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The Relationship between Interest Rates and
Inflation: Examining the Fisher Effect in China

Abstract This study revisits the Fisher effect using a different empirical method
that considers a potential nonlinear relationship between interest rates (treasury
bond rates) and inflation in China. The rising uncertainty and asymmetric
information in financial markets between bond holders and bond issuers suggest
such a potential nonlinear relationship. To this aim, we apply Shin et al.’s (2014)
nonlinear autoregressive distributed lag (NARDL) model with asymmetric
dynamic multipliers for the sample period 2002M7-2018M4. The empirical
findings reveal symmetric and asymmetric partial Fisher effects for all sample
bond rates in China. Furthermore, we find that 20-year bond rates experience the
lowest partial Fisher effect.

Keywords Fisher effect, nonlinear autoregressive distributed lag (NARDL)
model, asymmetric dynamic multipliers, China, treasury bonds, inflation, interest
rates
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1 Introduction

Fisher (1930) postulated that a change in expected inflation causes a one-to-one
change in nominal interest rates without changing the real interest rate in the long
run. He empirically tested this hypothesis and found strong correlations between
nominal interest rates and inflation in the long run for the US and the UK. His
findings played an important role in monetary theory and the related literature of

that time. Today, this causal relationship from the change in inflation to the
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change in interest rates continues to attract much scholarly attention. The
empirical results of such studies help governments, lenders, and borrowers factor
this dynamic structural relationship into their investment decision-making
processes.

2 Literature Review

Many scholars have tested the Fisher effect in many countries using various
methods. Nevertheless, their results are ambiguous in terms of the validity of this
effect. Nevertheless, the “Group of Seven” (G7) countries consisting of Canada,
France, Germany, Italy, Japan, the UK, and the US, are the most popular sample
countries as they all have developed financial sectors and a variety of financial
instruments at different levels of maturity. They have a wide range of data
available for analysis. For instance, Atkins and Serletis (2003) applied the
autoregressive distributed lag (ARDL) model and found no evidence of the
Fisher effect for Canada and the US. Ghazali and Ramlee (2003) adopted the
autoregressive fractionally integrated moving average (ARFIMA) model and
found no evidence supporting the Fisher effect for G7 countries, while Koustas
and Lamarche (2010) applied a unit root test and reported the same result.
Caporale and Gil-Alana (2017) also found no evidence for the G7 countries using
the classical 1(0)/I(1) dichotomy technique. Clemente et al. (2017) applied the
Bai—Perron procedure and report no evidence of the Fisher effect for these
countries. However, Berument et al. (2007) did find evidence of the Fisher effect
using the GARCH specification for the G7 countries. Giiris and Yasgul (2015)
adopted the autoregressive distributed lag (ADL) test for threshold cointegration
and found evidence supporting the Fisher effect only for Canada, Germany, Italy,
and Japan. Ozcan and Ari (2016) applied a panel ARDL and found the Fisher
effect for all G7 countries. Similarly, Lardic and Mignon (2003) adopted
semi-parametric I(d) techniques based on log-periodogram regressions and found
support for the Fisher effect for these countries. Atkins and Sun (2003) applied
wavelets and reported evidence supporting the Fisher effect for the US and
Canada.

By contrast, relatively few studies have tested the Fisher effect for China,
although the country’s treasury bond market reached $8.7 trillion (the third
largest in the world) in 2018 (ABO, 2018). For instance, Peng (2007) tested
cointegration and finds evidence of the Fisher effect for China in the long run.
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Similarly, Altundz (2018) adopted the ARDL bounds testing approach and found
support for the Fisher effect for China. However, Chen (2015) applied the
Granger causality test and reported no evidence of the Fisher effect. Similarly,
Wang and Chen (2008) applied a nonparametric method and found weak
evidence of the Fisher effect for China.

