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Abstract

The Fisher Effect in the Chinese Economy

by

Fang Qian

Adviser: Professor Thom Thurston

This dissertation studies the Fisher effect, i.e., the relationships between infla- 

tion rates and interest rates, in the Chinese economy.

The simplest model for the Fisher effect is a linear regressive model of the 

inflation ra te  regressed on the interest rate. As pointed out by Barsky, however, 

this linear model tells us the Fisher effect as well as the persistence of inflation. An 

A RIM A model can be found to describe the persistence of inflation, but a careful 

study reveals th a t it actually represents a m ixture of the Fisher effect and the 

persistence of inflation. In other words, the above linear model and ARIMA model 

can not separate the Fisher effect and the persistence of inflation.

In this dissertation, I propose a new ARIMA model of the inflation rate cross­

correlated with the interest rate. This new model has two parts: one is for the 

Fisher effect and the other is for the persistence of inflation. By applying this 

model to Chinese data  and U.S. data, I discover th a t these two parts are indepen­

dent. Therefore the new ARIMA model may be used to separates the Fisher effect 

and the persistence of inflation. The com putation results on Chinese d a ta  indicate 

an apparent short-run Fisher effect. The com putation results on U.S. d a ta  coin­

cide with the standard theory of the Fisher effect in the U.S. economy and hence 

confirm the validity of the new model.



Preface

The purpose of this thesis is to  study the Fisher effect in the Chinese economy. 

The Chinese financial system is an adm inistered one and hence one may question 

what is the  meaning of a Fisher effect in China. By a close exam ination of the 

economy, we discover th a t the underlying mechanism is rather m arket-oriented, 

especially during the periods before 1965 and after 1984. Therefore a study of 

the Fisher effect becomes a  way to  investigate the m arket-oriented behavior in the 

Chinese economy.

The d a ta  we use are monthly annual inflation rates com puted from the National 

General Retail Price Index and the interest rates on one year tim e savings from 

July, 1948, to  July, 1993. Since the Chinese economy is still not fully a m arket one, 

the d a ta  have certain deficiencies: (i) the inflation rates before 1951 are compiled 

from different sources and thus the final figures may not have the desired conti­

nuity; (ii) the only available inflation data  from 1951 to 1985 are yearly averages 

of unpublished monthly inflation rates; (iii) the prices in the period between 1966 

and 1984 were restricted and heavily subsidized and hence the inflation rates from 

1966 to  1984 may be partly  administered; (iv) the monthly inflation d a ta  after 

1985 are not complete; and (v) the interest rates are bank rates adm inistered by 

the  central bank. Despite these deficiencies our inflation rates and interest rates 

are still among the best Chinese da ta  available covering the entire history of the 

Chinese economy continuously from late 1948 to 1993.

To assess the deficiency in (v) we compare the bank rate with a m arket interest 

ra te  over the early years of the Chinese economy; the resulting correlations between



the two rates support the claim th a t they are essentially similar. We also quote 

official docum ents from 1948 to 1971 related to adjustm ents of interest rates by 

the central bank; these documents imply that although the rates are adm inistered 

rates, they are adjusted according to  the market situation and hence a  good proxy 

of the m arket interest rates over different historical periods.

The preliminary test of the Fisher effect is a simple linear regressive model 

with various tim e lags of inflation on monthly data. This prelim inary test suggests 

the existence of the (long-run) ex post Fisher effect over the entire history of the 

Chinese economy when the time lag is set so that the interest ra te  appears about 

five m onths after the realization of the inflation rate. Since our interest rates were 

adm inistered by the central bank according to  market conditions, an interpretation 

of this phenomenon is th a t it usually took about five m onths for the central bank 

to follow the market situation and adjust interest rates accordingly.

In order to  elim inate the effect of the deficiency in (iii), we recalculate this 

simple linear regressive model with missing da ta  from 1966 to  1984. The results 

are surprisingly similar to the preliminary test and therefore we can conclude that 

the inflation rates from 1966 to 1984 are acceptable representatives of the real 

inflation and th a t the effect of the deficiency in (iii) is not im portant.

Next we want to alleviate the deficiencies in (ii) and (iv) by considering the 

same simple linear regressive model on yearly data. The yearly interest rates are 

yearly averages of m onthly interest rates. In order to  still have m onthly tim e lags 

of inflation, we com pute these yearly averages over the calendar year and various 

fiscal years. The results confirm our monthly findings.

The only way to overcome the deficiency in our d a ta  suggested by (i) is to 

ignore the first couple of years and consider the Fisher effect from 1950 to 1992 on



yearly data. Using a SAS PROC ARIMA procedure we discover a short-run ex post 

Fisher effect over this period with the same tim e lags as in the prelim inary test. 

The ARIMA procedure, however, shows th a t the residuals of this model are highly 

autocorrelated and hence a new model is needed to correctly describe the relation 

between inflation rates and interest rates. In fact, it is pointed out by Bar sky 

[2] and others th a t the linear regressive models on the Fisher effect sometimes 

actually test the persistence of inflation. Our highly autocorrelated residuals may 

have confirmed this observation. As suggested by Bar sky [2] we then use another 

SAS PROC ARIMA procedure to  com pute a  model on the persistence of inflation.

Since the model of the short-run Fisher effect contains information on the persis­

tence of inflation and the model of the persistence of inflation contains information 

of the Fisher effect, each model represents only a part of the story and hence is not 

the desired one. We propose a new ARIMA model of inflation crosscorrelated with 

the interest rates using again a SAS PROC ARIMA procedure. This new model 

has two parts, one for the short-run Fisher effect and the other for the persistence 

of inflation. Since the com putation shows th a t the two parts are essentially uncor­

related, the former part represents the short-run Fisher effect only and the latter 

represents the persistence of inflation only. Since we can separate th e  Fisher effect 

and the persistence of inflation, we can then claim the existence of the ex ante 

short-run Fisher effect in the Chinese economy, when the tim e lag of inflation is set 

so that the interest rate adjustm ents appear about five m onths after the realization 

of the inflation rates.

We conduct an empirical test on this new model in C hapter 3. Indeed we apply 

the new model to  yearly d a ta  of the U.S.A. from 1945 to 1992. The results support 

our model when we compare them with the standard theory on the  Fisher effect



for the U.S. economy.
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Chapter 1

The Fisher theory

§1. Introduction .

In 1930 Irving Fisher [13] discovered a relation between inflation rates and 

interest rates. Since then the Fisher effect or Fisher hypothesis has become one of 

the most active topics in the field of monetary economics. In order to  verify Fisher’s 

hypothesis in various economic regimes, several versions of the Fisher effect have 

been proposed. Some of these versions are essentially equivalent, but some of them  

are quite different.

The study of the Fisher effect in American economy is well-developed, as it is in 

European countries. For the U.S. economy the Fisher effect is widely accepted over 

the period from 1951 to  1979 (cf. Gibson [16], Mishkin [22], Roll [39] and Summers 

[45]) and over the period after 1979 (cf. Clarida and Friedman [9]). However, the 

Fisher effect in most o ther countries is not found so readily. The search for the 

Fisher effect in Asian countries, in particular, has not been fruitful. A possible 

reason for this situation is th a t the economies in Asia have just been developed 

in recent decades so that system atic m onetary d a ta  in most Asian countries are 

usually unavailable.

In this paper we will first summarize some influential studies of the Fisher ef­

fect. Then we will concentrate on the relations between inflation rates and interest 

rates in the economy of the mainland China. Moreover, we will develop new math-
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einatical models for the Fisher hypothesis. Indeed, the improvements in statistics 

com puter softwares in the past several years made it possible to  consider and com­

pute more sophisticated models which can best describe relations between inflation 

rates and interest rates.

In order to verify the validity of our new models, we will finally apply the new 

models to the da ta  for the U.S. economy. The comparison of our com putations 

with the standard theory confirms our new models.

§2. F isher’s original argum ents.

In his book The theory o f interest [13] Fisher investigated the inflation rates 

and interest rates in the m arkets in London, New York, Berlin, Paris, C alcutta  and 

Tokyo. The inflation rates he used are annual rates derived from the wholesale price 

indexes in these countries, and the interest rates are central banks’ discount rates 

and prevailing rates on prime bankers’ or m erchants’ bills with m aturities from two 

to  six months. For the London market his d a ta  are dated from 1825 through 1927 

while in New York the da ta  are from 1866 to  1927, in Berlin from 1861 to 1912, 

in Paris from 1872 to 1914, in C alcutta  from 1861 to  1926, and in Tokyo the time 

periods over 1887 through 1926.

Fisher then divided the entire tim e period for each country into several sub- 

periods so th a t the interest rates and inflation rates are roughly constant during 

each subperiod. He then observed from the da ta  in London and Berlin market: 

“When the rate of price change falls from one (sub)period to  the next, the money 

rate of interest usually falls, and when the rate of price change rises, the interest 

rates usually rises also.” W ith great economic foresight Fisher then proposed his 

famous hypothesis, saying: “There is a very apparent, though feeble, tendency for



the interest rate to  be high when prices are rising, and the reverse. The adjustm ent 

is imperfect and rather irregular, but in the great m ajority of cases the tendency 

is evident.”

Fisher had to  adm it th a t he could not observe the tendency for m arkets in 

countries o ther than England and Germany. In particular, the d a ta  from the New 

York m arket shown nothing supporting the claimed tendency, as confirmed by 

recent studies on the Fisher effect in the United States. In other words, there is 

essentially no evidence of the Fisher effect based on d a ta  in the United S tates before 

World War II. {cf. Friedman and Schwartz [14], [15], Mishkin [22], Roll [39] and 

Summers [45].)

§3. T h e  ex ante F ish e r  e ffec t.

Today simple linear regressions are the most common method used to  test the 

Fisher effect. Let i[” be the annualized interest rates a t tim e t, measured in months, 

on loans or deposits which will m ature at tim e t +  m in months, and let Jr™ be the 

annualized future inflation rate from tim e t to  tim e t +  m in months. Note th a t 

a t tim e t the interest ra te  tj" is known, but 7r(m is still a random variable. We first 

consider the following simple linear regression (cf. Mishkin [23], p. 5.)

£ < ( 0  = «m + + °t ( 0

over a certain period of time. W here E t is the expectation at tim e t , a m and 0m are 

regression coefficients and a t is a  random error term . The Fisher effect over th a t 

tim e period is equivalent to  a significantly positive coefficient flm. (Some people 

believe th a t 0m should be close to 1 in order to support the Fisher effect. Please 

refer to  section 6 below.) Here by a  significant positive 0m we mean th a t the t -
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statistic for the null hypothesis of 0m =  0 is larger than 2 . Since we use monthly 

data , the sample sizes of our linear regressions are usually very large. A (-statistic 

larger than 2 will give us a  positive 0m with a  confidence level higher than 97.5%. In 

order to  measure the goodness of our model we calculate the R -square estim ation.

It is easy to see th a t the Fisher effect implied by the linear regression in ( 1) is 

th a t the nominal interest rates can predict inflation, or more accurately, th a t the 

nominal interest ra te  ij" which is known a t tim e £ and to be m atured a t tim e £ +  rn 

can be used to determ ine the expectation of the inflation rate «■[" from time ( to 

t +  m which is unknown a t time t.

An obvious disadvantage of this model is th a t there are usually no d a ta  on ex­

pectations of inflation available. A paper on the Fisher effect for the U.S. economy 

by Gibson [16] seems to be the only known study of th a t kind of linear regression 

analysis. Actually Gibson used a proxy for E t(jtc) which was derived from direct 

d a ta  on inflationary expectations collected by surveys to a group of business, gov­

ernm ent, labor and academic economists from 1947 to 1970. The d a ta  obtained 

this way is rather distinguished and rare, if not unique. Gibson's results strongly 

support the argum ent th a t the Fisher effect appears quite strong since 1950’s in 

the United States.

Unfortunately d a ta  of inflation expectations of this kind are not available for 

the Chinese economy which we are going to study. Therefore we have to consider 

other models.

§4. T he ex post Fisher effect.

Since d a ta  on expectations of inflation are hardly available, we consider the 

linear regression (cf. Mishkin [23])



X," =  a m +  dmlT +  at (2)

where 7r(m  is the ex post inflation rate, i.e. a realized inflation rate based on a  price 

index over a period from tim e t to t +  m . Barsky [2] defined an ex post Fisher effect 

as a strong correlation between nominal interest rates and realized inflation in (2); 

hence the linear regression in (2) can be called a  test for the ex post Fisher effect.

To study the difference between the two models in (1) and (2), let us write

tr? = E t(w D  + t?

where jr(m is the inflation rate unknown at tim e ( and e]" is the forecast error of 

inflation. If we assume the hypothesis of rational expectations of inflation, the 

error term  e[" is irrelevant to  the inflation d a ta  known at tim e t. Thus under the 

hypothesis of rational expectations of inflation, testing the Fisher effect by the 

linear regression in (2) is equivalent to  testing the Fisher effect by the model in {1).

Some economists believe th a t the hypothesis of rational expectations of inflation 

is autom atically true and assume it through out their research ( c.f. Mishkin [23], 

Friedman and Schwartz [14], [15], and Summers [45]). O thers, however, point out 

th a t this hypothesis is not autom atically valid and should be tested (cf. Barsky 

[2]). Nevertheless this hypothesis of inflation can not be easily tested, because the 

expectations are usually not known.

Noting th a t the underlying rationale for the model in (2) is th a t people can 

forecast inflation without bias, Barsky [2] proposes to study the persistence and 

forecastability of inflation instead of the rational expectations of inflation. Persis­

tence and forecastability analysis is usually performed on quarterly or yearly data; 

hence we want to investigate the linear models



(i

jtx =  a  +  f$ij +  a f (3)

and

irj+i =  a  +  +  ar  H )

where ir-p is the ex post annual inflation rate realized in year T , and *7- is an annual 

average of interest rates in year T . Here as in the rest of this article, T  denotes a 

tim e measured in years and t in months. The first model above is a linear regression 

on inflation rates against the interest rates prevailing at the tim e of the realization 

of the inflation rates, while the second model compares annual interest rates and 

inflation rates realized at the m aturity of the savings. According to  [2], the model 

in (3) tells us something about the persistence of inflation, and the model in (4) 

provides information on the forecastability of inflation, as well as the Fisher effect.

§5. T he Forecastability and persistence o f inflation.

As in Barsky [2], th e  forecastability of inflation is m easured by the corrected 

square correlation coefficient

7? = 1 -  -  -

7±T t  (»T -T=l

of the autoregression of inflation

* t  =  + ------b PiCXt - k  +  frr

on inflation d a ta  of sample size L, where &r is the  random error. We will use SAS 

PRO C AUTOREG procedure to do the com putation {cf. [40]).
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For the persistence of inflation, a common method using advanced statistics 

techniques is the autoregressive integrated moving-average (A RIM A) procedure by 

Box and Jenkins [4]. Briefly speaking, we want to  study tim e series d a ta  of inflation 

rates Try. If the tim e series of inflation is not stationary, i.e., if the stochastic process 

of jr-r exhibits time-changing level an d /o r variance, we may have to consider its first 

difference defined as a new tim e series

Z t  — ttt — JTt —i -

If Z t  is still not stationary, we will look a t the second difference of inflation defined

by

Yf  — Z j  —  Zt ~ i •

Let us say th a t we finally obtain the dth difference W t  of inflation which is s ta ­

tionary. Then the autoregressive integrated moving-average model of v t  is

W j  — fi +  <pi W t ~\ +  ■ • • +  i fpW j^p  + a r  — — * • • — ( 5 )

where a j  is again the random error. This model is denoted by ARIMA(p, d, </), 

where d is the degree of differencing, p is the order of th e  autoregressive part

Wr- i  +  • ■ ■ +  ippWj-p, 

and q is the order of the moving-aver age part

aT  “  &la T - t  — • * • — 0qaT-q '

If d is zero, we may denote the model by ARM A(p, q)\ if d  is positive, the constant 

term  p is usually assumed to  be zero.
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The com putation of the ARIMA model in (5) is usually very complicated and 

left to  computers using SAS PROC ARIMA procedure (cf. [40]). One th ing what 

we have to do, however, is to determ ine the orders p and q using autocorrelations, 

inverse autocorrelations and partial autocorrelations of W j.  These autocorrelation 

functions are given in the printed output of the SAS PROC ARIMA procedure, and 

their behavior suggests possible ARIMA models. For example, when the autocorre­

lation coefficients essentially equal zero after the pth one and the inverse and partial 

autocorrelation coefficients are dom inated by an exponential decay function, we 

may use the model A R IM A (p,d,0 ). When the inverse and partial autocorrelation 

coefficients are equal to  zero after the 9th  one and the autocorrelation coefficients 

are dom inated by an exponential decay function, we may try  ARlM A{0,d, q).

§6. Lagged inflation rates.

In the linear regression model in (2) the inflation rate jr™ and the interest rate 

tj" are all taken over the tim e period from I to 1 +  m: tt™ is the inflation rate at 

tim e / realized a t t +  m , and t'[" is the interest ra te  a t time t on savings m atured at 

t +  m. To investigate the relationships between these rates we also want to  study 

linear models of interest rates and lagged inflation rates:

*?-k =  +  Pmi? +  «t

where k  is the tim e lag of inflation. This model can be w ritten in a different way

=  Om +

where is the future interest rate k  months after time t. In the following we will 

mainly consider the case of m  — 12, i.e., linear models with annual rates
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7Tt12 =  a  +  0 i |J t  +  6,. (6)

When k = \2 the model in (6) is a linear regression between monthly annualized 

inflation rates and interest rates which prevail at the tim e of the realization the 

inflation rates. When k  is larger than 12, the model in (6) is between inflation 

rates and interest rates which prevail k — 12 months after the realization of the 

inflation rates. The economic interpretation of these cases of the model in (6) is 

tha t they represent possibilities of predicting current (when k = 12) and future 

(when Jb >  12) interest rates using inflation rates just realized a t time t.

If we use yearly da ta  of inflation and interest rates, we see th a t the model in 

(3) is indeed the linear regression on yearly da ta  with a tim e lag of inflation equal 

to one year, i.e., 12 months, which just corresponds to the linear model in (6 ) on 

m onthly d a ta  with the tim e lag of it =  12. In order to  construct a linear model 

on yearly d a ta  with a tim e lag of inflation larger than 12 months, we propose to 

use a yearly average of monthly interest rates over a fiscal year. More precisely, if 

we want a tim e lag of k  months, 12 <  it < 24, in a linear model on yearly data, 

we define i y -  the yearly average of monthly interest rates on the T th  fiscal year 

starting from the k — 11th month of the calendar year. For example, when k  =  13, 

the fiscal year T  is from February, calendar year T ,  to  January, calendar year T +  1; 

the average of the twelve monthly interest rates from February, calendar year T,  to 

January, calendar year T  +  1, is the yearly rate When k = 12, the fiscal year 

becomes the calendar year, and hence we get the usual yearly rate iT . The linear 

model on yearly data  with a monthly tim e lag k  with 12 < k <  24 then can be 

w ritten as
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jrr =  o  +  +  aT. (7)

Similar to the model on monthly da ta  in (6), the linear regression in (7) tests the 

possibility of prediction of future interest rates using realized inflation rates.

§7. The short-run Fisher effect.

The Fisher effect we have studied in the previous sections was called by Mishkin 

[23] the long-run Fisher effect, which is characterized by the fact th a t when the 

inflation rate  is higher for a long period of tim e the interest rate will also tend 

to be high, and vice versa. The short-run Fisher effect, on the other hand, is a 

relation between the first difference of inflation and the first difference of interest 

rates, which indicates th a t a change in the inflation rate is associated with a change 

in the interest rate in the same direction. For instance, the short-run ear ante Fisher 

effect can be tested by a significant positive coefficient in the linear model

£ , ( 0  -  F t - . ( C - i )  =  / M C  -  C i )  +  (8)

where f?t(7rtm) — f?(_i (t™ , ) is the expectation of the first difference of inflation, and 

ip  -  C i  *8 *-he first difference of the interest rates. Likewise, the short-run ex post 

Fisher effect is given by

tP-tC , =£m(C-C.)+«<t (9 )

where x-p — jrp.( is the first difference of the realized inflation rates; the short-run 

ex post Fisher effect with lagged inflation is in

( 10)
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where k  is the tim e lag of inflation in months. Using yearly data, the short-run 

Fisher effect has similar forms:

7TT+1 — n r  =  /?(*T — * T -1} + a T, ( I • )

nT ~  v t - i = P(*T — * t- i )  +  o r , ( 12)

and

nT ~  i =  0 (* r_l2> _  *!r-|,a>) +  a T ( t3 )

for 12 < lb <  24.

One of the advantages to study short-run Fisher effect and its various models 

is th a t the first difference of inflation usually looks stationary, while inflation itself 

does not (see Chapters 2 and 3 for examples). Since this is the same consideration 

we had for the ARIMA models, we could then compare the linear regression results

in ( 11), ( 12) and (13) with the results from the  ARIMA model in (5). Also we

may use the  SAS PROC ARIMA procedure to  compute the models above, instead 

of using the usual linear regression methods like SAS PROC GLM. The reason we 

prefer SAS PROC ARIMA is that its com putation has consideration on autocor­

relations between various variables and residuals, and hence it can give us more 

information on the goodness of the models.

Technically, if we want to use a SAS PROC ARIMA procedure to  com pute (11), 

( 12) and (13), we should set p =  q = 0 and d — 1 and use the model A R IM A (0,1,0) 

crosscorrelated with a  term  of the first difference of the interest rates.
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§8. N ew  m odels o f the short-run Fisher effect.

The models in (11), (12) and (13) raise new questions about the short-run 

Fisher effect: W hat are the relationships between the short-run Fisher effect tested 

by (11), ( 12) and (13) and the ex ante short-run Fisher effect described by the 

model

£r(jrr+i) -  =  #(*r -  *r-i) + “r ? (14)

W hat is the role played by the tim e lags of inflation in models in (12) and (13)? 

Since we use realized inflation here, the linear model in (11) is also associated with 

the forecastability of inflation, and the models in (12) and (13) are related to the 

persistence of inflation, together with their connection to the short-run Fisher effect. 

W hat is the connection between the short-run Fisher effect and the forecastability 

or persistence of inflation?

Let us concentrate on the last two models and the persistence of inflation. As 

in (5) the persistence of inflation is described be an ARIMA model ARIMA(p, d, q) 

with no crosscorrelation:

W r  =  + ------(- tfipWr-p + o r  “  — • ■ * — 0qar-q

where W r  =  jtt)  — j t t - i  is the first difference of inflation. On the other hand, 

the short-run Fisher effect can be tested using an ARIMA model A R IM A (0,1,0) 

crosscorrelated with a term  of the first difference of the interest rates.

W r —  /?{*7 — *r-i) + flTi

and

W T = f l{ ir~ 12* ~  * t-i12)) +  ° t
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for 12 < k  < 24. Consequently the first difference of inflation W t  is is related to its 

past values as well as the first difference of interest rates — or i ^ -12* — ^ r ~ \^  

for 12 < k < 24. Therefore to answer the above questions we may consider new 

ARIMA models on inflation crosscorrelated with the first difference of interest rates

Wt  =  — *t - i ) +  WV-i +  ■ • • +  <p pWt - p + a j  — 0 i« r - i  — • • • — (15)

and

W r  =  12  ̂i ) +  V71 W j - i  +  • • •+<ppW T - p + a T  — 0 \ a T -1 — • • • — ( 1 5 )

for 12 <  it < 24.

These models are ARIMAfp, 1 ,q)  models which contain all the information re­

lated to  the inflation rates. The first term  0 ( i r  — » r-i)  or /?(*r~13J ~  * r -1*3*) ’s 

the part of the corresponding model which represents the short-run Fisher effect, 

and the part consisting of WV_i +  • • * +  <ppWV_P + &T — — ■ ■ ■ — &qa r - q

representing the persistence of inflation. Since these new models have two parts, 

they are evidently better than any of the models in (5), ( 12) and (13). These new 

models also can be used to  study the relation between the short-run Fisher effect 

and the persistence of inflation. Indeed, a significantly positive coefficient j3 in 

(15) or (16) indicate an apparent short-run Fisher effect. Since the SAS PROC 

ARIMA procedure also calculates the correlations of the estim ates of the coeffi­

cients /?, 0 \ and 6q} we can determ ine the correlations between in the

part of the short-run Fisher effect and the coefficients in the part of the persistence 

of inflation. When such correlations are small, we can then say th a t the relation
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between the short-run Fisher effect and the persistence of inflation is negligible, 

and hence a significantly positive coefficient 0  in (15) or (16) indicates the validity 

of the short-run Fisher effect.

The com putation of these new models are certainly quite complicated. Thanks 

to  recent developments in statistics software, we can now study models of this kind 

cheaply. To confirm the validity of these models, we will apply them to the original 

da ta  used by Fisher in his book [13]. We will see what conclusions we can get from 

Fisher’s d a ta  using sophisticated statistics and com puter techniques.
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Chapter 2

The Fisher effect in China

§1. Inflation data.

It is known th a t financial data  are relatively scarce in developing countries, and 

they become even rarer during the periods of transitions of governments and their 

economies. When available, of course, these da ta  can provide insight in a special 

perspective into the underlying economies and their financial mechanisms. This is 

especially true for the situation in Mainland China.

The People’s Republic of China was established on October 1, 1949. Its economy 

indeed dates back to the second half of 1948, when the communists conquered about 

half of the mainland. Therefore there were actually two different economies in China 

in 1948 and 1949: one was the economy in the region still controlled by Nationalists, 

and the other was the economy in the newly liberated area. The former became 

the economy of Taiwan, while the la tter developed gradually into the economy of 

the whole mainland of China in 1949. In this chapter, we will study the economy 

of the People’s Republic of China from the second half of 1948 to 1993.

A reason we want to investigate the financial d a ta  from the very beginning 

of the economy to the present date is th a t this give us a  complete portrait of 

the relation between inflation and interest rates in China. The most im portant 

reason, however, is th a t during the periods from 1948 to  1950s and from 1980s to 

1993 the Chinese economy acted in a rather m arket-orientational way despite being
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nominally a socialist one.

In order to obtain monthly inflation figures during the period from late 1948 

to  the present tim e, we have to look to related documents and articles to find the 

inflation information piece by piece. We adm it th a t our da ta  may not be accurate 

as compared with similar da ta  in some other countries, but there are various reasons 

to believe that the monthly figures we obtained are good approxim ations and are 

best possible. Indeed, the information we abstract from official documents below 

is certainly first-hand data.

Now let us look a t the economy before the liberation so that we can have a 

understanding about the political and economical situation in 1948 and 1949. In 

late 1940s, the inflation under the Nationalist government ran at a skyrocketing 

pace. For example in Shanghai the wholesale prices rose dram atically from August, 

1948, to  April, 1949, according to Kia-ngau Chang [5]:

Table 1
Wholesale Prices in Shanghai Before Liberation 

January -  June, 1937 = 100

1947
Sap 1.2789 Oct 1.9771

Jul
lOT

1.0408
2.5668

Aug
Dac

1.1464  
3 .4 4 6 7

1948 Jan 4 .8 9 1 4 Fab 8 .7 1 8 4 Mar 10.859 Apr 12 .588
Kay 18.094 Jun 68 .897 Jul 9 5 .9 Aug 186 .3
Sap 197.0 Oct 2 2 0 .4 lo r 2543.1 Dac 3 5 83 .7

1949 Jan 12878 Fab 897B8 Mar 405320 Apr IMS7009

The above figures will be used in the com putation below, because they do reflect 

the inflation experience and expectation of people at th a t time.

Shanghai was controlled by the People’s Liberation Army in May 1949, and
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henceforth became a part of the liberation area. Its new economy certainly was 

influenced heavily by the outgoing economy of the Nationalists; in particular, the 

inflation rate was still high. Unfortunately, there are no quantitative da ta  available 

for the inflation rates in Shanghai or other parts of the liberation region in most part 

of 1948, except th a t the inflation was “high” according to  all the related documents 

at th a t time. We find, however, the wholesale prices in big cities in the liberation 

area from December, 1948, to December, 1949, in Ma Hung and Kao Shang-ch‘uan 

[18], pp. 18 and 20:

Table 2

Wholesale Prices in 13 Big Cities After Liberation 

December, 1948 =  100

1948 Dacaabar 100

1949 January 153
A p ril  287
July  1069
Saptaabar 1636
lovaabar 6376
Dacaabar 3494

where the Septem ber figure is computed according to  [8] p. 52. Note th a t the above 

prices are not given consecutively from December, 1948, to December, 1949. Since 

the prices in between are not available, we use the m ethod of linear interpolation 

to get the following numbers:



18

Table 3

Monthly Wholesale Prices in 13 Big Cities After Liberation 

December, 1948 =  100

Dacaabar 100

January 153
Fabruary 197 .667
March 242 .333
A p ril 287
May 544 .333
Juna 6 01 .667
July 1059
August 1297.6
Saptaabar 1636
□ cto b tr 3466
lovaabar 5376
Dacaabar 3494

It is noted in People's Bank of China [25], p. 15, th a t the prices dropped in an 

average 2.96% in several big cities in March, 1950. Together with the figures in Ma 

Hung and Kao Shang-ch‘uan [18], p. 23, we get

Table 4 

Retail Prices in 8 Big Cities

March, 1950 =  100

I960 Fabruary  
Harch 
Dacaabar

1951

103.0503
100

6 5 .4
9 4 .6

1952 9 3 .7

where the last two figures are the average price levels in the corresponding years.

We observe th a t the figures above in 1948 and 1949 are wholesale prices, and the 

da ta  from 1950 to  1952 are retail prices. Moreover, the prices for the  first period
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are from 13 big cities, while the prices for the second tim e period are from 8 big 

cities. Certainly these figures should not be mixed up in normal situations. In our 

case, however, these figures are the only data  we can get in the early years of the 

People’s Republic of China, and hence we have to  use them  and assume th a t they 

are good representatives for the true values of the retail price index for the whole 

country (or the liberation region in 1948 and 1949).

Even with this assumption, we can not connect the price indexes above without 

first filling the gap between December, 1949, and February, 1950. This can be done 

using the retail price index given in [44], p. 359:

Table 5 

National Retail Prices

December, 1949 -  100

Dacaabar,1940 100 .0
1960 179.7

1962 2 0 0 .8

Here the price for December, 1949, is the average price level in this m onth, while 

the figures for 1950 and 1952 are the average price levels for the entire years 1950 

and 1952, respectively. Under the above assumption, we may identify the price 

level in December, 1948, in Tables 1 and 3, identify the price level in December,

1949, in Tables 3 and 5, and identify the price level in 1952 in Tables 4 and 5.

