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1. Introduction

In 1993, the Central Bank of Sweden, Sveriges Riksbank, decided that its main
purpose was to “maintain price stability” (Sveriges Riksbank, 2010a). The result was

that, since 1995, Sveriges Riksbank has set an inflation target of 2 percent.

“It should be so low that no one takes it into account, but it should be sufficiently high to
provide buffer against deflation, that is a decrease of the general price level, since this might

cause problems.” (Sveriges Riksbank, 2010b)

While monetary policy has been focused on keeping prices stable, unemployment has

risen dramatically in Sweden. In the 1970s, the average unemployment rate was
around 2 percent. In the 1980s it rose to approximately 2.5 percent. At the beginning

of the 1990s, unemployment

started rising dramatically and Inflation and Unemployment in Sweden
averaged over 6 percent for the | 0%

decade. Today (March 2011),
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and that inflation has no long-term Figure 1. (Statistics Sweden)

effect on unemployment. However, some recent studies question this. If there is in
fact a long-run relationship, this means that the inflation target might have an impact
on unemployment. While 2 percent may be an appropriate inflation target in terms of
GDP and growth, this might not be the optimal level for minimizing unemployment.
In our opinion, unemployment is one of today’s biggest economic problems — not
just in Sweden, but in many of the world’s other major economies. The inflation
target now being pursued in Sweden relies on the assumption that there is no long-
term relationship between unemployment and inflation. However, if there were long-

term effects, the current inflation target would have to be reevaluated.



1.1. Purpose

Based on these concerns about unemployment and inflation, the purpose of this thesis
is to investigate what the optimal inflation target in Sweden would be when taking

unemployment into account.

2. Background

2.1 Low Inflation and Low Unemployment

Few would argue that society should strive for a high level of unemployment, given
the large costs it imposes on society. It is not quite so clear, however, why we should
aim for a low level of inflation. A general mistake is that people think they are worse
off when inflation is high since prices are increasing. But just as prices increase,
wages increase as well. The truth is that there are both costs and benefits of inflation.
The costs are usually divided into the costs of expected inflation and the costs of
unexpected inflation. Since our main interest is in whether the inflation target has
been set at the right level, we will not explore the details of the costs of unexpected
inflation. Worth mentioning, though, is that a higher inflation target would probably
lead to higher variability in actual inflation and hence a greater risk of unexpected
inflation.

One cost of expected inflation is caused by frequent withdrawals from the bank
due to inflation. When inflation is high, there is a cost associated with holding cash.
This will lead to more frequent withdrawals from the bank. The increased amount of
transactions will impose a cost on individuals as well as banks. Another cost of
inflation is called menu costs (Mankiw, 2009). This means that, with high inflation,
companies will have to change their prices more often. There is a cost attached to
setting new prices, printing new catalogues and informing customers about those new
prices. Furthermore, it is impossible to change prices continuously. Most companies
cannot set new prices daily and some firms reevaluate their prices only once a year.
This means that it is impossible to keep the relative prices constant throughout the
year. An additional cost of high inflation is taxes. Individuals have to pay tax on, for
instance, capital gains, where inflation is not taken into account. This means paying

taxes on money that does not increase the individual’s relative wealth. Another



significant inconvenience with inflation is that financial measures have to be regularly
recalculated for accurate comparison. This creates difficulties in areas such as
financial planning.

One of the main arguments for the benefit of inflation is the rigidity of nominal
wages. While increased demand for workers leads to higher wages, an excess in the
supply of workers might not result in wage cuts. Inflation gives employers the
possibility to cut relative wages while keeping nominal wages constant. This leads to
an increased flexibility in the labor market, since the equilibrium wage can be reached
without having to lower the nominal wages. See, for example, Akerlof, Dickens and
Perry (1996).

Some inflation is also important in stimulating the market. Inflation makes it
more attractive to spend money rather than to hold cash.

