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Abstract

This paper contains atheoreticad and empirica study of sacrifice ratios with long-lived
effects, induding possible strong persistence effects, or even hysteresis effects. The
empirica analyssis based on G-7 quarterly output data as well as unemployment data
from 1960 to 1999. In this paper, | develop some new methods to measure sacrifice ratios
with long-lived effects. | reach four conclusons: Fir<t, sacrifice ratios with long-lived
effects are larger than sacrifice ratios that do not account for long-lived effects. Second,
from atheoreticd modd and smulation, the “standard method” of measuring sacrifice
ratios by Bdl (1994) has alarger downward bias for countries with larger long-lived
effects. Third, both random and fixed effect models show that there is a negative
relationship between sacrifice ratios and initid inflations, which can provide one
explanation of the large magnitude of sacrifice ratios with long-lived effects in the 1990s,
compared with other periods. Fourth, there is no sgnificant negative rdaionship
between sacrifice ratios with long-lived effects and nomina wage rigidities.
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|. Introduction

The sacrifice ratio isthe cost of reducing inflation, the loss of output or unemployment that must
be sugtained by the economy in order to achieve areduction ininflation. It is defined as aratio of
the percentage loss of real output or unemployment to the change of trend inflation. Economists
have paid alot of attention to estimating sacrifice ratios Snce thisratio plays akey rolein seting

monetary policy.

Sacrifice ratios are commonly estimated from the Phillips Curve rdationship between output and
inflation in along time series, asin Okun (1978) and Gordon and King (1982). In recent years,
many authors have used episode- specific methods that concentrate on individud disinfletion
episodes. The most delicate issue for this method is the measurement of potentid output. Bal’s
(1994) gpproach assumesthat output is &t its potentia leve at the Start of adisinflation episode
and returnsto its potentia leve four quarters after the end of an episode. He assumes theat trend
output grows log-linearly following the initid deviation until it returnsto its potentid trend

vaue. Many economists have followed Ball's “ Standard Method,” including Jordan (1997),
Partow and Y uravlivker (1998), Junguito (1998), Bernanke, Laubach, Mishkin, and Posen
(1999), and Boschen and Weise (1999).

In this paper, | investigate the robustness of sacrifice ratio estimates by questioning assumptions
about the path taken by potentia output. In particular, theoretical and empirical evidence suggest
that persistence effects are stronger than assumed by Bal (1994). Thus, the assumption that
output returnsto its potentia level four quarters after the end of an episode may underdtate the
cost of disnflation episode.

A number of authors have offered theoretica and empirical evidence suggesting the existence of
long-lived effects. Blinder (1987) finds along lag for the Volcker dignflation in the U.S. during
the 1980s. Romer and Romer (1989 and 1994) dso found that monetary shocks have a high
persistence effect. Even Bal (1997) himsdf redlized that there should be a stronger persistence
effect than is assumed in the slandard method. Moreover, evidence for long-lived effects has dso
been found in recent VAR andysis;, Chrigtiano, Eichenbaum, and Evans (1996) assess the impact
of amonetary shock on the U.S. economy and find contractionary monetary policy shocks are
associated with persstence declinesin real GDP and employment. Dolado and Lopez Sdlido
(1996), using astructural VAR mode to examine the output and unemployment data of Spain,
aso find tha dignflation policy in an economy suffering from high persistence can become very
codtly.

Some economists go even further and assume a hysteress effect, which can be regarded as the
limiting case of astrong persistence effect. A hysteress effect occurs when adisinflationary
monetary policy affects potentia output. Thisideawas pioneered by Blanchard and Summers
(1986), who use the term “hysteresis’ to describe the permanent effects of disinflation. Romer
(1989) and Romer and Romer (1989 and 1994) argue that demand shifts may reduce output
permanently. That is, contractionary monetary policy can reduce trend output as well as cause
temporary deviations from the trend. It is likely that alarger recesson leadsto alarger
permanent loss. Bdl (1997 and 1999) dso finds that disinflationary monetary policy hasa



subgtantid effect on the NAIRU and that the hysteresis effect can explain the increase in the
NAIRU in some European countries.

In the presence of persstence effects, therefore, sacrifice ratios that do not take into account the
long-lived effects will undergtate the true cost of disinflationary monetary palicy. In this paper, |
develop anew method to messure the sacrifice ratio that takes into account possible strong
persstence, or even hysteresis effects. | modify Bal’ s (1994) method, relaxing the assumption
that output returnsto its potentia leve four quarters after the trough. Instead, | use the Hodrick
Prescott Filter to project potentid output. Using this method, | calculate sacrifice ratios from
unemployment and output data for G-7 countries. There are four main conclusionsin this paper.

1. Larger sacrificeratios

Aswe expected, sacrifice ratios with long-lived effects are larger than sacrifice ratios that do not
account for long-lived effects. The average sacrificeratio for dl G-7 countriesis about 2.5 by my
new method, compared to 1.4 by the standard method.

2. Relative ranking of G-7 sacrifice ratios

Allowing for long-lived effects also permits more accurate comparison of sacrifice ratios across
countries with varying degrees of persstence. While previous estimates have suggested a much
larger sacrificeratio for the U.S. compared with European countries, persstence effects are
stronger in European countries than in the U.S. (Ball 1999). | find thet the U.S. sacrificeratio is
comparable to ratios of average European countries when persistence effects are taken into
account by my new method.

3. Initial inflation and sacrificeratio

For along-time, economists have puzzled over sacrifice ratios and initid inflation. Theoreticaly,
ahigher initid inflation is associated with alower sacrifice ratio through many channdls, one
possible channd isthat a higher inflation rate may reduce nomind rigidities because it
encourages more frequent contract renegotiations. However, there is no conclusive empirica
evidence for this rdaionship. In this paper, using the sacrifice ratios estimated by my new
method, | find strong empirica evidence to support the negative reationship from both random
and fixed effect modds. This can explain the fact that sacrifice ratios with long-lived effectsin
the 1990s are larger than in other episodes.

4. Nominal wagerigidities and sacrificeratio

Previous research has shown that one of the reasons why sacrifice ratios for the U.S. are much
higher than for G-7 European countries is that nomina wage rigidity in the U.S. is much higher
than in other countries. In this paper, the adjusted sacrifice ratio for the U.S. isin the middle
among G-7 countries. Thus, there is no significant negative relationship between the sacrifice
ratio and nomina wage rigidity.



Previoudy, most empirica studies have concentrated on output data. Given the difficulties and
problems with output data, | also make some robust analyses from unemployment data.
Nevertheless, most of my results from unemployment data are congistent with my results from
output data.

Therest of this paper contains five sections. Section 2 examines asmple mode to show that
standard method produces alarger downward bias for countries with a higher degree of long-
lived effects. The results from the slandard method may be mideading. Section 3 calculates the
sacrifice ratios from output data using the new method. Section 4 calculates the sacrifice ratios
from unemployment data. Section 5 examines what determines sacrifice ratios. Section 6 isthe
conclusion.

. A Simple Model

In this section, | use asmple mode and some numerical examplesto show that the standard
method for caculating sacrifice ratios by Ball (1994) generates a downward bias and the
downward biasis greater with stronger persstence effect. Firg, | will examine abasic modd
with only persstence effects and then | will extend my conclusionsto the case that alows for
both persistence and hysteresis effects.

1. Basic Model

The main equation is the following Lucas supply curve with backward expectation.
Yi - y: :a(pt - pt—l) +b(yt—1 - y:-1)+q’ a0, 0£b<1 (1)

In equation (1), y; is potential output at periodt. y, isactua red output,' € isnoise, and b

represents the degree of persistence. The larger b is, the stronger the persistence effect and the
longer the time required for actua output to return to its potentid leve following adisinflation
episode. If bisequa to zero, there is no persistence effect. As b approaches 1, the degree of

persstenceincreases. To insure an equilibrium solution, | assumethat O£ b < 1.

Theterm y, - vy, isthe deviation from potentia output resuiting from the disinflation policy a
period t. If thereis no disinflation (P, - P,., = 0), output will stay & its potentid levd if the
last period's output was &t its potentid level; when disinflation occurs (p, - p,.; < 0), thereisa
short-term output loss, however, output returnsto its potentid level in the long run.

2. What is Wrong with the Standard Method?

2.1. Standard method to calculate sacrifice ratio

YInthis paper, all outputs (e.g., trend and actual output) refer to the natural log of real output.



The sacrificeratio is defined as aratio of the percentage loss of red output or unemployment to
the change of trend inflation. There are many methods to cdculate the sacrifice ratio. The
standard or most commonly used method (Ball 1994) defines potentia output for adisnflation
episode based on the following three assumptions:

Output is at its naturd level a the Start of adisinflation episode or the inflation peak.

Output returnsto its potentid level four quarters after the end of an episode, that is, four
quarters after an inflation trough.