Consequently we get the following price index.
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Table 6

The National General Retail Price Index

1950 =  100

1947 Jul 4 .0 2 6 6 0 4 x 1 0 -' ' Aug 6.094876x10-'* Sap 6 .8 8 3 8 8 6 X 1 0 -4
Oct 8 .7 6 0 7 0 6 x 1 0 " ' lo v 1 .1 4 0 1 7 x l0 -3 Dac 1.631781 x lO*3

1040 Jan 2.0B497x 10_a Fab 2.B8681BX10-3 Mar 4 .8 2 6 9 8 4 x 10~3
Apr 6 .694438X 10-3 May 8 .0 4 1 3 0 3 x 1 0 -3 Jun 2 .9 2 6 0 0 5 x 10"3
Jul 4.202O20X10"3 Aug 8 .2 7 9 6 1 7 x l0 -3 Sap 8 .7 6 6 1 6 1 x 1 0 -3
Oct 9 .7 9 6 1 0 2 x l0 “ 3 l o t 1 .130216 Dac 1.692682

1940 Jan 2.436803 Fab 3 .148202 Mar 3 .876626
Apr 4.670997 May 8.889499 Jun 12.768
Jul 16.8866 Aug 20 .80606 Sap 24 .4638
Oct 66 .04309 lo v 86 .82268 Dac 66.64831

19SO Jan 89 .11889 Fab 122.6896 Mar 118.9608
Apr 117.031 May 116.1012 Jun 113.1714
Jul 111.2418 Aug 109.3018 Sap 107.382
Oct 106.4622 lo v 103.6223 Dac 101.6926

1960 100.0 1961 112.2 1962 111.8 1963 116 .8 1964 118.3
1966 119.6 1968 119.6 1967 121.3 1968 121 .6 1969 122.7
1960 128.6 1961 147 .0 1962 162.8 1963 143 .0 1964 138.3
1966 134 .6 1966 134.2 1967 133.2 1968 133.3 1969 131.8
1970 131.6 1971 130.6 1972 130.2 1973 131.0 1974 131.7
1976 131.9 .V70 132.3 1977 136.0 1978 136.9 1979 138.6
1980 146.9 1981 1 60 .4 1982 163.3 1983 166 .6 1984 160.0
1986 174.1 1986 184.6 1987 198.0 1988 2 3 4 .6 1989 27 6 .4
1990 282 .2 1991 2 9 0 .4

Here the figures before December, 1948, are from the region under the control of 

the Nationalist government, the monthly numbers for 1950 are gotten by linear 

interpolation, and the yearly data  after 1950 are from [6] and [7].

An obvious problem with the above data  is that the first part consists of monthly 

price levels, while the second half contains yearly data. To obtain a set of inflation 

da ta  uniformly over the entire tim e period from 1948 to  1993, let us look at the 

meaning of the yearly price data  above.

The State Statistical Bureau of the People’s Republic of China compute monthly 

inflation d a ta  by comparing the national general retail price level in a given month 

with the price level in the same month in the previous year. These m onthly inflation
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rates, however, were not published in general. W hat were published regularly are 

the average of the above monthly inflation rates in a given year. In o ther words, 

they calculate the ratio of the retail price level in January, 1951, over the price 

level in January, 1950, the ratio of the price level in February, 1951, over that in 

February, 1950, and ratios corresponding to  March through December. The average 

of these 12 ratios then is the quotient of the yearly price indices in 1951 and 1950: 

112.2/100=1.122. In other words, the national general retail price level rosed 12.2% 

in 1951 compared with the price level in 1950.

Sometimes the S tate Statistical Bureau released inflation information saying, 

for example, th a t the retail price index grew 22% in the first nine months in 1989 

over the same period in 1988, of which the first-tim e price hikes were only 7.6%. 

The interpretation of this announcement is tha t 1.22 is the average of (i) the ratio 

of the retail price levels in January, 1989, over January, 1988; (ii) the ratio of the

retail price levels in February, 1989, over February, 1988; ...... ; and (ix) the ratio

of the retail price levels in September, 1989, over September, 1988, while the price 

level in September, 1989, is 7.6% higher than the price level in December, 1988,

This kind of terminology is rather confusing so that even inflation specialists 

in China have sometimes been confused. For the d a ta  in Table 6, we point out 

th a t there is no direct relation between the m onthly figures in 1950 and the yearly 

number 100 of th a t year. In particular, the num ber 100 is not the average of the 

monthly figures.

In order to form a uniform data  set of the inflation over the entire period of 

Mainland China, we now deduce from Table 6 monthly inflation rates over the 

same months in previous years. T hat is, we calculate the ratio  of the price index 

in a given month over the price index in the same month one year ago, and get the
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inflation rate by subtracting the ratio by 1. This can be done from July, 1948, to 

December, 1950, according to  the d a ta  in Table 6. After 1950, we can only obtain 

the yearly average of the monthly inflation rates, in view of the above explanation 

of our data. Given that situation, the best we can do is then to assume the monthly 

inflation rates remain constant, and hence equal to the yearly average, after 1950. 

This is acceptable before 1985 because the price index is ra ther flat from 1951 to 

1984, with one exception for 1961, where the ratio  of the price index in 1961 over 

th a t in 1960 is equal to 1.162, equivalent to an inflation ra te  of 16.2%. Since no 

further d a ta  for this period are available, we can do nothing to refine our figures. 

But we certainly can somewhat improve the da ta  in Table 6 from  1985 to  1993.

According to [3], vol. 29, no. 2 (January 1986), p. 2, the retail price index rose 

8.5% during the first 11 months of 1985 compared with the same period in 1984. 

Consequently the monthly inflation rates from January to November, 1985, over 

the same months in 1984 are equal to  8.5% (the average), and the inflation rate in 

December, 1985, is 12.1%, because then the twelve-month average of the inflation 

rates is (11 x 8.5% + 12.1%)/12 equal to the yearly average 8.8%.

The monthly inflation rates are published in [3], vol. 30, no. 5-6 (February 

1987), p. 24:

Monthly inflation rates in percentage in 1986

Over the same month, 1985

Jan 8 .6  Fab 7 . 6  Mar 6 . 4  Apr 4 . 4  May 3 .3  Jun 2 .6
Jul 3 .2  Aug 3 .7  Sap 6 .0  Oct 4 . 6  Mov 6 .6  Dac 6 .2

By [3], vol. 30, no. 36 (September 1987), p. 5, the average inflation rate

in January, February and March, 1987, is 5.3%; the inflation rates in April, May
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and June are 6.5%, 7.6% and 7.8%, respectively. According to  S tatistics for 1987 

Social-Economic Development by the S tate Statistical Bureau in [3], vol.. 31, no. 

10 (March 1988), the retail price index rose an average 7.3% in 1987 and the 

December’s rise was 9.1% more than for December, 1986. Consequently the average 

inflation rate for July though November, 1987, is 8.14%, so th a t the yearly average

of the inflation rates becomes

3 x 5.3% +  6.5% +  7.6% +  7.8% +  5 x 8.14% +  9.1%
12

which is equal to  the published figure 7.3%.

Baaed on [3], vol.31, no. 41 (October 1988), p. 19, the retail prices jum ped 13 

14% in the first half of 1988, compared with the same period in 1987. By [3], vol. 

31, no. 44 (October-November 1988), p. 12, the social retail price index in the first 

3 quarter rose by 16% compared with the same period last year. According to [3]. 

vol. 32, no. 10 (March 1989), the general price level in 1988 increased by 18.5%

above 1987, and the increase in December is 26.7% compared with December, 1987.

W ith this information, we can find the monthly inflation rates in 1988 compared 

with the same months in 1987 given in the following table:

Monthly inflation rates in percentage in 1988

Over the same month, 1987

Jan 13 .8  Fab 13 .5  Nar 13 .8  Apr 13 .8  Nay 13 .6  Jun 13 .6
Jul 2 1 .0  Aug 2 1 .0  Sap 2 1 .0  Oct 2 6 .6 6  lo v  2 6 .6 6  Dac 2 6 .7

because

6 x 1 3 .5 % + 3 x 2 1 %
--------------9-----------------   ' 6%

and
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6 x 13.5% +  3 x  21% +  2 x 25.65% +  26.7% , u
----------------------------------- ------------------------------------- 18.5% .

12

For 1989 we can find complete monthly inflation rates in (i) [3], vol. 33, no. 

8 (February 1990), p. 31, (ii) [44], p. 357, and (iii) Statistics for China National 

Socio-Economic Development in 1989, in [3], vol. 33, no. 9 (February -  March 

1990):

Monthly inflation rates in percentage in 1989

Over the same month, 1988

Jan 2 7 .0  Fab 2 7 .9  Nar 2 6 .0  Apr 2 6 .8  Hay 2 4 .3  Jon 2 1 .6  
Jul 19 .0  Aug 1 6 .2  Sap 13 .0  Oct 8 . 7  lo v  7 .1  Dac 6 .4

The m onthly inflation rates in 1990 are again not published completely, but 

rather intensively. Let us first list inflation information in 1990 from different 

sources below.

(i) By [3], vol. 33, no. 25 (June 1990), p. 11, the inflation in the first two 

months in 1990 was held at 4.1%, dropping to  3.3% in March and 3.1% in April.

(ii) By [3], vol. 33, no. 48 (November -  December 1990), p. 7, the total retail 

sales price level rose 2.3% between January and September from the same period 

in 1989.

(iii) According to [3], vol. 34, no. 2 (January 1991), in the  first ten months, 

C hina’s to tal retail prices rose 2.1% on the same period of 1989.

(iv) By [3], vol. 34, no. 5 (February 1991), p. 19, in the first 11 m onths the 

nation saw a 2% increase in its general level of retail prices from the same period 

of 1989; in the first three months, the overall price level increased; between April 

and June, it dipped slightly; and, after July, it picked up again.
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(v) In the Statistical Communique of the S tate Statistical Bureau on National 

Economic and Social Development in 1990, the yearly increase on the general retail 

price level in 1990 is 2.1%.

According to these announcem ent, we will use the following figures for 1990.

Monthly inflation rates in percentage in 1990

Over the same month, 1989

Jan 4 .1  Fab 4 .1  Nar 3 . 3  Apr 3 .1  Hay - 1 . 0  Jun - 1 . 0
Jul 3 .1  Aug 3 . 1  Sap 3 .1  Oct 0 .3  lo v  1 .0  Dac 3 .2

Here the figures for January through April are given in (i). By (iv) the average 

of the inflation rates between April and June is slightly negative; hence we may 

just assume the average is —0.03 and use —1.6 as an approxim ate value for the 

the inflation rates in May and June. Based on (ii) the average of inflation rates 

from January to September is 2.3%, and hence the inflation rates in July, August 

and Septem ber must be 3.1% in average. By (iii) the inflation ra te  in October 

must be 0.3% in order to have a ten-month average equal to 2.1%. By the same 

reason we can get the inflation rates in November and December from (iv) and (v), 

respectively.

For 1991, the average inflation rate in the first six m onths is 1.8%, as given in 

[3], vol. 34, no. 30 (July 1991). By [7], p. 297, the average of the general retail 

price increase in the first 11 months in 1991 is 2.9%. By People’s Daily, January 

20, 1992, the yearly increase of the retail price level in 1991 is also 2.9%. Therefore

Monthly inflation rates in percentage in 1991

Over the same month, 1990

Jan 1 .8  Fab 1 .8  Nar 1 .8  Apr 1 .8  Nay 1 .8  Jun 1 .8  
Jul 4 .2 2  Aug 4 .2 2  Sap 4 .2 2  Oct 4 .2 2  Hov 4 .2 2  Dac 2 .9
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In 1992, the average increase in the retail prices was 5.2% for the first 11 months 

([3], vol. 36, no. 1 (January 1993), p. 17), and was 5.4% for the whole year ([3], 

vol. 36, no. 18 (May 1993), p. 4). this information gives us the following figures.

Monthly inflation rates in percentage in 1992

Over the same month, 1991

Jan 6 .2  Fab 6 . 2  Nar 6 .2  Apr 6 .2  May 6 .2  Jun 6 .2
Jul 6 .2  Aug 6 . 2  Sap 6 .2  Oct 6 . 2  Mo t  6 .2  Dae 7 .6

1993 is the current year. By [3], vol. 36, no. 20 (May 1993), p. 4, the retail 

prices rose 8.6% in the first 3 months. According to  an announcem ent by the S tate 

Statistical Bureau on August 20, 1993, the national retail price index in the first 

seven months rose 10.8%. These releases give us the inflation d a ta  in 1993 below.

Monthly inflation rates in percentage in 1993 

Over the same month, 1992

Jan 8 .6  Fab 8 .6  Mar 8 .6  Apr 12 .46  Hay 12 .46  Jun 12.46  
Jul 12 .46

In conclusion we summarize the monthly inflation rates in Table 7.
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Table 7
Monthly Rates of Increase in the National General Retail Price Level 

Compared with the Same Month Previous Year

J u r*b Hsr 6pr "•7 Jaaa J a l y *«« Sept Oct ■ev Dac

I M S 9114 16161 16303 11046 99037 103676
1949 116776 106339 60306 81606 107713 43498 39474 34669 37643 66096 7476 3394

I960 3667 3794 3970 3460 1338 7 6 6 . 4 6 6 9 . 6 4 3 9 . 0 3 3 8 . 9 9 1 . 6 2 0 . 9 8 2 . 6
1961 1 3 . 3 1 3 . 3 1 3 . 3 1 3 . 3 1 3. 3 13 .3 1 3. 3 1 3 . 3 1 3. 3 1 3 . 2 1 3 . 2 1 3. 3
1963 - 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4 • 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4 - 0 . 4
1963 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4
1964 3 . 3 3 . 3 3 . 3 3 . 3 3 . 3 3 . 3 3 . 3 3 . 3 3 . 3 2 . 3 2 . 3 2 . 3
1966 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0
1966 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
1967 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6
1966 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 2
1969 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9 0 . 9

I960 3 . 1 3 . 1 3 . 1 3 . 1 3 . 1 3 . 1 3 . 1 3 . 1 3 . 1 3 .1 3 . 1 3 . 1
1961 1 6 . 3 1 6. 3 1 6. 3 1 6. 3 16 .3 16 .3 1 6 . 3 16 . 3 1 6. 3 1 6 . 3 1 6. 2 1 6 . 2
1963 3 . 0 3 . 6 3 . 0 3 . 8 3 . 8 3 . 0 3 . 8 3 . 6 3 . 0 3 . 6 3 . 8 3 . 8
1963 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9 - 6 . 9
1964 - 3 . 7 - 3 , 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7
1966 - 3 . 7 - 3 , 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 3 . 7 - 2 . 7
1966 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3
1967 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7
1968 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1
1969 - 1 . 1 - 1 . 1 - 1 . 1 - 1 . 1 - 1 . 1 - 1 . 1 - l . l - 1 . 1 - 1 . 1 -1 .1 - 1 . 1 - 1 . 1

1970 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 , 3 - 0 . 3 - 0 . 2 - 0 . 2 - 0 . 3
1971 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 , 7 - 0 . 7 - 0 . 7 - 0 . 7 - 0 . 7
1973 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 3 - 0 , 3 - 0 . 3 - 0 . 3 - 0 . 2 - 0 , 2
1973 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
1974 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0.6 0 . 6 0 . 6 0 . 6 0 . 6
1976 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 2 0 . 3
1976 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3
1977 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 2 . 0
1970 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 . 7 0 , 7
1979 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 3 . 0 2 . 0 3 . 0

1960 6 . 0 6 . 0 6 . 0 6 . 0 6.0 6 . 0 6.0 6 . 0 6 . 0 6 . 0 6 . 0 6 . 0
1961 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 3 . 4 2 . 4 3 - 4 2 . 4 3 . 4
1963 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 . 9 1 9 1 . 9 1 . 9 1 . 9 1 . 9
1963 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6 1 . 6
1964 3 . 8 3 . 6 3 . 8 3 . 8 3 . 8 3 . 8 3 . 8 3 . 6 3 . 6 3 . 0 3 . 8 3 . 8
1966 6 . 6 6 . 6 6 . 6 0 . 6 8 . 6 6 . 6 8 . 6 6 . 6 8 . 6 6 . 6 8 . 6 12.1
1966 6 . 6 7 . 6 6 . 4 4 . 4 3 . 3 3 . 0 3 . 3 3 . 7 6 . 0 4 . 6 6 8 6 . 2
1967 6 . 3 6 . 3 6 . 3 6 . 6 7 . 6 7 . 0 6 . 1 4 6 . 1 4 8 . 1 4 6 . 1 4 6 . 1 4 9 . 1
1988 1 3 . 6 1 3 . 6 1 3 . 6 1 3 . 6 1 3. 6 1 3. 6 3 1 . 0 3 1 . 0 3 1 . 0 3 6 . 0 6 2 6 . 6 6 2 6 . 7
1969 3 7 . 0 3 7 . 9 3 6 . 0 3 6 . 6 3 4 . 3 31 6 1 9 . 0 1 6 . 3 1 3 . 0 6 . 7 7 . 1 6 . 4

1990 4 . 1 4 . 1 3 . 3 3 . 1 - 1 . 6 - 1 . 0 3 . 1 3 .1 3 . 1 0 . 3 1 . 0 3 . 2
1991 1 . 8 1 .6 1 . 8 1 . 8 1 . 8 1 . 6 4 . 3 3 4 . 3 3 4 . 3 2 4 . 3 3 4 . 3 2 2 . 9
1993 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 3 6 . 2 7 . 6

1993 6 . 6 6.6 6.6 13 . 46 13. 46 13 . 46 1 3 . 4 6
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§2. Interest rates.

The central bank of China, People’s Bank of China, was established on De­

cember 1, 1948, from the merger of three regional banks in the liberation region: 

Bank of Northern China, Bank of North Sea, and Northwest Agriculture Bank. To 

reflect the interest rates in the liberation region in 1948, we use rates quoted from 

a directive of the Bank of Northern China dated July 28, 1948. For later period all 

our interest rates are mainly from directives of the People’s Bank of China.

There are many different kinds of interest rates on deposits and loans in the 

history of new China. The most interesting ones are the interest rates charged by 

the central bank on loans to industrial and commerce businesses of private and 

joint state-private ownerships, because these businesses form the private sector 

and represent the market-oriental portion of the Chinese economy. However, these 

interest rates only existed before June, 1960, and were offered again after 1980. In 

view of their im portance, we still want to  incorporate these rates into our financial 

da ta  by filling the gap with the loan rates to  sta te  owned businesses. This is 

reasonable, because there were indeed no private or joint state-private enterprises 

in China in 1960s and 70s, and because private and joint state-private businesses in 

late 1950s and early 1980s actually faced the same interest rates on loans as state- 

owned companies did. The related documents on the interest rates on commerce 

loans to private businesses are quoted below.

(i) According to [1], the interest rates on commerce loans to all s ta te  and private 

businesses were set between 84% and 180% annually in July, 1948.

(ii) By [24], the interest rates on commerce loans to  private businesses were 

between 108% and 252% in May, 1949.

(iii) The interest rates on commerce loans to  private businesses were 288% in
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July, 1949, and 1200% in November, 1949, according to [8], p. 55.

(iv) According to [25], the interest ra te  on commerce loan to  private enterprises 

was officially set at 288% at the end of March, bu t actually reached 480% ([8], p. 

65). It decreased gradually to  72% at the end of April, 1950.

(v) Based on [26], the interest rates on commerce loan to  private enterprises 

were set at 36% in May, 1950.

(vi) The interest rates on commerce loan to  private and joint state-private 

businesses from 1950 to 1991 (to sta te  businesses in 1960s and 70s) are published 

in [6] and [7].

(vii) The adjustm ents of lending rates in 1993 are announced by the People’s 

Bank of China, according to [20] where the actual lending rates to  private enter­

prises are customarily 20% higher than the published figures (cf. [7], p. 509).

These loan rates have other shortcomings; there is usually no reference to  the 

term s of the loans. When rates on loans with different m aturity  are finally indicated 

explicitly, as in a rare case between February and June, 1952, the figures become 

inconsistent with other rates. We will overcome this difficulty by using average 

rates whenever necessary, and as in the official statistics, mentioned nothing about 

the terms of the underlying loans.

The interest rates on loans to private and joint state-private commerce busi­

nesses are given below. A date listed below indicates the tim e of adjustm ents, and 

hence a rate remains the same until the next adjustm ent.

Besides the commerce loan rates, we also have interest rates for bank savings. 

In China the money of a business put into a bank is called a “deposit” , and the 

money of an individual put into a bank is called savings. Interest rates on deposits 

in China, especially by sta te  enterprises, have less sense, because the money of
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a state  business is always owned by the government, regardless of it being in or 

outside a bank. Consequently, deposits rates of s ta te  enterprises are not represen­

tative. On the other hand, savings rates are meaningful, because savings are an 

im portant funding source for the government and financial institutions. In order 

to a continuous spectrum  of rates from 1948 to  1993, we adopt interest rates on 

day-to-day savings, six-month CD savings, and one-year CD savings. The sources 

for savings rates are the same as for commerce lending rates above.

These interest rates are determ ined by the Chinese central bank, and hence 

they are bank rates and not purely m arket rates. Since the Fisher efTect is a 

phenomenon in market economies, the interest rates to be used should be market 

rates, or a t least close proxies of market rates. The Chinese economy is nominally a 

socialist economy, but a vast underlying portion of the economy is m arket oriented, 

especially during the periods from 1948 to 1950s and from 1980 to  1993. In fact, 

from 1980s the Chinese economy should be called “a socialist market economic 

system ” {[10]). The goal of the present paper is to  study the underlying market- 

oriented behavior, and in particular the Fisher effect, of the Chinese economy. 

Therefore we need to  show that our interest rates faithfully reflect the market 

dem and and are a good proxy of market interest rates.

W hat is lacking in China is a market interest rate over the whole history of the 

People’s Republic from 1948 to 1993. There is, however, a truly market interest 

ra te  over the period from June, 1949 to December, 1952. Since this ra te  ceased to 

exist after 1952, we can not use it to test the Fisher effect. Nevertheless we may 

use this rate to  compare with the interest rates of the central bank and show th a t 

over the tim e period from June, 1949 to December, 1952, the central bank rates 

are closely parallel to the market rate and hence are essentially m arket-oriented.
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The market rate is the interest rate on daily interbank loans among Shanghai 

old-style banks. These old-style banks are called ch ’ien chuang in Chinese (cf. [38] 

and Me Elder ry [19]) and have a history from 1736 to 1952. From the end of the 

last century these old-style banks developed close business relations with modern 

western-style banks, bu t these ch ’ien chuang maintained their own banking system. 

They had the Shanghai Old-Style Bankers Association, a daily clearing house and a 

money market. The money market opened twice a day, one in the m orning and the 

other in the afternoon. In the market an interest rate on overnight interbank loan 

was determ ined according to m arket conditions for th a t day and member banks 

could only use the determ ined rate in th a t day on interbank transactions.

Shanghai was occupied by the Chinese Army in May, 1949; from th a t time the 

interbank rate became a market rate of new China. In December 18, 1952, all the 

member banks of the Shanghai Old-Style Bankers Association merged and formed 

the United Board of Directors of the Joint Private-State Bank. The directors of 

this new bank were acting under the guidance of the People’s Bank of China and 

thus the old c h ’ien chuang became a bank of modern-style. The market interest 

rate on interbank loans therefore ceased to exist after 1952.

Table 10 lists the monthly averages of this market interest rate on interbank 

loans among Shanghai old-style banks from June, 1949 to  December, 1952, quoted 

from [38], pp. 630-642. (In [38] complete monthly average rates are listed over 

the tim e period from May, 1872, to  December, 1952.) Using these m onthly average 

rates we can com pute their correlation estimates with the interest rates on one-year 

CD savings charged by the People’s Bank of China. Using a SAS PROC A RIM A 

procedure we get a correlation analysis which is printed verbatim  in Table 11.

From Table 11 we observe th a t the highest correlation between the two rates is
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when there is no time lag between them. Since this highest correlation coefficient 

equals .85249, it is large enough considering a standard error of approximately .15. 

In other words, there is no evidence to  reject the hypothesis th a t the two rates are 

essentially the same. Note th a t the ra te  of old-style banks is a market interest rate 

and the rate of the central bank is an administered rate. Therefore we conclude 

that the central bank’s rate is close to  a market one over the period from June, 

1949, to  December, 1952.

There is no market interest rate existing in China after 1952, and hence we 

can not use the above method to verify the market-oriented aspect of the interest 

rates administered by the central bank. W hat we can do, however, is to  look at 

the policies and procedures of the central bank when they adjusted interest rates. 

From these policies and procedures we can see that the central bank followed market 

conditions closely when determ ined the interest rates, at least in period before 1966 

and after 1980.

It is known th a t there are no ready formulas for the central bank to calculate 

interest rate adjustm ents. In 1991 the People’s Bank of China established a com­

puter model of macro econometrics named PBCM1 (cf. [7], p. 56) which consists of 

about 90 equations and can be used to  predict macro economic effects of monetary 

policies. But it is not clear whether the People’s Bank of China ever used this 

com puter model to  determ ine interest rate adjustm ents. (In fact the savings rates 

were only adjusted twice after April 21, 1991; the first adjustm ent was on May 15, 

1993, and the second was on July 11, 1993.)

Now let us examine the policies of the central bank regarding interest rate 

adjustm ent. In the appendix at the end of this chapter there are excerpts of doc­

um ents related to interest rate  adjustm ent issued by the central bank and other



government authorities over the period from 1948 to 1971. From these excerpts we 

can see that the central bank was indeed monitoring the market situation closely, 

in particular in the early years of the People’s Republic. More precisely, the central 

bank determ ined an interest rate adjustm ent based on three considerations: (i) the 

current inflation rate computed from the National General Retail Price Index, (ii) 

national economic policies including policies on bank savings and production, and

(iii) lending spreads of commercial banks. It is believed that the inflation rate in 

(i) is the most im portant factor in interest ra te  adm inistration. On the other hand 

the lending spreads in (iii) played a less im portant role and even became negative 

sometimes {cf. [46]). Also from these documents we can see the central bank usu­

ally adjusted interest rates once by a small amount; the next adjustm ent would be 

made only after the effect of the first adjustm ent was assessed. In 1960s and 1970s 

the language used in these documents are rather ideological but the government 

actually paid more attention on interest rate adjustm ent by retaining the right 

of final approval of interest rate adjustm ent. Although newer documents are not 

available, we can clearly see the mechanism of interest rate  adjustm ent in China.



Table 8

Interest Rates on 

Commerce Loans to  Private and Joint Private-State Enterprises

(to State Enterprises in 1960a and 70s)

7 /4 8 132.0 6 /49 180.0
7 /4 8 2 8 6 .0 11/49 1200 .0
12/40 4 8 0 .0 4 /6 0 7 2 .0
6 /6 0 3 6 .0 6 /6 0 4 6 .8
2/61 4 2 .1 2 7/61 3 6 .0
6 /6 2 19.8 10/66 1 6 .2
1/68 8 .6 4 1/69 7 .2
11/71 6 .0 4 1/82 7 .2
4 /8 6 7 .9 2 9 /88 9 .0
8 /9 0 11.23 4 /91 10.37
6 /93 11.23 7 /93 13.2
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Table 9

Interest Rates on Savings

Day-to-Day Six-Honth Ons-Yaar
Savings CD S avings  CD Savings

7 /4 8  3 7 .8  7 2 .0  144.0
4 /4 9  0 6 -0  1 6 8 .0  2 6 2 .0
6 /4 9  &4-0 1 8 0 .0  2 6 2 .0
8 /4 9  6 0 .0  1 6 8 .0  2 6 2 .0
4 /6 0  4 3 .2  8 6 .4  166 .0
6 /6 0  2 1 .6  6 4 .8  8 6 .4
6 /6 0  12 .0  2 8 .8  8 6 .4
10/60  12 .6  3 1 .2  3 4 .8
3 /6 1  12 .6  3 3 .0  4 6 .6
7 /6 1  10 .8  2 8 .2  3 6 .0
12/61 9 . 0  2 2 .8  3 1 .2
6 /6 2  6 -4  12 .6  14 .4
1 /6 3  6 .4  10 .8  14 .4

10 /66  2 .8 8  6 .1 2  7 .9 2
1 /6 9  2 .1 6  3 .6  4 .8
7 /6 9  2 .1 6  4 .6 8  6 .1 2
6 /6 6  2 .1 6  3 .2 4  3 .9 6
10/71 2 .1 6  3 .2 4  3 .2 4
4 /7 9  2 .1 6  3 .6  3 .9 6
4 /8 0  2 .1 6  4 .3 2  6 .4
7 /8 0  2 .8 8  4 .3 2  6 .4
4 /8 2  2 .8 8  4 .3 2  6 .7 6
4 /8 6  2 .8 8  6 . 4  6 .8 4
8 /8 6  2 .6 8  6 .1 2  7 .2
9 /8 8  2 .8 8  6 .4 8  8 .6 4
8 /9 0  2 .1 6  6 .4 8  8 .6 4
4 /9 1  2 .1 6  6 . 4  7 .6 6
7 /9 1  1 .8  6 .4  7 .6 6
6 /9 3  2 .1 6  7 . 2  9 .1 8
7 /9 3  3 .1 6  9 .0  10.98



Table 10

Monthly Averages of Annualized Percentage Rate 

on Overnight Interbank Loans 

Among Member Banks of the Shanghai Old-Style Bankers Association 

from June, 1949, to December, 1952

1940 1960 1961 1962

January 3 2 4 .7 2 3 6 .00 3 2 .4 0

February 3 6 6 .0 4 3 6 .0 0 3 2 .4 0

March 219 .0 0 3 6 .0 0 3 0 .6 0

A p ril 8 7 .1 2 3 0 .0 0 2 8 .8 0

May 3 0 .9 0 3 6 .00 2 8 .8 0

June 019 .92 2 4 .4 6 3 6 .0 0 2 6 .6 4

July 0 3 3 .2 4 2 8 .8 0 3 4 .9 2 18.00

August 601 .40 2 8 .8 0 3 4 .20 18.00

Sep tsab er 207 .7 2 2 8 .8 0 3 4 .2 0 1 8 .0 0

October 330 .48 3 2 .7 6 3 4 .2 0 18 .00

Vovsaber 9 0 9 .1 2 3 6 .0 0 3 4 .2 0 18.00

Decsaber 6 9 4 .0 0 3 6 .0 0 3 4 .2 0 18.00
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Table 11

Correlation of 
Monthly Averages of Annualised Percentage Rates

on Overnight Interbank Loans

Among Member Banks of the Shanghai Old-Style Bankers Association 
and Interest Rates on One-Year CD Savings 

of the People’s Bank of China

from June, 1649, to December, 1652

The SAS Syataa  

ARIHA Procedure  

C o r re la t io n  o f
The Rate o f  O ld -S ty le  Banks and th e  Rate o f  th e  P e o p le ' s  Bank o f  China 

Variance o f  input *  47487 .08  
lumber o f  o b serv a t io n s  ■ 43

C r o ss c o r r e la t io n s

Lag Covariance C o r re la t io n  - 1 0 8 7 8 5 4 3 2 1 0 1 2 3 4 6 6 7 8 6 1
10 -1 4 0 0 .1 3 6 -0 .0 7 3 0 6  I *1 1
-0 -6 6 6 .2 0 2 -0 .0 3 2 5 6  I *1 1
-8 718 .866 0 .03668  I 1* 1
-7 1080.257 0 .00 8 7 4  I )* •  |
-6 4273 .783 0 .21 2 1 4  1 )*•**  . |
-6 7076.744 0 .30 6 8 8  I | * . ****** |
-4 0204.006 0 .46132  I 1********* 1
-3 10486.726 0 .52067  I 1 ***♦♦***♦• I
-2 12467.616 0 .61836  I | ************ |
-1 14007.606 0 .73006  I | *************** |

0 17174.666 0 .86240  I |***************** |
1 17030.488 0 .84678  I | ***************** |
2 16364.703 0 .81228  I | **************** |
3 16644.404 0 .77167  I | * ************** |
4 14103.367 0.70461 1 j . ************* |
5 11560.623 0 .6 7 3 7 8  I I*********** |
6 0676.001 0 .4 8 0 2 8  I |********** |
7 8766 .218 0 .43458  I | ********* |
8 7262.310 0 .36047  I I******* I
0 6103.466 0 .25778  I I*****. |

10 2623.376 0.13021 I 1*** (
" marks two standard e r ro rs



38

§3. R elations betw een inflation and interest rates.