Detailed research on the welfare costs of inflation is beyond the scope of this
thesis. However, we will briefly go through the main ideas. The welfare cost of
inflation can be seen as the loss to society due to inflation. Several models have been
developed. Bailey (1956) and Friedman (1969) see inflation as a tax on money
balance and calculate the deadweight loss due to inflation. In more recent papers,
Lucas (2000), Lagos and Wright (2005) and Chiu and Molico (2010) develop models
which explore the issue of how much consumption individuals would be willing to
sacrifice in order to have price stability. Their idea is that liquidity is affected by
inflation due to the decreased willingness to hold cash and that this disturbs
consumption decisions.

The findings differ across time and models. Fisher (1981) finds that the cost of 10
percent inflation compared to price stability is around 0.3 percent of GDP. Lucas
(1981) argues that the same cost is 0.45 percent of GDP. Cooley and Hansen (1989)
find that the cost is 0.4 percent of GNP. Lagos and Wright (2005) are less
conservative and approximate the cost to 3-4 percent of total consumption. Chiu and

Molico (2010) calculate a cost of 0.62 percent of total consumption.



2.2 Phillips Curve — A Trade-off Between Inflation and Unemployment?

The theoretical relationship between inflation and unemployment is a large field of
research. The constant flow of new theories has been reflected in monetary policy
throughout the world’s largest economies. Behind many of these theories are the elite
of macroeconomics, many of them Nobel laureates.

The first step towards developing the now well-known Phillips curve was taken
in 1958. Phillips (1958) found an empirical relationship between the rate of change of
money wage and unemployment. The framework for his hypothesis was that, faced
with a low rate of unemployment, employers would bid wages up to compete for the
best workers. Conversely, in a setting where unemployment is high, employers would
have no incentive to increase wages. This would imply that there is a relationship
between the rate of change of money wage
and unemployment. Phillips finds empirical Short-run Phllhps Curve
evidence from the U.K. for the period 1861-
1957 of the existence of a non-linear negative

relationship between unemployment and the

Inflation

rate of change of money wage. This is the
origin of what would later be called the
Phillips curve.

Two years’ later, Samuelson and Solow

(1960) find similar results for the United Unemployment

States. However, based on their data, they are Figure 2. (Mankiw 2009 p. 394)

of the opinion that the relationship is linear. Their conclusion is that there is also a
trade-off between rising prices and unemployment in America. This would mean that
it is not possible to have wage stability and a low rate of unemployment at the same
time.

At the end of the 1960s, Friedman (1968) states that the relationship between
inflation and unemployment is temporary and that there is no permanent trade-off.
This implies that monetary policy cannot control the long-run rate of unemployment.
Intuitively, Friedman explained that when money grows and this has not been
expected, interest rates fall. This leads to increased income and spending, which will
result in both higher output and employment. However, nominal prices tend to rise

faster than wages, which will mean that real wages are actually declining. Workers



are more likely to see their nominal wage increase as a real increase. This will lead to
excess employment and, as soon as workers realize that their real wage is actually
falling, unemployment will return to the same rate as before.

Parallel to Friedman’s work, Phelps (1967, 1968) also argues for a temporary
trade-off. One of his main findings is that inflation expectations matter. Inflation is
related to both expectations about inflation and to unemployment. The importance of
inflation expectations can be explained by the fact that prices are not regularly
adjusted. This means that wages have to be set based on expectations about inflation.
The implications are that unemployment is in fact related to the difference between
current inflation and expected inflation. Since it is not possible to keep this difference
constant, the relationship between inflation and unemployment has to be a temporary
one.