Potential output grows log-linearly between the two points when actua and potentid outputs
aeequd.

Using these three assumptions, Bal (1994) pins down the potentia output & the starting and
ending point for an episode then ca culates the output |oss through the episode. The sacrifice

ratio (SR) for adisinflation episode (starts at period S and ends at period E) istheratio of output
AF +4 N

loss to the change in trend inflation, SR:gEé_ (yt A )Hl(pt - p,.,) . The assumption that output
€t=s u

returns to its potential level after four quarters (b* » 0) may underestimate the sacrifice ratio if
there are persistence effects.

2.2. First problem: underestimating the true sacrificeratio

Figure 1 illustrates how the standard method may understate the output loss. In Figure 1, a
disinflation episode starts at period S and ends period E. The standard method assumes that
output is at its potentid leve at period S (point O) and returnsto its potentia leve at period E+4,
four quarters after the trough (point F). Potential output is assumed to grow log-linearly between
points O and F, thusit isa gtraight line. Output |oss by the standard method isarea A.

However, if monetary policy has strong persistence effects, output may not return to its potentia
until period E+4+T. In this case, the true short-term lossisthe larger area A+B. AreaB isthe
extra output loss due to persistent effects. The standard method has downward bias if there are
strong persstence effects. Moreover, this downward biasis not equd for al disnflation
episodes. The biasin the standard method varies with the strength of the persistence effect, the
stronger the persistence effect, the greater the downward bias.

The cost of reducing inflation includes a short-term and along-term loss. The short-term lossis
defined as the output |oss from the inflation peek to four quarters after the inflation trough. The
long-term loss includes output |oss after four quarters beyond the trough, the area A+B+C in
Figure 1. Since there is more disagreement on potential output in the long run,? for a short cut,
most economists only think about short-term output loss; see Ball (1994), Jordan (1997),
Bernanke, Laubach, Mishkin, and Posen (1999), and Boschen and Weise (1999). In my empirica
sudies, | follow previous studies and concentrate on the short-term loss.

2 There are two kinds of problems in the long run: one is that there is more uncertainty about potential output. When
will the potential output return to potential level? The other isthat in the short-run, we can argue monetary
contractions are the essential reason for arecession, but in thelong run, it is difficult to say this.



2.3. Second problem: misleading ranking of cross-country sacrifice ratios

Since downward biasis not equa for dl disinflation episodes, problems arise when comparison

of sacrifice ratios are made for countries with different persastence effects. Figure 2 shows the
possible mistake caused by the standard method. If there is stronger persistence effect in country
B than in country A, by the standard method, country A ends up with alarger sacrifice rétio (area
OMN) than country B (area OMF). However, after taking into account stronger persistence
effectsin country B, the true sacrifice ratio in country A (area OMNG) is smdler than that for
country B (area OMFG) 2

Why does the standard method produce mideading ranking of cross-country sacrifice ratios? The
answer is draightforward; strong perdstence causes actua output to stay low. The standard
method' s assumption that actua output returnsto its potential level four quarters after the trough
resultsin alower potentia output than it should be and thus a downward biasis generated. The
true sacrifice ratio could be the reversa.

Studies have shown that persstence effects are stronger in G-7 European countries than in the
U.S. asin Bdl (1999). Allowing for this difference will result in a better cross-country
comparison of sacrificeratios. Thus, it is possible that the sacrifice ratio of the U.S. caculated by
the standard method is larger than those of most G-7 European countries. But, in fact, the true
sacrificeratio for the U.S. is smaler than those of G-7 European counties.

2.4. Numerical examples

Some numerica examples show the problems of the standard method. There are many possible
assumptions for adignflaion path. But it will be complicated and inefficient to include many
periods. To smplify the problem while sill capturing the long-lived effect (related to parameters
aand b in equation 1), I make the following three assumptions:

1. Potentid levels of trend output are zero at period O and period 1.
2. Initid leves of inflation are two percent a period —1 and period O.
3. Inflation declinesto one percent in period 1 and zero percent in period 2.

These three assumptions capture the essentia features of the problem by using the smplest
assumptions about the disinflation path. Based on these three assumptions, Table 1A showsthe
true output loss and the sacrifice ratio calculated by the standard method. In Table 1A, true

potential output isawaysequa to 0, y; isthe potentid output assumed by the standard method
at period t, and y, isactua output.

From equation (1), | caculate the true output loss for each period in the disinflation episode. For
example, thereis no disnflation a periods—1 and 0, actud outpuit is zero and the true output loss
is zero for these two periods. For period 1, thereis a 1% decline in inflation, from 2% to 1%.

3 | proved the following proposition mathematically (not shown in the paper). There exists arange of parameter b
that makes the following reversal true: ssS-srS and sRh<srl, sRi and sk are sacrifice ratios for country A and

country B calculated by the standard method; sr), and srf, aretrue sacrifice ratiosfor country A and country B.



Since potentia output at period 0 and 1 remains at zero and actud output at period 1 is—a, the
output loss at period 1is-a.

Similarly, | calculate true output loss for period 2 and other periods.* The sum of true output loss
from the inflation peak (period 0) to four quarters after the trough (period 2) isthe total true
output loss, L, shown in Table 1A:

" =-a(2+2b+ 202 + 20° +b?) R

Thelarger b is, the stronger the persistence effect, and the larger the true output loss and sacrifice
ratio.> Appendix A shows the calculation of the output loss by the standard method, LS:

LS :-a§(2+ 2+ 207 + 20° +b* - %(1+ b)b4§ 3

Comparing equations (2) and (3), the difference between true output loss and output |oss
caculated by the standard method is ga(1+ b)o*. AsBdl (1994) points out that under assumption

1 (b* » 0),° the standard method is a good approximation for the true output loss, but b may be
large enough to make the difference important.

Table 1C shows some numerica results for different degrees of persistence. Columns four
through six in Table 1C are three cases in which b equas 0.5, 0.85, and 0.95 respectively. A
larger vaue of b implies a stronger persistence effect. Case one is the moderate perdstence case
(b=0.5) while case two and three are the cases of larger persistence.” Comparing these three
cases, the standard method underestimates true sacrificeratios. A stronger persistence effect
implies alarger downward bias in the cdculation by the slandard method. In addition, when case
two is compared to cases three, the true sacrifice ratio for case three is larger than that for case
two. The standard method, however, produces the opposite result: case two has a higher ratio
than case three.

3. New Method

The most delicate issue for caculating the sacrifice ratio is the measurement of trend output
gnce smdl differencesin fitted trends can make large differences for sacrifice ratios. The new

% For period 2, there is 1% decline of inflation, from 1% to 0. Similarly, the trend output for period 1 and 2 is still

zero. The output loss at period 2 includes two parts; oneisfrom 1% decline of inflation in period 2, thus, the decline

of output is—a; the other is due to the persistence effect of the output loss from period 1 (-a); it continuesto cause

loss, but by asmaller amount (-ab). Total output lossin the second period is—a(1+b).

® The sacrificeratio is total percentage true output loss divided by total decline of inflation (2%), so in this case, the

sacrificeratiois %a+%a(l+b) gbi . Notethat this sacrifice ratio only captures the short-term loss, up to four quarters

i=0

after the trough. If we are interested in the long-term loss, in this case, when t approaches infinity, the output lossis
2a

-

6 Basically, assumption 1 shows that there is no strong persistent effect.

" Thereisno hysteresis effect, thus c=0.



method takes into account the possible persistence effect and does not make any assumption
about the degree of persistence; output could return to its potential at any time after the trough.®

3.1. How to predict potential output

Following Bal (1994), | assume output is at its naturd level at the start of adisinflation episode
and make a reasonable prediction about potentia output based only on its past growth path. | use
the Hodrick-Prescott filter (HP filter) to predict potentid output. First, | cdculate the HP filter of
log red GDP. Second, | caculate the growth rate of the HP filter. Third, | assume that potential
output will grow at the rate estimated by the HP filter at the beginning of the episode and use this
growth rate to forecast the potentia output for calculation of the sacrifice ratio. Since the HP
filter is affected by recessions, | used two aternative smoothing parameters of 1600 and 16000.°

3.2. Numerical simulation

Sinceit isdifficult to estimate the potentia output from the actud deta, | use numerica examples
to compare the sacrifice ratios calculated by the new method with those by the standard method.
In Table 1C, | maintain the same assumptions about the disinflation path | assumed before, and
cdculate sacrifice ratios with the new method. As aresult, sacrifice ratios caculated by the new
method are much closer to true sacrifice ratios than those given by the standard method.

Figure 3 shows the smulation results for case two, the third column a Table 1C. | assume that
the dignflation sarts at period O (point O) and continues until period 2 (point A). Actua output
gaysa 0 until period O, after which disinflation causesit to fal below potentid for the following
seven periods. Findly, actud output returnsto itstrend at period 7 (point C). Thus, the serrated-
shape line a Figure 3isthe actud output path and the dot line is its HP filter with smoathing
parameter 1600. Since the standard method assumes that output returns to its trend at four
quarters after the trough, point B is the trend output assumed by the standard method at period 6.

