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Testing Fisher Hypothesis from ]apanese Interest
Rate Swap Market
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SUMMARY

This paper investigates the validity of the Fish 巴r hypoth 巴sis from the Japanese interest rate

swap market by using non-stationary time series models. The data used for the analysis ar巴

confirmed to be 1(1) by unit root t巴sts. From the tests of coint 巴gration and cointegration vector ，

1 can conclude that the Fisher hypothesis doesn' t hold in the long t巴rm int巴rest rates of 2 years ，

3 years ，4 years ，5 years ，7 years and 10 years from October 1987 through June 2006. This

result isn' t surprising since the sample period includes deflationary period when inflation rates

W巴re negative and the nominal interest rates d巴creased to historical low lev巴1.
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1. Introduction
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Fisher ( 1930) maintains that the 巴xp巴C飽 d rate of inflation is reflected in the nominal interest

rates and the real interest rates are constant. This relationship between the expected rate of

inflation and the nominal interest rates is call 巴d Fisher hypothesis. This paper tests the validity

of the Fisher hypothesis by using the Japanese interest rat巴 swap market. The market for interest

rate swaps has grown exponential1y in the 1990's. According to a survey by BIS (Bank for

Intemational S巴ttlemer山)，th巴 notional outstanding volum 巴 of transactions of interest rate swaps

amounted to 229，780 billions of US dol1ars at the end of December 2006.1

The data used in this paper is likely to contain a non-stationary process cal1ed unit root.

Howev 巴r wh 巴n th巴 non-stationary variables are included ，ordinary hypothesis test tends to draw

mistaken results since the coefficient of d巴t巴rmination and t-statistics dont fol1ow a simple

distribution. Granger and Newbold (1974) cal1 this problem ‘Spurio回 R巴gression' . Phillips (1986)

indicates two points as to the analysis of non-stationary data ー (1) the coefficient of

determination t巴nd not to measure a relationship among variables ，(2) estimat 巴d equation with

low Durbin- Watson ratio can possibly have a probl 巴m of spurious regression. Non-stationary

tim 巴 series model is us巴d to cop 巴 with a problem of unit root.

Th巴re are no unified conclusions as to the analysis of Fisher hypothesis 2. The conclusions are

different depending on countries ，periods ，and interest rates. As for the previous studies

analyzi 時 Fisher hypothesis ，Atkins (1989) ，Atkins and Chan (2004) ，Berument (1999) ，Berument

and Jelassi (2002) ，Berument 巴t al (2007) ，Bon凶山1吐t

Ma討allick (ω20∞04ω)，Inder and Silvapul1e (1993) ，MacDonald and Murphy (1989) ，Mishkin (1992) ，

Moosa and Kwi 巴cien (2002) ，Payne and Ewing (1997) ，Yu (1997) ，Wallace and Wam 巴r (1993) ，

Woodward (1992) ，Wo時 and Wu (2003) ，Kamae (1999) and Ito (2003) are cited.

At此k王q叩ms

rates in USA and Australia from 1953 through 1971. He f白Ïnds t白ha祇t the F日IS油h巴町r hypot白hesis holds

in US and Australia. He also conducts Granger causality test to find that CPI influ 巴nce nominal

interest rates. Atkins and Chan (2004) find suppo 口 for th巴 hypothesis that the nominal interest

rate and inflation in Canada are stationary around a deterministic tr ，巴nd with two breaks. The

r巴sults indicate that there are three regimes in th巴 interest ratè inflation relation. B巴rument (1999)

assesses th巴巴 ffi巴ct of exp 巴cted inflation and inflation risk on interest rates within the Fisher

1 Statistics are cited from Semiannual OTC derivatives statistics at end-December 2006. At the end of
December 2006，the notional outstanding volume of transactions of yen interest rate derivatives was 37，954
billions of US do\lars. For details，see BIS (2007).
2 Cooray (2003) provides the survey for the Fisher hypothesis.
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hypothesis framework. With the UK quarterly data from 1958:4 to 1994:4，he concludes that

both the expected inflation and the conditional variability of inflation positively a仔巴ct the UK

three-month treasury bill rate.

Berument et al (2007) tests the val凶ty of the Fisher hypothesis for the G7 countries and

45 developing economies. The Fisher relation holds in all G7 countries，but in only 23

developing countries. There is a positive and statistically significant relationship between interest

rates ，and inflation uncertainty for six of the G7 and 18 of the developing countries and this

relationship is negative for seven developing countries. As for Japan they conclud巴 that the

Fisher hypothesis holds for the period of 1957 through 2004. Du巴 to the availability of data in

Japan，th巴y use lending rate instead of treasury bill rate.