3 Empirical Methodology and Data Set

We test the Fisher effect for China using the Fisher equation below. This
equation states that the nominal interest rate (7, ) is the sum of the real interest

rate and expected inflation (z; ). The real interest rate is constant over time (7).
i, =147 +é,. @)

Assuming rational expectations, we can rewrite the Fisher equation in the
following logarithmic regression form as the expected inflation will be equal to
the actual inflation ( 7z} = 7, ), where &, is the error term.

i, =a+pr, +¢,. 2)

In equation (2), « is the estimate of the constant real interest rate (7, ). f=1
implies a full Fisher effect in the long run. Fisher (1930) defined this one-fo-one
(1-to-1) relationship between the nominal interest rate and inflation. g =1
implies a partial Fisher effect. In this equation, a rise in inflation leads to an
increase in nominal interest rates and a reduction leads to a decrease. In other
words, this equation assumes a linear (symmetric) relationship. However, the
relationship may be nonlinear (asymmetric); that is, an increase (decrease) in
inflation may lead to a decrease (increase) in nominal interest rates. Moreover,
rising uncertainty and the asymmetric information problem in financial markets
can easily cause a nonlinear (asymmetric) relationship. Therefore, we test the
Fisher effect for China from this methodological perspective with the assumption
of nonlinearity. To this aim, we apply Shin et al.’s (2014) NARDL model with
asymmetric dynamic multipliers for China between 2002M7-2018M4. We define
symmetry and asymmetry technically in the paragraphs below.

This model decomposes the original series of changes in inflation (7,) in
equation (2) into two separate series as increases ( 7z, ) and decreases (7, ). Thus,
we can study the effects of increases and decreases in inflation on the nominal
interest rates separately. We form this decomposition process in terms of the

following concept of the partial sum process:
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;z':' = ZZ:AIZ';— = Zt:maX(Aﬂj,O), (3)
Jj=1 Jj=1

T, = Zt:Aﬂ; = Zt:min(Aﬂj,O), “4)
j=I j=1

where 72';-— and 7z, represent the partial sum process of increases and decreases
in inflation ( 7, ), respectively.

We next transform the model in equation (2) to the following linear ARDL
model as we derive the nonlinear model from Pesaran et al.’s (2001) linear model
under nonlinearity (asymmetry):

p q
Ai, =ay + Zalei,_j + Zaszﬁ,_j + i o, +&, (%)
j= =0

where a,; and «, are the short- and long-run effects of the changes in

inflation on the nominal interest rates. Significantly positive coefficients on both
will indicate the existence of the Fisher effect in both the short and long terms.

Following Shin et al. (2014), we transform the model in equation (5) to the
NARDL model by adding two decomposed variables ( z,” 7, ).

p-l q-1 n-l1
P . + — .
Ai, = o + Zalez,,j + Zaszzz,,j + ZayAﬂ,,j + oyl
j=1 j=0 j=0 (6)

+ —
+a572't_1 + Q7T +8t.

In equation (6), a,;and «;; represent the short-run effects of increases (=)
and decreases (7, ) in inflation on the nominal interest rates. Similarly, «; and
a, represent the long-run effects of z,;” and 7z, on the nominal interest rates.
Significantly positive values for a; and «, will imply the existence of a full
(if a5 =a¢ =1) or partial (if &5 and ¢ #1) Fisher effect in the long run. We
can draw the same conclusion for the coefficients of a,; and «;; for the
short-term Fisher effect.

Our model will also reveal whether 7z, and #z, have symmetric or
asymmetric effects on the nominal interest rates. The same size and sign of the
coefficients indicate symmetry. For instance, if «; and ¢, are significantly
positive and have the same size and sign, then the result implies Fisher effects
and symmetric effects of z,"and 7, on the nominal interest rates in the long
run. Different signs or the same sign, but with different size coefficients indicate

asymmetry. If a; and ¢ are significantly positive and with different signs, or
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have the same sign but at different sizes, then this result will imply asymmetric
Fisher effects in the long run. However, we must apply the Wald test to
determine symmetry or asymmetry. The Appendix describes the data source for
our study.

4 Empirical Results

Before processing the nonlinear model, we first apply the Augmented Dickey
Fuller (ADF) (Dickey and Fuller, 1981) and Phillips and Perron (PP) (1988) unit
root tests to determine the stationary level of the series. This test aims to improve
the power of unit root tests. Table 1 reports the results of the ADF and PP tests.