Line OC shows the true trend output without disinflation (says at 0); line OB shows the trend
output predicted by the standard method while line OD shows the trend output predicted by the
new method. It is easy to see that the output loss calculated by the standard method isthe area
OAB while the output loss by the new method is the area OABD, which is much closer to the
true output loss, the area OABC.

8 The difference between these two methods can also be seen from their implications about short-term loss and long-
term loss. The standard method assumes actual output returnsto its potential level by four quarters after the trough.
Thus, short-term loss and long-term loss are the same; there is no further output |oss beyond four quarters after the
trough. The new method assumes there is a possible strong persistence effect, thus, short-term loss and long-term
loss are not the same. In this paper, | concentrate on the short-term loss or the sacrificeratio.

® For example, if adisinflation episode starts at period S and ends at E and the growth rate of the HP filter trend

output at the start of the episodeis g4, then | would assume the growth rate of the potential output from period Sto

E+4 would be constant and equal to J.

10 The most commonly used smoothing parameter for quarterly datais 1600. An HP filter with parameter 16000 is
smoother than with parameter 1600. Some economists criticize using the HP filter method to forecast trend output;
s0, thisiswhy | use two different smoothing parameters. | will discuss the disadvantages of the HP filter method
later on.



The downward bias problem with the standard method can aso be seen from the numerical
examples. In the third column of Table 1C, the output loss calculated by the new method is
7.769, which is close to the true output loss, 7.861. By the standard method, output lossis only
4.481. Therefore, the new method is a better one; it measures the true output |oss more
accurately than the stlandard method. The standard method is agood approximation only if there
IS no persistence effect.

3.3. Potential bias and robustness

As can be seen from the above numerica examples, there is a potentia downward bias for the
new method since the HP filter is dso affected by recessions. The true potentia output should be
zero dl the time. However, empiricaly, the new method uses 0, -0.44 percent, -0.88 percent, -
1.32 percent, -1.76 percent, -2.20 percent, and —2.63 percent, respectively for periods 0 to 6.
Thus, the new method generates some negative bias** However, the biasis much less than that
of the standard method. While these results suggest that the smoothing parameter 16000 may be
more appropriate than a parameter of 1600, | will maintain both parameters for my empirica
studiesin the next section.™?

There are many other ways to predict potentia output; one way is to use univariate time series
models to predict the trend, such asthe quadratic and ARIMA modd. | tried these methods and
obtained quite smilar results. Therefore, the downward bias problems caused by the standard
method do not depend on these specific ways to predict potentia output. In fact, by usng some
of the most common methods to predict potentid output, such as the HP filter, quadratic, and
ARIMA modd, this downward bias problem dways exists for the sandard method. Thus, in this
following numerica aswell as empirica analyss, | keep Bal’s (1994) assumption that output is
a its potential at the beginning of the episode and make a reasonable projection about potentia
output by HP filter.

4. Hysteresis Effect

One extension of the above ideais to include a possible hysteresis effect, which can be regarded
as an extreme case of astrong persistence effect. While costs of disinflation are usualy regarded

1 Thiskind of potential bias can be limited by using an only “one-sided” HP filter. That isto say, for each episode,
an HPfilter is used only up to the beginning point of the episode, not though the whole sample. Thus, the HP filter
will not be affected by the following recession.

12 Two other problems are related to the new method: one is the potential upward bias. Friedman (1994) argues that
output is above itstrend at the beginning of an episode, thus, the sacrifice ratio may be overestimated. Thisisa
common problem for the standard method. In this paper, | only relax one assumption and keep all other assumptions
in the standard method, leaving those for future research. The other problem isthat the new method is more sensitive
to noise in the data than the standard method. If an incorrect beginning point is chosen due to noise in the data, trend
output calculated by the new method will make a parallel shift up or down, but trend output by the standard method
will only make a partial shift. In fact, the datais noisy. For example, the sample range of the U.S. disinflation

episode in the 1990s is different for different authors since they use different data sets: the episode in Boschen and
Weise (1999) is 89:4-93:4; in Bernanke, Laubach, Mishkin, and Posen (1999), the episode is 90:1-94:4. Italy’s big
negative sacrificeratio in the 1970s is aresult of thiskind of problem. The noise problem can be partially solved by
averaging the sacrificeratios. | calculate the sacrifice ratios by trying different episodes, beginning from one quarter
earlier to four quarters earlier than the start point | should use. | then take the average of these four sacrifice ratios.
For example, for Italy’ s negative episodein the 1970s, by taking the average of the sacrificeratios, | get a

reasonabl e positive sacrifice ratio.



as being trangitory, another school of thought (Blanchard and Summers, 1986) argues that
disnflaion can result in "hysteress,”" a permanent reduction in unemployment and outpuit.

Severd other studies dso support the possibility of hysteresis effects, such as Romer (1989) and
Romer and Romer (1989 and 1994). Ball (1997 and 1999) also argues that disinflation monetary
policy has a substantia effect on the NAIRU, and the hysteresis effect can explain theincreasein
the NAIRU in some European countries. So disinflation will decrease the short-term
unemployment rate as well asthe NAIRU.

4.1. Model of hysteresis

Inthis section, | ill assume the Lucas supply curve, the equation (1), as before and add the
hysteresis effect. Rather than assuming that y; isexogenous, | make it endogenous by assuming
equation (4).

Y- ¥ =alp, - py) +bly.. - V..)+€, a~0, 0£b<1 )
y, =a+cy,, +(L- c)y,,, 0£c£l @

y, depends on last period potential output as well aslast period actua output. | assume that
potentia output is aweighted average of last period's potential and actud output. Under this
formulation, an output lossin one period affects potentid output in the next period. The change
in potentia output is proportionate to the deviation in output of earlier periods.

a isthe congtant growth rate for potentia output. If a isassumed to be zero, then the potentia
output will remain constant. Theterm(L- ¢) represents the degree of hysteresis. If c=1, thereis
no hysteresseffect. If 0 £ c £1, thereisa hysteresis effect and the sacrifice ratio increases with

the degree of hysteresis. If ¢=0, potentia output is only affected by the previous period's actud
output. In this case, the sacrifice rétio approaches its maximum.

Equation (4) isnot anew idea To andyze the hysteresis in unemployment, some economists

aso use the channe through which current employment is affected by past employment, such as
Blanchard (1997). With the hysteresis effect, the economy is described by both equation (1) and
equation (4) while equation (4) isthe hysteresis effect of a disinflation monetary policy.

4.2. Comparing the standard method and the new method

In the presence of hysteresis effect, the standard method generates an even poorer gpproximation
of the true sacrifice ratio. However, the new method can il provide a better estimation since it
does not make any assumption about the degree of persstence or hysteresis.

Second and, maybe more importantly, the hysteres's effect magnifies the following problem
caused by the standard method: the incorrect ranking of sacrifice ratios across G-7 countries. |
showed earlier how reversalsin cross-country rankings could occur with only persistence effect.



Such reversal could hgppen much more easily when you include both the hysteresis and
persistence effects.'®

| maintain the same three assumptions about the disinflation path and show more numerica
examplesto include the hysteresis effect. Similar to Table 1A, Table 1B shows the true output
loss under both persstence and hysteresis effect. Table 1C shows three more examples, which
are the fifth column to the seventh column (cases four through six). For example, case four isthe
case with smdl hysteresis (c=0.9) and moderate persstence (b=0.5) effect while case five and
gx are the cases with larger hysteresis effect (c=0.75 and c=0.6). For dl these three cases, the
sacrifice ratios calculated by the new method are much closer to true sacrifice ratios. Thus, the
new method is a better approximation than the standard method.

Appendix B shows the caculation of the true output loss with long-lived (persistence and
hysteresis) effects, L' :

" =15 - 15a(1+b)o* - 7(1- c)fF+b? +b° +%b49
e a

As can be seen from equation (5), L' includes two components: one is the sacrifice ratio without
the long-lived effects (calculated by standard method), L®; the other is the following extralong-

lived effect.**

7(1- clai+b+b? +b° +=b* & 1.5a(1+ b)b*
e 2 g

With assumption 2 (1- € » 0),*® thefirst term in equation (6) is zero. In addition, under

assumption 1 (b* » 0), the second term in equation (6) is zero too. Therefore, output loss
according to the stlandard method is a good approximation of the true output loss only in the case

where there is no hysteresis (¢ » 1) and no strong persistence effect (b* » 0).

Additiondly, as can be seen from equation (5), the true output |oss depends on the degree of
hygteress. If thereis no hysteresis effect (¢ » 1), equation (5) reduces to (2). The sacrifice ratio
becomes larger with the degree of hysteresis and persstence effect. The sacrificeratio dso
increases with the length of disinflation episode.