Berument and Jelassi (2002)find supporting 巴vidence for the Fisher hypothesis in 16 out of 26

countries. It is also likely that the Fisher hypothesis holds mor巴 for th巴 dev巴loped countries than

the developing ones in the sample. The Fisher hypothesis could not be rej巴cted for 9 out of 12

developed countries and for 7 out of 14 developing countries. Bonham (1991) utilizes E時le

and Granger cointegration test by using 3 month treasury bills and CPI in US from 1955

through 1986. He concludes that the Fisher hypoth巴sis holds.

Carneiro et al (2002) analyzes monthly data for the period 1980-1997 for three countries that

have a recent history of chronic high inflation: Argentina，Brazil and Mexico. A cointegration

analysis provides evidence of a stable long-run equilibrium relationship between nominal interest

rates and the inflation rat巴 for the cases of Argentina and Brazil only. Granville and Mallick

(2004) use annual data over a long time horizon from 1900 to 2000 for the UK. Thy conclude

that the cointegrating relationship betwe巴n the two variables suggests a significant long-run

equilibrium with a positive co巴fficient of more than one during the stated period.

Inder and Silvapulle (1993) use Engl巴 and Granger cointegration test b巴tween bankers

acceptance rates and CPI in Australia. They conclude that the Fisher hypothesis doesnt hold.

MacDonald and Murphy (1989) conduct Engle and Granger cointegration test by using 3 month

tr巴asury bills and CPI in US and Canada，UK，B巴19ium from 1955 through 1973. They find that

th巴 Fisher hypothesis is e仔ective in 4 countries. Then th巴y
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the existence of a long-run Fisher eff，巴ct in which inflation and interest rates have a cornmon

stochastic trend when they exhibit trends. These r巴sults indicate that a strong Fisher effect will

only appear in samples where inflation and interest rates have trends.

Moosa and Kwiecien (2002) examine the viabi1ity of using short-term interest rates to forecast

inflation implied by the Fisher hypothesis. They demonstrate that，using qu訂terly data for OECD

countries，that by allowing for seasonality in the inflation rate it is possible to obtain a model

with a high degree of forecasting accuracy and efficienc)人 Payne and Ewing (1997) 巴xamm巴 the

Fisher hypothesis for nine less deve10ped countri巴s. They conc1ude that the Fisher hypothesis

holds only in Malaysia，Pakistan and Sri Lanka.

Yu (1997) examines the nominal interest rate with the IS-LM model incorporating the Fisher

hypothesis. Eight different interest rates are considered for different sample periods ending in

1993. He conc1udes that the Fish巴r hypothesis only holds for the federal funds rat巴 or the AAA

bond rate. Wallace and Warner (1993) test the Fisher hypo出巴 sis by using 3 month treasury bills，

10 year treasury bonds and CPI. Th巴y conduct Johansen cointegration test. Th巴y conc1ude that

the Fisher hypothesis holds.

Woodward (1992) tests the f油er hypothesis by using the inflation indexed securities to obtain

the direct data of inflation exp巴ctations and real interest rates. He conc1udes that th巴 coeffici巴nts

on the exp巴cted rate of inflation are approximately equal to one. Wong and Wu (2003)find more

support for th巴 Fisher hypothesis when the mode1 is 巴stimated by an instrumental variables

estimation method using long-horizon data than by OLS using short horizon data.

Kamae (1999) conducts empirical analysis using Japanese Govemment Bond (4 Year，6 Year，

8 YI巴ar). He estimates exp巴cted inflation from CPI (Consumer Price Index) by using Kalman

Filter. The period is from 1977 through 1995. Ito (2003) conc1udes that the Fisher hypothesis

holds in the term structure from 3 year through 10 year in the period from February 1990

through August 1999.

This paper distinguishes other papers in that it analyzes Japanes巴 long term interest rates

(interest rate swap market) 2 years，3 years，4 years，5 years，7 years and 10 years for the

period of about 19 years. Especially the sample p巴riod inc1uding deflationary period when the

annualized change of CPI (Consumer Price Ind
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2. Framework of Analysis

2. 1 Unit Root Test

Since the empirical analysis from mid-1980' s through mid-1990' s show that such data as

interest rates ，foreign exchange and stocks are non-stationary ，it' s necessary to check if the data

used in this paper contain unit roots. The ADF (A昭mented Dickey Fuller) test and the PP

(Phi1lips Perron) test are used. Both the ADF and PP tests d巴白ne null hypothesis aωs ‘、町山u凶叩I江m凶1

e侃X凶，and alt巴mative hypothesis as ‘unit roots don't exist' 3. Fuller (1976) provides the table for

ADF and PP tests.