As we pointed out in C hapter I, the Fisher effect can be tested by the linear 

regression

=  <»m +  0mi?  +  vT  ( 0

where k  is the tim e lag, rr™ is the ex post inflation rate realized in the tim e period 

from ( — k to t — fc +  m, and i{" is the interest rate a t tim e t m atured at tim e t -+ m. 

More precisely, when the tim e lag k equals gpro the regression in (1) tests the ex 

po^t Fisher effect, and when k = rn the regression tests the Fisher hypothesis with 

inflation rates just realized a t tim e t. For tim e lags k other than 0 and m, we will 

get tests for lagged Fisher effect from (1).

Note th a t in (1) the lag k  is the tim e lag of the inflation. It is equivalent to 

write ( 1) as

*  i A  ' t n  * . f f i"t" t "F

where becomes future interest rates. Here ej” is another random error term.

According to section 1, our inflation data  are a t annual rates, i.e., m  is always 

equal to  12. By section 2, there are four different interest rates available from 1948 

to 1993, of which the rates on one-year CD savings are most suitable to our purpose. 

In order to have a better understanding of the Chinese economy, we will perform 

the regression in ( 1) to all the four interest rates and compare the com putation 

results.

We use SAS software PROC GLM (General Linear Model) to do the com puta­

tion. Tables 12 through 15 summarize the estim ations of the coefficients a  and /?, 

their standard errors, tests for hypotheses of these coefficients being equal to zero,
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and the R-square estim ates for the regression of the lagged inflation against the 

four available interest rates.

From these tables, we observe th a t there is no evidence th a t th e  economy of 

China exhibits the ex post Fisher effect, because the /{-square estim ations for the 

linear regression are all less than or close to .11 for k  =  0 . Such small /{-squares 

suggest th a t the linear regression in ( 1) does not fit well when the lag is zero.

Similarly, the regression with inflation tim e lag k = 12 against the four in ter­

est rates can not confirm the Fisher hypothesis with inflation rates just realized. 

Note th a t when k — 12, the highest /{-square for the four regressions is .4078, 

corresponding to the interest rates on day-to-day savings.

It is interesting to note that when the lags are equal to  17 in Table 12, between 

17 and 19 in Table 13, between 17 and 20 in Table 14, and equal to 22 in Table 

15, the corresponding /{-square estim ates are larger than .70, and the t values for 

testing the null hypothesis that the coefficient 0  equals zero are all larger than 36. 

Consequently, the linear regressions fit well and the future interest rates i '^ k does 

contribute significantly to the model in these cases.

From this observation, we also know th a t the three savings rates are quite similar 

in the aspect of their relations to  the inflation rates. Indeed, they all respond to 

the inflation positively after a time lag of 5 months. This dem onstrates that the 

mechanism of inflation and interest rates in the Chinese economy in the past 45 

years follows a pattern  that the central bank usually wait five months before rise 

or lower interest rates on savings after they detect significant changes in inflation 

rates. A typical example the most recent rises of interest rates in 1993. According 

to  Table 7, the annualized inflation rate  in December, 1992, was 7.6% which is 

ra ther high comparing with the average rate  of 5.2% in the first 11 m onths of
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1992; then in early 1993, the prices continue the hike to an inflation rate  of 8.6%. 

Coincidentally or predictably, five m onths after the first inflation rise of December, 

1992, the central bank rose the interest rates in May, 1993; since the inflation 

continued to rise in early 1993, the central bank rose the interest rates again in 

July, 1993.

The lending rates seem to be slightly different. This can be seen from the 

positive intercept a  for lags less than 16 in Table 15, as opposite to the situation in 

Tables 12 through 14. The lending rates, however, do support the Fisher hypothesis 

with lagged inflation, as indicated by the results for k =  22, where the /i-square 

is equal to .7161 and the t value for testing the null hypothesis that the coefficient 

0  equals zero is 36.87. These results show that the lending rates are strongly 

associated with the inflation rates realized 10 months earlier. Comparing with the 

savings rates, we conclude th a t the Chinese central bank tend to  adjust the lending 

rates 10 months after they notice significant change in inflation rates, or 5 months 

after they adjust the saving rates.

According to 118], pp. 24-41, the retail prices from 1966 to  1984 were strictly 

controlled by the government through various price subsidies. Consequently the 

National General Retail Price Index in this period appears exceptionally flat and 

the resulting low inflation rates calculated from the price index along may not 

be enough to represent the actual inflation in the economy. Ma and Kao in [18] 

suggested tha t an index of the shortage of national product should be used as 

a supplem ent to  the measurement of the actual inflation. Here the shortage of 

national product is the difference of the national aggregate purchasing power at 

the year end minus the aggregate reserve of national product a t the year end. Due 

to lack of available data , we can not possibly use this approach over the entire
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period from 1948 to 1993. W hat we will do below is to rerun to  the General Linear 

Models without the inflation rates from 1966 to 1984. From these linear regressions 

on inflation with missing values, we can find out the effect of these adm inistered 

inflation rates to  our linear models and conclusions. The com putations of the 

SAS PROC GLM procedure on inflation rates with missing values against the 

interest rates on one-year CD savings are summarized in Table 16. Comparing the 

results in Tables 16 to those in Table 14, we realize th a t the General Linear Models 

yield essentially the same estim ations regardless of the s ta tus of the inflation d a ta  

between 1966 and 1984. In other words, the inflation rates in the 19 year period 

from 1966 to 1984 are acceptable when we study their relationships with the interest 

rates, although these rates may not be as good in other aspects. Because of this 

discovery we will use the entire inflation data  in the following models.

We have to  adm it that the m onthly inflation figures in Table 7 have certain 

deficiencies, because we assumed th a t the monthly inflation rates from 1951 to 

1984 are all equal to the yearly average rates of their corresponding years, inflation 

rates after 1985 are not perfect, as indicated by the figure generated by SAS PROC 

PLO T below.

Here in the figure, the horizontal bars consisting of letters ‘A1 represent the 

hypothetical values of inflation rates derived from the average rates on the corre­

sponding tim e periods. Note th a t these bars of A’s preserve the shape of the graph 

of the monthly inflation rates, but the resulting curve becomes not smooth around 

the bars. Since it is impossible to derive the actual figures of the monthly inflation 

rates from their averages over a year or a shorter tim e period, we have to  make 

the above assumption in order to  construct a set of consecutive monthly inflation 

data. Nevertheless, this assumption has to  be verified and tested. In the rest of this
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section, we will use yearly inflation and interest rates to show th a t our assumption 

on the monthly data  are reasonable and the conclusions above remain valid.

Now let us go back to  the yearly data. After calculating the yearly averages 

of monthly inflation rates from 1949 to  1992, we get from Table 7 a  set of yealy 

inflation rates from 1949 to 1992, and we will denote these yearly inflation rates 

by ttt, where T  is a year between 1949 and 1992. (Recall th a t t always denotes 

a tim e in m onth.) Using the monthly interest rates on one-year CD savings, we 

can also construct yearly averages of interest rates from Table 9, but we want to 

calculate these yearly averages first according to  calendar years and then according 

to various fiscal years. For example, when k  — 0, the yearly interest rate 17- is the 

average of the 12 monthly interest rates in year T\ when k  is an integer > 1 and 

< 11, the yearly interest rate is the average of m onthly interest rates from the 

k -+■ 1st month of year T  to  the Jfcth month of year T  +  1.

• ik\We want to  perform linear regressions on these yearly d a ta  of ttj, i j  and iT , 

according to different tim e lag of inflation. More precisely, if the lag I is equal to 

0, the yearly inflation rate itt+i should be regressed against i j  '.

VT+1 =  /* +  0 *T +  flTi

because itt+i represents the price increase from year T  to year T  + 1 and it  is 

the interest rate in year T  on savings to  be m atured in year T  + 1- If the lag / is 

equal to  12, then the yearly inflation rates it? should be associated with the yearly 

interest rates *-7-:

*T  =  t* +  +  <*Ti

because in this case j t t  is just realized a t the tim e T.  If the lag / is between 13 and 

23, we run regressions on ttt and



TTT -  fi +  +  o r ,

because the lag between t r  and i^ -12* is just / — 12. In order to use SAS PROC 

GLM, we list the d a ta  sets and a summary of the com putation below.

The com putation results in Table 19 confirms our finding on the linear relation­

ship between inflation rates and interest rates. Indeed, the regressions on the yearly 

d a ta  showed tha t the best linear models are between inflation rates and those inter­

est rates which are three to ten months after the realization of the inflation rates. 

Comparing with the estim ates in Table 14, we see a  similar pattern  for the regres­

sions on m onthly inflation rates and those monthly interest rates which are three 

to ten months after the realization of the inflation rates; hence our reconstruction 

of the monthly inflation rates in Table 7 is reliable.

Moreover the SAS com putations on yearly d a ta  indicate tha t the linear relations 

between interest rates and inflation with no tim e lag, and between interest rates 

and inflation with 12 month lag are also acceptable. When there is no time lag 

of inflation, the linear regression has an R-square equal to .7684 and a / value for 

testing the null hypothesis of /? being zero equal to 11.66. When the tim e lag of 

inflation equals 12, the corresponding /i-square and t value are .7819 and 12.27, 

respectively. These figures imply that the ex post Fisher effect and the Fisher effect 

on inflation just realized are observable from the yearly data , though they are not 

strong enough to  appear in the regression on monthly data. From this point of 

view, we see the deficiency of our monthly d a ta  again.
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Table 12

General Linear Models Estim ation

of the Regression o f Monthly Annual Inflation Rates

A gainst Interest R ates on D ay-to-day Savings

Lag I n te r c e p t  a T fo r  HO: C o e f f i c i e n t  0 T f o r  HO: fi-Square
(Standard Error) a  = 0 (Standard Error)

oIISj.

0 - 2 6 0 .8 7 - 1 .5 9 116.41 8 .1 3 .1113
(1 6 7 .4 7 ) (1 4 .3 3 )

3 -6 8 8 .6 2 - 1 .8 6 2 7 1 .22 9 .4 0 .1428
(3 1 6 .3 9 ) (2 8 .8 6 )

6 -1 1 7 6 .6 7 - 2 .6 7 6 0 2 .1 0 12 .45 .2264
(4 4 0 .6 8 ) (4 0 .3 1 )

9 -1 6 9 7 .3 8 - 3 .2 8 6 6 7 .1 4 14.94 .2940
(4 8 6 .8 6 ) (4 4 .6 6 )

11 -2 0 0 2 .3 6 -4 .4 0 760 .68 18.17 .3802
(4 6 6 .6 7 ) (4 1 .8 6 )

12 -2 1 2 1 .6 6 - 4 .7 7 787 .87 19 .26 .4078
(4 4 4 .6 9 ) (4 0 .9 0 )

13 -2 2 9 9 .9 4 - 6 .3 6 8 3 4 .6 9 2 0 .91 .4478
(4 2 9 .1 9 ) (3 9 .9 2 )

14 -2 6 6 3 .7 2 - 6 .3 0 8 9 8 .1 7 2 3 .6 6 .6073
(4 0 6 .2 3 ) (3 8 .1 2 )

16 -2 8 6 2 .6 2 - 7 .6 5 972.91 2 7 .3 9 .5819
(3 7 3 .1 3 ) (3 6 .6 2 )

16 -3 0 9 2 .1 2 -9 .0 1 1037.06 3 1 .3 6 .6460
(3 4 3 .2 2 ) (3 3 .0 7 )

17 -3 3 3 2 .8 2 - 1 0 .8 0 1103.25 3 6 .6 6 .7138
(3 0 8 .6 0 ) (3 0 .0 9 )

18 -3 2 5 1 .2 9 - 1 0 .1 9 1100.87 3 4 .9 2 .6934
(3 1 9 .1 8 ) (3 1 .5 3 )

19 -3 2 3 6 .1 0 -1 0 .1 1 1113.13 3 4 .7 4 .6912
(3 2 0 .2 4 ) (3 2 .0 5 )

20 -3 2 3 2 .2 7 -1 0 .1 1 1128.30 3 4 .7 9 .6919
(3 1 9 .8 1 ) (3 2 .4 3 )

21 -3 2 1 4 .7 6 - 1 0 .0 0 1140.79 3 4 .6 2 .6886
(3 2 1 .4 9 ) (3 3 .0 6 )

22 -3 3 8 0 .6 6 -1 0 .7 2 1210.71 3 6 .74 .7032
(3 1 6 .2 6 ) (3 3 .8 8 )

23 -3 2 7 3 .7 4 - 9 .6 5 1212.36 3 2 .2 0 .6679
(3 3 9 .3 6 ) (3 7 .6 6 )

24 -3 0 4 7 .6 0 -8 .1 1 1184.86 2 7 .4 6 .5831
(3 7 6 .8 0 ) (4 3 .1 6 )
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Table 13

General Linear Models Estim ation

of the Regression of M onthly A nnual Inflation R ates

A gainst Interest R ates on Six-M onth CD Savings

Intercept a T fo r  HO: C o e f f i c i e n t  0 T f o r  HO: /{-Square
andard Error) 0 ll o (Standard Error) 0 = 0

- 1 .3 3 - .0 1 2 0 .9 3 6 .6 3 .0649
(1 6 6 .6 6 ) ( 6 .4 1 )
-1 6 .7 0 - . 0 6 7 0 .36 6 .3 9 .0716

(3 1 7 .6 0 ) (1 1 .0 1 )
-1 8 0 .0 7 - . 4 2 136.37 8 .6 8 . 1238
(4 6 2 .2 8 ) (1 6 .7 1 )
-4 7 0 .3 0 - . 9 3 197.06 11 .26 .1909
(6 0 3 .0 3 ) (1 7 .6 2 )
-8 0 2 .0 2 - 1 .8 9 240 .04 14.63 .2819
(4 7 3 .4 0 ) (1 6 .5 2 )
-1 1 4 7 .3 0 -2 .6 3 264 .26 16.72 .3414
(4 6 2 .7 1 ) (1 5 .8 1 )
-1 3 8 0 .3 8 - 3 .2 0 288 .27 19 .04 .4022
(4 3 0 .0 3 ) (1 6 .1 4 )
-1 6 7 8 .8 3 -4 .2 1 318 .80 2 2 .6 2 .4870
(3 9 8 .8 7 ) (1 4 .0 9 )
-1 9 0 4 .6 2 -6 .6 7 361 .63 27 .66 .6865
( 3 6 7 .B0) (1 2 .7 2 )
-2 2 8 6 .8 7 - 7 .3 7 382 .06 34 .62 .6886
(3 1 0 .2 8 ) (1 1 .0 9 )
-2 6 6 1 .8 0 -1 0 .0 3 412 .38 4 6 .0 4 .7901
(2 6 4 .6 2 ) ( 9 .1 6 )
-2 4 3 9 .3 0 - 8 .9 4 4 0 6 .1 8 4 1 .1 3 .7684
(2 7 2 .8 2 ) ( 9 .8 7 )
-2 3 3 6 .6 6 -8 .1 2 4 0 0 .7 9 3 8 .2 2 .7305
(2 8 7 .9 1 ) (1 0 .4 9 )
-2 2 1 6 .2 6 - 7 .2 6 393 .65 36 .19 .6967
(3 0 6 .1 8 ) (1 1 .1 8 )
-2 0 7 6 .1 2 - 6 .3 9 384 .07 32 .08 .6562
(3 2 4 .6 4 ) (1 1 .9 7 )
-2 1 0 2 .6 6 - 6 .4 6 398 .46 3 1 .97 .6648
(3 2 6 .6 8 ) (1 2 .4 6 )
-1 0 0 4 .9 6 - 6 .6 8 4 0 0 .3 9 2 8 .4 8 .6008
(3 6 0 .9 6 ) (1 4 .0 6 )
-1 9 1 6 .3 7 - 6 .1 6 4 0 5 .6 4 2 6 .9 0 .5646
(3 7 1 .8 0 ) (1 6 .6 6 )
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Table 14

General Linear Models Estim ation

of the  Regression of M onthly A nnual Inflation R ates

A gainst Interest R ates on One-Year CD Savings

[nt s r c  apt or T f o r  HO: C o e f f i c i e n t  0 T f o r  HO: R-Squara
andard Error) a  =0 (Standard Error)

oII

- 7 4 .6 2 - . 4 9 2 5 .0 9 7 .4 0 .0941
(1 6 1 .8 1 ) (3 .3 9 )
-1 8 3 .0 8 - . 6 0 6 8 .6 6 8 .6 6 .1214
(3 0 6 .9 0 ) (6 .8 6 )
-4 2 7 .6 0 - . 9 9 108 .64 11.23 .1914
(4 3 0 .0 7 ) (9 .6 6 )
-6 8 4 .3 0 - 1 .4 4 148.92 13 .94 .2660
(4 7 4 .2 3 ) (1 0 .6 8 )
-9 8 0 .6 8 - 2 .2 0 170.74 16 .94 .3480
(4 4 6 .4 6 ) (1 0 .0 8 )
-1 1 3 4 .6 6 - 2 .6 4 181.26 18 .63 .3918
(4 3 0 .6 6 ) ( 9 .7 3 )
-1 2 9 0 .2 6 - 3 .1 3 193.86 2 0 .6 9 .4403
(4 1 2 .7 0 ) ( 9 .4 1 )
-1 4 9 2 .9 1 -3 .8 6 209 .87 2 3 .5 3 .6067
(3 8 7 .1 3 ) ( 8 .9 2 )
-1 7 1 8 .3 6 - 4 .8 6 2 2 7 .8 9 2 7 .6 3 .5862
(3 5 4 .2 4 ) ( 8 .2 6 )
-1 9 2 1 .4 0 - 6 .0 3 246.01 3 2 .6 9 .6647
(3 1 8 .6 1 ) (7 .4 9 )
-2 1 0 9 .9 6 - 7 .6 8 2 6 1 .7 2 3 9 .56 .7437
(2 7 8 .3 3 ) ( 6 .6 2 )
-2 0 4 1 .4 7 - 7 .1 2 2 6 1 .4 3 3 7 .9 2 .7273
(2 8 6 .8 5 ) (6 .8 9 )
-1 9 6 9 .0 1 - 6 .6 6 2 6 0 .8 7 36 .27 .7094
(2 9 6 .9 0 ) (7 .1 9 )
-1 9 3 8 .2 3 - 6 .5 3 2 6 3 .2 2 36 .0 6 .7072
(2 9 6 .8 0 ) ( 7 .3 0 )
-1 8 7 2 .9 7 - 6 .1 6 263 .1 8 34 .78 .6918
(3 0 4 .2 4 ) ( 7 .6 7 )
-1 9 1 2 .1 3 - 6 .3 6 274 .80 3 6 .3 6 .6986
(3 0 1 .0 7 ) (7 .7 7 )
-1 8 3 6 .6 8 - 6 .7 4 278.41 3 2 .3 3 .6697
(3 2 0 .2 1 ) ( 8 .6 1 )
-1 6 7 3 .9 6 - 4 .7 6 2 7 6 .3 4 2 7 .7 9 . 6890
(3 5 2 .3 9 ) ( 9 .9 1 )
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Table IS

General Linear Models Estimation 

of the Regression of Monthly Annual Inflation Rates Against 

Interest Rates on Commerce Loans to  Private and Joint State-Private Enterprises 

(to State Enterprises in 1960s and 70s)

Lag I n te r c e p t  a  T fo r  BO: C o e f f i c i e n t  0  T fo r  BO: fi-Squar*
(Standard Error) a  = 0  (Standard Error) 0  = 0

0

3

6

9

11

12

13

14 

16 

16

17

18

19

20 

21 

22

23

24

184.37  
(1 6 2 .9 1 )  

416 .1 4  
(3 1 1 .6 7 )  
7 0 3 .16  

(4 6 3 .6 4 )  
BOO.26

(6 1 7 .6 6 )  
763 .46

(6 1 2 .6 6 )  
6 6 4 .48

(6 0 6 .7 4 )  
2 7 4 .70

(4 8 0 .7 6 )  
290 .96

(4 8 0 .7 2 )  
189.03  

(4 7 1 .1 6 )  
- 2 7 .9 3  

(4 4 9 .2 6 )  
-1 9 6 .3 2  
(4 2 8 .6 6 )  
-6 2 4 .6 6
(3 6 3 .7 6 )  
-6 7 6 .7 4  

(3 6 8 .0 8 )  
-6 7 1 .0 6  
(3 4 6 .8 2 )  
-8 2 2 .4 6  
(3 0 9 .8 1 )  
-9 0 3 .0 2  
(2 8 3 .6 2 )  
-6 6 9 .0 2  
(3 3 3 .6 9 )  
-6 0 4 .2 6  
(36B.60)

1. 21

1.33

1.66

1.66

1 .47

1.31

.67

.61

.40

- . 0 6

- . 4 6

-1 .7 2

- 1 .6 7

- 1 .9 3

- 2.66

- 3 .1 9

- 1 .9 7

-1 .4 1

7 .11  
( 2 . 02 ) 
16.87  

( 4 .1 3 )  
2 9 .9 2  
( 6 .0 3 )
4 4 .01
(6 .9 0 )
4 8 .81  
(6 . 8 6 ) 
6 3 .7 6  
( 6 .7 8 )  
7 3 .1 9
( 6 .4 6 )  
7 3 .1 8
( 6 .4 7 )
7 9 .02  
( 6 .3 6 )  
9 0 .7 3  
( 6 .0 8 )  
100.20  
( 6 .8 2 )  
123.28  
( 4 .9 6 )  
122.20  
( 6 . 0 2 ) 
128.64  
( 4 .7 6 )  
138.04  
( 4 .2 6 )  
143.07
( 3 .9 0 )  
133.11  
( 4 .6 2 )
126.81  
(4 .9 9 )

3 .6 2

4 .0 8

4 .9 6

6 .3 7

7 .1 3

7 .9 3  

11 .36

11 .32  

12.43

14 .93  

17 .23  

2 4 .9 0

2 4 .3 2  

2 7 .0 7  

3 2 .4 6  

3 6 .8 7  

2 8 .8 0  

2 6 .3 9

.0229  

.0306  

.0441  

.0706  

.0862  

.1046  

. 1929 

.1920  

.2229  

.2926  

.3661  

.6360  

.6233  

.6762  

.6614  

.7161 

.6061 

.6447
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Table 16

General Linear Models Estimation 

of the Regression of Monthly Annua) Inflation Rates 

with Missing Values from 1966 to 1984 

Against Interest Rates on One-Year CD Savings

a ta r e a p t  a T fo r  HO: C o e f f i c i e n t  0 T f o r  HO; A -S q oart
andard Error) s II o (Standard Error) 0 = 0

- 6 1 .2 2 - . 1 9 2 4 .9 6 6 .3 6 .0876
(2 7 6 .9 0 ) (4 .6 6 )
-1 3 6 .2 4 - . 2 6 6 8 .3 8 6 .2 2 .1136
(6 6 3 .3 6 ) (9 .3 9 )
-4 1 9 .1 3 - .6 4 108 .60 8 .2 2 .1813
(7 7 4 .3 6 ) (1 3 .2 0 )
-7 6 6 .1 0 - . 8 9 149.40 10.26 .2647
(6 4 9 .8 1 ) (1 4 .6 6 )
-1 2 2 8 .9 0 - 1 .6 4 172.36 12.68 .3378
(7 9 7 .3 3 ) (1 3 .7 0 )
-1 4 7 7 .1 7 - 1 .9 2 183.46 13 .89 .3827
(7 6 7 .4 8 ) (1 3 .2 1 )
-1 7 2 0 .0 7 - 2 .3 4 196.62 16.39 .4326
(7 3 4 .6 6 ) (1 2 .7 7 )
-2 0 3 7 .6 4 -2 .9 6 213 .37 17.66 .6008
(6 8 7 .8 4 ) (1 2 .0 8 )
-2 3 8 9 .6 0 -3 .8 1 232 .18 2 0 .8 6 .6829
(6 2 7 .6 8 ) (1 1 .1 4 )
-2 7 0 0 .8 6 - 4 .6 0 249 .98 2 4 .7 9 .6639
(6 6 2 .4 7 ) (1 0 .0 9 )
-2 9 8 6 .6 8 -6 .1 1 267 .29 3 0 .1 6 .7466
(4 8 8 .6 4 ) (8 .8 6 )
-2B64.36 - 6 .6 6 266.61 2 8 .8 6 .7281
(6 0 4 .2 6 ) ( 9 .2 4 )
-27 1 7 .1 1 - 6 .2 2 266.63 2 7 .6 3 .7091
(6 2 0 .6 9 ) (9 .6 6 )
-2 6 4 6 .4 7 - 6 .0 7 267 .73 2 7 .3 6 .7064
(6 2 2 .2 0 ) (9 .7 9 )
-2 6 2 1 .0 8 -4 .7 1 267.31 2 6 .3 2 .6902
(6 3 6 .6 6 ) (1 0 .1 6 )
-26 4 8 .3 1 -4 .6 1 2 7 8 .98 26 .76 .6970
(6 2 9 .6 0 ) (1 0 .4 3 )
-2 3 9 3 .1 8 -4 .2 4 2 8 2 .2 0 2 4 .3 9 .6668
(6 6 3 .8 3 ) (1 1 .6 7 )
-2 1 0 2 .1 0 - 3 .3 8 2 7 8 .4 0 2 0 .8 9 .6839
(6 2 1 .2 3 ) (1 3 .3 3 )
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Table 17
Yearly Inflation Rates and Lagged Interest Rates 

from 1949 to 1991 
for Lag Equal to Zero

Yaar I n f l a t i o n I n t s r s s t
r a t  s i r a t a s

I960 1369.8 226 .0 0
1951 12.2 120.70
1952 - . 4 3 7 .7 0
1953 3 .4 2 0 .0 0
1964 2 .3 14.40
1965 1 .0 14.40
1966 .0 12.78
1967 1 .5 7 .9 2
1968 .2 7 .9 2
1969 .9 7 .9 2
1960 3 .1 6 .46
1961 16.2 6 .1 2
1962 3 .8 6 .1 2
1963 - 6 .9 6 .1 2
1964 - 3 .7 6 .1 2
1966 - 2 .7 6 .1 2
1966 - . 3 4 .8 6
1967 - . 7 3 .96
1968 .1 3 .96
1969 - 1 .1 3 .96
1970 - . 2 3 .9 6
1971 - . 7 3 .9 6
1972 - . 2 3 .7 8
1973 .6 3 .2 4
1974 .5 3 .2 4
1976 .2 3 .2 4
1976 .3 3 .2 4
1977 2 .0 3 .2 4
1978 .7 3 .2 4
1979 2 .0 3 .24
1980 6 .0 3 .78
1981 2 .4 6 .0 4
1982 1.9 6 .4 0
1983 1.6 6 .87
1984 2 .8 6 .7 6
1986 8 .8 5 .7 6
1986 6 .0 6 .7 2
1987 7 .3 7 .2 0
1988 16.5 7 .2 0
1989 17.6 7 .6 8
1990 2 .1 8 .6 4
1991 2 .9 8 .6 4
1992 5 .4 7 .8 3
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Table 18

Yearly Inflation Rates and Lagged Interest Rates

from 1949 to 1992 

for Lags from 12 to 23

Tear I n f l a t i o n  Lagged Taarljr Avar agon o f  In to ro n t  I n t o  a on Ono-Tanr CD S a v in g s
1 s t  an

Lag-13 L ag-13  L ag-14 L ag-IS  Lag-1« Lag-IT L ag-IS  Lag-19 L ag-30  Lag-31 Lag-33 Lag-33

1949 6 7 8 6 6 .3  3 3 6 .0 0  3 3 4 .0 0  3 4 3 .0 0  3 6 3 .0 0  3 4 4 .0 0  3 3 0 .3 0  3 1 6 .4 0  3 0 3 .6 0 1 8 8 .8 0 1 7 6 .0 0 166 .90 13 8 .6 0
1960 1 3 6 9 .8 130 .70 1 0 2 .6 0 8 4 .6 0 8 6 .4 0 6 7 .2 0 6 3 .8 0 6 0 .4 0 4 6 .3 0 4 2 . 0 0 3 7 .8 0 3 7 .9 0 3 8 .0 0
1961 1 3 .3 3 7 .7 0 3 7 .4 0 3 7 .1 0 3 6 .8 0 3 6 .6 0 3 3 .0 0 3 0 .4 0 2 8 .6 0 2 6 .8 0 2 6 .0 0 2 3 .3 0 2 1 .4 0
1963 - . 4 3 0 .0 0 18 .6 0 17 .2 0 1 6 .8 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0
1963 3 . 4 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0
1964 3 . 3 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 4 .4 0 1 3 .8 6 1 3 .3 2
1966 1 . 0 1 3 .7 8 1 3 .3 4 1 1 .7 0 1 1 .1 6 1 0 .6 2 1 0 .0 8 9 .6 4 9 .0 0 8 . 4 6 7 .9 2 7 .9 3 7 .9 2
1966 .0 7 .9 3 7 .9 3 7 .9 2 7 .9 3 7 .9 2 7 .9 3 7 ,9 2 7 .9 2 7 . 9 2 7 ,9 2 7 .9 2 7 .9 2
1967 1 .6 7 .9 3 7 .9 3 7 .9 2 7  92 7 .9 3 7 .9 2 7 .9 2 7 .9 2 7 . 9 2 7 .9 2 7 .9 2 7 .9 2
1968 .3 7 .9 3 7 .6 6 7 . 4 0 7 .1 4 6 .8 8 6 .6 3 6 .3 6 6 .3 1 6 . 0 6 6 .9 1 6 .7 6 5 .6 1
1969 .9 6 .4 6 6 .6T 6 .6 8 6 .7 9 6 . 9 0 6 .0 1 6 .1 2 6 .1 2 6 . 1 2 6 .1 3 6 .1 3 6 .1 3
1960 3 .1 6 .1 3 6 .1 3 6 .1 3 6 .1 2 6 .1 3 6 .1 2 6 .1 2 6 .1 2 6 . 1 2 6 .1 2 6 .1 2 6 .1 2
1961 1 6 .3 6 .1 3 6 .1 3 6 .1 2 6 .1 3 6 .1 3 6 .1 3 6 .1 2 6 .1 3 6 . 1 3 6 .1 3 6 .1 3 6 .1 2
1963 3 . 8 6 .1 3 6 .1 3 6 .1 3 6 .1 2 6 .1 2 6 .1 3 6 .1 2 6 .1 2 6 . 1 2 6 .1 2 6 .1 3 6 .1 2
1963 - 6 . 9 6 .1 3 6 .1 2 6 .1 3 6 .1 3 6 .1 3 6 . 1 2 6 .1 3 6 .1 2 6 . 1 3 6 . 1 2 6 . 1 3 6 .1 3
1964 - 3 . 7 6 . 1 3 6 .1 3 6 . 1 3 6 .1 2 6 .1 2 6 . 1 2 6 .9 4 6 .7 6 6 . 6 8 6 .4 0 6 .2 2 5 .0 4
1966 - 3 . 7 4 .8 6 4 .6 8 4 .6 0 4 .3 2 4 . 1 4 3 .9 6 3 . 9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 .9 6
1966 - . 3 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 .9 6 3 .9 6 3 .9 6
1967 - . 7 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 .9 6
1968 . 1 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 .9 6
1969 - 1 . 1 3 . 9 6 3 .9 6 3 .9 6 3 . 9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 . 9 6 3 . 9 6 3 . 9 6 3 .9 6
1970 - . 3 3 . 9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 . 9 6 3 .9 6 3 .9 6 3 . 9 6 3 . 9 6 3 . 9 0 3 .8 4
1971 - . 7 3 . 7 6 3 .7 2 3 . 6 6 3 .6 0 3 .6 4 3 . 4 8 3 .4 3 3 .3 6 3 .3 0 3 .2 4 3 .2 4 3 .2 4
1973 - . 3 3 .3 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 .3 4 3 .3 4 3 .2 4 3 . 2 4 3 .2 4 3 .2 4
1973 .6 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 .3 4
1974 .6 3 .3 4 3 .3 4 3 .3 4 3 .3 4 3 . 3 4 3 .3 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4 3 .3 4 3 .3 4
1976 .3 3 .3 4 3 .3 4 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4
1976 .3 3 .3 4 3 .2 4 3 .3 4 3 .2 4 3 . 2 4 3 .3 4 3 .2 4 3 .3 4 3 .3 4 3 .3 4 3 .2 4 3 .2 4
1977 3 . 0 3 .3 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 . 2 4 3 .2 4 3 .3 4 3 .2 4 3 .2 4 3 .2 4
1978 .7 3 .3 4 3 .2 4 3 .2 4 3 .2 4 3 .3 0 3 .3 6 3 .4 2 3 .4 8 3 .6 4 3 .6 0 3 .6 6 3 .7 2
1979 3 . 0 3 . 7 8 3 .8 4 3 . 9 0 3 .9 6 4 .0 8 4 .3 0 4 .3 2 4 .4 4 4 . 6 6 4 .6 8 4 .8 0 4 .9 2
1980 6 . 0 6 .0 4 6 .1 6 6 .2 8 6 .4 0 6 .4 0 6 40 6 .4 0 6 .4 0 6 .4 0 6 .4 0 6 .4 0 6 .4 0
1981 3 . 4 6 . 4 0 6 .4 0 6 .4 0 6 .4 0 6 .4 3 6 . 4 6 6 .4 9 6 .6 2 E. 66 6 .6 8 6 .6 1 6 .6 4
1983 1 .9 6 .6 7 6 .7 0 6 .7 3 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6
1963 1 .6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .7 6
1984 3 . 8 6 .7 6 6 .7 6 6 .7 6 6 .7 6 6 .8 6 6 .9 4 6 .0 3 6 .1 2 6 . 2 4 6 . 3 6 6 . 4 8 6 .6 0
1986 8 . 6 6 .7 3 6 .8 4 6 . 9 6 7 .0 8 7 .1 1 7 . 1 4 7 ,1 7 7 .3 0 7 . 2 0 7 , 2 0 7 . 2 0 7 .3 0
1986 6 . 0 7 . 3 0 7 .2 0 7 . 2 0 7 . 3 0 7 . 2 0 7 . 2 0 7 , 2 0 7 .2 0 7 . 2 0 7 . 2 0 7 . 2 0 7 .2 0
1987 7 . 3 7 . 3 0 7 .3 0 7 . 2 0 7 , 2 0 7 . 2 0 7 . 2 0 7 . 2 0 7 .2 0 7 . 2 0 7 .3 2 7 . 4 4 7 .6 6
1988 1 8 .6 7 . 6 8 7 .8 0 7 .9 3 8 .0 4 8 . 1 6 8 . 2 8 8 . 4 0 6 .6 2 8 . 6 4 8 . 6 4 8 . 6 4 8 .6 4
1989 1 7 .8 8 .6 4 6 .6 4 8 .6 4 8 .6 4 8 . 6 4 8 .6 4 8 .6 4 8 .6 4 6 .6 4 8 . 6 4 8 . 6 4 8 .6 4
1990 3 .1 6 .6 4 8 .6 4 8 .6 4 8 .6 4 8 .6 6 8 .4 6 8 .3 7 8 . 2 8 8 . 1 9 6 . 1 0 8 .0 1 7 .9 2
1991 3 . 9 7 .6 3 7 .7 4 7 .6 6 7 .6 6 7 . 6 6 7 .6 6 7 . 6 8 7 . 6 6 7 . 6 6 7 .6 6 7 .6 6 7 . 6 6
1993 6 . 4 7 . 6 6 7 . 6 6 7 .6 6 7 .6 6 T . 66 7 .6 9 7 . 8 3 8 .1 2 8 . 4 0 6 .6 8 8 .9 7 9 .3 6
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Table 19