[11. Sacrifice Ratios from Output Data

13 Concerning the standard method, Ball (1994) also arguesthat it is likely that long-lived effects of output lossin

()

(6)

different disinflation episodes may move together, thus, we need not worry about long-lived effects. But, in fact, the
degree of persistence or hysteresis seemsto differ across countries. Ball (1999) argues that the degree of hysteresis
seems higher in European countries than in the U.S. Roberts and Morin (1999) also argue that hysteresis evidence

from U.S. unemployment datais weak. Thus, the hysteresis effect affects G-7 countries unequally.

14 The new method itself does not require assumption 1 or assumption 2. These two assumptions are used to show
that the true sacrifice ratio can be divided into two components: the part without long-lived effect and the part with

long-lived effect.
15 Assumption 2 requires that ¢ is big enough to ensure that there is almost no hysteresis effect.
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In this section, | will caculate sacrifice ratios from output data with the new method as well as
with the standard method based on the results from section 2. Then | will compare these two
methods to seeif the standard method and the new method generate different results and
conclusiors.

1. Data and Choosing an Episode

In this paper, | estimate sacrifice ratios for G-7 countries. Other countries are excluded dueto a
lack of religble quarterly output data. The output and inflation data range from the first quarter of
1960 to the fourth quarter of 1999. Mogt of the quaterIGy output and inflation data are from
International Financial Statistics (IFS), June 1999.

| maintain Bdl's (1994) assumption about selecting episodes. Specificaly, the first sepisto
identify a dignflation episode in which trend inflation fals subgtantidly. Trend inflation is
defined in quarter t asthe nine-quarter moving average of actud inflationfrom t- 4 to t+4.
Trend inflation reflects a smooth verson of actud inflation. A disinflation episode is defined as
the following: 1). Aninflation pesak is aquarter in which trend inflation is higher than it wasin
both the previous four quarters and the following four quarters, 2). An inflation troughisa
quarter in which trend inflation islower than it was in both the previous four quarters and the
following four quarters; 3). A disnflation episode is any period that starts at an inflation peak
and ends at atrough with an annud rate at least two points lower than the peak. Thus, an
individua disnflation episode must show an inflation difference of at least two points between
the beginning and ending points. Thisis to ensure that an episode does not end with asmal
incressein inflation.’

| take the new method and the standard method | used before for numerica examples and apply
them to some empirica analyss. Table 2 shows severd disinflation episodes for each country.
For example, there are four disinflation episodesin the U.S,, the dignflation gartsin 1969, 1974,
1980, and 1989, respectively. My disinflation episodes'® are consistent with the lists of monetary
contractions developed by Romer and Romer (1989 and 1994), Ball (1994), and Boschen and
Weise (1999). In Table 2, sacrifice ratios from HP filters with smoothing parameters 16000 and
1600 are labeled New SR1 and New SR2, respectively. Sacrifice ratios calculated by the
gandard method are labeled Ball SR.

2. Resaults:

From Table 2,*° the following three condusions can be drawn:

16 See Data Appendix for more details.

" There is one exception in the sample: the France disinflation episode, 89:2-93:3, isincluded in the sample because

| try to compare sacrifice ratios in the 1990s across G-7 countries, and the declinein inflation is 1.72, not too far

from 2. Boschen and Weise (1999) use the November 1995 IFS CD-ROM and get a 1.9 decline in trend inflation for

the episode: France 90:1-93:4; they also include this episode in their samples.

18 | checked historical records for each of the disinflation episodesin my quarterly data set. In every episode, thereis
asignificant tightening of monetary policy near the end of the beginning of disinflation. International demand
contractions are essentially the only sources of two-point decline in trend inflation.

19 There are two unusually large negative sacrifice ratios in Table 2. The reasons are different. | have discussed the
onein Italy above. For the oneinthe U.K. in the late 1980s, there were big supply shocks, so the productivity grew
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Conclusion 1: Sacrifice ratios with long-lived effects are larger than those without long-
lived effects

From Table 2, it is clear that empirica results from output data support the long-lived effect. For
most episodes (21 out of 30), sacrifice ratios cal culated by the new methods are larger than those
caculated by the standard method. For al G-7 countries, the sample average of New SR1, New
SR2, and Ball SR are 2.67, 2.40, and 1.40 respectively. For the U.S,, the sample average of New
SR1, New SR2, and Ball SR are 2.13, 3.62, and 2.64 respectively.

Figure 4A and 4B graphicaly show the New SR1 and Bdl SR for disnflation episodesin the
1990s for the U.S. and Italy. The disinflationary monetary policy affects both trend output and
actud output. For example, in Figure 4A, area A isthe output loss calculated by the standard
method for the 1990sin the U.S,; area B is the extra output loss due to the long-lived effects.
A+B isthetota output loss caculated by the new method. So, with long-lived effects, sacrifice
ratios increase. Figure 4B shows similar results for Itdy’ s dignflation episode in the 1990s.

This result questions the standard method because of its downward bias. The standard method
uses actud datato calculate trend output. Basicdly, it uses alower trend output than it should be.
The new method uses a reasonable trend output, which is not affected by a disinflation monetary
policy. For example, the new method uses an average growth rate of trend output for G-7
countries of 2.49 percent for the 1990s, while the standard method uses an average of 1.24
percent. For the U.S,, the average growth rate of the trend output in the 1990s used by the new
method is 2.46, whileit is 1.86 with the standard method. For the U K., the average growth rate
of trend output in the 1990s used by the new method is 2.20, while it is 0.84 with the standard
method. Thus, the new method can give us a more reasonable measurement.

Conclusion 2: Larger sacrifice ratiosin the 1990s

As can be seen from Table 2, the sacrifice ratios are higher for the 1990s than for other periods;
the average sacrifice ratio in G-7 countries during the 1990s, 1980s, 1970s, and 1960sis 5.88,
1.26, 1.84, and 2.03 respectively.?° For the U.S,, the sacrifice ratios for the 1990s, 1980s, 1970s,
and 1960s are 7.72, 2.79, 0.50, and 3.46 respectively.

Sacrifice ratio depends on the gap between potentid output and actua output; therefore, there are
two possible reasons for this result: elther the recovery of the economy had dowed down or
smply that higher average growth rates for the trend output is assumed by the new method. In

very fast. There are several methods to eliminate these two large negative sacrifice ratios. For example, if | add the
following new rule when choosing a episode, then | can combine two short episodesin the U.K. inthe 1980sinto a
longer episode, and the sacrificeratio for thislonger episodeis positive. “If a trough and its next peak are within 4
quarters and also the difference between the trend inflation at the trough and its next peak is less then two points,
then regard it as the same episode.” Thisnew ruleisto make sure that the choosing of an episodeis not affected by
noisein the data. In fact, compared to methods in Ball (1994), with this additional rule, the only change isthat the
two episodesin the U.K. in the 1980s become one longer episode.

20 There are two big negative sacrifice ratiosin Table 2, oneisin the U.K. during the 1980s; the other isin Italy in
the 1970s. These big negative numbers affect the average for 1980s and 1970s in some degree.
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fact, the true reason was the dow-down of the recovery in the 1990s. As can be seen from the
last two columns of Table 2, the new method even uses a higher growth rate of the trend output
for the U.S. in the 1980s (annual 2.56 percent) than for the 1990s (2.47 percent). But the
recovery rate in the 1990s (1.86 percent) was lower when compared to the 1980s (2.25 percent).
For most G-7 countries, the new method assumes thet trend output grows lower in 1990s than
1980s,?* but the actua output was so much lower that | obtain much higher sacrifice ratiosin the
1990s for these countries. So, the true reason is the dow recovery in the 1990s. The standard
method did not pick up the problem because it calculates the sacrifice ratio from actual data.

Thus, the dow-down of recovery will pull down its sacrifice ratios.

There are many waysto explain the larger sacrifice ratio in the 1990s. One possible explanation
isthe lower initid inflation for dignflation episodes in the 1990s than in the 1980s, which are

5.13 percent and 11.95 percent respectively for the U.S. My results support the idea that alower
initid inflation is related to alarger sacrificeratio; thisideawill be discussed formally later on.

Conclusion 3: The sacrificeratio for the U.S. isin the middle of the sacrifice ratios for
G-7 Countries.

