0.2553  0.6330 0.6727 0.6542 0.4640 0.2882
Colombia 0.2018  0.9634  0.0735 0.4334 0.1622 0.0140 0.0011
France 0.3140 0.6439  0.1579 0.3138 0.2800 0.1355 0.0861
Germany 0.4146  0.3380  0.0316 0.5110 0.1109 0.1126 0.1560
Greece 0.7242  0.5050  0.2667 0.3259 0.6107 0.0955 0.1598
India 0.0259  0.7774  0.0428 0.0399 0.0388 0.1166 0.0998
Indonesia 0.6633  0.8815  0.4747 0.8182 0.8095 0.4095 0.0000
Italy 0.4192  0.6069  0.5535 0.1847 0.7792 0.2282 0.0033
Japan 0.1102 05413  0.2512 0.2776 0.2836 0.6861 0.6839
Korea 0.1424  0.3778  0.3778 0.0103 0.4269 0.0037 0.0000
Mexico 0.0009 09262  0.6336 0.2718 0.0056 0.0044 0.0000
Netherlands 0.9944  0.1637  0.0051 0.4872 0.1630 0.0083 0.0336
Portugal 0.1663  0.6894  0.7415 0.2973 0.5447 0.7068 0.8016
South Africa 0.3605  0.8234  0.7743 0.4509 0.8118 0.3413 0.0000
Spain 0.1423  0.1468  0.0830 0.3112 0.0587 0.1982 0.2129
Sweden 0.1661  0.7071  0.3009 0.2486 0.4052 0.2306 0.1157
Switzerland 0.1705  0.0000  0.5249 0.3905 0.0000 0.0000 0.0001
UK 0.9080 05993  0.1559 0.0229 0.4429 0.1503 0.0644
USA 0.7247 0.6232 0.3555 0.8486 0.5460 0.9733

Statistical 2/22 121 4/22 3/22 4/22 6/22 10/22

significance
(p-value < 0.05)

3.2 Domestic inflation

The short run estimated coefficients on domestic inflation are reproduced in column 3 of
Table 1. Two of them are statistically significant, with p-values less than 5%, and they are
for India and Mexico. Remarkably the coefficient signs differ. India has a negative, and
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Mexico a positive coefficient. More details are exhibited in Table 2, column 2. Granted the
presence of sampling error, it is safeto infer that the 22 population domestic inflation betas
all zero. Thisindicates astrong support for theweak formversion of theinflationirrelevance
proposition.

3.3 Foreign (US) Inflation

The short run estimated coefficients on foreign (US) inflation are reproduced in column 4
of Table 1. Only one of them is statistically significant, with a p-value less than 5%, and it
isfor Switzerland. More details are exhibited in Table 2, column 3. Granted the presence of
sampling error, it is safe to infer that the 22 population foreign inflation betas are all zero.
This indicates a strong support for the weak form version of the inflation irrelevance
proposition.

3.4 Foreign Exchange Rate

The short run estimated coefficients on changes in the foreign (US) exchange rate are
reproduced in column 5 of Table 1. Four of them are statistically significant, with p-values
less than 5%, and they are for Brazil, Germany, India and the Netherlands. Remarkably the
coefficient signs differ. Two have positive and two have negative signs. More details are
exhibited in Table 2, column 4. Granted the presence of sampling error, it is safe to infer
that the 22 population foreign exchange betas are all zero. This indicates a strong support
for the weak form version of the inflation irrelevance proposition.

3.5 Foreign Output

The short run estimated coefficients on foreign (US) output are reproduced in column 6 of
Table 1. None is statistically significant at the same conventional marginal significance
level of 5%. The result is that foreign output does not explain stock returns. But, more
specifically, US output does not explain counterparty stock returns. It may be arguable that
other foreign outputs may explain stock returns depending on the particular major foreign
trading partners of each country.

3.6 Domestic Output

The short run estimated coefficients on domestic output are reproduced in column 7 of
Table 1. Out of 22, six are dtatistically significant at the same conventional marginal
significancelevd of 5%. The result is that domestic output may explain stock returns. This
depends on whether the coefficients, that should measure profitability ratios, and specifically
the profit margins on domestic sales, have the expected desirable and reasonable values.
These are 37.5% (France), 35.8% (Germany), 36.5% (Italy), and 28.8% (Japan), figures
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that are too high to be acceptable. The coefficients on the Korea and South Africa outputs
areaberrant. Thefirstistoo high at 11.703, and the second is negative. Remarkably, domestic
US output does not impact in a significant way and contemporaneously US stock returns,
despite all expectations that US stock markets are leading indicators of business activity.
Moreover, and since the variable can represent unanticipated output developments, because
log output is a random walk, US stock markets do not react to output unexpected news.
This is for the least surprising. And the lack of association for the remaining countries is
also surprising.