General Linear Models Estimation 

of the Regression of Yearly Inflation Rates 

Against Yearly Averages of Interest Rates on One-Year CD Savings 

from 1949 to 1992 (from 1950 for Lag Zero)

I n t s r c s p t  a  T fo r  BO: C o e f f i c i e n t  0  T f o r  BO: f\
(Standard Error) a  = 0  (Standard Error) /? =0

- 3 7 .6 9  - 2 .2 7  4 .8 3  11 .68
( 1 6 .5 7 )  ( . 4 1 )

-1 7 1 3 .8 7  - 2 .6 6  207 .6 8  12 .27
(6 6 9 .4 0 )  (1 6 .9 2 )

-1 7 6 7 .8 3  - 3 .1 3  216.11 16 .06
(6 0 6 .4 2 )  (1 4 .3 0 )

-1 7 7 4 .2 6  - 3 .8 4  219 .4 7  18.92
(4 6 1 .6 2 )  (1 1 .6 0 )

-1 7 3 6 .4 7  - 4 .7 9  2 2 0 .76  2 4 ,6 2
(3 6 2 .3 6 )  ( 9 .0 0 )

-1 7 6 9 .8 9  -6 .3 8  230 .8 7  2 7 .1 0
(3 3 0 .0 3 )  ( 8 .6 2 )

-1 8 6 1 .7 6  - 6 .6 4  2 4 6 .28  2 7 .3 3
(3 2 8 .4 8 )  ( 8 .9 8 )

-1 9 4 4 .2 3  - 6 .9 6  2 6 1 .6 9  27 .67
(3 2 6 .9 7 )  ( 9 .4 9 )

-2 0 6 2 .6 0  -6 .3 3  2 8 0 .3 7  2 7 .9 6
(3 2 4 .0 4 )  (1 0 .0 3 )

-2 1 7 6 .9 8  - 6 .7 8  301 .9 8  2 8 .3 7
(3 2 1 .2 3 )  (1 0 .6 4 )

-2 3 2 1 .1 1  -7 .2 8  327 .12  2 8 .7 8
(3 1 8 .7 6 )  (1 1 .3 6 )

-2 6 6 3 .1 8  -7 .2 1  362 .6 6  2 6 .0 8
(3 6 4 .2 1 )  (1 3 .9 1 )

-2 8 3 3 .7 4  - 7 .0 7  4 0 6 .8 4  2 3 .1 9
(4 0 0 .8 4 )  (1 7 .6 0 )

-Square

.7684

.7819

.8436

.8049

.9347

.9469

.9468

.9476

.9490

.9604

.9618

.9418

.9276



§4- T he short-run Fisher effect.

According to  Mishkin [23] the short-run ex ante Fisher effect can be charac­

terized by the following model on the first differences of yearly inflation rates and 

interest rates:

£ t(* t+ i)  — = 0(*t -  *r-i) +  aTi

and the short-run ex post Fisher effect is given by

WT + 1 ~  * T  =  /?(*T ~  * T - l )  +  « T .

7Xt  ~  K r - l  =  “  *T— 1) +  °T i

and

m
Qf i k - 12) *(fc-12k .

irT ~  Jrr-i = ~  lr - i  ) +  ar

for 12 < k < 24. Applying the last three models to the yearly da ta  of inflation 

rates and interest rates, we get the estim ates of the models using the SAS PROC 

A RIM A procedure which are summarized in Table 20.

From Table 20, we observe th a t the coefficient 0  of the interest rates is always 

significantly positive for various tim e lags of inflation. Therefore we can conclude 

th a t the short-run e i post Fisher effect exists in the Chinese economy. On the 

other hand, however, we can not deduce from the results in Table 20 the existence 

of the short-run ex ante Fisher effect, because there may be contribution of the 

persistence of inflation in the coefficient 0  of  interest rates. In fact, the residuals 

of our A RIM A models are highly autocorrelated, as evident from the high values 

of autocorrelations of residuals for lag equal to 2 and of inverse autocorrelations of
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residuals for lags less than 5. These autocorrelated residuals indicate that there is 

a role played by the underlying persistence of inflation in our models. Therefore 

our models can not be used to  test separately either the short-run ex ante Fisher 

effect or the persistence of inflation, because their effect on the models can not be 

separated.

Nevertheless, the results in Table 20 do confirm our findings on ex post Fisher 

effect that the strongest Fisher effect can be found in models with tim e lags of 

inflation between 17 and 20 months. Indeed, the t statistics of the null hypothesis 

of the test of ft being zero is larger than 2.90 when the tim e lags are between 17 and 

20. In other words, a short term change of inflation will predict a similar change 

in interest rates five to eight months after the realization of th e  inflation rate; or, 

from the view point and practice of the central bank, the interest rates should be 

changed accordingly five to  eight months after an apparent change of inflation.

For later reference let us write down the estim ated model for the tim e lag of 

inflation equal to  17 months:

jtt  =  TTf — j +  .70257 — i j i ] )  +  ar-
(.24199)

We note th a t this model has highly autocorrelated residuals.
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Table 20 

AR1MA(0,1,0) Models Estimation 

of the Short*Run ex pott Fisher Effect on Yearly Inflation Rates 

Against Yearly Averages of Interest Rates on One-Year CD Savings

from 1949 to 1992 (from 1950 for Lag Zero)

[ ■ n n <  A a to co r r« la t
o f  R e s id u a ls  

Lags 1-10

(i T fo r  80:
(Std Error) 0  = 0

.13167 2 .2 9
( .0 6 7 3 8 )

.66307 2 .2 6
( .2 4 9 8 3 )

.68972 2 .4 6
( .2 4 0 4 3 )

.60201 2 .6 2
( .2 2 9 7 9 )

.60207 2 .7 6
( .2 1 8 6 6 )

.61616 2 .8 6
( .2 1 6 7 5 )

.70267 2 .9 0
( .2 4 1 9 9 )

.80968 2 .9 5
( .2 7 4 8 6 )

.89692 2 .9 7
( .3 0 1 1 7 )

.98367 2 .9 7
( .3 3 1 0 1 )

1 .06164 2 .8 8
( .3 6 6 4 5 )

1 .20613  2 .8 7
( .4 1 9 4 6 )

1.37137 2 .8 2
( .4 8 6 6 9 )

A u to co r re la t io n s  
o f  R esid u a ls  

Lags 1-10

- . 0 6 4  - . 4 6 6  .0 0 }  . l i t  - . 0 7 9  
- . 0 6 9  .041 .147 - . 0 1 9  - . 1 6 }

- . 0 6 1  - . 4 3 6  - . 0 1 1  .0 9 2  - . 0 2 4  
- . 0 6 2  - . 0 0 9  .166 - . 0 3 9  - . 1 3 7

- . 0 7 3  - . 4 4 2  - . 0 1 4  .097 - . 0 2 4  
- . 0 6 9  - . 0 1 1  .149 - . 0 1 6  - .1 4 6

- . 0 6 6  - . 4 6 0  - . 0 1 6  .102 - . 0 2 7  
- . 0 6 6  - . 0 1 2  .137  .006  - . 1 6 0

- . 0 6 0  - . 4 6 7  - . 0 1 6  .106 - .0 3 1  
- . 0 6 0  - . 0 1 4  .124 .036  - . 1 6 0

- . 0 6 6  - . 4 6 3  - . 0 1 4  .106  - . 0 3 4  
- . 0 4 3  - . 0 1 7  .109  .043  - . 1 4 6

- . 0 6 7  - .4 6 1  - . 0 1 2  .106 - . 0 3 6  

- . 0 3 0  - . 0 2 6  .101 .042 - . 1 4 6

- . 0 6 0  - . 4 6 6  - . 0 0 6  .103  - . 0 3 6  

- . 0 1 2  - . 0 3 7  .0 6 9  .040  - . 1 3 9

- . 0 6 6  - . 4 4 3  .000  .096  - . 0 4 3  

.006 - . 0 4 7  .076 .036  - . 1 3 3

- . 0 7 7  - . 4 2 7  .007 .066 - . 0 4 9  

.033  - . 0 6 6  .060 .031 - . 1 2 1

- . 0 9 0  - .4 1 1  .014 .074 - . 0 6 6  
.067 - . 0 6 8  .044 .017 - . 1 0 4

- . 0 9 3  - . 4 0 6  .034 .060  - .0 6 1  
.066  - . 0 6 7  .029 .004  - . 0 9 2

- . 0 9 6  - . 3 9 8  .066 .046  - . 0 6 6  
.076  - . 0 6 3  .011 - . 0 1 7  - . 0 7 4

.4 3 4  .697 .364 .3 0 0  .264  

.127  .113  .026  .034  .042

.443  .660  .362  .301 .239  

.139  .136  .026  .062  .040

.406  .666  .326  .277  .220  

.130  122 .020  .046  .044

.390  .663 .314  .2 6 6  .316  

.114 .113  .036 .0 3 6  .049

.386  .667 .318  .370  .221 

.118  .113 .036  .028  .064

.393  .677 .326  .379  .234  

.127  .117 .061 .034  .069

.362  .669 .307  .2 6 0  .327  

.103  .120 .043  .026  .060

.3 3 0  .6 4 0  .282  .221 .316  

.079  .123 .036 .030  .061

.312 .623 .268  .199  .316  

.061 .132 .033  .036  .064

.306  .612 .364  .166  .232  

.063  .146  .036  .046  .066

.333  .619  .262  .200  .246  

.066  .176  .063  .069  .067

.292  .496  .237  .176  .272  

.048 .174 .060 .0 7 9  .066

.262 .479  .199  .163  206 

.041 .178  .062 .096  060



5 6

§5. The persistence of inflation.

If we only look at the annual da ta  for inflation in Table 18, the inflation rates 

in 1949 and 1950 appear unusually high compared with later periods. These data  

may cause one to wonder whether we should remove these two extraordinary years 

from our regression analysis. When we examine the monthly figures in Table 7, 

however, we see th a t the high rates in the early years of the People’s Republic do 

not appear so artificial and form an integrated part of the financial da ta  of new 

China. The results of our analysis on data  from 1948 to 1993 thus represent the 

true financial situation and history of China. If the first two or three years were 

excluded from the analysis, the conclusions would not be a  complete description of 

the economy of China, but a study of later tendencies of the Chinese economy.

Nevertheless, later tendencies are also interesting to  us, especially when we 

want to  look a t the forecastability of the financial situation. Indeed, according to 

C hapter I, we have to consider the forecastability of the inflation rates when we 

test the Fisher hypothesis, and the forecastability is closer related to  the recent 

behavior of the inflation than to the inflation long tim e ago. Consequently in this 

section we will study the inflation rates and their relations with interest rates after 

1951.

Recall th a t the monthly inflation rates were reconstructed from yearly inflation 

rates and certain averages rates over tim e intervals. Since we assumed th a t all the 

m onthly rates are equal to the yearly average in the corresponding year, from 1951 

to 1984, the resulting monthly rates certainly have a kind of built-in autocorrela­

tions: a rate tends to equal its neighbors. Therefore it makes no sense to  consider 

the forecastability of these monthly rates, and we will use the yearly da ta  only.

As in Barsky [2] we will use an A RIM A (Auto Regressive Integrated Moving-
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Average) model to  study the forecastability of the yearly inflation rates; for a 

complete description of the method we refer the reader back to  C hapter I. The 

model suggested by Barsky is

Wt  — fi +  t f i tW r- i  +  ■ • ■ +  ippWr-v  +  a r  — 0 i o t _ i  — * • ■ — $v(iT-q (2)

where:

T  indexes time 

W t is the original data  or a difference of the original d a ta  of inflation 

fi is the constant term

<pi, 9j are coefficients to be determined

a j  is the independent disturbance {the random error) 

p, 9 are nonnegative integers.

We remark th a t the first difference of the inflation rates ir j  is defined as Ut  = 

kt — and the second difference of wr is Vt  =  V j  — U r - it etc. This differencing

technique is used to  get a stationary process out of the tim e series of inflation rates, 

if the inflation rates are themselves not stationary. If the difference W j  is the dth 

difference of the inflation rates, we will denote the model in (2 ) by ARIM A(p,d, 9), 

where p is the degree of the autoregressive part and 9 is the degree of the moving- 

average part.

Figure 2 here is a chart of the yearly inflation rates from 1951 to  1992. Note 

th a t the rates of 1949 and 1950 are 57856.3 and 1359.8 which are too large to  be 

included in the graph. W ith or w ithout these two large values, the graph looks
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nonstationary in the sense that the level of the tim e series exhibits an apparent 

trend.

A nonstationary process suggests th a t we study its first difference, which is 

shown in Figure 3. Note that the difference da ta  is from 1950 to 1992, because 

one year is lost when we calculate the difference; the graph in Figure 3 covers 

from 1952 to 1992, because the values for 1950 and 1951 are exceptional: —56496.5 

and —1347.6. Also because of these two exceptional values, the first difference of 

inflation from 1949 to 1992 is not stationary and we may argue by the same reason 

all the consecutive differences of inflation from 1949 to 1992 are nonstationary. By 

Figure 3, however, we can see th a t the first difference of inflation from 1951 to 1992 

appears stationary, or a t least has a constant level over tim e. These truncated data  

represent the later tendencies of the inflation in China and our forecastability study 

will be based on the first difference of inflation given in Figure 3.

The next step in an A RIM A procedure is to study autocorrelations, inverse 

autocorrelations and partial autocorrelations of the tim e series process. For the 

inflation rates from 1951 to 1992, these autocorrelations are given in Table 21 us- 

ing SAS PROC ARIMA. We first observe from Table 21 that the first difference 

of inflation is not white noise, because the correlation between the difference and 

its second tim e lag is nonzero significantly. We then note th a t the autocorrela­

tions, inverse autocorrelations and partial autocorrelations are all essentially equal 

to zero after the second tim e lag, according to the standard  errors marked in the 

table. Consequently possible models for the first difference of inflation after 1951 

are ARIMA(2,1,0), ARIMA(0,1,2) and ARIMA(2,1,2), i.e., the  second order au­

toregressive procedure of the first difference
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W r  =  n +  *pi W t - \  +  

the second order moving average procedure of the first difference

W t  =  p +  a j  — 0 ia r - i  — ^aa T-j» 

and an autoregressive moving average procedure of the first difference

W t  — n  +  ip\ W t - \  +  +  ht  — 0 i U r - t  — @2a T-2i

where W t  is the first difference of inflation. Tables 22, 23 and 24 list the estim ations 

of these three models using the SAS PROC ARIMA procedure. Note th a t in these 

tables, the constant term  p is denoted by HU, and the coefficients y>i, y>3, and 92 

are denoted by AR1,1, AR1,2 , HA1,1 and MAI, 2, respectively.

From Tables 22, 23 and 24, we conclude tha t the models AR1MA{2,1,0) and 

ARIMA (0,1,2) seem to be good, while the model ARIMA(2,1,2) does not fit well, 

because all the estim ates of the param eters in the last model are not different from 

zero significantly. For ARIMA(2,1,0) the param eters MU and AR1 ,1 are negligi­

ble, and for AR1MA(0,1,2) the constant term  MU is also negligible. Therefore we 

reestim ate the models ARIMA(2,1,0) and ARIMA(0,1,2) by setting MU and AR1,1 

equal to zero. The results are in Tables 25 and 26. From the values of Variance 

Estimate and Std Error Estimate in Tables 25 and 26 and the fact th a t all the 

autocorrelations, inverse autocorrelations and partial autocorrelations of residuals 

in these last two estim ations are essentially zero, we conclude that the two models 

can both be used as forecasting models of the inflation. If we look a t Tables 25 

and 26 and compare the autocorrelation plots of residuals of these two models, we
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see th a t the autocorrelations, inverse autocorrelations and partial autocorrelations 

of residuals of A RIM A (0,1,2) appear smaller. Therefore the model ARIMA{0,1,2) 

is better. In conclusion we write these two models as

W-p = — .44056 W t - i  +  
(.14015)

and

Wt  — qt ~  .27615 a r - i  ~  .48217 ut-2-
(.15196) (.15149)

Using the inflation rates v t , the models can be rewrite

7Tt  — * t - i ~  .44056 x t - 2  *h .44056 i t t - s  d- ° r
(.14015) (.14015)

and

(3)

ttt =  Xt - i "h a T “  -27615 &T-1 ~  .48217 flr-a*
(.15196) (.15149)

(4)
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Figure 2 
Yearly Inflation Rates

Thn SAS S y s tsa :  P lo t  o f  X nflation*Y aar.
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Figure 3
The First Difference of Yearly Inflation Rales

Tha SAS Syataa: P lo t  o i  D iffara& ea*Yaar.
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Table 21
Autocorrelation Study of the First Difference of Inflation 

from 195! to 1992

The t i l  l | t t M

AkIHA Procedure

l u i  o f  v a - i a b le  •  I n f l a t i o n .

P o rto d (a )  o f D lf fa ra a c la g  a l .
Neaa o f n r h i n *  s a r i a a  ■ • O . l t i t t  
S tandard  d e v ia t io n  ■ 6.118978 
■•■bar o f  obno rva tiono  ■ 41
■0T>: Tha f i r a t  o b a a rv a t lo a  oaa a l lB la a ta d  by d i f f e r e n c in g  

A u to c o rre la tio n *

La* C ovariance  C o r re la tio n  - I  > I  7 I  I  4 1 1 1 O I > 3 4 i  I  T (  1 I S td
0 2 6 .4 0 9 0 7 6  1 .0 0 0 0 0  I |aaaaa*aaaoaaaaa*aaa* | 0
1 -2 .4 9 8 3 4 8  - 0  09463 I * o | I 0 .1 6 6 1 7 4
3 -1 0 .2 9 7 8 7 6  -0 .3 8 9 9 3  I aaaaaaaa | I 0 .1 6 7 6 8 3
3 0 .6 0 8 4 9 3  0 .0 1 9 2 6  | I . 1 0 . 1 7 9 6 6 3
4  2 .6 9 2 0 1 0  0 .0 9 8 1 6  | . |* a  . I 0 .1 7 9 8 1 3
6 -1 .9 8 7 2 3 9  -0 .0 7 6 2 6  I . e e |  . I 0 .1 8 0 9 1 7
6 -0 .9 2 3 3 8 3  -0 .0 3 4 9 8  | *1 I 0 .1 8 1 6 7 8
7 o .426214 0 .01610  | I 1 0 . 1 6 1 8 4 2
8 2 .3 1 9 1 4 8  0 .0 8 7 8 2  I |o o  I 0 .1 8 1 8 7 7
9  -3 .1 6 2 0 2 3  -0 .1 1 9 3 6  I . a a | . | 0 .1 6 2 9 0 8

10 0 .2 0 6 8 6 4  0 .0 0 7 8 3  | I I 0 .1 8 4 7 9 6

lav o ro o  A u to c o rre la tio n *

La* C o r re la t io n  - 1 9 6 7 8 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1

P a r t i a l  A u to c o rre la t io n s  

La* C o r re la tio n  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1

A u to c o rre la tio n  Chech f o r  H hlto  lo la a

To Chi A u to c o rre la t io n s
La* Square DP Prob

6  8 .0 6  6  0 .2 3 2  - 0 .0 9 6  - 0 .3 9 0  0 .0 1 9  0 .0 9 6  - 0 .0 7 6  - 0 .0 3 6
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Table 22
Estimation of the ARIMA(2,1,0) Model of the Inflation 

from 1951 to 1992

Tha SIS I f i t w  

S U M  Procedure 

M ila n a  L ik a llh o o d  ( a t l n t i o a  

4p p ro * .
P k r i M t i r  I i I I m U  l t d  E rro r
HU -0.11001 0.47641
**1.1 -0.1*760 0.16349
1*1,2 -0.44947 0.14306

C c t a t u t  t a t l H t f  •  -0 .1 7 4 6 H

l i r l u c i  I a t i n t a  -  22.6426862 
Std E rro r  E a t i a a ta  -  4 . 77P43311 
SIC •  347.873170
SBC -  353.112806
■uabor o f i i a ld u a l* *  41

C o rre la tio n #  o f  tlio  K o tlao too

P i r i a a t a r HU 4*1.1 4 * 1 ,2

HU 1.000 -0 .0 1 5 0 .013
4*1,1 -0 ,0 1 6 1 .000 0 .003
4*1,3 0 .012 0 .003 1 .000

E u to c o r ro la t lo a  Chock o f koo lduo lo

To Chi S a to c o r ro la t lo a a
Lag Square OF Prob

6 1 .67 4 0 .7 0 6 -0 .0 3 4 -0 .0 0 0  -0 .1 2 9  -0 . 094 -0 .0 9 1 0 .016
12 3 .4 9 10 0 .968 -0 .0 7 4 0 .096  -0 .0 7 6  0 . 068 0 .088 0 .033
IS 3 .01 16 0 .090 0 .030 -0 .0 6 3  -0 .0 3 7  -0 . 026 -0 .0 3 9 -0.01B
24 7 .3 0  23 0 .099 0 .119 -0 .061  0 .025  -0 .0 6 0  -0 .1 0 6 -0 .0 3 8

Rodol f o r  v a r i a b le  I a f l a t l a a

Bo t i n t  ad How * -0 .1100067 
P o rio d (o ) o f D if fe re n c in g  ■ 1.

T B a tle  Log
-0 .2 3  0
-0.00 1 
•3 .1 4  2

4 « to re g re a a lv e  F a c to ra
F a c to r  1 : 1  *- 0 .13766  B o a(l) + 0 .44047  *ee(2>



Tab)* 23
Estimation of the ARIMA(0,1,2) Model of the Inflation 

from 1951 to 1992

Tha SAS S y a ta a  

AKIRA Procad ara 

l u i a i i a  L ik a lih o o d  l o t  1m t io n  

Approx.
P a ra a a ta r  E a t la s t s  S td  E rror T R a tio  L t (
HU 0 .0 7 0 9 ?  0 .1 8 3 4 8  0 .3 9  0
H A l.l 0 .2 9 3 3 3  0 .1 6 4 2 6  1 89  1
RA1.3 0 .4 9 2 1 0  0 .1 6 4 2 0  3 .1 9  2

C oaatant E a t la s t a  » 0 .0T 097102

V a r ia n ts  I s t i H t a  ■ 3 1 .2 196229  
S td  E rror E a t ia a ta  » 4 .6 0 6 4 9 7 9
AIC -  2 4 6 .446604
SRC •  2 60 .66722
Suabar o f  R aaldualaa 41

C<

P a ra a a ta r  HU H A l.l HA1.2

HU 1 .0 0 0  0 .0 0 4  - 0 .1 2 2
HA1,1 0 .0 0 4  1 .0 0 0  - 0 .6 0 6
MAI,2 - 0 .1 3 2  - 0 .6 0 6  1 .0 0 0

A a ta c o r r a la t lo a  Cfcack o f  R aa ldaa la

To Chi A a to c o r r a la t io n a
Lag Sqaara DF Prob

6 0 .6 1 4 0 .9 3 7 0 .0 2 1 0 .0 1 1  0 .0 1 1  0 .1 0 2  - 0 .0 6 3 0 .0 6 4
13 3 .0 3 10 0 .9 6 1 0 .0 0 3 0 .1 3 6  - 0 .0 6 6  0 .0 6 1  0 .1 0 4 0 .0 6 1
16 3 .3 6 16 1 .0 0 0 0 .0 3 0 - 0 .0 1 8  0 .0 1 6  - 0 .0 1 2  - 0 .0 3 6 -0 .0 4 1
24 6 .2 0 22 1 .0 0 0 0 .0 7 9 - 0 .0 7 6  - 0 .0 2 6  - 0 .1 1 4  - 0 .0 7 8 - 0 .0 1 0

Rodal f o r  v a r la b lo  l a f l a t l o a

K a tla o ta d  Haaa -  0 .0 7 0 9 7 1 0 2  
P a r lo d (a )  o f  S l f f s r a a c la g  ■ 1.