Previous research suggests that the sacrifice ratio for the U.Sis much higher than those of G-7
European countries. Bruno and Sachs (1985) calculate a Nomina Wage Rigidities index and
conclude that the U.S. is much less flexible than G-7 European countries. Therefore, disinflation
monetary policy has abigger effect in the U.S. than in other countries. Many other sudies dso
support thisidea, such as Bdl (1994), Bernanke, Laubach, Mishkin, and Posen (1999), and
Boschen and Weise (1999).

| ds0 caculate the average sacrifice ratios for each country. The resultsin Table 4 suggest that
the U.S. isnot an outlier, but in the middle of the G-7 European countries. With the stlandard
method, as Table 4 aso shows, the U.S. has the highest average sacrifice ratio, much higher than
most G-7 European countries. However, using the new method, the results are quite different.
Germany, the U.S,, France, and Canada have smilar sacrifice ratios. Since there are two unusua
large negative sacrifice ratiosin Italy and the U.K., their sacrifice ratios are below the average.

The standard method has alarger downward bias for G-7 European countries than it does for the
U.S. because many authors believe that there are weaker long-lived effects (persistence and
hysteresis effects) in the U.S. than in G-7 European countries. With the standard method, the
sacrifice ratios for the U.S. are much larger than the sacrifice ratios for G-7 European countries.
After taking into account long-lived effects, the downward bias can be corrected so that the U.S.
isno longer an outlier.

V. Sacrifice Ratios from Unemployment Data

21 For five out of the G-7 countries (excluding France and Germany), | use lower growth rates for trend output
during the 1990s, but | get much higher secrifice ratios in the 1990s for these countries. For France and Germany,
although | use slightly higher growth rates of trend output for the 1990s than for the 1980s, | get much bigger
sacrificeratiosin the 1990s than in the 1980s. So, in general, the true reason was the slower recovery in the 1990s.
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Anderson and Waster (1999) argue that sacrifice ratios measured in terms of unemployment are
different from those in terms of output data. Friedman (1994) dso arguesthat the U.S.
productivity growth improved in the early years of the 1980s, when compared with the 1970s, so
the cost of dignflation in terms of output in the 1980s was less than the cogt in terms of
unemployment.

Therefore, | believe that comparing unemployment data and output data will raise alot of
interesting questions. But, unfortunatdy, few people measure sacrifice ratios usng
unemployment data. In this section, | want to see if the previous results still hold for
unemployment data.

1. Data and Sacrifice Ratio

The datais quarterly unemployment data from the 1% quarter of 1965 to the 4™ quarter of 1999. It
is the Seasonally Adjusted Civilian Standardised Rates of Unemployment from OECD Quarterly
Labor Force Satistics.?? | make apardld andysis for unemployment data by making the
following two assumptions about NAIRU:

Unemployment rate is a its natura level (or NAIRU) at the start of adisinflation episode
or the inflation peak.
NAIRU is congtant through each disinflation episode.

| regard the constant-NAIRU assumption as a benchmark. The difference between the actua
unemployment rate and NAIRU is regarded as unemployment loss due to a disinflation policy.
The result is labeled "New SRU" in Table 3,2 which lists the same disinflation episodes as Table
2, but with sacrifice ratios ca culated from the unemployment data.

| also calculate sacrifice ratios from unemployment deta using the standard method. Specificaly,
| make the following three assumptions: 1). Unemployment is NAIRU at the dart of a
disinflation episode; 2). Unemployment returns to NAIRU at four quarters after the end of a
disinflation episode; 3). NAIRU grows log-linearly between the two points when unemployment
and NAIRU are equd. The difference between the NAIRU and actua unemployment rate is
interpreted as the unemployment loss. Results are labdled "Bdl SRU" in Table 3. | dso ligt
NAIRU assumed by the new method and the annua growth rate assumed by the standard
method.

2. Resultsand Interpretation
The sacrifice ratios estimated with unemployment data till support my first conclusion: on

average, sacrifice ratioswith long-lived effects are larger than sacrifice ratios without taking into
account long-lived effects. As can be seen from Table 3,2 sacrifice ratios with long- lived effect

22 See Data Appendix for more details.

2| asotry to calculate the HP filter for unemployment datathrough the sample, 1965Q1 to 1999Q4. Similar to the
output case, | calculate the slope of the HP filter and use the slope as the growth rate of NAIRU to forecast the
NAIRU. But the results are not promising and difficult to interpret.

24 These are two negative sacrifice ratios from unemployment datain Table 2. Thus, it may not be agood ideato
apply the standard method to the unemployment data.
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(New SRU) are larger than sacrifice ratios by the standard method (Bal SRU) for most episodes.
The average sacrifice ratio from unemployment data caculated by the new method is 1.61, while
it is 0.53 by the standard method. For the U.S,, the average sacrifice ratio from unemployment
datais 1.90 by the new method, whileit is 1.36 by the standard method.

The unemployment data results do not support the second conclusion obtained from output data
estimates. In some European countries, the reversa conclusion is reached; the average sacrifice
ratio®® for European countries from unemployment datain 1980sis 2.79, which is higher than the
average sacrifice ratio for the 1990s, 2.09. The reason is that there are stronger indtitutional
factors or hysteresis effects in the 1980s in these European countries. In the 1990s, some
European countries began to reform and deregulate their labor markers. As can be seen from
Tables 2 and 3, two European countries, Germany and U.K., both experienced this kind of
reversal. My results are consistent with Anderson and Wascher (1999).

My third conclusion is strongly supported by the unemployment data. The U.S. sacrificeratiois
in the middle of the G-7 ratios, not an outlier. With the standard method, the U.S. has the highest
sacrifice ratio among G-7 countries. But by the new method, the sacrificeratio for the U.S. is
lower than those of Germany, France, and Canada, but higher than ratios for the U.K., Itdy, and

Japan.
3. Okun'sLaw

Next, with the results from unemployment data, | can check the robustness of sacrifice ratios
caculated from output data. These two measurements should be the same over time if such
aspects of macroeconomic activities as productivity growth, labor force participation, population
growth, and the like were congtant. | will make the following four kinds of comparison. The
resultsaredso in Table 4.

Fird, | check the sample average. Okun’s Law tells usthereis aratio between the output losses
and unemployment losses, which isaround 2 for the U.S. The G-7 average sacrifice ratio from
unemployment datais 1.61 while the average sacrifice ratio from output datais 2.67. Thus, the
average output-unemployment ratio is 1.66, which may be lower than we expected. One
explanation is that there may be a stronger long-lived effect in unemployment data than in output
data

Second, | check the average sacrifice ratio and Okun's Law ratio for each country. The results
arein B of Table 4. For example, the Okun’s Law ratio for the U.S. is 1.9. Figure 5 is a scatter
plot of these two measurements. There is a postive correlation between sacrifice ratios from
output data and from unemployment data. The correlation coefficient between these two
messurements is 0.56.

Third, for an individua episode, the sacrifice ratio from unemployment data and output data are
aso postively correlated. The correlation coefficient is 0.48.

25 The unemployment data for the 1980s and 1990s are only available for Germany and the United Kingdom.
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Fourth, as can be seen from B in Table 4, the Okun’s Law ratio in the 1990s is much higher than
in the 1980s. Thisis consistent with the “reversd” mentioned by Anderson and Waster (1999).

V. What Determinesthe Sacrifice Ratio?

In this section, with new results calculated by the new method, | examine what determines the
sacrifice ratios with long-lived effects.

1. Initial Inflation and Speed of Inflation

1.1. Sacrificeratio and initial inflation

For along-time, economigts have puzzled over sacrifice retios and initid inflation. Theoreticaly,
ahigher initid inflation is associated with alower sacrifice ratio through many channds. Bal,
Mankiw, and Romer (1988) show that trend inflation influences the output- inflation trade-off in
New Keynesan modes. A higher inflation rate going into a disinflation may reduce nomind
rigidities because it encourages more frequent contract renegotiations. The application is that the
sacrifice ratio during disinflation is decreasing in the initid leve of trend inflation.

However, Bal (1994) shows aweak negative effect of initid inflations on the sacrifice retios.
Boschen and Wese (1999) even find a positive Sign in amultiple regression, dthough it is not
sgnificant. Anderson and Wascher (1999) dso argue that there is no conclusive evidence for the
relationship between initid inflation and the sacrifice ratio.

| can now test this relationship again with my new estimated sacrifice ratios. Figure 6 shows the
relaionship between sacrifice ratios caculated by the new method and initid inflation. For
example, US90 represents the disinflation episode for the U.S. in the 1990s.2° There seemsto be
anegative rdaionship and that relationship seems nortlinear; when initid inflation ishigh, it is

less coglly to decease inflation than when initid inflation islow. A test of this prediction about
their non-liner negative correlation can be accomplished by making a smple regression between
sacrifice ratio and the log of initid inflation,®” indluding the country fixed effect and time fixed
effect. The time dummy is the decade when the disinflation occurred.