3.7 Changesin Real Foreign Interest Rates

The estimated coefficients on the change in the real foreign (US) interest rate are reproduced
in column 8 of Table 1, and their units is in years. These coefficients measure duration
effects. They are all negative except for two countries Brazil and Switzerland. Out of the
20 others, 4 are statistically insignificant. They have low estimates, in absolute terms, for
the duration effect, ranging from 1.909 (Italy) to 27.174 (Mexico). The remaining 16 have
more plausible duration effects, ranging in absolute terms from 32.318 (Korea) to 97.464
(Netherlands). Therefore, the changes in US real interest rates are found in general to
explain stock returns.

3.8 Changesin the Foreign (US) Inflation Rate

The estimated coefficients on the change in the foreign (US) inflation rate are reproduced
incolumn 9 of Table 1, and their unitsisin years. These coefficients measure also duration
effects, and should have values of the same magnitude as in the previous subsection. They
are all negative except for three countries Brazil (again), Italy, and Switzerland (again).
Out of the 19 others, 5 are statistically insignificant. They have low estimates, in absolute
terms, for the duration effect, ranging from 1.978 (US) to 43.482 (Greece). The remaining
14 have more plausible duration effects, ranging in absolute terms from 34.923 (Chile) to
94.930 (Netherlands, again). The respective duration effects for changes in real foreign
interest rates and foreign inflation rates move closely in tandem, and they seem to denote a
general presence of significant duration effects.

3.9 Changesin Real Domestic Interest Rates

The estimated coefficients on the changesin the real domestic interest rate are reproduced
in column 10 of Table 1, and their units is in years. These coefficients measure also
duration effects. A count of 14 are negative, and 7 of them are statistically insignificant,
and a count of 7 are positive, and 6 out of them are statistically insignificant. Granted the
presence of sampling error there is still weak evidence for a duration effect from this
variable.
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3.10 Changes in Real Domestic Inflation Rates

The estimated coefficients on the change in the real domestic inflation rates are reproduced
incolumn 11 of Table 1, and their unitsisin years. These coefficients measure also duration
effects. A count of 7 are statistically insignificant, and take both positive and negative
values. And a count of 14 are statistically significant, 6 of them are positive, and 8 out of
them are negative. Granted the presence of sampling error thereis still weak evidence for
a duration effect.

3.11 The Lag of the Cointegration Residual

Theestimated coefficients ontheerror-correction variable, or thefirst lag of the cointegration
residual, appear in column 12 of Table 1. They are expected to be negative. Only one
country regression violates this principle (Switzerland). Theminimum is0.004 (US), which
is statistically non-significant, and the maximum is 0.124. An additional 4 regressions
have statistically non-significant coefficients. Theinverse of this coefficient is the speed of
adjustment to the long run. The maximum speed is around 8 months (=1/0.124), which is
less than a year, and is very fast. The average of the 17 statistically significant coefficients
is 0.059, which translates to an average speed of 17 months (=1/0.059), or 1.4 years, which
is quite fast.

3.12 The Domestic Price L evel

The estimated coefficients on the first lag of the log of the domestic price level, which
represent the long run effect of the domestic price levels, are listed in column 13 of
Table 1. Eleven coefficients are negative, one out of them is statistically significant
(Korea), and ten coefficients are positive, two of them are statistically significant
(Mexico and UK). Granted the presence of sampling error, it can safely be inferred
that the domestic price level does not explain stock returns. Therefore there is no long
run relation between the domestic price level and stocks. Thisis in support of long run
inflation irrelevance.

3.13 The Foreign Price L evel

The estimated coefficients on the first lag of the log of the foreign price level, which
represent the long run effects of the foreign priceleves, arelisted in column 14 of Table 1.
Five coefficients are negative, none is statistically significant, and 17 coefficients are
positive, two of them are statistically significant (Korea, again, and Sweden). Granted the
presence of sampling error, it can safdy be inferred that the foreign price level does not
explain stock returns. Therefore there is no long run relation between the foreign price
level and stocks. Thisis in support of long run inflation irrelevance.
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3.14 The Foreign Exchange Rate

The estimated coefficients on thefirst lag of the log of the foreign exchange rate of the US
dollar, which represent the long run effect of the US foreign exchange rate, are listed in
column 15 of Table 1. Fifteen coefficients are negative, two are statistically significant
(Colombia and Greece), and 7 coefficients are positive, one of themis statistically significant
(Italy). Granted the presence of sampling error, it can safely beinferred that the levd of the
US foreign exchange rate does not explain stock returns. Therefore there is no long run
relation between the level of the US foreign exchange rate and stocks. Thisisin support of
long run inflation irrelevance.