Moving Ararago F a c to r s
F a cto r  1 : 1 -  0 .3 9 2 3 3  R a a (i)  -  0 .4 9 2 1  R oa(3)
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Table 24
Estimation of the AR.1MA{2,1,2) Model of the Inflation 

from 1951 to 1992

T h e  t i l  I j r t t M  

i l l  HA P r o c o d s r a  

Mu I m w  L i k a l i h o o d  B a t  l a a t i o a  

A p p r o x .
P araaatar  1 s t  l a s t s  l t d  I r r o r  T Bat la  L a(
HU 0 .0 6 6 7 9  0 .3 1 0 6 5  0 .3 3  0
M l , l  0 .3 7 3 5 5  0 .4 6 4 4 4  0 .8 3  1
M l  ,3  0 .3 4 6 8 7  0 .4 4 7 9 4  0 .7 7  3
A k l . l  0 .0 7 8 7 0  0 .4 6 3 7 3  0 .1 7  1
1 * 1 .1  -0 .1 7 1 7 8  0 .3 4 1 7 3  - 0 .6 0  3

C oaatant B a t la a ta  ■ 0 .0 7 3 0 0 6 1 8

V arlaaca  B a tla a ta  ■ 3 3 .3 141064  
Std  B rror B a tla a ta  “  4 .7 1 434496  
1IC -  349 .1 0 3 4 3
SBC -  3 6 7 .6 7 1 3 9
Saabsr o f  K a a ld a a ls -  41

C o r r a la t lo a a  o f  th a  l a t la a t a a

P a ra a a ta r HU M l .1 M l ,  3 1 * 1 ,1 1B 1.3

MU 1 .0 0 0 0 .0 8 7 - 0 .1 1 8 0 .0 6 3 -0 .1 3 1
M il ,1 0 .0 8 7 1 .0 0 0 - 0 .8 8 8 0 .9 3 3 - 0 .6 9 0
M il ,3 - 0 .1 1 8 - 0 .8 8 8 1 .0 0 0 - 0 .8 3 6 0 .8 6 9
A ll  .1 0 .0 6 3 0 .9 3 3 - 0 .8 3 6 1 .0 0 0 - 0 .6 6 6
AB1,3 -0 .1 3 1 - 0 .6 9 0 0 .6 5 9 -0 .6 6 6 1 .0 0 0

A a to c o r r s la t lo a  Chsch e f  B a a ld o tla

To Chi la t o c o r r a la t io n s
Lag Squars OF Prob

6 0 .5 3 3 0 .7 6 8 0 .0 3 6 0 .0 6 8  0 .0 0 9  0 .0 4 0  - 0 .0 6 9  0 .0 4 3
13 3 .6 9 8 0 .9 6 3 - 0 .0 1 4 0 .1 3 7  - 0 .0 4 7  0 .0 6 4  0 .1 0 3  0 .0 5 3
18 3 .0 6 14 0 .9 9 9 0 .0 4 3 - 0 .0 1 7  0 .0 0 7  - 0 .0 1 3  - 0 .0 3 6  - 0 .0 4 3
34 6 .6 7 30 0 .9 9 8 0 .0 7 6 - 0 .0 8 6  - 0 .0 3 3  - 0 .1 3 1  - 0 .1 0 6  - 0 .0 3 0

Hodal f o r  v t r la b la  l a f l a t i o a

E s t ia a ta d  Haaa -  0 .0 6 8 7 9 0 6 3  
P a r la d (a )  o f  D lf fa r a a c ia g  ■ 1.

la t s r s g r o a s lv a  F a c to r s
F a cto r  1 : 1 -  0 .0 7 8 8 9 7  8**<1) + 0 .1 7 1 7 8  * a s (3 )

H ovlag S to r a g e  F a c to r s
F a cto r  1 : 1 -  0 .3 7 3 6 5  | s s < i )  -  0 .3 4 5 8 7  8 a a (3 )
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Table 25
Reestimation of the ARIMA(2,1,0) Model of the Inflation 

from 1951 to 1992

Tk« SAS S y ita a  
AKIRA P rocadurs  

H arlans L lkallfcaad  E stim a tio n

A p p ro i.
P u i M t u  E stim a te  Std  Krror T l e t  l a  Lag 
A ll  ,1 -0 .4 4 0 6 0  0 .14016  - 3 .1 4  2

V arian ce  l a t l M t t  ■ 32 .1809006  
Std  E rror lo tU a t a  ■ 4 .7 1 0 4 0 0 0
A1C -  2 4 4 .066340
SSC -  1 4 0 .600010
■ u b n  o f  K a a ld aa ls*  41

A a ta c a r r a la t lo a  P la t  o f  la

Lag C ovariaoc* C a r r a la t la a  -1 9 8 7 0 6 4 3 3 1 0 1 2 3 4 6 0 7 0 9 1
0 2 2 .1 0 0 0 0 0 1 .0 0 0 0 0  1
1 -3 .0 7 6 6 4 1 -0 .1 0 6 0 6  ( . •  • • !  1 0
2 0 .3 0 1 0 1 3 0 .0 1 7 2 0  t 1 1 0
3 -1 .3 0 0 3 3 3 -0 .0 0 3 4 0  1 *1 1 0
4 -1 .7 4 0 0 9 6 -0 .0 7 0 4 6  1 •  •1 1 0
6 -2 .1 2 1 1 9 3 -0 .0 9 6 0 0  1 •  1 0
0 0 .0 6 9 9 0 0 0 .0 2 9 7 4  1 1* 1 0
7 -1 .9 0 4 2 6 2 -0 .0 0 6 0 2  1 • • !  1 0
0 3.400931 0 .1 1 1 1 0  1 1 0
9 -1 .9 0 1 6 3 2 -0 .0 0 9 3 0  1 *•1  1 0

10 1 .343404 0 .0 0 0 6 0  | 1 a | 0

Std
0

.160174  

.100403  

.100447  

.101039  

.101909  

.103339  

.103471

■arka ta o  stan d ard  o r r o r s

In v a rs#  A a ts c a r r a la t la n  P la t  o f  K saldaaJa

C e r r a la t le a  
0 .3 0 0 9 0  
0 .1 1 0 3 9  
0 .1 2 7 1 0  
0 .1 0 0 0 3  
0 .1 4 0 0 0  
0 .0 6 7 4 3  
0.09000 

-0 .0 3 0 6 1  
0 .0 7 9 3 2  

10 -0 .0 0 7 5 4

•1  9 8 7 0 6 4 3 3 1 0 12 
!•••• 
I**
| as*

|...
I*
I**
I
I**
I

3 4 6 0  7 0  9  1

P a r t ia l  A w ta ca r ra la t lea  P la t  a f  K sa ld a a la

Lag C a r r a la t la a  - 1 9 0 7 0 6 4 3 2 1 0 1 2 3 4 6 0 7 0 9 1
1 -0 .1 0 6 0 6  1 • • • 1  1
2 -0 .0 1 0 6 3  ( 1 . 1
3  -0 .0 0 3 0 0  t ♦ 1 1
4 -0 .1 0 2 2 6  t • •1  1
6 -0 .1 3 1 7 7  | . • • • (  1
0 -0 .0 1 0 7 3  1 1 1
7 -0 .1 0 4 0 7  | •  • !  1
0 0 .0 6 4 0 0  1 1* 1
9 -0 .0 9 0 6 9  1 • • 1  1
0  0 .0 0 0 4 4  1 1 1
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Table 26
Reestimation of the AR[MA(0,1,2) Model of the Inflation 

from 1951 to 1992

Tha StS S fa ta a  
illH A  P ro c id tr*  

R u i m a  L ika 11 hood E a t l a a t io a

A pprox.
P a ra a a ta r B a tla a ta  S td E rro r T R atio La*
M l , l 0 .3 7 6 1 6  0 16196 1 .8 3 1
M l , 3 0 .4 8 3 1 7  0 16149 3 .1 8 3

V ariaaca B a tla a ta  -  3 0 .7 *88696
S td  K rra r B a tla a ta  ■ 4 .6 6 9 4 9 0 1 6
AIC -  3 4 3 .6 7 7 4 6 *
s s c ■ 347 .004613
■oabar o f B aa idaa la* 41

A u to co rraL a tlaa  P lo t o f  B aa idaa la

La* C o v a rla a c t C o r ra la t io a -1  9 8 7 6 6 4 3 3 1 0  1 3 3 4 6 6  7 8  9  1
0 3 0 .7 * 8 8 * 0 1 .0 0 0 0 0 1
1 0 .3 4 9 * 3 3 0 .0 1 3 0 1 1 1 1
3 0 .0 3 3 4 1 3 0 .00161 1 1 1
3 0 .1 3 9 1 4 1 0 .0 0 6 6 9 1 1 1
4 3 .0 4 4 3 4 6 0 .0 9 * 3 4 1 1 • • 1
6 -1 .3 3 3 9 3 9 -0 .0 6 * 8 3 1 •  1 1
6 0 .9 * 8 7 0 4 0 .0 4 7 4 6 1 I* 1
7 -0 .0 6 1 3 6 * -0 .0 0 3 9 6 1 1 i
« 3 .6 7 3 0 7 * 0 .1 3 8 6 3 1 1
9 -1 .3 1 3 3 7 9 -0 .0 6 3 1 3 1 •  1 1

10 1 .1 4 8 * 1 3 0 .0 6 6 3 6 1 I* 1
" " a a rk a two a ta a d a rd  a r r o ra

la v a ra a  A a ta c a r r a la t lo a P lo t o f B oaldoala

La* C o r ra la t io a -1  9 8 7 6 6 4 3 3 1 0  1 3 3 4 6 * 7  6  9  1
1 -0 .0 4 8 3 * *1 1
3 0 .0 3 0 0 8 I I* 1
3 -0 .0 3 3 7 9 i 1 1
4 -0 .0 6 6 4 7 1 *1 1
6 0 .0 4 9 8 9 1 1* 1
* -0 .0 4 4 7 8 1 •1 1
7 0 .0 1 4 9 3 1 1 1
* -0 .1 3 1 9 7 1 *•1 1
9 0 .0 6 9 6 4 1 1* 1

10 -0 .0 4 6 6 6 1 *1 1

P a r t i a l  A a to c o rro la t io a P lo t o f B aa id aa la

La* C o r ra la t io a -1 9 8 7 6 6 4 3 3 1 0  1 3 3  4 6 6  7 * 9 1
1 0 .01301 1 1 1
3 0 .0 0 1 4 6 1 1 1
3 0 .0 0 6 6 6 1 1 1
4 0 .0 9 * 1 9 1 I** 1
6 -0 .0 6 1 7 4 1 • t 1
6 0 .0 4 9 6 6 1 1* 1
7 -0 .0 0 6 8 6 1 1 1
8 0 .1 3 1 7 * 1 1** 1
9 -0 .0 6 8 * 0 1 •  1 1

10 0 .0 4 * 3 * 1 1* 1

S td
o

0 .1 6 * 1 7 4  
0 .1 6 * 1 9 *  
0 .1 6 8 1 9 7  
0 .1 6 6 3 0 4  
0.167706 
0 .1 6*341  
0 .1 6 * 6 * *  
0 .1 6 8 6 * 9  
0 .1 6 1 1 1 0  
0 .1 * 1 7 1 3



«<)

§6. A R IM A  m odels on inflation and interest rates.

In Section 3 we considered linear regressions on inflation and interest rates, and 

then in Section 4 we used ARIMA models to  study the relations between inflation 

and its tim e lags. The conclusion is th a t the inflation rates are related to some 

future interest rates and they are also related to  past inflation. This suggests 

th a t we should consider the relationships of inflation to future interest rates and 

past inflation simultaneously, because future interest rates and past inflation are 

apparently not independent. Thanks to a feature in SAS PROC ARIMA procedure, 

we can use ARIMA models to study such complicated relationships. We will find 

a best model describing the true relation between inflation and interest rates.

The general model is of the form

W t  — p +  0 A 0  +  V’t W V-i +  ■ • • +  ^pWV-p +  a-j- — 9 \ o.t - \  — • • - — d qa T - q (5)  

where as before

T  indexes tim e 

W t  is the original d a ta  or a difference of the original data  of inflation

p is the constant term

X t  is the original da ta  or a difference of the original d a ta  of interest rates

0} are coefficients to be determined 

a j  is the independent disturbance (the random error) 

p, q are nonnegative integers.

Note that the only difference between the models in (2) and (5) is the term  4>Xj
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on the right side, which represents the relation between inflation and interest rates. 

We will call the model in (5) an ARIM A(p,d,q) model crosscorrelated with X j .

The first step to  study the model in (5) is again to determ ine a suitable differ­

encing procedure. Our supposition from Figures 2 and 3 is th a t the yearly inflation 

rates are not stationary, but their first difference is. Therefore we assume that W t 

is the first difference of the inflation rate v j ,  i.e., W j  — n r  ~  t t t- i-

On the other hand, the inflation rates and their first and second differences are 

plotted in Figures 4, 5 and 6. Note th a t the first two graphs here clearly represent 

nonstationary tim e series, while the lost graph is Figure 6 has stationary level but 

nonconstant variance. These observations suggest that we may have to  try  the 

model in (5) on the original interest rates, their first difference, as well as the 

second difference.

Another thing we have to  decide is the choice of p and <7, the order of the 

autoregressive part and the order of the moving average part in the ARIMA model 

(5). Note th a t when p — q — 0, the ARIMA model becomes the standard simple 

linear regression between inflation and interest rates, and hence we can analyze the 

results of the linear regressions from a different view point. Tables 27, 28 and 29 

summarize such a com putation using yearly da ta  from 1951 to 1992; the three yearly 

interest rates used here are those with lags equal to  0, 12 and 18 in Tables 17 and 18. 

Note that the relation between inflation and interest rates becomes negligible for 

these truncated data  with lag equal to  0 , and becomes apparent but not strong for 

interest rates with time lags equal to 12 and 18. Also all the residuals have nonzero 

autocorrelations, inverse autocorrelations and partial autocorrelations for the first 

several time lags. These facts then indicate th a t the simple linear regression on 

yearly inflation rates and interest rates
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jtt+ i =  P +  0 *r +  « t ,

*T — P +  ^*T +

or

Jr-r =  P +  rfrir1 +  « r

with 13 < it < 23, is not a good model to describe the relationships between 

the inflation and interest rates in China, especially the relationships over the tim e 

period from 1951 to  1992.

Comparing the results in Tables 27 to 29 with the simple linear regressions 

performed on da ta  over the entire tim e period from 1949 to  1992 in Table 19, we 

see th a t the same linear regression over different tim e period can yield dram atically 

different conclusions. Since only the financial da ta  in 1949 and 1950 are eliminated 

from the com putation in Tables 27 through 29, we see th a t the huge inflation rates 

57856.3 and 1359.8 of 1949 and 1950, together with the corresponding interest 

rates, have a dram atic im pact on the Chinese economy in the later period. On 

the other hand, it becomes necessary to  study the relation between inflation rates 

and interest rates in China over the period from 1951, w ithout using the two huge 

yearly rates in 1949 and 1950, in order to fully understand the mechanism and 

trend of the Chinese economy.

In order to search for a suitable model between yearly inflation rates and interest 

rates from 1951 to  1992, we first estim ate the following three ARIMA models in 

Tables 30, 31 and 32:
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WTJr\ = pt +  0*7  T  a T  — @lQT—l — $3a T-3t 

M'V =  /i +  0*7  +  dr — ^ a t - ]  — 0ad7_2,

or

11/7- =  p  +  0 * 7   ̂ +  d j  — &\ Q t - 1  — ^ a d T - 2 i

where Wt  is the first difference of the inflation rate 7r-r, and the inflation rate irr 

in the last equation is lagged 18 months to the interest rate *7.'. Here we use 

the ARIMA(0,1,2) model because this is the best model for the first difference of 

the inflation without crosscorrelating the interest rates, according to  the results in 

Table 26. According to the com putation in Tables 30, 31 and 32, the linear relation 

between the first difference of inflation and the original da ta  of the interest rates is 

negligible.

Next let us consider the same ARIMA{0,1,2) models of inflation bu t crosscor­

related with the second difference of the inflation rates:

W t + 1 — 0 ^ 7  T  a T ~  ^ ] d 7 - i  — fljdT-a,

Wt — $Y t +  d 7  — 0 ] d x _ ]  — ^ a d 7 _ 3 ,

or

W t  — 0 7̂*̂  ■+■ 07 — ^id7_i — ^a°T-2t

where W j  is again the first difference of the inflation ra te  Wt , Yt  is the second 

difference of the interest rate 17, and V76* is the second difference of the interest



73

rate i^K From the com putation summarized in Tables 33, 34 and 35, we see that 

the coefficient 0  of the second difference Y? or of the interest rate is again not 

significantly nonzero, suggesting th a t a new model is needed.

Now we look a t ARIMA(0,1,2) models of the first difference of inflation cross- 

correlated with the first difference of the interest rate:

WV+1 =  tI>Xt  +  ot — 0|O r- i  —

W j  =  I p X x  +  <*T “  9 \& T-\  “  @2O T -2)

or

W j  = tl>Xj^ +  a j  — 0)07-1 — @2aT-2i

where Wt  is the first difference of the inflation rate tt j ,  X t  is the first difference 

of the interest rate t-r, and is the first difference of the interest rate i ^  for 

k = I—12 and 13 < / <  23. Table 36 contains the estim ation results of these models. 

Since the autocorrelations, inverse autocorrelations and partial autocorrelations of 

the residuals are all essentially equal to zero, we only list the estim ates of the 

coefficients, their standard errors, and the t statistics for the null hypothesis of the 

coefficients being zero. According to these estim ates, the best models are those 

with tim e lags of inflation equal to  16, 17 and 18, where the t values for testing the 

null hypothesis th a t the coefficient equals zero atta in  a maximal 3.36 or 3.35. 

Since our da ta  have 41 observations, a t value of 3.35 means that probability of the 

coefficient ip being positive is larger than 99.9%. We list these three models below:

1r j  =  t t t - i  + -51631 (17* -  +  ar  — .25373 a j - i  — .54080 a r - 3,
(.15368) (.14227) (.14768)
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kt  = +  .56781 ( t |5) -  i |sl , )  +  ar  -  .25853 aT-i  -  .53669 a T- 3,
(.16879) (.14263) (.14795)

and

irr =  JTt-i +  .62598 ( t|6) - tV6- i )  +  « T -  -26403 a r - i  -  .53242 aT- i ,
(.18683) (.14307) (.14827)

where as before irr is the annual inflation rate just realized at the year T , is 

the average of the monthly interest rates on one-year CD savings in the fiscal year 

T  starting in the fcth m onth, and ar  is the random error.

The SAS PROC ARIMA procedure also calculated the correlations of estim ates 

of various coefficients of the ARIMA models. From the second half of Table 36 we 

observe that the correlations between the coefficient ip (NUM1) of the interest rates 

and the coefficients (MA1,1) and (MAI,2) in the moving-average part are all 

very close to zero for any tim e lag of inflation. This fact indicates two things. First, 

there are no significant correlations between the Fisher effect part and the moving 

average part of the model, and hence for our yearly data, the short-run Fisher effect 

and the persistence of inflation are essentially two independent properties of the 

Chinese economy. Secondly, since the correlations between xp and the coefficients 

91 and are negligible, the coefficient ip of the interest rates in the ARIMA model 

can be fully a ttribu ted  to the short-run Fisher hypothesis. Since ip is significantly 

positive for all the models with time lag of inflation between 12 and 23, we conclude 

that the short-run Fisher effect is valid for the Chinese economy in these cases.

Furthermore, the com putations in Table 36 coincide with the pattern  discovered 

in previous sections th a t the most satisfactory linear relations between inflation and 

interest rates are those between inflation and interest rates which prevail four to



eight or nine months after the realization the the inflation rates. Consequently 

these models confirmed th a t the Fisher hypothesis is valid in the Chinese economy 

over the tim e period from 1951 to 1992.
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Figure 4
Yearly Interest Hates from 1953 to  1992
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Figure 5
The First Difference of Interest Rates from 1953 to 1992
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Figure 6
The Second Difference of Interest Rates 

from 1954 to 1992
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Table 27
Linear Regressions Using an ARIMA(0,0,0) Procedure 

on Yearly Inflation and Interest Rates with No Time Lag 
from 1951 to 1992

Tha I I I  S yataa  
AIM S Procadaro  

R axiaua LIk*11hood l a t l a a t l e a

A ppro!.
P araaatar  K s t la a ta  S td  I r r a r  T Sat to  Lag V a r la b la  S h i f t
NU 3 .6 1 6 7 2  1 .2 6 6 6 9  3 . OS 0  ISP 0
IUH1 -0 .0 0 3 1 9 8 6  0 .1 3 4 4 8  - 0 .0 3  0  1ST 1

C onstant K s t la a ta  * 2 015724*6

V arlaaca  K s t la a ta  * 36 .2 2 1 3 6 8 7
Std  Error K s t la a ta  ■ S . 12067963
A1C a 362 .2 3 3 0 7 9
SBC -  266 .6 6 9 2 3 3
■aabar a f  l a a 1d u a ls*  41

A u to c o r r e la t io n  P la t  o f  S a s id a a la

Lag C orariaaca  C o r r a la t io a  - 1 9 6 7 6 6 4 3 2 1 0 1 3 3 4 6 6 7 6 9 1
0 2 6 .2 2 1 3 6 9  1 .0 0 0 0 0  |
1 14 .1 6 9 1 6 6  0 .6 3 9 9 9  I |***********
2 3 .9 6 6 1 7 6  0 .1 6 1 2 6  | |aaa
3 4 .9 1 3 4 2 2  0 .1 6 7 3 6  | |**a*
4 4 .6 8 0 6 0 1  0 .1 7 4 6 9  t I***
6 1 .8 0 0 4 6 2  0 .0 6 8 6 6  | I*
6 1 .6 6 4 3 6 9  0 .0 6 9 6 6  I I*
7  2 .7 3 6 3 6 2  0 .1 0 4 0 6  | |a a
6  3 .1 1 0 6 0 6  0 .1 1 6 6 4  I l*a
9 0 .9 66901  0 .0 3 6 4 6  I I*

lO -1 .0 6 4 6 7 1  -0 .0 4 1 3 7  | , • (  .
a a rk s to o

I

Lag C o r r a la t io a  - 1 9 6 7 6 6 4 3 2 1 0 1 3 3 4 6 6 7 6 9 1
1 -0 .6 6 7 7 9  I aaaaata****** |
2 0 .3 6 3 6 1  I 1**0*000*
3 -0 .2 1 7 6 6  | . **»* |
4 0 .0 2 8 0 9  I I*
6 0 .0 6 3 1 6  I I*
6  -O .06666  I *1
7 0 .0 6 9 6 1  I I*
6 -0 .0 7 3 6 6  | * |
9  0 .0 2 0 2 0  I I

10 0 .0 1 6 9 1  I I

P a r t ia l  A a to c o r r a la t io a  P lo t  o f  K aald nals

Lag C o r r a la t io a  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 6 9 1  
0 .6 3 9 9 9  I | • • • • • • • • • • *

-0 .1 9 6 0 9  | . ***» |
0 .2 6 6 6 9  I | • • • * • *

-0 .0 6 6 0 6  I . * * | .
0 .0 2 2 9 1  I I
0 .0 3 2 2 3  I I*
0 .0 4 6 8 9  I t*
0.06673 I I*

-0 .0 6 6 9 3  I . * * | .
10 -0 .0 3 6 1 7  | * |

Std
0

0 .1 6 6 1 7 4  
0 .1 9 6 6 0 4  
0 .1 9 9 3 2 4  
0 .2 0 3 6 7 6  
0 .2 0 7 1 9 9  
O.307763  
0 .2 0 8 1 7 0  
0 .2 0 9 4 3 6  
0 .3 1 1 0 6 6  
0 . 2 1 1 2 2 1
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T able 28
Linear Regressions Using an ARlMAtO,!),!)) Procedure 

on Yearly Inflation and Interest Rates with Time Lag =  12 
from 1951 to 1992

Tkt t i l  Systam  
AKIM P r o c td tH  

M ariana L Ik a lih ee d  1 s t  l a s t  iom

Approx.
P araaatar  K i t i u t i  S td  S rro r  T K a tie  L t |  I w i i M *  S h i f t
HU 0 .6 2 9 7 3  1 .3 2 3 3 7  O S S  0 ISP O
IUN1 0 .2 7 5 9 9  0 .1 3 1 4 S  3 .1 0  0 1ST 0

C onst t a t  I s t l a a t a  * 0 .8 2 9 7 3 6 2 9

V ariance K s t la a ta  ” 25 .0 6 7 7 2 2
S td  Krror I s t l a a t a  ■ 6.00S7AOSS 
AIC ■ 2 5 0 .4 3 1 2 9 8
SBC -  259 .900035
■uabar o f  R e s id u a ls*  42

Las C ovariance C o r r a la t io a -1  9 8 7 0 5 4 3 2 1 0 1 2 3 4 6 0 7 6 9 1 St d
0 2 5 .057722 1 .0 0 0 0 0 1 |* e e e e * e e e e * e * * * e e e * a 0
1 12 .560017 0 .6 0 0 0 4 1 1aaaaaaaaaa 0 .1 6 4 3 0 3
2 2 .0 0 0 1 4 0 0 .1 1 6 1 0 1 0 .1 8 9 0 0 9
3 3 .0 7 3 9 0 3 0 .1 4 0 0 2 1 1 • • • 0 .1 9 0 7 6 2
4 3 .639301 0 ,1 4 1 2 6 1 1 0 .1 9 3 4 1 0
5 1 .1 3 0 1 9 0 0 .0 4 5 4 3 t I* 0 .1 9 6 0 6 7
0 0 .7 4 3 0 0 0 0 .0 2 9 0 9 1 I* 0 .1 9 0 1 0 0
7 1 .0 4 0 5 9 0 0 .0 0 5 7 9 1 ) • 0 .1 9 0 3 1 5
0 2 .3 9 0 1 6 0 0 .0 9 5 3 9 1 le e 0 .1 9 0 7 3 9
9 0 .3 0 2 7 6 3 0 .0 1 4 4 0 1 1 0 .1 9 7 8 3 7

10 0 .4 7 0 3 0 0 0 .0 1 9 0 9 1 1 0 .1 9 7 8 0 2
Harks t s o  stan dard sr r o ra

In v er sa  A a to c o r r a la t lo a P la t  o f  K aaldaala

La* C o r r a la t io a -1  9 0 7 0 6 4 3 2 1 0 1 2 3 4 6 0 7 8 9 1
1 -0 .0 1 3 6 0 1 •*#****!
2 0 .3 3 9 1 0 1 laaaaaaa
3 -0 .1 0 9 2 0 )
4 -0 .0 0 2 6 0 1 1
6 0 .0 7 6 6 6 1 laa
0 -0 .1 1 0 6 0 1 ••1
7 0 .1 3 7 5 9 1
0 -0 .1 0 2 0 1 1 • • • 1
9 0 .1 1 9 4 3 1 la*

10 -0 .0 5 0 6 3 1 a 1

P a r t ia l  A u to c o r r e la t io n  P lo t  o f  R e s id u a ls

Lag C o r r a la t io a  -1  9 0 7 0 5 4 3 2 1 0 1 2 3 4 5 0 7 8 9 1

10

0 .6 0 0 8 4  I laa
-0 .1 8 1 0 9  I . aaaa |

0 .3 3 3 4 9  I 1 aa
- 0 .0 4 0 5 0  I a |
-0 .0 0 6 3 5  I 1

0 .0 3 4 6 0  I 1
0 .0 3 0 7 0  I 1 a
0 .0 0 2 9 0  I |a

-0 .0 8 9 6 1  I a a |
0 .0 8 4 0 0  I laa
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Table 29
Linear Regressions Using an ARJMA(0t0,0) Procedure 

on Yearly Inflation and Interest Rates with Time Lag =  18 
from 1951 to 1992

The 111 SyetM t 
SKIM Procedure  

M axim a L ik e lih o o d  K a t la a t io e

I p p r u .
P ir iM t a r  B s t la a ta  S td  Brror T B a t le  Lag V a r ia b le  S h i f t
HU -0 .0 1 7 6 0  1 .33676  - 0 .0 3  0 IIP  0
IUH1 0 .4 1 6 8 4  0 .1 6 1 6 6  3 .6 8  0 IIT  0

C onstant l a t l a s t *  » -0 .02T S 006

V ariance E a t la a te  ■ 23 .0 4 1 1 4 3 8  
l t d  Krrar E a t la s t*  * 4 .8 8 3 6 6 8 6 3  
6IC « 264 .3 6 6 0 7 8
SBC -  267 .8 3 0 4 1 8
■uaber o f  la a id u a la a  43

l o t o c o r r o l i t l o o  P lo t  o f  K aalduala

Lag C ovariance C o r r e la t io n  -1 9 8 7 6 6 4 3 3 1 0 1 3
0 2 3 .849144 1 .0 0 0 0 0  t !•***<
1 12 .086094 0 .6 0 6 7 7  1 !* * •* '
2 3 .363683 0 .0 9 9 1 1  |
3 3 .0 9 6 8 8 8 0 .1 3 8 6 6  | 1 **•
4 3 .1 6 8 3 0 3 0 .1 3 2 8 4  1 1 • * •
6 0 .8 7 9 9 6 8 0 .0 3 6 9 0  1 1*
6 0 .6 0 8 6 6 6 0 .0 3 6 6 3  1 1*
7 1.143233 0 .0 4 7 9 4  1 1*
6 1 .773364 0 .0 7 4 3 2  1 I*
9 0 .6 3 6 6 0 0 0 .0 3 2 6 0  1 1

10 0 .6 0 6 8 9 6 0 .0 3 1 3 3  1 1

3 4 6 6 7 8 8 1 Std
O

0 .1 6 4 3 0 3  
0 .1 6 8 8 3 8  
0 .1 8 1 0 6 7  
0 .1 8 3 1 6 7  
0 .1 8 6 3 3 0  
0 .1 8 6 4 8 8  
0 .1 8 6 S 6 6  
0 .1 8 6 8 4 6  
0 .1 8 6 6 1 6  
0 .1 8 6 6 7 7

In v a rs*  lu t o c o r r e la t io n  P lo t  o f  I s s i d a a l s

Lag C o r r e la t io n  - 1 8 8 7 6 6 4 3 2 1 0 1 3 3 4 6 6 7 6 9 1

10

•0 .6 4 6 6 2  1
0 .3 6 4 3 3  1 I***

-0 .1 7 6 1 3  1 . « •* * !
-0 .0 1 6 3 4  1 1

0 .1 0 3 9 0  1 I**
-0 .1 4 0 1 9  t

0 .1 6 3 0 3  ( I***
-0 .1 4 9 0 7  | . • • • !