These findings would imply that the .
Phillips curve is negatively sloping in the Long—run Phllhps curve
short-run, but vertical in the long-run. This
has been the belief for many years. Although
Phelps is one of the founders of the vertical

Phillips curve, he discussed the possibility

Inflation

that, at low rates of inflation, it could in fact
be negatively sloped. The reason is that the

expected wage increase would not have a

one-to-one relationship with the current Unemployment

wage increase at low levels. Figure 3. (Friedman 1968, Phelphs 1967,1968)
At the start of the 1970s, Lucas (1972)

strengthened the evidence for the vertical Phillips curve. Friedman and Phelps used
the theory of adaptive expectations when testing for the vertical Phillips curve. Lucas
found that this would lead to a systematical error in the regressions that could result in
a false long-run effect of unemployment on inflation. Lucas developed the theory of
rational expectations. Behind the concept is the belief that people form their
expectations based on all available information and not just on previous expectations.
With this approach, Lucas was able to support and provide evidence for the long-run
vertical Phillips curve.

Later studies have shown different results regarding the long-run effects of

inflation on unemployment. An investigation of post-war data by King and Watson



(1994) found significant long-term trade-offs between inflation and unemployment.
This discovery suggests a non-vertical long-term Phillips curve.

Further evidence against the theory of a long-run vertical Phillips curve was
provided by Fair (2000). In his paper, he attempts to test the dynamics implied by
NAIRU (Non-Accelerating Inflation Rate of Unemployment). This theory suggests
that there is a natural rate of unemployment under which inflation will forever
accelerate and over which inflation will decelerate. This is in line with the theory that
no long-term change in unemployment can be achieved with a new level of inflation.
The conclusion he draws is that the NAIRU dynamics are inaccurate. He argues that

lowering the unemployment rate only has a modest effect on long-term price levels.

2.3 The Theory of Near-Rationality

We will now explain the mechanisms on which we build our paper. The theory of
near-rationality relies on the assumption that people are not always fully rational. This
concept was first introduced by Akerlof and Yellen (1985). People sometimes choose
to simplify their decision-making by not taking every detail into account. This means
that, in this case, individuals may ignore inflation at low levels of inflation. Akerlof,
Dickens and Perry (2000), the authors are henceforth referred to as ADP, show in
their paper that firms put different weights on inflation depending on the rate of
inflation. When inflation is high, virtually all companies take it into account when
determining prices and wages. But at low or moderate levels of inflation, some firms
will either ignore inflation or take it into account only partially. This can be
explained by the fact that people do not act rationally towards inflation, possibly
because the decision-making is not one in which every aspect of a problem is weighed
and dealt with equally, and that workers perceive inflation in a way that differs from
what economists expect.

The first issue of why inflation is not always dealt with rationally can be
explained by a behavior called editing and is investigated by Kahneman and Tversky
(1979). They show that decision makers keep a small number of variables in their
mind and disregard those that are not as important for the decision. This behavior
implies that, when making a decision, not everything that matters for that decision is
included on the basis that it may be too time consuming and costly to do so. There is

no real data available on how many wage and/or price setters disregard inflation, but



one of the main goals for the Swedish central bank is for companies and citizens to

edit away inflation:

“The Riksbank has chosen an inflation target of 2 per cent. There is no exact science that says

what is the right level for an inflation target. It should be so low that no one takes it into

account but it should be sufficiently high to provide buffer against deflation, that is a decrease
of the general price level, since this might cause problems. This is why the Riksbank and other

central banks have chosen a target of 2 per cent.” (Sveriges Riksbank, 2010b)

This statement, taken from the goals of the Swedish central bank, clearly indicates
that the bank does not want companies or citizens to feel the need to include inflation
in their forecasts. An average inflation rate of 1.2 percent between 1995 and 2007 (the
time the inflation target has been in effect) is also an indication of the priority the
central bank places on maintaining a stable price level. According to ADP, this will in
turn lead to some firms disregarding inflation up to the point when it becomes too
costly for them to ignore it.