Table 1 ADF and PP Unit Root Test Results

Variable P value
ADF PP
Level First difference Level First difference
T 0.24 0.00* 0.11 0.00*
z* 0.41 0.00* 0.42 0.00*
T 0.16 0.00* 0.15 0.00*
i 0.43 0.00* 0.49 0.00*
I 0.59 0.00* 0.54 0.00*
I 0.62 0.00* 0.57 0.00*
Iy 0.59 0.00* 0.60 0.00*
I 0.62 0.00° 0.67 0.00*

Note: * denotes statistical significance at the 1% level. i : 1-year treasury bond rate;
i, : 3-year treasury bond rate; i;: 5-year treasury bond rate; i,: 10-year treasury

bond rate; is: 20-year treasury bond rate.

The results in Table 1 indicate that the series are stationary in the first
differences. Hence, we test the null hypothesis of no cointegration using #z,,,
following Banerjee, Dolado, and Mestre (1998) and apply the Fpg test of
Pesaran, Shin, and Smith (2001). These two statistics in Table 2 confirm the
existence of long-run relationships between inflation and all nominal interest
rates (bond rates) as their coefficients are greater than the upper bond critical
values (Pesaran et al., 2001, p. 303). Table 2 presents the results of the NARDL
model with asymmetric dynamic multipliers and diagnostic tests.
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Table 2 Estimation of the Bond Rate—Inflation Relationship

Variable I by I Iy is
Coef. Prb. Coef. Prb. Coef. Prb. Coef. Prb. Coef. Prb.
i -0.52" 0.00 -0.59* 0.00 -0.42* 0.00 -0.50* 0.00 -0.71* 0.00
AR 0.22* 0.00 0.18% 0.00 0.16* 0.00 0.12* 0.00 0.09*° 0.00
T 0.20* 0.00 0.15* 0.00 0.15* 0.00 0.13* 0.00 0.08" 0.00
Ai, , 0.47*  0.00 - - 0.47* 0.00 0.52* 0.00 0.42* 0.00
JAVAS -0.70° 0.00 0.55* 0.00 0.48" 0.00 039" 0.02 034° 0.03
A, - - - - 0.42°  0.00 0.44* 0.01 040 0.00
Constant 1.43* 000 1.60* 0.00 2.51* 0.00 3.23* 0.00 3.40° 0.00
L},+ 0.42* 0.00 0.31* 000 038" 0.00 024" 0.00 0.14* 0.00
Ly— 0.38" 0.00 0.26* 0.00 0.35* 0.00 026" 0.00 0.12* 0.00
Diagnostic Tests
R? 0.69 - 0.34 - 0.47 - 0.46 - 0.44 -
Adj. R? 0.67 - 0.33 - 0.45 - 0.44 - 0.42 -
Dw 1.34 - 1.36 - 1.31 - 1.25 - 1.29 -
o 0.00 1.00 10448 0.00 136.79 0.00 143.21 0.00 140.58 0.00
1 086 035 029 059 062 043 328 0.07 495 0.02
Tror 66.70 000 246 029 1390 0.00 11.07 0.00 325 0.19
Tier 55.19 0.00 50.14 0.00 508 053 641 037 2313 0.00
tepm -4.52 - -3.62 - -3.78 - —4.51 - —4.99 -
Fpgg 682 0.00 443 000 503 000 741 0.00 848 0.00
Wir 562 00l 605 000 0003 095 1.17 028 078 037

Note: Ly+ and LV, denote the long-run coefficients associated with increases (7, ) and

decreases ( 7, ) in inflation, respectively. We obtain the normalized long-run coefficients with

LV+ =-as/a, and LV_ =—a, / e, . " denotes statistical significance at the 1% level. Zéc is

the Breusch-Godfrey LM test for autocorrelation, y7y is the Jarque-Bera test for normality,