0 .0 9 6 4 7  1
•0 .0 4 1 6 2  1 •  1

Lag C o r r e la t io n  - 1 8 6 7 6 6 4 3 3 1 0 1 3 3 4 6 6 7 8 9 1
1 0 .6 0 6 7 7  | t •<
3 -0 .2 1 2 3 1  I . * • * * I
3  0 .3 4 8 7 1  | I*
4  -0 .0 6 6 6 6  I *1
6 0 .0 0 1 3 8  ! I
6  0 .0 3 0 0 3  I I*
7  0 .0 0 1 3 6  I I
8 0 .0 7 1 2 3  I I*
9  -0 .0 7 3 7 6  I *1

10 0 .0 7 4 6 6  I I*
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Table 30
The ARJMA(0,1,2) Model on Yearly Inflation Rates 

Crosscorrelated with Interest Rates with No Time Lag 
from 1951 to 1992

Tke l i t  S y s te a  
i llH A  Procedure  

H axlaen L lk s llk o o d  K s t la a t lo n

Approx.
P a rn a tter Bat lM to S td  Brror T l a t l o Lag
H A l.l 0 .3 3 3 7 0 0 .1 6 8 9 3 1 .4 9 1 IIP 0
H il ,3 0 .4 6 9 0 1 0 .1 S 4 8 6 3 .9 8 3 IBP 0
IUH1 -0 .0 3 0 4 9 0 .0 3 7 4 7 - 0 .8 1 0 I IT 1

V ariance K s t lM to  ■ 3 1 . 1066S91
Std  Error l o t  i n t o  - 4 .6 9 4 1 9 8 4 3
AIC m 34 4 .9 6 0 4 0 8
SIC ■ 360.091131
■uaksr o f k e e ld u a ls* 41

Log

9
10

A u to c o r r e la t io n  P lo t o f  B en id u a ls

C ovariance C o r r e la t io n  -1 9 8 7 8 6 4 3 3 1 0 1 3 3 4 6 8 7 8 9  1
31 .108869 1 .0 0 0 0 0  1 le e .e e e e .e e e e e e
-0 .3 6 3 3 3 1 -0 .0 1 8 7 4  1 1
-0 .8 3 0 6 7 8 •0 .0 3 9 8 8  1 •1
-0 .0 9 3 0 8 0 -0 .0 0 4 3 8  1 1

1 .9 1 4 1 3 3 0 .0 9 0 8 9  1 I**
-1 .4 9 9 9 3 4 -0 .0 7 1 0 8  | *1

0 .7 3 8 9 4 9 0 .0 3 6 0 1  1 l»
-0 .3 4 9 3 9 1 -0 .0 1 1 8 3  1 1

3 .6 3 9 8 8 4 0 .1 1 9 8 6  1 1**
-1 .6 3 4 1 8 4 - 0 .0 7 3 8 9  1 •  1

0 .8 0 6 9 6 3 0 .0 3 8 1 8  1 ( •
. “ a a r k s  t* o  stan dard

In v erse  A u to c o r r e la t io n P lo t  o f  S e e id e a ls

Lag C o r r e la t io n  - 1 9 8 7 8 6 4 3 3 1 0 1 3 3 4 6 8 7 8 9  1
1 -0 .0 3 1 3 0  1 1
3 0 .0 6 0 1 4  i I*
3 -0 .0 1 4 8 3  1 1
4 -0 .0 8 0 0 4  1 *1
6 0 .0 6 4 8 4  1 1*
8 -0 .0 4 1 3 3  1 s |
7 0 .0 1 8 8 4  1 1
8 - 0 .1 1 3 9 8  1 ♦•1
9 0 .0 5 9 0 8  1 I*

10 - 0 .0 3 4 3 3  1 •  1

P a r t ia l  A n to c o r r e la t lo o P lo t  o f  t e s i d u a l s

Lag C o r r e la t io n  - 1 9 8 7 8 6 4 3 3 1 0 1 3 3 4 6 8 7 8 9  1
1 -0 .0 1 8 7 4  1 1 1
3 -0 .0 3 0 1 0  1 •1 1
3 -0 .0 0 6 3 9  t 1 1
4 0 .0 8 9 7 3  i I

-0 .0 8 8 9 0  I •  1 1
8 0 .0 3 8 7 8  1 1* 1
7 -0 .0 1 4 4 8  1 1 1
8 0 .1 1 4 8 8  1 1
9 -0 .0 8 0 7 6  1 •  ( 1

10 0 .0 3 6 3 9  1 I* 1

Std  
0

0 .1 6 8 1 7 4  
0 .1 6 8 3 1 8  
0 .1 6 8 3 6 7  
0 .1 6 8 3 8 0  
0 . 1STS37 
0 .  IS M  17
o.iesooo
o.isaaz7
0 .1 0 0 8 3 0
0 .1 0 1 8 3 0

e r r o r s
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Table 31
The ARIMA(0,1,2) Model on Yearly Inflation Rates 

Crowcorrelated with Interest Rates with Time Lag =  12 
from 1951 to 1992

The M l  SystM*
JUU HA Procodar*

M ariana L ik a lik o o d  K a tia a t io a

Appro*.
P oraaator ■ a t ia a t* S td  I r r o r T l a t i o Lag V a r ia b le  S h if t
M l  ,1 0 .3 6 9 4 4 0 .1 6 6 3 6 1 .6 6 1 ISP 0
M l ,3 0 .4 7 2 2 9 0 .1 6 4 1 3 3 . OS 3 i s r  0
IUH1 -0 .0 1 3 7 4 0 .0 3 7 3 3 - 0 .3 4 0 1ST 0

V ariance I f t i M t *  ■ 3 1 .3 3 4 7 1 IS
Std  Ir r o r I n t ia a t o  * 4 .S 17S M 7S
SIC m 34 6 .4 7 3 6 3 3
sa c m 3S0.S1434
■oabar o f lo s ld u a la * 41

I g t c n r r t l i U w  P la t  o f  l i t l d i i l i

Lag C ovariaac* C o r r e la t io n  -1 9 6 7 6 6 4 3 3 1 0 1 3 3 4 6 6 7 6 9 1 St d
0 3 1 .334713 1 .0 0 0 0 0  1 I** ........................ . 0
1 O.0061947 0 .0 0 0 3 6  1 1 1 0 .1 6 6 1 7 4
2 -0 .3 3 9 7 6 6 -0 .0 1 0 7 7  ( 1 1 0 .1 6 6 1 7 4
3 0 .0 4 3 8 6 0 0 .0 0 3 0 6  1 1 1 0 .1 6 6 1 9 3
4 3 .034880 0 .0 9 4 9 6  | 1** 1 0 .1 6 6 1 9 3
6 -1 .4 0 7 7 4 8 -0 .0 6 6 0 1  | * t 1 0 .1 6 7 6 9 4
S 0 .6 7 7 6 7 9 0 .0 4 1 1 6  1 I* 1 0 .1 6 8 3 6 7
7 -0 .1 7 4 3 6 3 -0 .0 0 6 1 7  | 1 1 0 .1 6 8 6 3 6
S 3 .6 0 9 6 9 6 0 .1 3 3 3 8  1 I** 1 0 .1 6 8 6 3 6
9 -1 .4 9 7 0 6 8 - 0 .0 7 0 3 0  1 •  1 1 0 .1 0 0 8 3 6

10 1 .037034 0 .0 4 8 6 3  1 1* 1 0 .1 6 1 6 7 3

Invar** A a to c c r r a la t la a  P lo t  o f  l o s id a a la

Lag C o r r e la t io n  -1  > I  7 I  i  I  3 1 1 D 1 3  3  H  I  7 I  9 1
1 -0 .0 3 9 3 9 1 •1 1
3 0 .0 3 7 0 6 1 I* 1

•0 .0 3 0 6 6 1 1 1
4 -0 .0 6 3 6 0 1 •  1 1
6 0 .0 6 3 0 3 1 I* 1
6 •0 .0 4 3 4 7 1 •1 1
7 0 .0 1 7 7 7 1 1 1
6 -0 .1 1 6 6 0 1 • • I  1
9 0 .0 6 1 9 6 1 1* 1

10 -0 .0 4 3 0 7 1 •1 1

P a r t ia l a u to c o r r e la t io n  P lo t  o f  K es id a a la

•»« C o r r e la t io n -1 9 6 7 6 6 4 3 2 1 0 1 3 3 4 6 6 7 6 9 1
1 0 .0 0 0 3 8 1 1 1
3 -0 .0 1 0 7 7 1 1 1

0 .0 0 3 0 7 1 1 1
4 0 .0 9 4 8 6 1 1
6 -0 .0 6 6 6 4 1 •  1 1
6 0 .0 4 4 1 4 1 1* 1
7 -0 .0 1 0 7 0 1 1 1
a 0 .1 1 6 6 9 1 |a a  1
9 -0 .0 6 3 3 7 1 a 1 1

10 0 .0 4 3 4 5 t 1* 1
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Table 32
The ARIMA(0,1>2) Model on Yearly Inflation Rates 

Crosscorrelated with Interest Rates with Time Lag =  18 
from 1951 to 1992

The SIS  S p a ts*
1 1 IH i Procedure  

H erlaua L ik e lih o o d  1 s t iiM tia a

I p p r o s .
P a ra> star l o t in a t e S td  Ir r o r I  l o t l a Lag V a r ia b le  S h i f t
H H .l 0 .2 7 0 6 9 0 .1 6 6 8 2 1 .7 4 1 IIP  0
M l  ,2 0 .4 7 6 6 3 0 .1 6 3 7 1 3 .1 2 2 IBP 0
v r n i -0 .0 0 4 3 0 8 0 0 .0 3 8 1 4 - 0 .1 3 0 1ST 0

V ariance K st in a t*  ■ 21 .3 4 4 6 8 6 8
Std  I r r o r 1 s t  l u t e  ■ 4 .83003011
1IC • 24 6 .6 8 6 3 0 2
s e e m 26 0 .7 0 6 8 1 8
■uaber o f k a s ld u a ls* 41

Lag C o rarlan ce C o r r e la t io n  -1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 5 8 7 8 9 1 St d
0 3 1 .3 4 4 6 8 8 1 .0 0 0 0 0  1 le a e e e e e e e e e e e e e e e e e e l 0
1 0 .1 7 1 0 7 8 0 .0 0 8 0 3  I 1 1 0 .1 5 8 1 7 4
3 •0 .0 6 4 1 3 8 -0 .0 0 2 6 4  1 1 1 0 .1 6 8 1 8 4
3 0 .1 0 9 8 1 1 0 .0 0 6 1 4  1 1 I 0 .1 5 8 1 8 5
4 2 .0 7 1 8 8 0 0 .0 9 7 0 7  ( 1 • •  1 0 .1 6 6 1 6 9
6 -1 .3 1 1 5 8 0 -0 .0 6 1 4 6  t *1 1 0 .1 6 7 8 6 3
8 0 .9 8 0 9 1 1 0 .0 4 6 0 2  1 I* 1 0 .1 6 6 2 3 8
7 -0 .1 0 4 9 8 4 -0 .0 0 4 9 2  1 1 1 0 .1 6 8 6 4 9
8 2 .6 9 4 3 4 4 0 .1 3 6 2 3  1 ( • • •  . 1 0 .1 6 8 6 6 3
9 -1 .4 0 8 7 8 6 -0 .0 8 8 0 0  1 *1 1 0 .1 6 0 9 8 6

10 1 .1 3 8 8 2 6 0 .0 6 3 8 8  1 I* 1 0 .1 6 1 8 4 3
n a rk s t i t  sta n d a rd  a rro ra

In v er se  l u t o c t r r t l i t l t i  P lo t  at  K a sld sa la

Lag C o r r e la t io n  -1 t  t  7 «  t  4  3  2 1 0  1 1 1 4 E t  7  I  9  1

10

-0 .0 4 5 4 1  ( *1
0 .0 3 2 1 9  1 1*

•0 .0 2 2 2 3  1 I
•0 .0 6 4 8 3  1 •1

0 .0 6 0 9 9  1 I*
- 0 .0 4 3 7 9  1 •1

0 .0 1 6 9 7  1 1
-0 .1 2 0 1 3  1 ••1

0 .0 8 0 7 9  1 I*
-0 .0 4 6 0 7  ( •  1

P a r t ia l  A u to c o r r e la t io n P lo t  o f

Lag C o r r e la t io n  -1  9  I  7  «  E 4 3  2 1 0  1 1  1  4  E «  7  I  9  I

10

0 .0 0 8 0 2  1 1
-0 .0 0 3 8 0  1 i

0 .0 0 6 1 6  1 1
0 .0 9 8 9 9  1

-0 .0 6 3 6 4  1 •  1
0 .0 4 7 4 4  1 I*

-0 .0 0 7 6 4  1 1
0 .1 1 9 8 6  t 1 • •

-0 .0 8 0 3 7  | *1
0 .0 4 6 8 0  1 I*
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Table 33
The A RIM A (0,1,2) Model on Yearly Inflation Rates Crosscorrelated with 

the Second Difference of Interest Rates with No Time Lag 
from 1951 to 1992

Tha U l  S y a tm  
M INS P rcc«4«r«

HaxUma L lk a llfeead  1 s t  1m t l e a

A pprox.
For m o to r K a tla a t* Std  Ir r o r T K atlo Log V a r ia b le  S h i f t
HA1,1 0 .1 9 6 * 0 0 .1 4 4 4 * 1 .3 0 1 IIF  0
NA1.3 0 66493 0 .1 4 9 1 0 3 .7 9 3 i i r  o
sum •0 .0 3 0 6 * 0 .3 7 3 4 0 - 0 .1 4 0 1ST 1

V ariant* lO tlM tO  ■ 17 .*1*7*7*
S td  i r r o r t o t l o o t *  ■ 4 .1 9 7 4 7 0 3 *
AIC ■ 336 .4403*3
sac o 3 3 1 .4 3 0 * 4 *
lu ab or o f  i t a ld n a ls "  39

La* C o v o r lm co C o r ra la tIo n  -1 9 * 7 * 6 4 3 3 1 0 1 3 3 4 6 0 7 8 9 1 St d
0 17 .*1*76* 1 .0 0 0 0 0  1 0
1 -0 .3 0 1 * 6 0 -0 .0 1 7 1 3  1 1 0 .1 6 0 1 3 8
3 -1 .1 6 3 7 4 6 - 0 .0 0 6 4 *  f •1 0 .1 * 0 1 7 6
3 -0 .3 0 * 0 3 6 -0 .0 1 1 * 9  1 1 O.ISOMO
4 0 .6 3 6 9 9 * 0 .0 3 * 1 0  1 I* 0 .1 * 0 8 * 3
6 -0 .9 9 3 9 * 6 -0 .0 6 * 3 6  I *1 0 .1 * 1 0 8 9
6 -0 .3 3 4 4 0 * -0 .0 1 * 9 *  I t 0 .1 0 1 6 9 4
7 0 .9 * 3 3 * 7 0 .0 6 4 * 3  I l» 0 .1 0 1 * 6 1
6 0 .6 7 3 3 9 0 0 .0 3 3 4 9  1 I* 0 .1 * 3 1 3 4
9 3 .3 4 0 9 9 7 0 .1 3 7 1 9  1 . 0 .1 * 3 3 9 1

10 -1 .* 0 1 4 1 1 -0 .0 9 0 8 9  1 0 .1 6 4 * 3 7
M r  h i  t« a  ataadard a rra ra

I

Lag C o r r a la t lo a  - 1 9  8 7 * 6 4 3 3 1 0  1 3 3 4  6 * 7 8 9  1
1 0 .0 0 3 9 9  1 i
3 0 .0 * 3 4 3  1 I*

0 .0 0 * 3 7  | 1
4 -0 .0 4 0 4 3  1 • f
6 0 .0 * 0 6 1  I I*
0 0 .0 0 1 8 9  t 1
7 -0 .0 * 1 8 9  t *1
S -0 .0 3 1 6 6  1 1
9 -0 .1 3 1 6 9  1 • • • 1

10 0 .0 6 1 4 0  1 1**

P a r t ia l  A a ta c o r r a la t la a P lo t  o f K aaldaala

Lag C o r r a la t lo a  - 1 9  0 7 6 6 4 3 3 1 0  1 3 3 4 6 * 7 * 9 1
1 -0 .0 1 7 1 3  I 1 1
3 -0 .0 6 6 8 0  1 •1 1
3 -0 .0 1 4 0 8  I 1 1
4  0 .0 3 1 4 6  1 ( •  1
6 -0 .0 6 7 1 1  I •  1 1
6  -0 .0 1 6 9 4  1 1 1
7 0 .0 4 6 0 3  1 I* 1
8  0 .0 3 9 6 8  I I* 1
9  0 .1 3 9 0 6  ( 1*** 1

10 -0 .0 8 4 * 3  I • * l  . 1
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Table 34
The ARIMA(0,1,2) Model on Yearly Inflation Rates Crosscorrelated with 

the Second Difference of Interest Rates with Time Lag -  12 
from 1951 to 1992

The M l  l | i t M  
M IIU  Procedure  

M u iit t i  L ik e lih o o d  l a t l a e t l o n

kpprox.
P ir u H t t r I l t l u M Std  E rror T E o tlo Log V o r io b lo  S h i f t
M l  .1 0 .2 1 6 4 8 0 .1 4 3 4 8 1 .61 1 n r  o
M l .3 0 .6 4 3 0 1 0 .1 4 6 8 5 3 .6 6 a rar  o
IUH1 0 .2 1 3 9 6 0 .1 6 8 2 3 0 .7 8 0 1ST 0

f u l u c t K otlam to * 17 .3033568
Std  E rror l o t  lo o t*  » 4 .14708386
SIC * 23 1 .1 5 3 6 3 6
SBC m 336 .230304
■ iliber o f le a id a a la " 40

kut

C ovariance C o r r e la t io n  - 1 9 8 7 6 6 4 3 3 1 0  1 3 3 4  6 6  7 6 9 1 St d
1 7 .303367 1 .0 0 0 0 0  1 0
-0 .3 8 0 6 3 4 -0 .0 1 6 9 1  1 1 0 .1 6 8 1 1 4
-1 .0 6 6 1 6 6 -0 .0 6 3 1 4  1 •1 0 .1 6 8 1 6 9
-0 .3 8 6 3 7 6 -0 .0 1 7 3 3  1 1 0 .1 5 8 7 6 6

0 .6 0 6 6 7 1 0 .0 3 6 3 6  1 I* 0 .1 6 8 8 3 6
-0 .6 6 1 8 0 3 -0 .0 3 6 4 6  1 •1 0 .1 6 9 0 3 0
-0 .1 6 1 4 8 3 -0 .0 0 9 3 8  1 1 0 .1 6 9 2 6 3
0 .4 4 1 8 4 1 0 .0 3 6 6 8  | l» 0 .1 6 9 3 7 7
1 .377643 0 .0 7 4 3 7  | I* 0 .1 6 9 3 8 0
1 .830783 0 .1 1 3 3 3  1 0 .1 6 0 2 4 3

-1 .6 1 8 2 7 6 -0 .0 8 8 2 6  1 •  •1 0 .1 6 3 1 9 6
u r k i  two ataadard erro ra

Invara* A u to c o r r e la t io n P lo t  o f ta a ld a a la

Log C o r r a la t lo a  -1 9 6 7 6 6 4 3 3 1 0  1 3 3 4  6 6  7 6  9 1
1 0 .0 1 9 3 3  | 1
1 0 .0 6 3 8 2  1 I*
3 0 .0 1 4 2 5  1 1
4 -0 .0 3 4 1 9  | •1
6 0 .0 4 6 1 3  1 ( •
6 -0 .0 1 1 2 7  | 1
7 -0 .0 3 4 9 7  | *1
6 -0 .0 6 6 3 3  1 •  1
8 -0 .1 1 4 3 6  1 ••1

10 0 .0 7 3 6 6  t I*

P a r t ia l  A u to c o r r e la t io n P lo t  o f K ea ld a e le

Log C o r r a la t lo a  - 1 9 8 7 6 6 4 3 2 1 0  1 3 3 4  6 6  7 6  9 1
1 -0 .0 1 6 9 1  1 1
2 -0 .0 6 3 4 4  1 •1

-0 .0 1 9 6 2  1 1
4 0 .0 3 0 7 1  | ! •
6 -0 .0 3 9 7 8  1 •1
6 -0 .0 0 7 0 6  1 1
7 0 .0 2 1 9 1  1 1
S 0 .0 7 2 0 7  1 I*
8 0 .1 2 1 6 2  ) l «

10 -0 .0 7 6 9 6  1 • •1
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Table 35
The AR.1MA(0,1,2) Model on Yearly Inflation Rates Crosscorrelated with 

the Second Difference of Interest Rates with Time Lag = 1 8  
from 1951 to 1992

The SAS t f i t M  
AKIRA Pracadvra  

R u ia u a  L lh a llh o o d  K a tla a t lo a

A p p ro i.
Par*■ •ta r Bat I n t i S td  I r r a r T R a tio La! V a r ia b l*  S h i f t
N A l.l 0 .2 0 0 8 1 0 .1 4 3 0 7 1 .4 0 1 IBP 0
RA1,2 0 .6 6 3 8 3 0 .1 4 8 3 9 3 .7 3 2 IBP 0
n m i 0 .3 2 1 8 7 0 .2 8 6 7 6 1 .3 S 0 IBT 0

V ariant* B a t ln a t*  ■ 18.7B 14S88
Std  Krrar I* t i:» * t*  ■ 4 .0 9 7 7 3 8 2 9
AIC ■ 2 3 0 .19044S
SBC ■ 2 3 6 .3S70B4
Iunbar a f ■ a sid u a la * 40

A u to c o r r o la t lo a  P la t  o f  K a sid u a ls

Lag C ovarianc* C o r r a la t lo a  -1 9 8 7 6 6 4 3 2 1 0 1 2
0 18 .7 9 1 4 6 9 1 .0 0 0 0 0  | )***#<
1 -0 .1 7 3 1 7 8 -0 .0 1 0 3 1  I I
2 -1 .1 6 8 9 6 4 •0 .0 0 9 0 2  I *1
3 -0 .0 8 0 6 8 1 -0 .0 0 4 8 0  I I
4 0 .8 4 2 1 1 2 0 .0 6 0 1 6  I I*
B -1 .2 2 4 4 3 3 -0 .0 7 2 9 2  I •1
8 0 .3 6 1 6 7 9 0 .0 2 0 9 4  I 1
7 0 .0 0 9 3 8 8 0 .0 3 6 2 9  I I*
8 0 .3 4 0 8 0 3 0 .0 2 0 3 0  I 1
9 2 .2 9 0 9 1 3 0 .1 3 6 7 9  I |***

10 -1 .2 6 4 3 0 8 -0 .0 7 4 7 0  | •1
tandard

Std
0

0 .1 6 6 1 1 4  
0 .1 6 8 1 3 1  
0 .1 6 8 8 8 2  
o .isoooo
0 .1 6 9 2 8 1  
0 .1 0 0 1 1 3  
0 .1 0 0 1 8 2  
0.1M 3S T  
0 .1 6 0 4 6 1  
0 .1 6 3 3 4 1  

a r r a r s

In vars*  A a to c o r r a la t io n  P la t  o f  K a ild o t la

Lag 2 1 0  1 2 3 4  6 0
1 -0 .0 1 0 2 0  I t
2 0 .0 6 6 1 4  1 ) •
3 0 .0 1 8 8 7  | 1
4 -0 .0 7 2 6 1  I •1
6 0 .0 9 2 3 2  I
6 -0 .0 3 9 4 1  I *1
7 -0 .0 4 4 1 1  I •  1
B •0 .0 1 0 1 3  | 1
9 -0 .1 4 3 4 3  I aaa)

10 0 .0 7 6 7 6  I I**

P a r t ia l  A u ta c o r r a la t ia a P lo t  o f K aaidaala

Lag C a r r a la t la n  - 1 9 8 7 0 6 4 3 2 1 0  1 2 3 4  6 0
1 -0 .0 1 0 3 1  I 1
2 -0 .0 0 9 1 3  f •1
3 -0 .0 0 6 3 0  1 1
4 0 .0 4 6 4 8  I I*
6 -0 .0 7 3 1 2  I •  1
6 0 .0 2 0 3 1  1 1*
7 0 .0 2 7 8 2  I I*
8 0 .0 2 0 7 8  I 1
9 0 .1 6 0 8 6  I 1 • • •  ■

10 -0 .0 7 9 3 0  I ••1

7 8 9 1

7  S 9  1
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Table 36

The AR1MA{0,1,2) Model on Yearly Inflation Rates Crosscorrelated with 

the First Difference of Interest Rates with Time Lags 

from 1951 to 1992

RUltl 0  T f o r  HO: H A l.l  $ i  T fo r  HO; M i l , 2 T f o r  HO:
(Std I r r o r )  (I1 = 0  (Std I r r o r )  = 0  (Std I r r o r )  = 0

- .0 6 7 6 9  
( .1 6 9 4 5 )

.44116
( .1 5 9 8 7 )

.46302
( .1 5 8 1 7 )

- 0 .4 0

2 .7 6

2 .9 3

.20382  
( .1 4 4 0 9 )

.27714
( .1 4 3 8 8 )

.26960  
( .1 4 3 4 2 )

1.41

1 .9 3

1.88

.54645
( .1 4 8 6 0 )

.52338
( .1 4 9 0 3 )

.62804
( .1 4 8 5 9 )

3 .6 8

3 .51

3 .6 5

. 48048  
( .1 5 5 6 4 )

.49323
( .1 5 2 4 8 )

3 .0 9

3 .2 3

.26300
( .1 4 2 9 6 )

.25760  
( .1 4 2 6 2 )

1 .8 4

1 .81

.53257
( .1 4 8 2 2 )

.53707
( .1 4 8 0 0 )

3 .5 9

3 .6 3

.51631
( .1 5 3 6 8 )

.66781
( .1 6 8 7 9 )

.62598
( .1 8 6 8 3 )

.66243
( .2 0 0 5 0 )

3 .3 6

3 .3 6

3 .3 5

3 .3 0

.26373
( .1 4 2 2 7 )

.25863  
( .1 4 2 6 3 )

.26403  
( .1 4 3 0 7 )

.27631
( .1 4 3 7 6 )

1 .7 8

1 .81

1.86

1 .9 2

.64080  
( .1 4 7 6 9 )

.53669  
( .1 4 7 0 5 )

.63242
( .1 4 8 2 7 )

.62359  
( .1 4 8 9 0 )

3 .6 6

3 .6 3

3 .5 9

3 .5 2

.69679
( .2 1 6 1 0 )

.72161  
( .2 3 0 2 6 )

.77716
( .2 4 9 7 2 )

3 .2 3

3 .1 3

3 .11

.29161  
( .1 4 4 6 8 )

.30793
( .1 4 6 1 6 )

.30669  
( .1 4 6 0 9 )

2.02

2.12

2 . 1 1

.51323
( .1 4 9 6 8 )

.50428
( .1 6 0 2 7 )

.61097  
( .1 5 0 2 0 )

3 .4 3

3 .3 6

3 .4 0

. 83020  
( .2 7 1 1 1 )

3 .0 6 .30360
( .1 4 6 1 4 )

2 .0 9 .51938
( .1 6 0 3 2 )

3 .4 6
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Table 36 (Continued)

The ARIM A(0,l,2) Mode] on Yearly Inflation Rates Crosscorrelated with 

the First Difference of Interest Rates with Time Lags from 1951 to 1992 

Correlations of the Estimates

C o r re la t io n s C o r re la t io n s C o r r e la t io n s

Between E stim ates: Between E stim ates: Between E st isu ite s :
■UM1 and MAI, 1 0, IUM1 V' sad MAI,2 03 MAl.l 9, and MAI,2 03

For V a r ia b les :  
IIT and IBF

For V a r ia b les :  
IIT and 1IF

For V a r ia b les :  
IIF  and IIF

0

12

13

14

15

16

17

18

19

20 

21 

22 

23

.114

- .0 6 1

- .0 6 6

- .0 6 5

- .0 6 1

- .0 4 7

- .0 6 1

- .0 6 0

- .0 6 7

- .0 4 9

- .0 3 6

- .0 4 9

- .0 6 1

.111

.061

.042

.034

.028

.023

.019

.019

.019

.018

.022

.038

.060

- .3 6 7

- .4 7 2

- .4 6 3

- .4 5 6

- .4 6 0

- .4 4 7

- .4 6 3

- .4 6 1

- .4 7 6

- .4 9 3

- .5 1 3

- .6 1 8

- .5 2 2
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§7. Sum m ary and conclusions.

In this C hapter we first computed monthly figures of annual inflation rates in 

China from a national general retail price index over the period from July, 1947, 

to July, 1993, Since the actual retail price index contains only yearly averages in 

some years and monthly da ta  are not always available, we made several assump­

tions during the com putation. Consequently a set of yearly inflation d a ta  is also 

calculated for the later comparison. We note that the inflation rates in China were 

mainly endogenous before 1965 and after 1985 inclusive, but were adm inistered 

from 1966 to 1984, because the government controlled the price system by heavy 

subsidies (cf. [18], pp. 24-41).

Secondly we collected monthly da ta  of four kinds of interest rates over the 

period from July, 1948, to  July, 1993, partly based on early directives from the 

Chinese central bank. In order to  study the relation between the yearly data  of 

inflation and interest rates, we used the interest rates on one-year CD savings and 

calculated yearly averages of these interest rates using the calendar year and various 

fiscal years. We point out th a t these interest rates are not m arket-determ ined and 

are all adm inistered rates set by the central bank. Since m arket-determ ined interest 

rates never existed in China in the national basis, these rates are the best we can 

get for our study.

Having these data  ready, we next performed simple linear regressions on the 

m onthly inflation rates and interest rates with various tim e lags of the inflation. 

The experim ents show that the three interest rates on savings perform similarly. 

Focusing on the interest rates on one-year CD savings, we discovered th a t the 

linear model fits best for inflation against interest rates about five months after 

the realization of the inflation rates; in this case the coefficient of the interest rate
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in the linear regressive model is definitely positive. The tending rate  on commerce 

loans are slightly different, which suggests a  best linear model of inflation rates 

against interest rates ten months after the realization the the inflation rate.

These results represent the first evidence of the Fisher effect in the Chinese 

economy. Since our interest rates are not determ ined by m arket, the Fisher effect 

here must have a new interpretation. Indeed, the tim e lags of inflation in the above 

linear models indicate th a t the interest rates, although adm inistered by the central 

bank, do reflect market information, but only when five to  ten months after the 

realization of the inflation rates. Therefore we may claim th a t the Fisher hypothesis 

is valid in the Chinese economy; since these are not market interest rates, this can be 

interpreted as an adm inistered version of the Fisher effect, based on the government 

behavior reflecting m arket information. This adm inistered Fisher effect suggests 

that the Fisher effect in the usual market sense might also exist, but it can only be 

observed after the establishm ent of a system of m arket interest rates in the future. 

The tim e lags in the above linear models also suggest th a t the Chinese central 

bank tends to wait about five months before adjusting savings rates based on the 

financial information it receives, and it tends to wait longer, about ten months, 

before do the same thing to  lending rates.

Recall th a t the inflation rates in the time period from 1966 to 1984 are partly 

adm inistered. In order to  support our linear models and assertions we also per­

formed simple linear regressions on monthly d a ta  of inflation rates and interest 

rates by treating the figures between 1966 and 1984 as missing data. The results 

coincide with our early findings.

Since our monthly d a ta  of inflation contain some assum ptions that might un­

dermine the validity of the above conclusions, we then conducted simple linear
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regressions on yearly da ta  of inflation rates and savings rates on one-year CD ’s. By 

using various yearly averages of interest rates on calendar years and fiscal years, 

we constructed linear models with monthly tim e lags similar to  those in the lin­

ear models on monthly data. The results again support the previous models on 

m onthly data.

As in Mishkin [23] we then study the short-run Fisher effect. Since the first 

difference of inflation happens to be stationary, we can use a SAS PROC A RIM A 

procedure to do the calculation and analyze the residuals. We found apparent 

support for the short-run ex post Fisher hypothesis, but the highly autocorrelated 

residuals of the model indicate th a t we can not separate the effect of the ex ante 

Fisher hypothesis and the persistence of inflation using this model. Nevertheless, 

the ex post short-run Fisher effect exhibits the same pattern  of the effect on the 

model by the tim e lags of inflation.

By carefully examining the inflation data, we noticed that the figures for 1949 

and 1950 are exceptionally large and wonder what can happen if we omit these 

two special values from our linear models. In fact, the Fisher effect is often closely 

related the the persistence of the inflation rates, as claimed in Barsky [2], and the 

persistence may be mainly associated with the behavior of inflation over a recent 

period of time. Therefore it is necessary to study the persistence of inflation using 

the yearly da ta  without the two huge values. We thus formulated an A RIM A model 

of inflation using the SAS PROC ARIMA procedure

xt  = i +  u t  ~  .27615 d j - i  — .48217
(.15196) (.15149)

which dem onstrated the forecastability over the period from 1951 to 1992.

It is known th a t the persistence of inflation and the Fisher effect are often
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closely related to  each other, but all available models deal with these two hypotheses 

separately (cf. Barsky [2J). Using SAS PROC A RIM A again we then considered 

a general A RIM A model crosscorrelated with interest rates or their differences. In 

order to  search for a best model expressing the relation between inflation rates and 

interest rates together with their tim e lags, we studied several special cases of the 

general A RIM A model.

The first special case is indeed the simple linear regressions between inflation 

rates and interest rates, using data  from 1951 to 1992. Different from the results of 

the linear regressions over the period from 1949 to 1992, the com putation indicates 

no apparent linear relation between the rates, and hence further suggests th a t the 

two huge values of inflation rates are too special.

We considered special cases of the mode] of the first difference of inflation rates 

against the original da ta  of the interest rates, and then against the second dif­

ference of the interest rates. The com putation shows nothing affirmative. Here 

the differencing technique is used because we want to  have a stationary process of 

inflation.

Finally A RIM A models of the first difference of inflation rates crosscorrelated 

with the first difference of interest rates are studied. Since A RIM A (0,1,2) is the best 

model for the first difference of the inflation without crosscorrelating the interest 

rates, we use it again with a term  of the first difference of interest rates. Having 

estim ated this model for various tim e lags of the inflation, we discovered th a t the 

coefficient of the interest rates are significantly positive for all the tim e lags of 

inflation between 12 and 23. Since the correlations between this coefficient and 

the coefficients in the moving-average part of the model are essentially equal to 

zero, there are no apparent relations between the short-run Fisher effect and the
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persistence of inflation. Also because these correlations are negligible, the positive 

coefficient of the interest rates is contributed almost entirely to  the Fisher effect, 

not to the persistence of inflation. Consequently we can safely conclude th a t the 

short-run Fisher hypothesis holds in the Chinese economy.

Since the best cases of the above A RIM A model are the models crosscorrelated 

with interest rates of one-year CD savings about five months after the realization 

of the inflation rates. Therefore our previous conclusions on the Fisher effect in 

the Chinese economy are once more confirmed by different models on yearly data  

of inflation rates and interest rates.

To conclude this C hapter, let us list the best models describing the relation 

between inflation rates and interest rates.

(i) The General Linear Model on m onthly annual inflation rates and interest 

rates on one-year CD savings from July, 1948, to  July, 1993:

*r,12 =  -  2109.95 +  261.72 *t13, r +  a,
(278.33) (6.62)

where 3 is the inflation rate based on the National Retail Price Index from time 

t in month to  tim e f +  12, *J317 is the interest rate on one-year CD savings at time 

t + 17 to be m atured a t tim e ( +  29, and a t is the random error. The R-square 

estim ate of this model is .7437, the highest among similar models with different 

tim e lags.

(ii) The General Linear Model on monthly annual inflation rates and interest 

rates on one-year CD savings from July, 1948, to  July, 1993, with missing inflation 

da ta  from 1966 to 1984:

jt’3 -  -  2985.68 +  267.29 i}J1T +  a,
(488.64) (8.86)
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where jt/j , and at are the same as in (i). The /{-square estim ate is .7455, also 

the best among similar models with different tim e lags.