2. 2 Cointegration Test

A cointegration framework is presented to analyze the relationship b巴tween nominal interest

rate and expected rate of inflation. Non-stationary time series wander widely with their own

short-run dynamics ，but a linear combination of the series can sometimes be stationary so that

they show co-movement with long-run dynamics. This is called as cointegration by Engle and

Gra時巴r(r987). In the test of the Fisher hypothesis by cointegration ，the equation (1) is estimated

by OLS to find if residual contains unit root.

ん =α+βEt(1rt+)+Ut

it nominal interest rates

E，(Jr川)=巴xpected rate of inflation

(1)

When series it and E，(Jr'+j) ar巴 both noncstationary 1 (1)， they are called to be in a

r巴lationship of cointegration if their linear combination is stationary 1(0). The cointegration

relationship between i，and E，(π川)implies that nominal interest rates and expected rate of

inflation move together in 出e long run 巴quilibrium.

In addition to t巴sting if nominal interest rates and exp 巴cted inflation rates are in a relationship

of cointegration ， cointegration vector (1 ，ー1) ， ß in the equation (1)， is checked with the method of

dynamic OLS by Stock and Watson (1993). The equation (2) is used to test if ß = 1 can be

rejected. 1iE'~i(πt+ J-，) is 1巴ad and lag variables of expected inflation rates 4. If ß = 1 can't be

3 See Dickey and Fuller (1979) and Dickey and Fuller (1981). See Phillips and Perron (1988).
， As for the number of lead and lag terms， 12 is used. In the case of 6 and 9， the results are the same
Hirayama and Kasuya (1996) provides empirica1 analysis using Rats pro∞dure SWDYNAMIC.PRG
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rejected ，nominal inter<巴st rates change with an equivalent degree of expected inflation rates.

it=α+ 何 (í'Z"t+i) +土b，M ，_，(í'Z"t+i_') +U ，

3. Data

(2)

3. 1 Expeeted Rate 0/ lnflation '

Some form of distributed lag on past inflation is used as a proxy for inflationary expectations

in the analysis of Fisher hypothesis. This approach is found in Gibson (1970). With th巴白 eory

of rational 巴xpectations pioneered by Muth (1961) ，and the theory of e伍cient markets advanced

by Fama (1970) ，an alternative approach to modeling expectations is d巴veloped. This approach is

adopted by Fama (1975) ，Lal出 and Le巴 (1979) ，and Levi and Makin (1979). With the

incorporation of these theories in the Fisher hypothesis ，methods examining the time series

properties of the variables are developed. These methods are used by Mishkin (1992) ，Wallace

and Waner (1993) ，MacDonald and Murphy (1989). Woodward (1992) uses the inflation indexed

securities to obtain the direct data of inflation expectations and real interest rates. They start to

issue inflation indexed Japanese Government Bond in 2004 in Japan. Thus the accumulation of

historical data is not enough for the analysis.

This paper utilizes the method by Wallace and Warner (1993) for a proxy of inflation

expectation. They point out that if inflation rates in the past are unit root process ，the

innovations influence 出e change of inflation rates in the fu旬re. When E，(í'Z"，+)defined as

expected rates of inflation (they are j periods forward based on the information at the period of

t) are random walk，í'Z"'+1 =í'Z"，+ é:'+1 (é:'+1 is an innovation of inflation rates) is established. Here

巴quation (3) is established as for the 巴xpected rate of inflation at the time of j・

E，(í'Z"吋)=í'Z"， (3)

Accordingly í'Z"，defined ，as realized rates of inflation at the time of t，indicates the exp 巴cted

rates of inflation in the future. Thus realiz 巴d rates of inflation are us巴d as inflation expectation

after confirming that they are unit root process. Annualized rate of inflation is calculated by

using monthly CPI (Consumer Price Index) data (excluding perishables ，on a nationwid 巴

5 Cooray (2003) provid自由e survey for the F凶er hypothesis.
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statistics). The effects of consumption tax introduction and increase are excluded.6
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3.2 Nominal Interest Rates

As for nominal int巴rest rates ，Japanese interest rate swap rates of 2 years ，3 years ，4 years ，

5 years ，7 years and 10 years as of 3 pm at Tokyo time 紅'e us巴d on an end of month basis

from October 1987 through June 2006. Th巴y are mid rate of offer side and bid side provided

by a m付or bank in Japan.