3.15 Foreign Output

The estimated coefficients on thefirst lag of the log of foreign (US) output, which represent
the long run effect of foreign (US) output, are listed in column 16 of Table 1. Seven
coefficients are negative, noneis statistically significant, and 15 are positive, out of which
3 are dtatistically significant (France, Italy, and Spain). Granted the presence of sampling
eror, it can safey be inferred that foreign (US) output does not explain stock returns.
Therefore there is no long run relation between foreign (US) output and stocks.

3.16 Domestic Output

The estimated coefficients on the first lag of the log of domestic output, which represent
thelong run effects of domestic output, arelistedin column 17 of Table 1. Twdve coefficients
are negative, two of them are statistically significant (Brazil, and Netherlands), and 9 are
positive, out of which 2 are statistically significant (Spain and Switzerland). Granted the
presence of sampling error, it can safely be inferred that domestic output does not explain
stock returns. Therefore there is no long run reation between domestic output and stocks.

3.17 Coefficient on AR(1)

The estimated coefficients on the autoregressive error term AR(1) are listed in column 18
of Table1. Only Switzerland lacks an autoregressive variable. The coefficients range between
0.171 (Canada) and 0.452 (Mexico). The highest p-valueis0.005, whichis highly significant
statistically. The presence of this variable may denote weak form financial inefficiency,
but this is not certain depending on factors like risk adjustment and transaction and other
liquidity costs.

4. DISCUSSION

Table 2 summarizes the empirical results, and provides for additional results. The discussion
will dwell upon the number of significant relations, which equals the number of reections of
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the null hypothesis. Recall that the null hypothesis is that of inflation irrelevance. This
hypothesis transcends domestic inflation per se and includes other neutrality aspects like
neutrality of foregn inflation and foregn exchange rates. The rejection rates are negligible.
Neutrality of domestic inflation is rgected in two counts out of 22 (column 2). Neutrality of
foreigninflationisregectedin onecount out of 21 (excluding the US). Seecolumn 3. Neutrality
of the foreign exchange rate is rgected in 4 counts out of 22 (column 4). Neutrality of the
three variables, domestic and foreign inflation and the foreign exchange rate is rejected in 4
counts out of 22 (column 6). Neutrality of both short term and long term domestic inflation
rates is rgected in 3 counts out of 21 (column 5). These outcomes are strong evidence of
weak, semi-strong and strong form versions of the inflation irrelevance proposition. The
regection rates for the two joint hypothesisthat all short run and long run impacts of thethree
nominal variables, domestic and foreign inflation rates and foreign exchange rate, fare less
wdl by scoring 6 and 10 out of 22 respectivdy (Table 2, last two columns). However, these
last two joint hypotheses have a sizable leve of sampling error, since they test 6 variables at
the same time, and are subject to complex coefficient interrelationships.

5. CONCLUSION

The purpose of the present paper is to test for inflation irrelevance. Strictly speaking,
irrelevance meansthat inflation has no effect upon stock returns. Less strictly, it means that
the three nominal variables, domestic and foreign inflation rates and foreign exchange
rates do not impact stock returns. The hypothesis can be generalized to cover both the short
run and the long run. All in all, the evidence is in total agreement with the null hypothesis
of no association and widespread neutrality. Theoretically this result is in line with the
monetarist doctrine and the rational expectations movement which state that nominal
variables do not affect real variables, and the only effect is from unanticipated news.
Moreover, if one assumes that the levd variables are random walks, nominal news, i.e. the
change or first-difference of the level variables, are also neutral. While this runs against
rational expectations per se, the econometric results are nevertheless still solid. The issue
is that the market participants are found to be highly sophisticated and can disentangle
developments in the real sector from those in the nominal sector. Money illusion is not an
underlying feature, and is utterly rejected. Imperfect financial markets, like in the presence
of distortionary taxes, are inconsequential and trivial. The three forms of inflation
irrdlevance, i.e. the weak, semi-strong, and even strong forms, powerfully apply. The same
working hypothesis can be also useful to the study of other financial instruments, like bond
prices. Thisis an avenue for future research.

Note

1. SeeBodie (1976), Nelson (1976), and Jaffe and Mandelker (1976), followed closely by Famaand Schwert
(1977). This initiated a plethora of research, and a huge attempt to explain this negative relation
theoretically. Other early empirical studies are Gultekin (1983) and Solnik (1983).
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