(iii) The General Linear Model on monthly annual inflation rates and lending 

rates on commerce loans to private and joint state-private enterprises (to sta te

enterprises in 1960s and 70s) from July, 1948, to  July, 1993:

tt*3 =  -  903.02 +  143.97 i |* M +  a t
(283.52) (3.90)

where t (1j and a t are the same as in (i), *}3Ja is the lending rate at tim e t +  22 with 

undisclosed m aturing date. The /{-square estim ate of this model is .7161, again 

the highest among similar models with different tim e lags.

(iv) The General Linear Model on yearly annual inflation rates and yearly av­

erages of interest rates on one-year CD savings from 1949 to 1992:

jtt =  -  1851.76 +  245.28 +
(328.48) (8.98)

where ttx is the yearly inflation rate  in year 71, is the average of the interest rates 

in the fiscal year T  starting  in June, and a i  is the random error. The /{-square 

of this model is .9468, one of the highest among similar models with different tim e 

lags. The highest /{-square is .9518 for a model with i jK

(v) The A RIM A model on the short-run ex post Fisher effect on inflation rates 

and one-year CD savings from 1951 to  1992:

ttx — TTr-i +  .70257 (^ 5) - i f l , )  +  a r .
(.24199)

Note that this model best describe the short-run ex post Fisher effect but can not 

be used to determ ine the existence of the short-run ex ante Fisher effect nor the 

persistence of inflation, because the coefficient of the model contains the effects
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from both the Fisher effect and the persistence. Indeed, the residuals of this model 

is highly autocorrelated.

(vi) The A RIM A Model on the persistence of yearly inflation rates on one-year 

CD savings from 1951 to 1992:

jry — TTy—j -f- a j  — .27615 a-f—i — .48217 o t —2
(.15196) (.15149)

where xy and a r  are the same as in (iv).

(vii) The A RIM A Model on yearly inflation rates crosscorrelated with the first 

difference of interest rates on one-year CD savings from 1951 to  1992;

t T =  7rT- ,  +  .56781 (i{f ] -  i r L )  + aT -  -25853 aT. t -  .53669 aT- 3
(.16879) (.14263) (.14795)

where sy , and 07 are the same as in (iv). The t value of the test for the null 

hypothesis of the coefficient of (17* — i j 1,) being zero is 3.36, implying that the 

probability of the coefficient being nonzero is larger than 99.9%, the highest among 

similar models with different time lags.

The correlations between the coefficient of interest rates and the coefficients in 

the moving-average part of this model in (vii) are —.051 and .019. Therefore the 

term  of the interest rates is basically independent of the moving-average part of the 

model. The interest rate part confirms the short-run ei ante Fisher effect, while the 

moving-average part of the model describes the persistence of inflation. Comparing 

this last model with the one in (v) we see th a t a portion of the coefficient .70257 

(.24199) in (v) is actually a ttribu ted  to the persistence of inflation, and only the 

rest portion of .56781 (.16879) is resulted from the Fisher effect.

These seven models confirmed the existence of an adm inistered version of the 

Fisher effect in the Chinese economy. Over the entire tim e period of the history of
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new China the long-run Fisher effect is apparent, and over the tim e period from 

1951 to  1992, the Fisher effect mainly takes a short-run form, both ex post and ex 

ante. Over the ta tter period, there is no apparent relation between the short-run 

ex ante Fisher effect and the persistence of inflation. These models furtherm ore 

suggest the validity of the usual market Fisher hypothesis, which, unfortunately, 

can only be tested directly after the establishm ent of a system of m arket-determ ined 

interest rates in the future.
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Appendix

Excerpts of Documents Related to the Interest Rate Adm inistration 

In China From 1948 to 1971

Recently because of the war, the commodity prices became unstable and the 

m onetary purchasing power decreased. Since we did not adap t ourselves to this 

situation and categorically restricted adjustm ent of the particularly low interest 

rates on savings and loans of the state  bank, private lending practice has been 

severely affected so that credit market has become stagnant in the countryside. 

In recent years banks continued to sustain losses in rural business while in urban 

areas m onetary speculations were stim ulated; banks can no longer funnel funds into 

m anufacturing sectors and can hardly perform their basic functions on savings and 

loans. Therefore for a long period of tim e we have lost the ability to  control the 

market and economy. In order to change this situation, it is necessary to  check and 

ratify our policies on interest rates again. Enclosed are the adjusted interest rates 

and policies. ([!), July 28, 1948)

Each Regional Bank and Each Branch in North Region:

National commodity prices have generally leveled down and dropped since 

March. From March 1st to 24th, prices dropped 5.27% in Shanghai, dropped 

1.88% in Tientsin, dropped 2.27% in Hankow, dropped 2.42% in Peking, dropped 

22.8% in X i’an, and dropped 0.9% in Canton. Now state-owned trading compa­

nies have plentiful supplies of various commodities and the market demand has
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sharply decreased. The commodities hoarded for speculation by privately owned 

industrial and commercial enterprises have appeared in markets gradually and we 

are increasingly confident th a t the market prices will be stable from now on. In the 

banking sector, money deposits have grown gradually in sta te  owned and private 

owned banks and old-style banks.

Market interest rates, including rates of the sta te  bank, dropped somewhat in 

various regions, but are still much too high compared with normal interest rates 

in a situation of stable prices. If the rates remain at such a high level, not only 

the sta te  bank will continue to suffer heavy losses, but also a group of industrial 

and commercial enterprises will face bankruptcy immediately. Based on this new 

economic situation the interest rates of our bank should immediately be lowered and 

the interest rates of other banks and old-style banks should be strictly ordered to 

be lowered simultaneously. A table of national interest rate ranges was determined 

and enclosed.

The prices will be stable in the future and the decisions on interest rates should 

mainly be based on our economic policies and profitability of all the industrial and 

trade sectors. The levels and adjustm ents of interest rates will be the main factor 

in controlling the financial market and hence the whole economy. ([25], March 28,

1950)

*  *  *

Recently the state prices and market prices of basic commodities became stable 

all over the country and the overall prices will be stablized on the current level. 

Under this circumstance the bank interest rates should be lowered further so that 

producer could get convenient capital turnover. It is ordered tha t the interest



100

rates should reach the following standard by May 15: the maximal interest rate 

on one-month tim e savings is 18%, the maximal interest ra te  on loans is 36%. 

After receiving this telegraph each branch should transm it this order further and 

make arrangem ent to implement it immediately. In order to dispel misgivings of 

depositors, adjustable rates tied on inflation may be used to all deposits regardless 

of their amounts and nature. If withdraw increases, the central bank can offer 

money support.

Since prices become stable and normal, the speculation aspect of the interest 

rates of private owned banks and old-style banks diminishes. Therefore the super­

vision to  them  may be relaxed. ([26], May 12, 1950)

* * *

Principle of Interest Rate Administration

The m ajor requirement of an interest rate policy is th a t it can be used to ac­

quire funds, to manage credits, to restrict speculations, and to promote production. 

Interest rate adm inistration must give consideration to  three aspects: (i) depositors 

must be glad to  deposit money, (ii) it must be advantageous to the managerment 

of enterprises valuable to  the state and people, and (iii) it must give appropriate 

preferential treatm ent to the business of state owned and private owned financial 

institutions. Therefore the following is the principle of interest rate adm inistration 

in 1951.

(i) Speaking in principle, state bank's deposit and lending rates to  sta te  entities 

should be low and the spread between lending rates and deposit rates should also
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be low, but the yield spread must be large enough to cover bank expenses and a 

portion of bank profits.

(ii) The savings and lending rates to private individuals and enterprises are 

based on the interest rates determ ined by local interest ra te  committees and hence 

will be high and close to market rates. Lending rates should be determ ined accord­

ing to (a) the supply and demand in the financial m arket, (b) the price level, and 

(c) the usual business profit margin.

(iii) S tate banks should take leadership through local interest ra te  committees 

in interest rate m anagem ent of private banks and old-style banks in large and 

mid-sized cities.

(iv) Interest rates can not be set regardless of the m arket situation, but the bank 

rates should not become a follower of m arket rates and should not be adjusted and 

rescinded every day.

(v) There will be no restriction on lending rates in countryside in order to 

encourage free lending and to establish rural credit unions. ([27], February 9,

1951)

* * *

Director Chen Yun:

Current interest rates on private deposits in sta te  banks are exactly equal to 

the rates in private banks and old-style banks, but interest rates on savings with 

m aturities longer than two months in sta te  banks are 10% to 20% higher than those 

in private banks and old-style banks. Lending rates in s ta te  banks are usually lower 

than  the lending rates charged by private banks and old-style banks. On the other
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hand, savings rates in either state banks, private banks or old-style banks are far 

below interest rates in black markets. Although banks have made great efforts to 

funnel money into industrial and commercial businesses, their dem and can not be 

satisfied.

Wholesale prices have risen slowly nationwide and in big cities since this Ja n ­

uary, except in X i’an where the prices have dropped. The effect of inflation on 

interest rates is th a t inflation reduces benefit of depositors and burdens of borrow­

ers. Seasonal increase of prices was anticipated, but it is unexpected th a t the prices 

could rise or drop sharply in some regions.

Since we only investigated the general economic situation of the whole nation 

and did not take into account of the special situation in some specific regions, the 

implement of the interest rate reduction in last September faced a lot of resistance 

in view of the situation discussed above. Consequently our bank plan to care­

fully investigate the economic situation in each region before we can determ ine the 

direction and extent of the next interest rate adjustm ent. {[28], May 8, 1951)

* * *

Each Regional Bank and Each Branch in North Region:

In order to promote economic development, stim ulate production and encourage 

flow of good and m aterial, financial institutions should devote their m ajor effort 

to  support s ta te  and private enterprises which may be lack funds for production 

and transportation. The current lending rates which are as high as 46.8% take 

up a m ajor portion of possible profits of common enterprises and generate high 

costs of production, transportation and marketing. These high rates hampered the
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development of production directly and infringed consumers' interest indirectly, so 

th a t business initiative was dampened and business management became difficult. 

All these are bad for the entire economic development. In order to reduce business 

costs, promote production and trade, and mobilize idle money of large quantity, we 

adopt a policy to  lower the current interest rates gradually. It is required th a t the 

interest rates should be reduced to a level close to  the prewar rates before the fall 

season. The interest rate reduction consists of two steps; the first step in middle of 

July and the second a t the end of September. The target rates are enclosed. ([29], 

July 2, 1951)

Each Regional Bank and Each Branch:

(i) According to  recent reports from regional banks and branches, lending rates 

were reduced to the September target by almost all banks and branches; deposit 

rates, however, have only been reduced to the July target by most banks and 

branches.

(ii) In the recent interest rate adjustm ent, the prices increased slightly and m ar­

ket speculators seized the chance to cause trouble. In order to  stablize prices and 

financial m arkets and withdraw currency from circulation, each bank and branch 

should postpone further reduction of interest rates on private deposits and loans 

from the current adjusted levels (rates should not be raised if they were lowered 

already), but those rates tied to inflation must be lowered to  the official target 

quickly. Since current interest rates vary widely from region to region, each local 

branch must pay close attention to the development of money and prices so th a t
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national interest rates can be adjusted to  a uniform level shortly. This gradual ad ­

justm ent procedure must be complete by the end of December, 1951, and interest 

rates must be lowered to the September target by then. During this period each 

regional bank and each branch is expected to subm it in writing to  the central bank 

the current financial market situation and their opinion on interest rates a t the end 

of each month. Here five tables of different interest rates on deposits and loans are 

enclosed for references. ([30], October 15, 1951)

* * *

Each Regional Bank and Each Province or City Branch:

Since the Movements Against Three Evils and Five Evils, prices have dropped

step by step and black market lending activities have disappeared. From now 

on the prices will be more stable and industrial and commercial enterprises can 

earn normal profits. In order to  speed up capital turnover in sta te  enterprises, 

reduce costs for industrial and commercial businesses, encourage production and 

management in private enterprises, stim ulate m arkets, allocate funds, and prepare 

for the  high tide of construction, it is decided to  overall reduce the current interest 

rates. Except for those telegraphed by the central bank, the directives are enclosed. 

([31], June 21, 1952)

* * *

The S tate Council (The Fifth Office):

In order to practice economy, accumulate funds and promote the reform of credit 

accounting, the current deposit and lending rates should be adjusted appropriately.
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In fact, the current interest rates on savings and deposits are too high and have to 

be lowered.

(i) Savings rates. Speaking in principle, in the future our savings rates should 

be slightly higher than the treasury rate, lower than the agriculture lending rates 

and close to  the rate offered by investment companies.

(ii) Lending rates to sta te  enterprises and trade co-operatives. The appropri­

ate interest rates to  socialist enterprises are used to  propel implement of national 

economic projects, promote the enterprises to use working capital effectively and 

efficiently, strengthen business accounting, and accum ulate a certain amount of 

credit capital. If the interest rates are too high, it becomes hard for enterprises 

to reduce costs; if the rates are too low, it is impossible to  encourage enterprises 

to speed up capital turnover and implement economic accounting. A new interest 

rate table is enclosed. {[32], August 10, 1955)

* * *

People’s Bank of China, Each M inistry of the S tate  Council, Each Com m ittee, 

Each Office, Each Directly Subordinate Organization, the Federation of Trade Co­

operatives, Each People’s Committee of Province, Autonomous Region, and Di­

rectly Subordinate City:

The report and request for instruction from the People’s Bank of China on 

adjustm ent of current interest rates is approved; it is agreed th a t the adjustm ent 

is put into effect on October 1, 1955. The adjustm ent of deposit and lending rates 

to  sta te  enterprises, however, may be implemented on January 1, 1956. Now the 

report is enclosed and please inform your subordinate units and departm ents for 

implement. ([41], September 6, 1955)
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*  ¥  *

The State Council (The Fifth Office):

Compared with the current lending rates, we believe th a t the savings rates are 

too high and should be lowered.

Recently bank savings in urban and rural areas have become one of the  main 

sources of funds to  support the great leap of industrial and agricultural produc­

tion. In some provinces and cities the interest rates which local authorities offered 

to a ttra c t mass investments were determ ined according to  the bank rates. If sav­

ings rates are too high, the state will face increasing expenditure and decreasing 

accumulation which are harmful to production. At the same tim e since the in ter­

est rates 011 local treasury bonds are relatively low, our bank rates will affect the 

issuance of these municipal bonds. Now people’s income is increasing continuously 

along with the development of production; it becomes an established practice th a t 

people are industrious and thrifty in managing their households and th a t they save 

by cutting down expenses in order to support the G reat Leap Forward. The fast 

development of people’s communes also suggests th a t it is appropriate to  reduce 

savings rates. Detailed plans of the interest rate adjustm ent are enclosed. ([33], 

September 5, 1958)

* * *

Vice Premier Li Xiannian and Premier Zhou:

In order to carry out the directive from the central government on devoting 

m ajor efforts to  cutting down social purchasing powers, local authorities everywhere 

are encouraging bank savings energetically and some provincial governments asked
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us to  increase interest rates on savings and deposits. We believe th a t an appropriate 

increase of savings rates is one of the measures which we m ust take in order to 

a ttra c t more bank savings, relax the tension of the current shortage of market 

supply of goods and m aterial, and hence implement the directive of the central 

government. Therefore we propose two plans on savings rate adjustm ent.

The first plan: we raise the current interest rates on tim e savings appropriately; 

the interest rate on day-to-day savings remains unchanged.

The second plan: we make no change on the current interest rates on savings 

with m aturities not longer than one year, bu t offer long term  tim e savings of two 

and three years with (higher) interest rates.

The distinctions between the two plans are: (i) the first plan is emphasized 

on promoting tim e savings with m aturities of one year and shorter and is more 

suitable to the current reality, hence more powerful in a ttracting  bank savings; (ii) 

the second plan makes no change for the interest rates on savings with m aturities 

of one year and shorter while promotes long term  tim e savings of two and three 

years, and hence has less involvement. Since some provincial governments suggested 

raising current interest rates all together, we prefer the first plan. ([34], June 9, 

1959)

*  *  *

Each Provincial Branch:

The report of the central bank on adjustm ent of interest rates on savings and 

deposits was approved by the S tate Council and will be implemented according to 

the first plan in the report. The adjustm ent date is July 1, 1959. This ad just­

ment of interest rates should be announced orally and should not be published in
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newspapers. Now a copy of the report of the centra) bank to  the  S tate Council on 

adjustm ent of interest rates on savings and deposits is sent to you. It is expected 

th a t the implement of the adjustm ent is planned promptly and reported to the 

M inistry of Finance and Commerce in your provincial government. The central 

bank will inform you how to  adjust interest rates on tim e savings of some special 

kinds separately. ([35], June 17, 1959)

*  *  *

Comrade Xiannian and Premier:

Because of the prompt recovery of the national economy, bank savings in urban 

and rural areas have increased steadily since 1963, and hence reversed the trend 

of decreasing in the two years before 1963. According to  opinions from different 

organizations, the current interest rates on tim e savings are too high.

We believe the principles on savings rate adjustm ent are: from the view point 

of promoting a new social habit of diligence and frugality and heightening people's 

awareness of socialist thinking, we m ust combine political mobilization and m ate­

rial rewards with an emphasis on political mobilization; the  adjustm ent must give 

appropriate preferential treatm ents to  the mass of staff and workers, and hence 

the interest rates on day-to-day savings and small amounts of tim e savings should 

be reduced little  or not be reduced a t all. Enclosed is our adjustm ent proposal in 

detail.

According to  our past experience, bank savings will always increase regardless of 

the savings ra te  reduction under the current excellent situation in national politics 

and economy, because production is growing, the market is brisk, prices are stable, 

and people’s life is improving. ([36], February 5, 1965)
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* * *

People’s Bank of China:

The report of February 5, 1965, is received. The S tate  Council consented to 

your proposal on adjustm ent of the current interest rates on savings and deposits. 

Please implement it accordingly. ([42], March 23, 1965)

* * *

The S tate Council:

According to suggestions from local organizations and the directive of the S tate 

Council, we investigated the m atter of interest rate adjustm ent and discussed it 

with some related comrades from provincial authorities. We also sought opinions 

of provincial governments in a finance symposium in August, 1970, and in the 

National Meeting of Planning this year. The following are relevant information 

and our proposal.

After the establishm ent of the People’s Republic our bank interest rates were 

reduced eight times. These reductions played active roles in the movement of re­

stricting and cracking down usurious loans in urban and rural areas and in the 

development and consolidation of our socialist economy. In order to suit the needs 

of socialist revolution and socialist construction, promote the development of in­

dustrial and agricultural production, and arouse enthusiasm  from every aspect, we 

propose to  have a  complete adjustm ent on the current bank interest rates. ([21], 

August 3, 1971)

m * *
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Each Revolutionary Com m ittee of Province, Autonomous Region or Directly Sub­

ordinate City and Each ministry, Committee, Organization and Institution of the 

S tate Council:

The S tate Council approved the Report and request o f  instruction on adjustment 

o f bank interest rates proposed by the Ministry of Finance. A copy is enclosed for 

implement.

Bank rate adjustm ent is a kind of work which requires a precise understanding 

of policies and is related to correctly handling the relations among the sta te , orga­

nizations and individuals. Propaganda and education must be enhenced in order 

to do it correctly. ([43], August 11, 1971)
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Chapter 3

Empirical analysis of the new models

In this chapter we will apply the new models to  yearly U.S.A. d a ta  from 1945 to 

1992 and compare the results with the standard theory of the Fisher effect for the 

U.S.A. economy. The inflation rates we will use is computed from the consumer 

price index of all items taken from [12] and [17]. The interest rates are discount 

rates on new issues of 91-day U.S. treasury bills, not seasonally adjusted, from fl 1] 

and [17].

From Figures 7 and 8 we see th a t the inflation is not stationary over the tim e 

period from 1945 to 1992, but its first difference has a constant level and may be 

stationary. Therefore we will use the first difference of inflation in our A RIM A 

models and look a t the short-run Fisher effect in the U.S. economy.

The model of the short-run Fisher effect is given by the following linear regres­

sions:

*T +1 ~  * t  — — *T— i ) +  a T

which is corresponding to  tim e lag of inflation equal to 0;

JTr+i -  nT = ~  * r-i)  +  aT

for tim e lag k  with 1 <  k  < 11;

jr-r — i t f - i  = 0 {ir  — * r-i)  +
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which is corresponding to tim e lag of inflation equal to 12; and

irT -irT-i= £(*t~12) ~ *r-1*2*) + °T

for tim e lag k  with 13 <  k < 23. The SAS PROC ARIMA results on these linear 

regressions are given in Table 37. We observe th a t the best cases, characterized by 

large t values, are shortly before and around k — 12. For example when the tim e 

lag of inflation is 12 m onths, the short-run Fisher effect can be represented by

w t  ~  v t - i  =■ .7 3 4 5 7  (iIt  — * V - i)  +  a T  (®)
(.29082)

Since the t value in this case is 2.53, the probability of the coefficient of the interest 

rates being positive is larger than 99% and hence we may regard this result as an 

evidence of the short-run Fisher effect in the U.S. economy over the tim e period 

from 1945 to 1992.

Table 37 also lists the autocorrelations and inverse autocorrelations of the resid­

uals ax  of the linear regressions. These autocorrelation estim ates were calculated 

by the SAS PROC ARIMA procedure, but not by the usual SAS PRO C GLM 

procedure. From Table 37 we notice th a t the residuals exhibit some large au to­

correlation and inverse autocorrelation coefficients, notably a t lag equal to two. 

Consequently the residuals in the above model is highly autocorrelated and the 

linear regressions are not good enough to  imply the short-run Fisher effect.

The autocorrelations and inverse autocorrelations of the residuals in the above 

model indicate th a t the persistence of inflation m ust play a role in the relationships 

between inflation rates and interest rates. As in Barsky [2] we use ARIMA models 

to  investigate the persistence. The general model is ARIMA(p, 1, </):
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W t  =  SPl W V -l +  ' ”  +  V’p W 'T -p  +  aT — @la T - l  — * * * — OqOT-q

where W j  =  jt^ — v t - i is the first difference of inflation. To determ ine the order of 

autoregressive part p and the order of moving-average part q in ARIM A(p, 1 ,q) we 

look a t the autocorrelations, inverse autocorrelations and partial autocorrelations 

of W j  =  jtt ~  i in Table 38, com puted using SAS PRO C ARIMA again. From

Table 38 we observe th a t the autocorrelations, inverse autocorrelations and partial 

autocorrelations after the first two lags are essentially zero, and hence p and q may 

be chosen to  be equal to  2. Tables 39 and 40 summerize the com putation of the 

models ARIMA(2,1,0) and ARIMA(0,1,2). Since the residuals of the ARIM A(0,1,2) 

model at lag 4 have a large inverse autocorrelation coefficient while the residuals 

of the ARIMA{2,1,0) model are essentially not autocorrelated, the ARIMA(2,1,0) 

model is a good model for the persistence of inflation:

irj -  t t j - i  =  .31027 ( r j - i  — t t t - 2 ) — .74019 ( x t ~2  “  ^ t - s )  +  ar- (7)
(.10703) (.09450)

The model in (7) describes the autoregressive nature of inflation. Since the 

first difference of inflation 7xj — x t - \  is also evidently related to  inflation rates 

according to  the model in (6), the autoregressive coefficients in (7) m ust contain 

certain influence of the short-run Fisher effect. It is, however, impossible to  separate 

the influence of the Fisher effect from the persistence of inflation using the model 

in (7). On the other hand, we can see th a t the coefficient in the model of the 

short-run Fisher effect in (6) m ust have influence of the  persistence of inflation, as 

evident from its highly autocorrelated residuals. It is also impossible to separate
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the effects of the persistence of inflation from the Fisher effect using the model in

(6). Indeed, questions of this kind were not solved by Barsky in [2] who nonetheless 

pointed out the co-existence of the Fisher effect and the  persistence of inflation in 

models commonly used.

As asserted in the first chapter, we will study a new model which is an ARIMA 

model crosscorrelated with interest rates. In the case of the U.S. economy, we use 

the ARIM A (2,1,0) model; considering possible tim e lags of inflation against interest 

rates, the model is represented by the following equations:

JTT+I — JTt =  f l ( tT  ~  * T - l )  +  <fit (* T  “  * T - l )  +  ¥>a(7r7’- l  — +  a T

for tim e lag of inflation equal to zero,

* t + i - 7rr = Pity ~ *r-i) + WiîT - * t - i) + vM’rr-i -  tfr-a) +  aT 
for tim e lag of inflation k  between 1 and 11 months,

n j  — t t t - i  — — i r - i )  +  v M * Y - i  — J T t-2 )  +  ^ a t ^ r - a  ”  ^ t - s )  +  a T

for tim e lag of inflation equal to 12 months,

jrT — j t t - i  =  0{ir *3* ~  * r - / 3*) +  — ^ r-a ) +  ^ a (^ r-a  — * t - 3 ) +

for tim e lag of inflation k between 13 and 23 months. The SAS PRO C ARIMA 

com puting results are summarized in Table 41.

From Table 41 we observed that the highest t values for the null hypothesis 

of the coefficient being zero are 2.69, 2.77, 2.97, 2.85, and 2.65 corresponding 

to  tim e lags of inflation from 3 to 7 months. Since the sample size is 46, this 

means th a t the probability of the coefficient 0  being positive is larger than 99%.



W hen the lags are larger than 7, the t values become small. Note th a t the SAS 

PROC ARIMA procedure computes the correlations between any two estim ates 

of the three coefficients /3, 1̂ 1 and y>3. For tim e lags from 3 to  7, the correlations 

between /? and \pi are -.085, -.096, -.090, -.103 and -.126, while the correlations 

between 0  and are -.080, -.075, -.092, -.111 and -.119; these correlations can 

be regard negligible. When tim e lags are larger than 7, the correlations become 

large. Therefore for the model with tim e lags from 3 to 7 the Fisher effect part 

— lr - i )  an^ the autoregressive part — * t - i )  +  t - i  — * t - 2) arc

essentially uncorrelated. In other words, our model successfully separates the effect 

of the persistence of inflation from the short-run Fisher effect when tim e lags of 

inflation are between 3 and 7.

In order to check the goodness of our model with tim e lags of inflation from 

3 to  7 months let us look a t Tables 42 through 46 where autocorrelations, inverse 

autocorrelations and partial autocorrelations of residuals are computed. We notice 

from Tables 42, 43 and 44 that for k =  3, 4, 5 the inverse autocorrelations of 

residuals are rather large; in particular, the  ones for lag equal to 5 exceed two 

tim es of the standard errors. From Table 45 the inverse autocorrelations together 

with the autocorrelations and partial autocorrelations are all within the ranges of 

two times of standard errors. The autocorrelations, inverse autocorrelations and 

partial autocorrelations of residuals in Table 46 are even smaller and can be thought 

as essentially zero. Consequently we choose the equation with tim e lag of inflation 

equal to 7 as our final model:
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7Tr+l -  tt

=  .55109 (4 7) - * r - i ) +  25468 0 r r ~ » T - i )
(.20825) (.11426)

— .76996 ( j t t - i  ~  ^ t - j )  +  aT- (8 )
(.09071)

Recall th a t in this model the inflation is lagged 7 months behind the interest rates, 

the correlations between the coefficient of interest rates and the coefficients of in­

flation are -.126 and -.119, and the autocorrelation analysis shows th a t the auto­

correlations, inverse autocorrelations and partial autocorrelations of residuals are 

all contained well within the ranges of two standard errors.