Table 5 reports the panel regression results. Although the Hausman Tests suggest the random
effects are appropriate, | report random effects, country fixed effect, and time fixed effect to
compare the new method and the standard method. As can be seen from the first four rowsin
Table 5, by using the new method, dl three panel regressions show that there is significant log-
linear negative rdaionship between the sacrifice ratio and initid inflation. This result dso holds
even after controlling the length. To interpret the result, for example, if initid inflation decreases
from 5 percent to 4 percent, the sacrifice ratio increases by 0.59 percent, whileif initid inflation
decreases from 20 percent to 19 percent, the sacrifice ratio increases by 0.14 percent. On the
other hand, the results from the standard method show weak negative reationship between the
sacrificeratio and initid inflation. None of these regressons are Sgnificant, dthough their Sgns
are dill negetive.

26 YK 80a and UK 80b represent the two episodes for the United Kingdom in the 1980s, see Table 2 for the whole
lists.
27 also tried the quadratic form and linear form. The log form produced the best regression results.
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1.2. Sacrifice ratio and speed of disinflation

The optimal speed of dignflation—gradudism or “cold turkey” — is one of the key issuesfor a
Central Bank. Sargent (1983) argues that a quicker change is more likely to be perceived asa
regime-shift, generating credibility, and thus producing a shift in expectations. Bal (1994) shows
that the sacrifice ratio is lower if the speed of disinflation is quicker. In thissection, | investigate
whether this il holds for the adjusted sacrifice ratios with long-lived effects. | test thisideaand
a0 the separate effects of inflation change and episode length.

Following Bdl (1994), speed of disnflation is the change in trend inflation per quarter: the totd
change from pegk to trough divided by the length of the disinflation episode. The results about
sacrifice ratios and speed of disinflation are dso in Table 5. Row 5 reports asmple regression of
sacrifice ratio on the speed of disinflation. The gpeed has a sgnificant negative coefficient: the
faster the speed of disinflation, the smdler the cost. For example, the sacrificeratio is about 1.82
if the speed is 0.5 while the sacrifice ratio increases to 3.77 if the speed is only 0.25.28

Inrow 6, after | add initid inflation, naither initid inflation nor speed of didnflationis
sgnificant, which suggests there may be some collinearity between them; the correlation
coefficient is0.71. Initid inflation islikely to influence the speed of price and wage adjustment.
A highinitid inflation may aso enhance the effectiveness of the Centrd Bank's anti- inflationary
policy. It isnot clear which is more important for reducing the cost of disnflation: the speed of
dignflation or theinitid inflation.

1.3. Robust Analysis

Next, | perform arobust andyssto determine whether the above results till hold in dternative
cases.® | use New SR2 in Table 2, the sacrifice ratios calculated from an HP filter with

smoothing parameter 1600. As can be seen from Table 5, the results are even stronger in support
of the negative rdationship between the sacrifice ratio and initid inflation.

28| also checked the separate effect of the changein inflation and the length of the disinflation episode. The results
are quite similar to Ball (1994); the coefficient for the change of inflation is significantly negative, and the length
coefficient is significantly positive. Thus, the greater speed reduces the sacrifice ratio regardless of whether it
reduces from alarger inflation change over agiven period or from afaster completion of a given change.

29 gal| (1994) argues thereisapotential biasin this estimate. The problem isthat the change in inflation is both the
denominator of the sacrifice ratio and the numerator of the independent variable, the speed. For a given aggregate
demand contraction, afavorable supply shock, that accelerates the change in inflation, will both reduce the estimated
sacrifice ratio and increase the speed, creating a negative rel ationship between these two. Following Bal (1994), |
try two approaches. First, | take into account big supply shocksin the 1970s and the 1980s. | split the time period
before and after unusually large supply shocks, for example, before and after 1972. Since the demand in the second
period is not as stable asin thefirst period, the negative bias from the supply shock will be bigger. The results from
these two sub-samples are similar to the results from the full sample. My previous basic results still hold. Thus, the
negative relationship is not mainly driven by the supply shock. As a second approach, | estimate this effect with
initial inflation as an instrument variable for the speed, sinceinitial inflation ishighly related to speed and it is
plausibly uncorrelated with the errors from supply shock. Theresultsarein row 7 of Table 5. The coefficient has no
significant change. Thereis no significant evidence of negative bias from supply shocksin my basic results.
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2. Nominal Wage Rigidity
2.1. Nominal Wage Rigidities | ndex

Previous research suggests that one of the reasons why sacrifice ratios for the U.S. are much
higher than for G-7 European countries is that nomina wage rigidity in the U.S. is much higher
than in other countries. Ball (1994) finds that greater flexibility reduces the sacrifice ratio. In this
section, | check the role of nomind wage rigidity in explaning sacrifice ratios with long-lived
effects across countries.

There are two indices of nomina wage rigidities. One, Bruno and Sachs (1985) congtructs a
nomina wage responsiveness index, which includes the frequency of adjustment across sectors,
the degree of indexation, and synchronization. Gordon (1982) aso uses the difference in wage-
setting indtitutions to explain the cross-country variation in the cost of disinflation. The other,
Grubb, Jackman, and Layard (1983) cdculated an index of nomind wage rigidities from atime-
series regresson of wages on prices and unemployment. These two indices are highly correated
(correlation coefficient is-0.74).

2.2. Basic Results

The regression results are in Table 6. From both pooled effect and between effect, thereis no
sgnificant relationship between sacrifice ratios caculated by the new method and nomind wage
rigidity, dthough the Sgns are negetive. After cortralling the initid inflation and length, it is il
not sgnificant. Thus, greeter flexibility does not play an important role in reducing the cost of
disnflation. Using an dternative new method does not change the results ether.

However, amilar to Bal (1994), there is a negative correlation between sacrifice ratios
cdculated by the standard method and nomina wage rigidities. The coefficient on the NWR is
sgnificantly negative, implying thet greeter flexibility reduces the sacrifice ratio cdculated by
the standard method. For example, on average, the fitted vaue of the sacrifice ratio by the
gandard method is 2.2 for the minimum NWR of one but only 0.9 for the maximum NWR of
five (the U.S. hasarating of 1 and the United Kingdom has arating of five).

One possible explanation is that by the standard method, the U.S. isan outlier; its sacrifice ratio
is much higher than that of most G-7 European countries. The U.S. has a much lessflexible labor
market than G-7 European countries. From both NWR indices, the U.S. has the leat flexibility
among G-7 countries. These two facts make the relationship between the sacrifice ratio by the
gtandard method and NWR significant. In other words, larger downward bias for European
countries by the standard method makes the relationship sgnificant. However, by the new
method, the sacrificeratio in the U.S. isin the middle among G-7 countries. In this case, thereis
less sgnificant correlaion between nomina wage rigidities and the sacrifice ratio caculated by
the new methods. Furthermore, New Keynesians such as Mankiw (1990) and Ball (1994) argue
that monetary non-neutrality derives mainly from rigidities in output price, not in the wage.

Thus, to this point, perhaps the wage setting is not important in explaining the sacrifice ratio
difference across countries.
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VI. Conclusions

This paper offers a correction to previous caculations of sacrifice ratio and this correction alows
for the possibility that disnflation monetary policy may have long-lived effects on output. There
are four main resultsin this paper.

Sacrifice ratios with long-lived effects are larger than sacrifice ratios that do not take into
account the long-lived effect.

The sacrifice ratio for the U.S. falsin the middle of the sacrifice ratios for G-7 countries
when long-lived effects are alowed for.

There is a drong negetive relaionship between sacrifice ratios and initid inflation. This can
explain the fact that the sacrifice ratiosin the 1990s are larger than in other periods.
There is no sgnificant negative reaionship between sacrifice ratios with long-lived effects
and nomind wage rigidities.

| use asmple modd to show that the stlandard method in Ball (1994) is a good approximation of
the true sacrifice ratio only in the case without long-lived effects. The new method used in this
paper isrobust in ether case; it gives the same estimate as the sandard method in the case
without long-lived effects, but gives amuch more accurate esimate in the case with long-lived
(strong persistence or even hysteress) effect.

My results not only solve theinitid inflation and sacrifice ratio puzzles, but also shed light on

two long-standing problems regarding inflation-output tradeoffs. The "Non-OECD Zero
Sacrifice Ratio Puzzl€' refersto the argument that some non-OECD countries, such as Colombia
and Isradl, can reduce inflation &t little or even zero cost. My results suggest that the absence of
short-run cogs of anti-inflationary policy in non-OECD countries may be explained by the high
initid inflation in those countries, which can reduce the cost of a disinflationary episode.

The “Credibility-Sacrifice Ratio Puzzl€’ refersto the surprising positive correlation between
central bank independence and the sacrifice ratio found by previous studies such as Fisher
(1994), Debdlle (1996), Posen (1998), and Ball and Croushore (1998). Many previous studies
used Bdl’s (1994) constructed measures of the sacrifice ratio in different countries, which hasa
downward biasif there is along-lived effect. Therefore, a ussful extenson isto seeif the new
method can solve the credibility and sacrifice ratio puzzle after correcting the calculation of
sacrificeratio.