In terms of the second issue of how workers perceive inflation, it has been shown
through previous studies that there are large differences in the way economic
scientists expect people to act or react to inflation, and what people actually do in
practice. Shiller (1996) published a paper based on surveys about inflation conducted
among random samples of people and compared their answers to those given by
economists. The results show that the average salary taker has a much more
pessimistic view of how inflation affects his or her salary than economists. This can
have a positive effect on workers’ productivity: A company can offer wage increases
that do not match inflation and this will still increase job satisfaction and, therefore,
productivity. Further evidence that workers’ perceptions are different from the fully
rational is presented in a paper by Shafir, ef al. (1997). Their paper examines the
underlying psychological reasoning behind the term Money Illlusion. This is where
people think of money in nominal rather than real terms. They find that even if people
understand the real consequences of inflation, they often think about economic
transactions in nominal terms as well. The Money Illusion arises from the fact that
there is a slight bias towards evaluating economic transactions in nominal rather than

real terms.



Akerlof and Yellen (1985) show that not taking all the relevant factors into
account for decision-making can create small losses for individuals, but can have
large effects on social welfare. In this context, not taking inflation expectations fully
into account will matter for the level of unemployment. At very low levels of inflation,
a large proportion of people might choose to ignore inflation. Nevertheless, inflation
at these levels is not high enough to impact unemployment. At higher levels of
inflation, some actors may still ignore or not fully consider its effects, even though
these levels might actually matter for the level of unemployment. So we are at a level
where there are real economic implications in ignoring inflation, and yet the cost for
some people of ignoring it is still negligible. At even higher levels of inflation,
however, it will be too costly for actors to continue disregarding its impact. This
implies that unemployment will be unaffected when everyone take inflation fully into
account.

The implications for this

Long- run Phillips Curve (by

theory are that there are levels of

inflation where it is possible to . ADP)

maintain a level of unemployment 122

which is below what the vertical .§ 6%

Phillips curve would predict. This ‘:_'_: 4%

is a level where inflation is low 2:/°

enough for a proportion of the o 2% 3% 4% 5%
population to ignore it, but high Unemployment

enough to matter in an economic Figure 4. (Akerlof, Dickens and Perry 2000)

sense. This would produce a hump-
shaped long-run Phillips curve, as shown in figure 4.

In 2000, ADP found evidence of the hump-shaped Phillips curve in the U.S. They
used over 125 different specifications on the long-run Phillips curve, and found that
the level of inflation that would minimize unemployment is between 1.5 and 4.0
percent.

Lundborg and Sacklén (2006) carried out the same analysis as ADP, but for
Swedish data between 1960 and 2000. Their results are similar. Their conclusion is
that Sweden would benefit from a higher inflation target. Their results are based on 24

different specifications on the long-run Phillips curve and they find that

10
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unemployment would decrease by several percentage points if the inflation were set
to 4 percent (in contrast to today’s 2 percent).

Bryan and Palmqvist (2005) have tested the theory of near-rationality with
detailed survey data from both the U.S. and Sweden. They find that for the U.S. there
is no proof of near—rationality, on the contrary, rather there is evidence against it. As
discussed above, if inflation is high all actors should take it into account and
expectations should be very close to actual inflation. When inflation then decreases
there should be an increasing number of respondents that under-predict or disregard
inflation. For the U.S. the data show characteristics that run counter to this theory, but
for Sweden the theory holds true in a broad sense. However, Bryan and Palmqvist
argue that the increasing proportion of households that under-predict or disregard
inflation in Sweden when it decreases is due not to near-rationality, but to the clear
views and messages coming from the central bank. The point they make is that when
confidence is high in a central bank whose views have proven reliable in previous
years, a low and stable inflation rates leads people to expect zero inflation.

There are differences in Swedish and U.S. data that may be relevant here. For
example, certain differences exist between how wages are set in America compared to
Sweden. ADP uses a wage-efficiency framework which is not totally applicable to the
Swedish labor market, where collective bargaining is more widespread. Even so, all
labor markets contain both unilateral wage setting and wage bargaining. Studies by
Agell and Lundborg (1995, 2003) suggest that efficiency wages have some relevance

when it comes to wage setting in Sweden.