Comparing this model with the one in (6), we conclude that only about .55109 

in the coefficient .73457 in the model in (6 ) can be attribu ted  to  the short-run Fisher 

effect, while the rest is contributed by the persistence of inflation. Similarly, the 

model in (7) is not an actual description of the persistence of inflation, because the 

first difference of inflation indeed depends on interest rates. The best description 

of the persistence of inflation is the autoregressive part of the ARIMA model in 

(8 ).
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Figure 7
U.S. Inflation Rates from 1945 to 1992
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Figure 8
The First Difference of U.S. Inflation Rates from 1945 to 1992

Tbs SAS S y s tsa  
P lo t  o f  D iff*r*ncs*Y *ar

8 + X D i f f s r s n c s

-10  + — ♦ -------------------- ♦  +  +  + +  + - -
1940 19&0 1960 1970 1980 1990 2000 Ysar



0

1

2

3

4

6

6

7

8

9

1<

11

119

Table 37 

ARIMA(0,liO) Models Estimation 

of the Short-Run ez post Fisher Effect on Yearly Inflation Rates 

Against Yearly Averages of Discount Rates on 91-Day Treasury Bills

in the U.S. from 1945 to  1992

0  T fo r  HO:
(Std Krror) 0  =  0

A u to co r re la t io n s  
o f  A ss id u a ls  

Lags 1-10

lavsrsa
o f  H ss id u a ls  

Lags 1-10

.41068 1 .38
( .2 9 7 2 4 )

. l i e  - . 5 6 7  - . 1 2 1  .196  .050  
.095 - . 0 3 0  -  208 - . 0 1 9  138

.370  .4 1 4  .054  - . 1 7 9  .248  

.181 .087 .089  - . 0 8 6  .089

.60070 1 .6 8
( .2 9 8 8 6 )

.113  - . 6 5 9  - . 1 0 5  .203  .038  

.084  - . 0 3 2  - . 1 9 9  - . 0 2 4  .128

- .3 8 4  .420 .038  - . 1 7 7  .248  

- .1 8 7  .102  .0 6 8  - . 0 5 1  .088

.68774 1 .91
( .2 9 7 4 0 )

.107  - . 5 8 2  - . 0 8 9  .2 1 2  .025  

.078  - . 0 2 6  - . 1 9 6  - . 0 2 9  .123

.391 .4 1 9  .0 3 2  - . 1 8 4  .251  

.191 .107 .0 6 9  - . 0 4 8  .087

.62146 2 .1 2
( .2 9 3 1 8 )

.098  - . 5 8 1  - . 0 7 1  .220  .008  
.071 - . 0 1 4  - . 1 9 3  - . 0 3 4  .118

.3 8 0  .406 .043  - . 2 0 4  .268  
.190  .098 .077 - . 0 8 0  .079

.66021 2 .3 0
( .2 8 7 4 0 )

.089 - . 6 5 8  - . 0 6 7  .230  - . 0 0 8  

.087 - . 0 0 6  - . 1 9 6  - . 0 3 8  .117
.381 .386 .082  - . 2 3 3  384  
.167 .084  .104  - . 0 7 6  .093

.72021 2 .4 9
( .2 8 8 8 4 )

.083 - . 5 5 9  - . 0 4 1  .240  - . 0 1 5  
.057 .002  - . 1 9 3  - . 0 4 4  .116

.353  .384  .051 - . 2 3 1  .348  

.177  .0 8 0  .112  - . 0 7 1  .096

.71890 2 .6 1
( .2 8 6 9 6 )

.074 - . 6 8 0  - . 0 3 1  .241 - . 0 1 5  

.066 .005  - . 1 9 5  - . 0 4 8  .117

.313 .391 .038  - . 1 9 7  .198  

.144 .065 .1 2 2  - . 0 6 8  .092

.70672 2 .6 1
( .2 8 1 6 4 )

.064  - . 6 6 8  - . 0 2 2  .236  - . 0 0 9  
.066  .005 - . 1 9 7  - . 0 4 7  .1 1 6

.3 6 7  .404 - . 0 1 1  - . 1 4 5  .137  

.100  .047 .132  - . 0 3 7  .085

.70904 2 .6 6
( .2 7 7 6 4 )

.062 - . 5 4 8  - . 0 1 3  .328  - . 0 0 1  

.060  .0 0 6  - . 1 9 3  - .0 6 1  .116

.190  .414 - . 0 4 7  - . 0 9 3  .060  

- .0 5 4  .031 .140  - . 0 0 6  .076

.69384 2 .6 6
( .2 7 1 6 8 )

.040  - . 6 3 7  - . 0 1 1  .2 2 0  .009  

.060  .004 - . 1 9 2  - . 0 6 4  .118

- .1 2 4  .411 - . 0 6 8  - . 0 7 2  .006  

- . 0 3 3  .026 .1 4 4  .021 .089

.67796 2 .6 6
( .2 6 6 6 7 )

.029 - . 6 2 6  - . 0 1 2  .313  .015  

.066 .004  - . 1 9 6  - . 0 6 6  .120

.067  .3 9 9  - . 0 4 8  - . 0 7 8  - . 0 1 4  

- . 0 3 2  .036 .147  .0 4 0  .067

.69330 2.5B
( .2 6 8 3 6 )

.033  - . 5 2 3  - . 0 1 0  .214  .011  

.069 .011 - . 3 0 4  - . 0 5 7  .124
.040  .388  - . 0 3 8  - . 0 9 7  - . 0 2 0  
- . 0 3 6  .0 2 0  .169  .044 .073
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Table 37 (Continued)

ARIMA(0tl,0) Models Estimation 

of the Short-Run ez post Fisher Effect on Yearly Inflation Rates 

Against Yearly Averages of Discount Rates on 91-Day TVeaaury Bills

in the U.S. from 1945 to  1992

0  T f o r  HO: 
(S t4  Error)  0 = 0

.73467 2 .6 3
( .2 9 0 8 2 )

.74132 2 .6 0
(.2 9 6 2 6 )

.73111 2 .4 6
( .2 9 8 7 6 )

.68024 2 .2 7
( .2 9 9 9 7 )

.62333 2 .0 6
( .2 9 9 2 9 )

.62069 2 .0 4
(.3 0 4 6 6 )

.60872 2 .0 0
( .3 0 3 7 6 )

.68209 1 .94
( .2 9 9 7 2 )

.64247 1 .8 2
( .2 9 8 3 3 )

.47660 1 .60
( .2 9 8 2 9 )

.41941 1 .43
( .2 9 3 2 6 )

.37623 1 .2 6
( .2 9 8 1 2 )

A u to co rre la t io n  
o f  R esid u a ls  

Lags 1-10

.111  - . 6 8 6  - . 1 7 1  .232  .106  
- . 0 1 7  - . 0 3 2  - . 1 7 7  - . 0 7 9  .137

.112 - . 6 8 2  - . 1 7 4  .234 .106  
- . 0 1 0  - . 0 3 0  - . 1 8 9  - . 0 7 7  .146

.107 - . 6 8 0  - . 1 7 7  .232  .111  
- . 0 0 2  - . 0 3 1  - . 2 0 0  - . 0 7 6  .167

.104 - . 6 7 7  - . 1 8 6  .2 2 3  .1 2 0  

.016 - . 0 3 7  - . 2 1 2  - . 0 7 1  .1 7 0

.106 - . 6 7 6  - . 1 9 6  .216  .131  
.028  - . 0 4 7  - . 2 1 9  - . 0 6 6  .179

.107  - . 6 8 1  - . 1 9 9  .217  .136  

.034 - . 0 6 3  - . 2 2 3  - . 0 6 4  .186

.110  - . 6 8 8  - . 2 0 0  .2 1 0  .143  

.038  - . 0 6 2  - . 2 2 4  - . 0 6 0  .1 8 8

.117 - . 6 9 7  - . 2 0 3  .214  .162  

.040  - . 0 6 9  - . 2 2 0  - . 0 6 4  .186

.126  - . 6 0 7  - . 2 0 8  .2 1 3  .167  

.046 - . 0 7 1  - . 2 3 2  - . 0 6 0  .188

.137  - . 6 1 1  - . 2 1 6  .2 1 0  .164  

.061 - . 0 7 6  - .2 3 1  - . 0 6 6  .184

.146 - . 6 1 4  - . 2 2 6  .207  .1 7 0  
.066 - . 0 7 9  - . 2 3 3  - . 0 6 2  .184

.164 - . 6 1 7  - . 2 3 6  .204  .176  
.060 - . 0 8 3  - . 2 3 6  - . 0 4 9  .184

I a v e r s e  A u t o c e r r s l a t i s n s  
o f  R e s id u a ls  

Lags 1-10

- . 1 6 0  .612 .064  .123  .048  
. 1 7 3  .012  .196  .0 7 6  .044

- . 0 9 9  .486 .108  .086  .078  

.166 .021 .2 0 8  .091 .046

- . 0 6 3  .476 .136  .076 .088  

.166  .028 .2 1 3  .1 0 4  .043

- . 0 2 6  .473 .160  .076  .104  

.1 6 6  .0 4 9  .204  .124  .036

- . 0 0 6  476 171 .080  114
.146  .063 .196 .132 .032

- . 0 1 0  .482  .164  .063  .116  

.1 3 9  .076 .1 8 3  .1 4 2  .026

- . 0 3 2  .497  .1 3 6  .0 9 8  .106  

.129  .064  .1 6 8  .144  .023

- . 0 7 6  .619  .0 9 0  .123  .081 
.136  .067 .168  .1 1 9  .029

- . 1 6 6  .646 .0 2 9  .164  .044  

.149  .033  .174  .062 .038

- . 2 2 3  .666  - . 0 2 7  .1 7 6  .016  
.146  .029  .167  .084  .031

- . 2 7 0  .676  - . 0 6 6  .190  .001 
.162  .010  .167  .063  .033

- . 3 1 4  .6 8 8  - . 0 7 8  .192  - . 0 0 3  
.146 .003  .162  .049  .034
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Table 38
Autocorrelation Analysis of U.S. Yearly Inflation Rates 

from 1945 to 1992 
The SAS Systaa:  ARIMA Procedure
la n e  o f  v a r ia b le  * I n f l a t i o n  Rate.
P e r io d (s )  o f  D i f f e r e n c in g  * 1.
Mean o f  working s e r i e s  * 0 .013164  
Standard d e v ia t io n  ■ 2 .861083  
l im ber  o f  o b serv a t io n s  * 47

ROTE: The f i r s t  o b serv a t io n  was e l in i t ia t e d  by d i f f e r e n c i n g .

A u to co r re la t io n s
Lag Covariance C o r re la t io n - 1 9  8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1 St d

0 8 .186794 1.00000 1 | ******************** 0
1 1.642781 0.20069 1 |***e . .146866
2 -4 .8 7 8 0 6 7 -0 .6 9 6 9 2 1 .161626
3 -2 .2 7 3 0 0 8 -0 .2 7 7 6 8 1 . ******| .196197
4 1.491604 0 .18222 1 |**«* .203428
5 1.361808 0 .16614 1 1*** .206871
6 0 .460666 0.06606 1 1* .209668
7 -0 .6 2 0 6 3 6 -0 .0 7 6 8 1 1 * e | .209966
8 -1 .7 3 2 6 6 9 -0 .2 1 1 6 6 1 ee* * | .210646
9 -0 .1 6 8 0 9 6 -0 .0 2 0 6 4 1 1 .216028

10 1.620661 0 .18677 1 |e**e .216067
11 0 .662184 0 .06868 1

In verse

|e
narks t e o  standard  

A u to co rre la t  ions

.218466
er ro rs

Lag C o r re la t io n - 1 9  8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
1 -0 .6 0 1 8 6 1 ee******e*|
2 0 .63671 1 | ***********
3 -0 .0 8 4 1 2 1 ee  |
4 0 .08644 1 lee
6 0 .02080 1 1
6 0 .11274 1 lee
7 -0 .1 1 6 6 7 1 e * |
8 0 .19789 1 |**** .

9 -0 .1 1 0 7 7 1 e* |
10 0 .07088 1 1 e
11 -0 .0 1 9 9 1 1

P a r t ia l
1

A u to co rre la t io n s

L»g C o rre la t io n - 1 9  8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
1 0 .20069 1 lee**  .
2 -0 .6 6 2 8 9 | *************|
3 0 .10079 1 |e e
4 -0 .2 6 6 3 9 1 .e e e * * |
6 0 .03929 1 1 e
6 0 .07199 1 1 e
7 -0 .1 3 7 7 9 1 . ee* |
8 -0 .1 0 9 6 0 1 * e |
9 0 .06412 1 1*

10 -0 .1 1 3 3 9 1 **l
11 0 .04244 1 1*
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Table 39
The A RIM A (2,1,0) Model of U.S. Yearly Inflation Rates 

from 1945 to 1992

The SAS S y s tea :  ARIMA Procedure

P areastor Estim ate Approx. Std Error T R atio Lag
AR1.1 0.31027 0 .10 7 0 3 2 .9 0 1
AR1.2 -0 .7 4 0 1 9 0 .0 9 4 6 0 - 7 .8 3 2

A u to co r re la t io n  P lo t  o f  R esid u a ls
Lag Covariance C o r re la t io n - 1 9  8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 6 9 1 St d

0 4 .034029 1.00000 1 |e e e e e e e e e e e e e e e e e e e e 0
1 0.269201 0 .06673 1 1* .146866
2 -0 .3 5 0 0 4 7 -0 .0 8 6 7 7 1 ee) .146613
3 0 .436212 0 .10789 1 ' ee .147603
4 -0 .2 9 1 6 1 3 -0 .0 7 2 2 9 1 e | .149271
5 -0 .8 6 1 8 7 6 -0 .2 1 3 6 6 1 . e e e e | .160014
6 0 .316692 0.07826 1 1 ee .166364
7 0.481421 0 .11934 1 lee .167186
8 -0.B988S1 -0 .2 2 2 8 2 1 . eeee) .169101
9 -0 .1 9 3 7 6 3 -0 .0 4 8 0 3 1 e I .166608

10 0 .401166 0.09944 1 lee .166904
11 -0 .0 4 9 8 0 7 -0 .0 1 2 3 6 1 1 .167167

.. .. two standard erro rs
In v erse A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag C o r re la t io n - 1 9  8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
1 -0 .0 9 4 6 2 1 ee)
2 -0 .0 3 3 8 9 1 e I
3 -0 .0 6 6 6 6 1 e I
4 0 .13808 1 1 eee  .
6 0 .13841 1 |e e e  .
6 -0 .0 7 6 9 6 1 e e |
7 -0 .1 2 2 4 1 1 e e |
a 0 .18268 1 le e e e  .
9 0.04681 1 1*

10 -0 .0 2 8 1 8 1 e 1
11 -0 .0 6 6 6 4 1 e I

P a r t ia l A u tocorre la t ion P lo t  o f  R esid u als
Lag C o rre la t io n -1  9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1

1 0 .06673 1 |e
2 -0 .0 9 1 6 3 1 ee |
3 0 .12188 1 |e e
4 -0 .1 0 0 9 8 1 e e |
6 -0 .1 8 3 6 6 1 , e e e e |
6 0 .08789 1 |e e
7 0.09641 1 lee
8 -0 .2 0 9 0 6 1 . e e e e |
9 -0 .0 4 7 6 6 1 e 1

10 0 .04408 1 1 e
11 0 .06380 1 1 e



Table 40
The ARJMA(0,1,2) Model of U.S. Yearly Inflation Rates 

from 1045 to 1992

Tha SAS System: ARIMA Procedure

Parameter E stim ate  Approx. Std Error T R atio  Lag 
MA1,1 -0 .1 6 8 0 2  0 .1 3 3 1 0  -1 .1 S  1
MAI,2 0 .57612  0 .13000  4 .4 2  2

A u to co r re la t io n  P lo t  o f  R esid u a ls
Lag Covariance C o r re la t io n -1  9 8 7 6 5 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1 St d

0 6.047124 1.00000 | |*ee*«***e**e***ee#** | 0
1 0 .371697 0 .07366 1 1* 1 .147442
2 -0 .6 3 6 6 5 6 -0 .1 0 6 3 1 1 . ** 1 . 1 .148239
3 -0 .6 3 4 3 2 3 -0 .1 2 5 6 8 ) ***l 1 .149888
4 1.066673 0 .20934 1 (*•** . | .152161
6 -0 .0 6 8 6 0 2 -0 .0 1 1 6 1 1 1 1 .158290
6 0 .976715 0 .19392 | |#««* , | .158317
7 -0 .3 4 2 4 0 7 -0 .0 6 7 8 6 1 *1 1 .163399
8 -0 .6 7 6 7 1 4 -0 .1340B 1 . **e | . 1 .164011
9 -0 .136421 -0 .0 2 6 8 3 1 *1 1 .166376

10 0 .624438 0.10391 1 1 ** 1 .166470
11 0.056677 0 .01103 .167874

marks two standard errors  
In v erse  A u to co r re la t io n  P lo t  o f  R esid u a ls  

Lag C o r re la t io n  - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 6 6 7 8 0 1
1 -0 .2 6 4 8 6  1
2 0 .11644  1 1 **
3 0 .1 3 9 0 0  1 |*«*
4 -0 .3 4 6 1 7  t • * .* * * * |
5 0 .2 2 7 2 6  | 1 •****-
6 -0 .2 3 1 3 1  1
7 0.04341 1 |*
8 0 .13894  1
9 -0 .0 8 6 9 6  1 ** |

10 0 .06992  1 1 *
11 -0 .0 3 3 8 6  1 *1

P a r t ia l  A u to co rre la t io n  P lo t  o f  R esid u a ls  
Lag C o r re la t io n  - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 0 .07365  1 * 1
2 -0 .1 1 2 3 4  1 **
3 -0 .1 1 0 6 9  1 •  *
4 0.22191 1 **•* . I
6 -0 .0 7 7 1 6  1 • *
6 0 .24814  1
7 -0 .0 8 3 4 7  | **
8 -0 .1 4 8 0 6  1 *•*
9 0.07971 1 *» |

10 -0 .0 6 3 9 4  1 ♦
11 0.04391 1 * 1



Lag

0

1

2

3

4

6

6

7

B

9
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Table 41

The ARIMA(2,1,0) Model on Yearly Inflation Rates Crosscorrelated with 

the First Difference of Interest Rates with Time Lags 

in the U.S. from 1945 to 1992

fURl \l> T f o r  MO: * 1 1 ,1  T f a r  10: * 1 1 ,2  T f a r  10: C o r r e la t io n *
(S td  I r r )  41 = 0  (S td  l rr >  i f i  = 0  ( S t d  Krr) <p? = 0  o f  >UH1 a l t h

* 1 1 , 1  * 1 1 , 2

.42159
( .2 0 9 4 4 )

.49199
(.2 0 9 8 6 )

.63388
( .2 0 6 9 5 )

.61912
( .1 9 2 6 7 )

.60390  
( .1 8 1 6 7 )

.66891
( .1 9 1 5 2 )

.57540
(.2 0 1 6 3 )

.66109
(.2 0 8 2 6 )

.60466
( .2 1 6 6 5 )

.42239
(.2 1 2 4 1 )

.34462  
( .2 0 4 1 5 )

. 32886  
( .2 0 6 9 7 )

2. 01

2 .3 5

2 .6 9

2 .6 9

2 .7 7

2 .9 7

2.86

2 .6 5

2 .3 4

1.99

1.69

1 .69

32208
11207)

32117
11142)

31667
11106)

30673
11146)

29722
11180)

28847
11164)

27187
11264)

25468
11426)

23977
11660)

23649
11864)

24006
11956)

23862
11995)

2 .8 7

2.88

2 .8 4

2 .7 4

2.66

2 . 6 8

2 .4 1

2 .2 3

2 .0 6

1 .9 9

2.01

1 .99

- .7 6 9 7 7
(.0 9 0 6 7 )

- .  77658  
( .0 8 9 1 0 )

- .7 8 1 6 6
( .0 8 7 9 9 )

- .7 8 1 8 3
( .0 8 7 8 9 )

- .7 8 2 1 7
( .0 8 7 7 6 )

- .7 8 6 8 4  
( .0 8 7 0 4 )

- .7 8 0 1 7  
( .0 8 8 4 4 )

- .7 6 9 9 6
( .0 9 0 7 1 )

- .7 5 6 6 3
( .0 9 3 6 9 )

- .7 4 3 3 6
( .0 9 6 9 6 )

- .7 3 6 6 3  
( .0 9 7 0 9 )

- .7 3 3 4 3
( .0 9 7 6 0 )

- 8 . 6 0  - . 0 6 9  - . 0 8 4

- 8 .7 2  - . 0 6 6  - .0 8 7

- 6 .8 8  - . 0 6 9  - . 0 8 8

- 8 . 9 0  - . 0 8 5  - .0 8 0

- 8 .9 1  - . 0 9 6  - .0 7 5

- 9 . 0 3  - . 0 9 0  - .0 9 2

- 8 .8 2  - . 1 0 3  - .1 1 1

- 8 . 4 9  - . 1 2 6  - .1 1 9

- 8 .0 6  - .1 6 3  - .1 2 0

- 7 . 7 6  - .1 8 1  - .1 0 6

- 7 . 6 9  - .1 9 6  - .0 8 3

- 7 .6 1  - . 1 9 9  - . 0 8 8
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Table 41 (Continued)

The A RIM A (2,1,0) Model on Yearly Inflation Rates Crosscorrelated with 

the First Difference of Interest Rates with Time Lags 

in the U.S. from 1045 to 1992

IUH1 0  I  f a r  NO: 1*1,1 T f o r  10: 111,2 ^  T f a r  NO: C o rra ls :
(S td  Krr) V = 0  ( l t d  I r r )  y>i = 0  (S td  Krr) = 0  o f  1UH1

1* 1,1

.34002
( .2 1 4 0 2 )

.30780  
( .2 1 9 8 8 )

.28269
( .2 2 0 9 1 )

.17842
( . 2 1 0 2 0 )

.10371
( .1 9 9 8 2 )

.09240
( .2 1 3 4 0 )

.11335
( .2 2 2 1 9 )

.15435  
( .2 2 4 7 0 )

.21072
( .2 2 6 1 2 )

.21940
( . 22011 )

.21130
( .2 0 8 8 2 )

.22607  
( .2 0 7 6 5 )

1.69

1 .40

1.19

0 .8 4

0 .6 2

0 .4 3

0 .61

0 .8 9

0 .9 4

1.00

1.02

1.09

.23566  
( .1 1 2 8 4 )

.23841
( .1 1 3 2 5 )

.24616
( .1 1 3 4 2 )

.26412
( .1 1 2 7 7 )

.28182  
( .1 1 2 0 3 )

.28422
( .1 1 2 3 7 )

. 27B16 
( .1 1 2 8 6 )

.26720
( .1 1 2 9 9 )

.26383  
( .1 1 2 5 3 )

.26318
( .1 1 2 8 0 )

.26746  
( .1 1 1 9 0 )

.26789
( .1 1 1 0 8 )

2 .0 9

2 . 1 1

2 .1 8

2 .3 4

2 .6 2

2 .6 3

2 .4 8

2 .3 6

2 .2 6

2 .2 4

2 .3 0

2 .3 2

- .7 3 4 4 6  
( .0 9 6 3 1 )

- .7 3 2 3 9  
( .0 9 8 6 6 )

- .7 3 1 8 6
( .0 9 6 7 6 )

- .7 3 3 5 1
( .0 9 6 6 8 )

- .7 3 5 7 3
( .0 9 6 3 2 )

- .7 3 6 0 9  
( .0 9 6 4 1 )

- .7 3 5 5 3
( .0 9 6 7 1 )

- .7 3 6 0 7
( .0 9 8 9 3 )

- .7 3 6 2 2
( .0 9 6 8 1 )

- .7 3 7 2 6
( .0 9 7 6 4 )

- .7 3 9 2 8
( .0 9 7 1 3 )

- .7 4 1 7 0
( .0 9 6 7 0 )

- 7 .6 3  - . 2 0 2  -

- 7 .6 8  - . 2 1 1  -

- 7 . 5 6  - .2 2 1

- 7 . 5 9  - . 2 2 0

- 7 . 6 4  - . 2 1 7

- 7 . 8 3  - . 2 3 4

- 7 .6 1  - . 2 4 6

- 7 . 6 8  - . 2 4 2

- 7 .6 1  - . 2 2 8

- 7 . 5 6  - . 2 0 6

- 7 .6 1  - . 1 8 5

- 7 . 6 7  - . 1 6 8

■ 1th

**1,3

.060

.026

.000

.022

.040

.066

.093

.111

.122

.117

.114

.116
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Table 42
Autocorrelation Analysis of Residuals of 

the AR1MA(2,1,0) Model on Yearly Inflation Rates Crosscorrelated with 
the First Difference of Interest Rates with Time Lag Equal to 3 

in the U.S. from 1945 to  1992 
Ths SAS System: ARINA Procedure
A u to co rre la t io n  P lo t  o f  R es id u a ls

Lag Covariance C o r re la t io n  - 1 9 8 7 0 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1  Std
0 3 .010240  1 .00000 I Is*******************! 0
1 0 .143390  0 .03972  I I* I .147442
2 -0 .0 0 8 5 5 7  -0 .0 1 6 9 9  I I I .147874
3 0 .909209  0 .2 6 1 8 0  I I•**** . I .147727
4 -0 .0 4 8 2 7 4  -0 .0 1 3 3 7  I I I .160784
6 -1 .0 6 4 1 4 3  -0 .2 9 1 9 9  I | .150809
0 0 .763409  0 .21147  | !* * • •  1 .168214
7 0 .093811 0 .02698  I I* I .173897
8 -0 .8 8 8 8 6 3  -0 .2 4 6 2 1  I . ****•! I .173682
9 0 .022666  0 .00628  t I I .181398

10 0 .024827  0 .00088  I I I .181403
11 -0 .0 6 2 8 7 6  -0 .0 1 4 6 5  I I I .181408

"." narks two standard arrors

In v erse  A u to co r re la t io n  P lo t  o f  R e s id u a ls  

Lag C o r re la t io n  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

P a r t ia l  A u to co r re la t io n  P lo t  o f  R e s id u a ls  

Lag C o r re la t io n  - 1 6 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1

5 -0 .2 9 6 9 1

11 0 .24241
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Table 43
Autocorrelation Analysis of Residuals of 

the ARIMA(2,1,0) Model on Yearly Inflation Rates Crosscorrelated with 
the First Difference of Interest Rates with Time Lag Equal to 4 

in the U.S. from 1945 to  1992 
The SAS S y a tsa :  ARINA Procedure
A u to co rre la t io n  P lo t  o f  R osiduals

Lag Covariance C o r re la t io n - 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
0 3 .681985 1.00000
1 0.125986 0.03617 1 1*
2 -0 .0 2 8 5 8 6 -0 .0 0 7 9 8
3 0 .863123 0 .24096
4 0.0076088 0 .00212
5 -1 .0 4 3 3 9 0 -0 .2 9 1 2 9
6 0 .776346 0 .21646 1 | * * e *
7 0 .109945 0 .03069 1 1*
8 -0 .9 2 0 8 6 9 -0 .2 6 7 0 8 I . *****1
9 0 .030930 0 .00864 1 1

10 0 .010644 0.00297 1 1
11 -0 .0 2 9 6 8 4 -0 .0 0 8 2 9 1 1

■arks two standard

Std
0

.147442  

.147624  

.147634  

.166949  

.166960  

.167360  

.173339  

.173457  

.181662  

.181661  

.181662  
orrors

I n te r s a  A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag C o r re la t io n
1 -0 .1 2 0 7 0
2 -0 .1 8 4 0 7
3 -0 .1 3 3 3 0
4 0 .04884
6 0 .33784
6 -0 .2 9 9 8 6
7 -0 .0 8 6 9 7
8 0 .16428
9 0 .06888

10 0 .08795
11 -0 .1 8 3 3 2

-1 9 8 7 6 6 4 3 2 1 0  
**! 

•* * * |  
***! 

I*

1 2 3 4 6 6 7 8 9 1

»**l
♦ • I

I * * *
I*
I * *

**«*!

P a r t ia l  A u to co r re la t io n  P lo t  o f  R e s id u a ls

Lag C o r re la t io n  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1
1
2
3
4 
6 
6
7
8 
9

10
11

0.03617
-0 .0 0 9 2 3

0.24189
-0 .0 1 6 6 1
-0 .3 0 2 6 6

0.21143
0.02293

-0 .1 7 6 5 8
-0 .0 6 3 6 0
-0 .0 7 8 4 7

0.26808

| ****

*•** | 
*1 

**l
I*
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Table 44
Autocorrelation Analysis of Residuals of 

the A R lM A (2,lt0) Model on Yearly Inflation Rates Crosscorrelated with 
the First Difference of Interest Rates with Time Lag Equal to 5 

in the U.S. from 194S to 1992 
The SAS S y sten :  Alt I Mi Procedure  
A u to co rre la t io n  P lo t  o f  R esid u a ls

1 9 8 7 8 6 4 3 2 1 0 1 2 3 4 5 0 7 8 9 1
* * * * * * * * * * * * * * * * * * * *

Lag Covariance C o r re la t io n
0 3 .508039 1.00000
1 0 .154600 0 .04404
2 0.00038406 0.00011
3 0.885047 0.25229
4 0 .019616 0 .00569
6 -0 .988061 -0 .2 8 1 6 5
6 0 .733613 0 .20912
7 0 .084929 0.02421
a -0 .9 2 5 4 1 0 -0 .2 6 3 8 0
9 0 .0041993 0.00120

10 -0 .0 1 1 7 0 5 -0 .0 0 3 3 4
11 -0 .0 1 2 0 4 4 -0 .0 0 3 4 3

* * * *

aarks two standard

In v erse  A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag C o rre la t io n
1 -0 .1 1 4 3 4
2 -0 .1 9 1 1 9
3 -0 .1 4 4 7 8
4 0 .05396
6 0 .32607
6 -0 .2 9 7 5 8
7 -0 .0 8 6 8 9
8 0 .17264
9 0 .07593

10 0 .08650
11 -0 .1 8 7 8 5

- 1 9 8 7 6 5 4 3 2 1 0 
**l 

**•*( 
***) 

I* 
I*

1 2 3 4 5 6 7 8 9 1

>** |

*•1
| * * «

I**
I**

* * * *

P a r t ia l  A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag C o rre la t io n
1 0 .04404
2 -0 .0 0 1 8 3
3 0 .25286
4 -0 .0 1 7 9 7
5 -0 .2 9 7 4 8
6 0.20111
7 0 .01754
8 -0 .1 8 0 4 6
9 -0 .0 6 9 1 6

10 -0 .0 7 1 6 8
11 0 .26526

-1  9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1
I*
I

* * * *

* » * * !
• I 
*1

h

std
o

. 147442 

.147728  

.147728  

.166815  

.156819  

.167456  
,173040  
.173113  
.181642  
.181642  
.181644  

errors
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Table 45
Autocorrelation Analysis of Residuals of 

the ARIMA(2,1,0) Mode] on Yearly Inflation Rates Crosscorrelated with 
the First Difference of Interest Rates with Time Lag Equal to 6 

in the U.S. from 1045 to 1992 
The SIS System: ARINA Procedure
A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag Covariance C o r re la t io n
0 3.669001 1.00000
1 0 .125967 0 .03539
2 0 .036486 0 .00997
3 0 .886203 0 .24900
4 -0 .0 1 8 3 9 4 -0 .0 0 6 1 7
6 -0 .860621 -0 .2 4 7 4 4
6 0 .704360 0.19791
7 0.074167 0 .02084
8 -0 .9 3 5 2 0 8 -0 .2 6 2 7 7
9 -0 .0 1 2 6 0 6 -0 .0 0 3 5 1

10 -0 .0 3 6 2 2 6 -0 .0 0 9 9 0
11 0.034738 0.00976

1 9 8 7 0 5 4 3 2 1 0 1 2 3 4 5 6 7 8 0 1
* * * * * * * * * * * * * * * * * * * *

* * * * *

* * * *

aarks two standard

Std
0

.147442  

.147027  

. 147041 

.166605  

.166608  

.164793  

.169661  

.169937  

.178662  

.176653  

.176665  
sr r o r s

Invars*  A u to co r re la t io n  P lo t  o f  R esid u a ls

Lag C o rre la t io n
1 -0 .0 0 7 1 8
2 -0 .2 1 9 9 4
3 -0 .1 0 7 7 1
4 0 .10104
5 0 .27036
0 -0 .2 7 7 0 8
7 -0 .0 9 7 3 8
8 0 .19397
9 0 .09716

10 0 .05927
11 -0 .1 6 6 2 4

- 1 9 8 7 6 6 4 3 2 1 0 
*1 

« * * * |
* * * |

I**
| * * * * *  

> * * * * |

**\
| • * * *  

I**
I*

• **• I

1 2 3 4 5 6 7 B 9 1

P a r t ia l  A u to co rre la t io n  P lo t  o f  R esid u a ls

Lag C o rre la t io n  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
I*1

2
3
4 
6 
6
7
8 
9

10
11

0.03639  
0.00673  
0 .24667  

-0 .0 2 3 0 6  
-0 .2 0 6 7 0  

0.17664  
0.03007  

-0 .1 9 3 9 8  
-0 .0 8 1 7 3  
-0 .0 4 7 3 6  

0.26278

I
* * * * *

I

|* * « *

I*
•  ***( 

**l 
*1

!**»*•
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Table 46
Autocorrelation Analysis of Residuals of 

the ARJMA{2,I,0) Model on Yearly Inflation Rates Crosscorrelated with 
the First Difference of Interest Rates with Time Lag Equal to 7 

in the U.S. from 1945 to  1992 
Tbs SAS S y s tea :  ARIHA Procedure
A u to co r re la t io n  P lo t  o f  R es id u a ls

Lag Covariance C o r re la t io n - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1 St d
0 3 .648076 1.00000 0
l 0 .069616 0.01908 1 1 .147442
2 0 .066780 0.01831 1 1 .147496
3 0.881031 0.24161 1 !**•** . .147646
4 -0 .0 8 7 9 6 9 -0 .0 2 4 1 1 1 1 .166902
6 -0 .7 3 7 9 6 3 -0 .2 0 2 2 9 | , **e* | .166983
6 0 .673966 0 .18476 | |*ev* . .161686
7 0 .069124 0 .01896 .166114
8 -0 .9 3 2 9 3 0 -0 .2 6 6 7 3 .166161
9 -0 .0 3 6 6 6 3 -0 .0 1 0 0 2 .174608

10 -0 .041611 -0 .0 1 1 4 1 .174620
11 0 .073824 0 .02024

".*• narks two standard
.174636  

er ro rs

In v erse  A u to co rre la t io n  P lo t  o f  R esid u a le

Lag C o r re la t io n
1 -0 .0 1 7 7 8
2 -0 .2 4 6 6 1
3 -0 .1 8 8 0 1
4 0 .16009
6 0 .20486
6 -0 .2 6 8 3 6
7 -0 .1 0 4 6 6
8 0 .21628
9 0 .11861

10 0 .02417
11 -0 .1 7 6 8 6

-1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
I

see** | 
s e e s  |

|eee 
(see*

*ee**|
**l

| see*
I * *

I
see* I

P a r t ia l  A u to co r re la t io n  P lo t  o f  R esid u a le

Lag C o r re la t io n  - 1 9 8 7 6 6 4 3 2 1 0 1 2 3 4 6 6 7 8 9 1
I 
I

1
2
3
4 
6 
6
7
8 
9

10
11

0.01908  
0.01796  
0 .24099  

-0 .0 3 4 4 6  
-0 .2 2 2 1 6  

0.16120  
0 .04617  

-0 .2 0 6 6 9  
-0 .0 9 9 1 0  
-0 .0 1 7 4 2  

0.23397

*1

I * * *  
I *

***e|
**l
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