2% is the Ramsey test for functional form misspecification, and 2., tests for white
heteroscedasticity. t,,, is the BDM t-statistic, while Fpg, denotes the PSS F-statistic to
test the null hypothesis a; =a, =0. BDM is the Banerjee, Dolado, and Mestre (1998)

cointegration test, and its 5% critical value is —3.27 for k=2. PSS is the Pesaran, Shin, and
Smith (2001) bounds test, and its 5% upper critical value is 3.87 for k = 2. W, is the Wald

test of the long-run relationship. The symbols in parentheses, representing interest rates in
China at different maturities, are as follows: i : 1-year treasury bond rate; i, : 3-year treasury

bond rate; i; : 5-year treasury bond rate; i, : 10-year treasury bond rate; i : 20-year treasury
bond rate.
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The test results of the nonlinear model in Table 2 support only partial Fisher
effects for all sampled bond rates as the coefficients of Ly+ and Ly, are

significantly positive, but less than 1. Thus, rises in inflation lead to increases in
all bond rates, while reductions lead to decreases, but these increases and
decreases in bond rates are less than the increases and decreases in inflation. On
the other hand, at first glance, it seems that increases (Ly+) and decreases

(L-) in inflation have symmetric effects on all bond rates as their coefficients

have the same sign (+) and size (very close). We formally verify this result by
applying the Wald test. The results of the long-run Wald test (WLR) in Table 2
reveal that the symmetric relationships between bond rates and inflation are valid
only for the 5-, 10-, and 20-year bond rates, and not for the 1-year treasury or
3-year bond rates. Therefore, 1-year treasury or 3-year bond rates respond to the
increases and decreases in inflation asymmetrically as the coefficients of these

two rates have the same sign, but different sizes.
On the other hand, we find that all bond rates respond to the increases in

inflation (Ly+) more than they do to decreases (Ly,), except the 10-year

bond rate. Furthermore, while we find the highest response or highest partial
Fisher effect for 1-year treasury bond rates (0.42, 0.38), the lowest partial Fisher
effect applies to the 20-year bond rates (0.14, 0.12).

5 Conclusion

China’s treasury bond market is the third largest in the world and increasingly
attracts many Chinese and foreign investors. Therefore, this study aims to
determine the structural relationship between inflation and treasury bond rates in
China in terms of the Fisher effect. To the best of our knowledge, few empirical
studies in this context exist for China. Therefore, this study first aims to fill up
this gap in the related literature. Second, we approach the Fisher effect from a
different methodological perspective by applying the NARDL model with
asymmetric dynamic multipliers to test the Fisher effect. This model decomposes
the changes in inflation as increases and decreases as two separate changes.
Therefore, we can study the effects of the changes in inflation on bond rates
separately. In other words, we can see how bond rates respond to the increases
and decreases in inflation separately.

Another advantage of applying this model is that it reveals whether increases
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and decreases in inflation have symmetric or asymmetric effects on the bond
rates. Techniques such as the NARDL model may provide an advantage to
scholars in empirically examining the Fisher effect under the assumption of
asymmetry (nonlinearity). Today’s complex financial markets produce increasing
uncertainty and the asymmetric information problem between lenders, borrowers,
and governments more than before.

All of our empirical results support only partial Fisher effects in the long run
for all treasury bonds rates in China. Thus, bond rates respond to the increases
and decreases in inflation less than the changes in inflation. This result does not
affirm Fisher’s (1930) postulation of a one-to-one relationship. We detect
asymmetries or asymmetric relationships between bond rates and inflation for
only the 1-year treasury and 3-year bond rates. Furthermore, in general, increases
in inflation affect bond rates more than decreases in inflation do. Another
empirical finding is that the 1-year treasury bond rate responds to the changes in
inflation the most. However, the 20-year bond rate responds to the same changes
in inflation the least. In general, the effects of the changes in inflation on the
bond rates decline for longer-term bonds. The empirical results of this study may
help not only China’s government, lenders, and borrowers, but also foreign
investors understand how bond rates respond to increases and decreases in
inflation in China separately. The results also reveal the need for more empirical
studies testing the Fisher effect using different methodologies in the Chinese
context, as it hosts the world’s third largest bond market.
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Appendix

We base the inflation rate on the consumer price index (CPI) on a monthly basis
(compared to the month before). We obtained the CPI data from the National
Bureau Statistics of China (NBS, 2018) and IMF Data Planet (IMF, 2018), and
the data on monthly bond rates from the Investing.com database. This website
modifies (converts) the data frequency from daily to weekly or monthly
automatically.
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