The data of CPI (annualized rate of inflation) and interest rates of 2 years and 10 years are

shown in Figure 1.
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Figure 1 Movement of 3 Series

CPI=Annualized Change of CPI
Y2 = 2 Years Interest Rate Swap Rate
YIO = 10 Years Int巴rest Rate Swap Rate

3 Series are from October 1987 through June 2006
The data 紅e on a monthly basis

6 As for the CPI 1.3 point which is the inerease of March seasonally adjusted number over April in 1989 is
subtraeted 合om the data after April 1989. The purpose of doing this is to remove the impaets of eonsumption
tax introduetion. ln the same way，1.4 point is subtraeted from the data after April 1997 to remove the
impaets of the eonsumption tax inerease. CPl data are released by the Ministry of lntemal A仔'airs and
Communieations. CPl data used for this paper is based on the standard of year 2000.
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4. Result

4. 1 Unit Root Test
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The resu1ts of ADF and PP t巴sts show that all the data have unit root. The r，巴su1ts are shown

on Tab1e 1. Next，the data with a first difference are confirmed to be stationary by ADF and PP

tests. The results are shown on Tab1e 2. From tests of unit root，it s possib1巴 to conclude that

all the origina1 variab1es are 1 (1). Thus it's proper to use non-stationary time series mode1s. Th巴

annualiz巴d change of CPI can be used as an exp巴cted rat巴 of inflation as mentioned before

because it's confirmed to be 1 (1).

Tablel. Result of Unit Root Test - Original Data

Variab1巴 Test Without Trend With Trend
CPI ADF -1.185 -1.899

PP -1.007 -1.364
Y2 ADF -1.448 -1.403

PP ー 1.154 -1.186
Y3 ADF -1.438 -1.277

PP -1.229 -1.404
Y4 ADF -1.288 -1.441

PP -1.229 -1.547
Y5 ADF -1.280 -1.441

PP -1.214 -1.594
Y7 ADF -1.292 -1.505

PP -1.192 -1.636
YlO ADF -1.279 -1.555

PP -1.180 -1.719

5% critical values are -2.86 (Without Trend)，-3.41 (With Trend).
ADF = Augmented Dickey Fuller.
PP = Phillips Perron.
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Table2. Result of Unit Root Test・Data with First Difference

Variable Test
CPI ADF

PP
Y2 ADF

PP
Y3 ADF

PP
Y4 ADF

PP
Y5 ADF

PP
Y7 ADF

PP
YI0 ADF

PP

Without Trend
・4.9367*
-14.821キ
-10.678*
-12.929*
・11.229*
圃 13.098*
・11.520*
・12.953*
ー5，630*
・12.900*
-5.638*
・12.647*
・5.782*
・12.670*

With Trend
-4.835*
-14.822*
-10.614*
・12.944*
・11.103*
-13.115*
・11.360*
・12.969*
・5.642*
-12.914*
-5.625*
-12.661*
-5.772*
-12.683*

* indicates significance at 5% leveI.
59も critical values are -2.86 (Without Trend)，み41 (With Trend).
ADF = Augmented Dickey Fuller.
PP = Phillips Perron

4. 2 Cointegration Test

Six series of nominal int巴rest rates are not in the relationship of cointegration with expected

rates of inflation. The results are shown on Table 3.

Table3. Result of Cointegration Test

Variable
Y2-CPI
Y3-CPI
Y4-CPI
Y5-CPI
Y7-CPI
YI0-CPI

Test Statistics
・2.6770
・2.8672
-2.9539
・2.9658
・2.8822
-2.8517

10% critical value is -3.0462 from MacKinnon (1991).
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As for the results of cointegration vector test，ß = 1 can be rejected in all maturities. The

results of cointegration vector test show that the expected rates of inflation gave more impacts

on nominal interest rat巴s in shorter maturities. The results are shown on Table 4.

Table4. Result of Test on Cointegration 、Tector
Yariable
Y2-CPl
Y3-CPl
Y4-CPI
Y5-CPI
Y7-CPI
YI0-CPI

E
2.2378
2.2188
2.1837
2.1388
2.0184
1.8723

Modified SE
0.2679
0.2329
0.2198
0.2208
0.2265
0.2121

Modified t Yalue
4.6204*
5.2331*
5.3854*
5.1576*
4.4962*
4.1127*

* indicates significance at 5% level.
ß = 1 can be rejected if modified t valu巴 is larg巴r than critical value (1.96).

From the tests of cointegration and cointegration vector，1 can conclude that the Fisher

hypothesis doesn t hold in all maturities.

5. Concluding Remarks

This pap巴r investigates the validity of the Fisher hypoth巴sis from the Japanese interest rate

swap market by using non-stationary time series models. The data used for the analysis are

confirmed to be 1(1) by unit root tests. From the tests of cointegration and cointegration vector，

1 can conclude that the Fisher hypothesis isn't valid in the long term interest rates of 2 years，

3 years，4 years，5 years，7 years and 10 y巴ぽs from October 1987 through Jun巴 2006. This

result isn' t surprising since the sample period includes deflationary period when inflation rates

were negative and th巴 nominal interest rates d巴creased to historical low level.

The difference of monetary policy regimes isn' t considered in this paper. 1 would like to

divide the whole sample into sub samples depending on the monetary policy regimes so that 1

will be able to analyze the relationship b巴何回n monetary policy and the Fisher hypothesis.
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