3. Delimitations

Given the purpose of this thesis, and based on current knowledge within the area, it is
worth investigating the implications of the theory of near-rationality on the Phillips
curve, as first proposed by ADP, in order to see what this means for the inflation
target. Lundborg and Sacklén (2006) find that the Phillips curve is non-vertical in
Sweden, and their research suggests it would be optimal to change the inflation target
in order to minimize unemployment. This investigation can be taken a step further by
looking at the trade-off between lower unemployment and higher inflation since, like

unemployment, inflation also has social costs.
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The main question and sub-questions are:

* Based on the theory of near-rational behavior, what is the optimal inflation
target in Sweden when considering the cost of inflation relative to the cost of
unemployment?

o Is there evidence of near-rational behavior in Sweden? (Sub-question
1y

o What would be the optimal level of inflation to minimize
unemployment? (2)

o What is the GDP cost of inflation? (3)

o What is the GDP cost of unemployment? (4)

o What is the optimal inflation target when taking these costs into

account? (5)

4. Empirical Method

4.1 Method

We will run a regression of unemployment on inflation to test for the long-run
Phillips curve. We will use the same method as first proposed by ADP. The main
difference between this regression and the linear Phillips curve is that the coefficient
on inflation expectations is allowed to vary with the level of inflation. The long-run
Phillips curve is derived mathematically in the ADP approach and is left to the

interested reader. The regression to be estimated is as follows:
n=d+a*u+ ¢(D+En?,)*m,+kX;+e (a)

The coefficients to be estimated are d, a, D and E. X represents a number of dummies
and are not important for our further analysis — although they do matter for avoiding
bias in the estimated coefficients. ¢ () is the standard normal cumulative distribution
(with mean 0 and standard deviation 1). The coefficient on inflation expectations may
at first look slightly intimidating. However, what we are seeking to capture is that a

fraction of the population takes inflation expectations into account at certain levels of
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inflation. A fraction would have to be between zero and one. When using the
cumulative normal distribution we guarantee that the coefficient on inflation
expectations will be between zero and one. In this cumulative normal function we will
have a constant and a coefficient on past inflation. Past inflation 7, , represents
previous levels of inflation. For high levels of inflation, the coefficient q)(D + Enft)
will become one, that is, everyone take inflation fully into account. For lower levels
of inflation, however, the coefficient might be less than one and support near-rational
behavior. If the coefficient on past inflation (E) is significant, we will find evidence of
near-rational behavior and the level of inflation will be a factor in how people form
their expectations. This will give us the answer to sub-question 1. The coefficients
will be estimated using non-linear least squares.

We will use three different methods for constructing the value 7, ., which
represents the past inflation taken into account when estimating inflation expectations.
The first method (i) uses a moving average. The parameter A will be estimated in the
regression. This allows recent levels of inflation to have greater importance than older
ones.

i@

Tt = STy (i)

The second measurement for past inflation that we will use is an equal weighted

average of previous levels of inflation (ii).

_vn 1 ..
e = Xiky - Ty (if)

The third specification (iii) is a geometrically declining average. We have simplified

the analysis by assuming that each year carries the same weight and that the next year

has half the importance of the previous year.

— n
Tt = Dic1 il (iii)

=19i =1 0<g,=1

All three specifications will be calculated with 16 periods (n=16).
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With the coefficients estimated in the regression, we are able to calculate the
Phillips curve. To find the long-run unemployment rate in the model, we set past
inflation, present inflation and inflation expectations to the same level (my =7 =
1®). From that we can calculate the unemployment rate that is related to different
levels of inflation. We can also determine the level of inflation that minimizes
unemployment and find an answer to sub-question 2.