In this paper, | only study the short-term effect of disinflation monetary policy. The long-term
effect becomes complicated because of uncertainty about trend output and the disinflation path.
One gpproximétion for the long-term effect is the difference between trend output and actua
output at four quarters after the trough. This measures the temporary decrease in output (or
increase in unemployment) during the recession a four quarters after the trough. Intuitively, it
messures how far away the actud output is fromitsinitia trend. This difference is assumed to be
zero by the standard method in Ball (1994). Allowing for the long-lived effect, the difference
assumed by the new method is not zero, and it becomes larger if the long-lived effects become
stronger.
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Data Appendix

In this paper, | only concentrate on G-7 countries because reliable quarterly output and
unemployment deta are available for them.

1. Output* and Inflation’

The output and inflation data cover the 1% quarter of 1960 to the 4™ quarter of 1999. Most of the
quarterly output and inflation detaisfrom I nternational Financial Statistics (IFS), June 1999.
Japan’s quarterly real GDP dataiis obvioudy wrong. In the data s, there is about 10% declinein
redl output from the 4™ quarter of 1978 to the 1% quarter of 1979. Thus, | use the OECD output
datafor Jgpan. The output and inflation data for other countries are from IFS.

2. Unemployment

The quarterly unemployment data covers the 1% quarter of 1965 to the 4™ quarter of 1999. It is
the Seasondly Adjusted Civilian Standardised Rates of Unemployment from OECD Quarterly
Labor Force Statistics CD-ROM 1999, Number 2. In the CD-ROM, for the U.K., the
unemployment series ends at the 1% quarter of 1982; for Germany, the series ends at the 1%
quarter of 1993. From various previous issues of the hard copy, | extend the available quarterly
unemployment series to the 2nd quarter of 1977 for both Germany and the U.K. Standardised
Rates of Unemployment are based on definitions of the 13" Conference of Labor Statistics
(generdly referred to asthe ILO Guiddines). Unlike nationa unemployment rates, which are
often based on the numbers of persons registered at employment offices, these standardised rates
of unemployment alow vaid comparisons to be made between countries and over time.

3. Nominal Wage Rigidities Index

There are two indices of nomina wage rigidities: one is from Bruno and Sachs (1985); the other
isfrom Grubb, Jackman, and Layard (1983).

! There may be a problem with the output data since output data was updated and was changed significantly in 2000.
2 The CPI may also have been problematic since CPI data contains the change of interest rates for some countries.
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Figure 1. True Sacrifice Ratio and Sacrifice Ratio By the Standard Method
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Figure 3. Sacrifice Ratios by the Standard Method and the New M ethod
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Figure 4A. Disinflation Episode: U.S. 1989:4--1994:3
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Figure 4B. Disinflation Episode: Italy 1991:1--1993:3
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Table 1. Output Loss by the Standard Method and the New M ethod*

1A. True Output Loss and Output Loss by standard method with Persistence Effect

T | P W Y L L'
-1 2 0 0 0 0
0 2 0 0 0 0
o B %a(1+ b)b* - @ i a+%a(1+b)b4 - @
2 0. %a(1+ b)b* - all+b) - a(l+b)+ %a(1+ b)b* - all+b)
310 . ga(1+ opt | -3l | +%a(1+ bb* - all+blp
B e B Al IR TR S T A B
> O . %a(1+ bb* | ~ a(1+b)o’ - a(l+b)o® +ga(1+ b)b* - a(l+b)p?
6 | O - a(l+bp* | - afl+b)p? 0 - a(l+b)b*
sum ~a-a(l+b) 4 b +2(Leb)b | -a- a(L+b)4 b
i=0 i=0
1B. True Output Loss under Persistence and Hysteresis Effect
T | p Y L'
-1 2 0 0
0 2 0 0
1 1 0 -a
2 0 - (1- c)a - a(1+b)- a(l- C)
3 0 - (1- c)a(2+b) - all+bp- all- cf2+h)
4 10 - (1- a2+ 20+b?) - a(1+ b)p? - afl- c)2+20+b?)
510 - (- c)a2 + 20+ 207 +1°) - a(l+b)b®- all- c)2+2b+2b +b?)
6 0 |-(- c)a(2+ 2b + 2b? + 2b° +b4) - a(1+b)o* - al1- c)(2+ 2b+2b2+2b3+b4)
=um - a- al+b)g b - all- c)o+ 7b+502 +30° +b*)
i=0
1C. Numerica Examples, a=1
1.C=0 & B=0.5| 2.C=0& B=0.85 | 3.C=0 & B=0.95 | 4C=09& B=05 | 5C=0.75& B=05 | 6C=06& B=0.25
R -3.906 7.861 9.823 5.308 7414 7.110
B 3578 4481 4.263 -3.706 -3.898 -3.369
N 3.874 7.769 29.699 5.269 7.322 -6.997

Data Source: Author’s calculation.

calculated by the new method; L" , True output loss.
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Table 2. Sacrifice Ratios with Long-Lived Effects:

Quarterly GDP Data for G-7 Countries

Episode Length Initid Dedinein New New Bdl new ball
inflaion | irflaion | SR1 | SR2 sr | 951 | 9«
u.S.
69.2—72:1 11 5.63 3.00 3.46 2.30 3.83 3.57 3.72
74.3---76:4 9 9.67 391 0.50 0.23 1.21 2.86 3.35
80:1---83:4 15 11.95 8.59 2.79 1.56 1.92 2.56 2.25
89.4---94:3 19 513 2.52 7.72 441 3.60 2.47 1.86
Japan
62:1---63:1 4 7.56 2.32 1.80 141 1.56 9.44 9.20
65:2---66.3 5 6.09 2.61 -0.65 -0.80 0.59 9.37 10.52
70:2---71:3 5 7.10 1.71 3.72 4,94 1.19 7.74 6.20
74.1---78.3 18 17.14 13.47 1.52 0.20 0.55 5.09 4.26
80:2—87:1 27 6.70 6.69 1.35 1.50 1.84 3.53 3.64
90:2---96:1 23 8.63 8.76 3.36 4,63 0.4 3.27 2.10
Germany
65:4---67:3 7 3.48 2.29 450 3.89 2.23 4.15 2.89
73.1---773 18 6.93 411 71.22 6.61 2.42 3.12 1.87
81:1---86:3 22 597 6.02 2.31 0.20 1.80 1.67 1.53
92:2—954 14 5.01 3.63 8.03 8.85 1.22 3.42 1.10
France
74.3---77:1 10 11.89 2.96 343 3.66 1.73 343 2.66
81:1---87:1 24 13.00 10.44 0.76 -0.59 0.84 1.83 1.87
89.2---93.3 17 3.43 1.72 6.43 11.87 -0.55 2.09 1.26
Italy
63:3---68:1 18 6.82 5.66 1.67 0.33 2.74 6.04 6.42
75.2---78.3 13 17.26 4.79 -2.80 -3.32 -0.47 3.46 4.63
80:4---87:2 26 18.99 14.40 1.69 1.11 1.11 2.55 2.26
90:1---93:3 14 6.43 241 6.00 6.36 0.79 1.92 0.74
U. K.
61.2---63.3 9 412 2.18 2.72 2.75 2.08 3.28 3.04
65:2---66:3 5 5.02 2.23 0.71 0.66 -0.29 3.04 2.25
74.4---78.2 14 19.47 9.66 0.03 -0.14 1.09 1.88 2.84
80:2---83.3 13 15.57 11.28 0.76 0.02 0.56 1.60 1.36
84:2---86:3 9 6.17 2.99 -2.68 -1.47 0.78 2.46 4.28
89.2—93.4 17 8.74 7 4.66 4.06 1.86 2.20 0.84
Canada
74.3---77:1 10 10.52 3.18 1.12 1.76 0.35 453 416
81:2---85.2 16 11.50 7.68 3.08 1.53 2.44 2.94 2.57
90:1---93:2 13 575 4,78 4,95 3.34 2.47 2.05 0.81
929" growth rates used in calculating New SR1;  g2'': growth rates used in calculating Ball SR.

Data Source: IMF, International Financial Statistics and OECD.
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Table 3. Sacrifice Ratioswith Long-Lived Effects
Quarterly Unemployment Data for G-7

Episode NAIRU in Annud Growth Rate New Bdl
New SRU assumes by Ball SRU SRU SRU
u.S.
69:2—72:1 343 0.40 2.23 1.23
74.3---76:4 5.63 0.32 1.68 1.22
80:1---83:4 6.30 0.21 1.18 0.89
89:4---94:3 5.37 0.06 251 2.11
Japan
62:1---63:1
65:2---66:3 1.10 0.04 0.16 0.10
70:2---71:3 1.10 0.03 0.25 0.03
74:1---78:3 1.30 0.15 0.27 0.10
80:2—87:1 2.00 0.09 0.67 0.25
90:2---96:1 2.10 0.18 0.40 -0.03
Germany
65:4---67:3
73.1---773
81:1---86:3 412 0.61 3.83 1.59
92:2—95:4 5.78 0.76 2.89 0.66
France
74.3---77:1
81:1---87:1
89:2---93:3 9.40 0.55 2.99 -1.64
Ity
63:3---68:1
75.2---78:3
80:4---87:2
90:1---93:3 9.10 0.53 1.02 -1.35
U. K.
61:2---63:3
65:2---66:3
74:4---78:2
80:2---83:3 5.72 1.26 1.74 0.67
84.2—86:3 11.00 -0.18 0.33 0.68
89:2—93:4 7.30 0.42 1.28 0.41
Canada
74:3---77:1 5.30 0.88 2.27 0.46
81:2---85:2 7.10 0.50 2.35 1.50
90:1---93:2 7.60 0.71 2.57 1.16

Data Source: IMF, International Financial Statistics and OECD.




Table 4. Basic Statistics for Sacrifice Ratio and Okun’sLaw

A. Country Average of Sacrifice Ratio

Unemployment Data Output Data
Ranking Country Sacrifice Bal Sacrifice Ranking Country Sacrifice Bal Sacrifice
Ratio Ratio Ratio Ratio
1 Germany 3.36 1.13 1 Germany 5.52 1.92
2 France* 2.99 -1.64 2 u.sS 3.62 2.64
3 Canada 2.40 1.04 3 France 3.54 0.67
4 u.S. 1.90 1.36 4 Canada 3.05 1.75
5 U.K. 1.12 0.59 5 Japan 1.85 1.05
6 ltaly* 1.02 -1.35 6 Ity 1.64** 1.04
7 Japan 0.35 0.09 7 U.K. 1.03** 1.01
All Sample Mean 1.61 0.53 All Sample Mean 2.67 1.40
* Thereisonly one observation for France and Italy.
** Thereisabig negative sacrificeratio in Italy and the U.K., so, their average sacrificeratios are low.
B. Ratio for Okun’sLaw
Country Average Period Average
Ranking Country Okun’'s Ratio Times Okun's Ratio

1 Japan 5.29 1990's 3.01

2 uU.s. 1.90 1980's 0.75

3 Germany 1.64 1970's 1.65

4 Italy 1.61 1960's 1.70

5 Canada 1.27 All Sample Average 1.66

6 France 1.18
7 U.K. 0.93

Data Source: IMF, International Financial Statistics and OECD.



Table 5. Sacrifice Ratio and Initial Inflation
Dependent varigbleis sacrifice ratio®

Estimation M ethods

Independent Variables

Congtant, Logof Initial Inflation, Speed, Length, Adj.R?
1. New Method®
Random Effect ® 8.25 -2.68 0.23
(4.21) (-2.92)
Random Effect 7.28 -3.17 0.14 0.33
(3.78) (-3.50) (2.00)
Country-Fixed Effect 6.95 -2.05 0.16
(3.26) (-2.05)
Time-Fixed Effect 751 -2.32 0.16
(3.37) (-2.20)
Random Effect 5.73 -7.82 0.26
(5.36) (-3.13)
Random Effect 7.56 -1.38 -5.16 0.29
(3.83) (-1.10) (-1.48)
IV (initia inflation asalV) -1.49 -398 031
(-1.07) (-3.13)
2. Standard Method
Random Effect 241 -0.47 0.06
(2.89) (-1.24)
Random Effect 215 -059 0.04 0.10
(2.53) (-1.50) (1.17)
Country-Fixed Effect 219 -0.38 0.04
(2.53) (-0.93)
Time-Fixed Effect 2.28 -042 0.02
(1.87) (-0.73)
3. Alternative New Method"
Random Effect 9.63 -347 0.29
(4.38) (-3.38)
Random Effect 8.83 -3.89 0.12 0.34
(3.96) (-3.70) (1.44)
Country-Fixed Effect 8.88 -311 0.25
(3.60) (-2.69)
Time-Fixed Effect 9.84 -357 0.30
(4.27) (-3.28)

! Regression results are written in rows. Please look at it horizontally. Number of observations: 30.

2 UseNew SR1in Table 2, calculated by using an HP filter with smoothing parameter 16000.

3 From the Hausman Test, the random effect is better for most cases. Thus, all regression results are from
the random effect, except as specially mentioned.

4 UseNew SR2in Table 2, calculated by using an HP filter with smoothing parameter 1600.

Data Source: Author’s calculation.
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Table 6. Sacrifice Ratio and Nominal Wage Rigidity (NWR)
Dependent variables are sacrifice ratio

Estimation Methods Independent Variables

Condant, NWR, Logof Initial Inflation, Length, Adj. R?

1. New M ethod!

Pooled Effect 451 -053 003
(3.17) (-1.38)

Pooled Effect 9.99 -051 265 0.24
(4.46) (-1.51) (-2.96)

Pooled Effect 8.95 -048 -3.13 014 0.31
(4.08) (-1.48) (-3.53) (1.96)

Between Effect? 433 -044 0.16
(2.70) (-0.96)

2. Standard M ethod

Pooled Effect 2.61 -035 0.15
(4.98) (-2.46)

Pooled Effect 373 034 -054 0.18
(4.08) (-2.49) (-1.48)

Pooled Effect 350 -033 -064 003 0.18
(3.72) (-2.43) (-1.69) (0.99)

Between Effect 2.56 034 046
(4.43) (-2.08)

1. Alter native New M ethod®

Pooled Effect 3.24 -0.24 -003
(1.90) (-0.52)

Pooled Effect 10.38 022 -3.46 025
(3.99) (-0.56) (3.33)

Pooled Effect 9.50 -0.19 -3.87 012 0.27
(3.60) (-0.50) (-3.64) (1.39)

Between Effect 311 -0.15 0.02
(1.66) (-0.29)

1 UseNew SR1in Table 2, calculated by using an HP filter with smoothing parameter 16000. Number of

observations: 30.

2 NWR index is not atime-varying variable; thus, the between effect isto regress country average sacrifice

ratio and NWR.

3 Use New SR2in Table 2, calculated by using an HP filter with smoothing parameter 1600.

Data Source: Author’s calculation.



Appendix A

Appendix A cdculates the sacrifice ratio with persistence effects by the standard method.

From A in Table 1, output at the beginning of disnflation is zero and the output at four
quarters after the trough (the sixth quarter) is - a(1+b)b*. By the standard method, the
predicted trend outputs grow log-linearly between the two points. Thus, the predicted

trend outputs by the standard method at periods 1, 2, 3, 4, 5, and 6 are - % a(l+hb)b*,

i %a(1+ b)b*, - g aL+b)o*, - %a(1+ b)b*, - g all+b)b*, and - a(L+b)b*

respectively. Thetotal output losses are the sum of the difference between the trend
output and actua output. Thus, the output losses by the standard method, L®, are:

LS e 1 4 2 AU é 3 U
=- Zal1+b (1+b)- Za(l+b)b* i- za(1+b)o- Za(1+b)b*
g% )bt:l Qa 6 (1) H 8a( ) 6 (1+D) H

- Sal1+blp? - Ea(1+b)b4 - Sal1+bp? - Ea(1+b Jot U- [a(1+b)o* - a1 +b)o?]
e e

Or

=- ae(2+2b+2b2 +2b® +b*)- 2(1+b)b4§

Al

A2



Appendix B

By equation (1) and (5), | can caculate the true output loss and the output loss using
standard method.

1. Output L oss calculated by the standard method

From Table 1B, actud output at the beginning of disinflation is zero; | can cdculate the
actua output at four quarters after the trough (period 6), which is defined as M,

My, °-a(l+b)o* - 2a(l- c)é3 b' - a(l- c)b* B1

i=0
By the standard method, the predicted trend output at period 1, 2, 3, 4, 5, and 6 are % M,

2M , §M , gM , %M , and M respectively. The output loss is the sum of the

6 6
differences between the trend output and actual output. If L°is defined astotal output
loss, then

1.0 2.0
L5=8,- M2+, - Mm% 8
e 6 g e 6 g e

X

olw

M&UE, - IM%E, - MO (y, - M)
o 6 g e
Flugging y, through y,, and M into the above equation, | get

15 =-a- all+b)§ b + 25aL+b)b* - 2a(l- c)fL- b?- 2b°- 1.25b) B2

i=0
2. True Output Loss

From Table 1B, the true output loss with persistence and hysteresis effects, L, is:

LT:-a-a(1+b)§4_b‘-(1- c)a(9+7b+50 + 3° +b) B3

i=0

Equation B3 shows the true output |oss, Equation B2 shows the output loss calculated by
the standard method. Plugging equation B2 into equation B3, | get:

L™ =LS - 15a(l+b)p* - 7(1- c)fi+b? +b? +%b49 B4
e (%]
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