The next step is to calculate the cost of inflation and the cost of unemployment.
From previous research we can conclude that the major cost of inflation is a lower
level of GDP. We will therefore approximate the costs of inflation by regressing GDP
on inflation. The cost of unemployment is rather more difficult to approximate. The
most common way of measuring the social cost of unemployment is to see what effect
it has on GDP. This may not be the most precise way of measuring the cost of
unemployment, because it can be argued that the effects of unemployment on GDP
are larger than the lost production. This loss in productivity comes from, among other
things, situations where unemployed workers take jobs that they are overqualified for
and the gap between getting fired and finding a new job. The money provided under
social security arrangements for these individuals is only a small part of the cost of
high unemployment. Arguments have been made by Feldstein (1978) that using the
drop in GDP can both over- and understate the cost of unemployment, depending on
the current situation on the labor market, but this drop does at least give a general idea
of the costs associated with unemployment. By collecting quarterly data on GDP,
workforce growth, technological advances in productivity, exchange rates, market
rates, unemployment and inflation, we regress GDP on these variables. We also
control for the shocks to the economy mentioned below. Other factors may be
relevant when trying to determine the development of GDP, but these are assumed to
have such small effects that we have chosen not to include them. Our aim is to use a
simplified model that provides a more general idea of how unemployment affects
GDP growth. Estimates that are not significant can then be excluded to simplify the
relationship. The variables that are not expressed as percentages (such as GDP) will

be used in logarithmic form.
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InGDP = B, + B, * inflation + B, * inflation,_; + B3 *
unemployment + B, * unemployment ,_, + Bs * (inflation)? + Be *

(unemployment)?® + By *InGDP,_y + a;Z; + v;Z;Z; + k;X; + (b)

Where a, B,k,y are coefficients to be estimated, Z is other variables to be controlled
for, and X is dummies for demand shocks. The coefficients on inflation (3, B,, B5 will
give us the cost of inflation in terms of GDP — in other words, the answer to sub-
question 3. In the same way, the coefficients on unemployment 33, B4, B¢ Will give us
the cost of unemployment and the answer to sub-question 4.

By using the corresponding rates of unemployment and inflation we get from the
long-run Phillips curve, we can minimize the cost of inflation and unemployment.
This will give us the optimal inflation target with respect to a long-term relationship
between inflation and unemployment. By extension this gives us a socially optimal
level of inflation with respect to GDP and the answer to sub-question 5.

In both of the regressions, we will use a Hodrick-Prescott filter as proposed by
Hodrick and Prescott (1997). They propose a way of dividing time series into two
parts, a smoothly varying trend component and a cyclical component, often referred
to as business cycles. The regression can then become less sensitive to short-term

fluctuations and, in this way, capture the long-run variations.

4.2 Empirics

In the first regression (a), the following variables will be used: Unemployment,
inflation and expected inflation. All data were gathered on a quarterly basis ranging
between 1979:1 and 2007:4.

In regression (b), in addition to unemployment and inflation, the following
variables are included: GDP, productivity, size of labor force, exchange rates and
Swedish market rates. All data were gathered on a quarterly basis ranging between
1987:1 and 2007:4.

In both regressions we will have to use dummies to control for different supply
shocks as well as for the quarters. The dummies are mainly related to price shocks in

oil. All specifications for the data and the dummies are listed in the appendix.
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The sources can be assumed to be reliable, but errors can still appear. Further,
inflation expectation is a problematic variable to capture and should be treated with
caution. However, we feel that this measure is a more appropriate one than adaptive
expectations, which impose greater assumptions. Moreover, Lucas (1972) found that,
in contrast to rational expectations, using adaptive expectations could give a false

long-term effect due to systematic errors.

5. Analysis and Results

5.1 Analysis Regression (a)

The results from regression (a) are shown in table 1. The coefficient on
unemployment, a, is negative — as we would expect. The size of the other coefficients
does not give us any direct economic interpretation. The first important question is
whether our coefficient E is significant and shows evidence of near-rational behavior,
that is, that the coefficient on inflation expectations depends on the past levels of
inflation. We find that it is significant in all three specifications at a 1 percent
significance level. The inference from this is that the long-run Phillips curve might

depend on the level of inflation.

Regression (a)
Specification of past

inflation (i) (ii) (iii)

d 0.00915 0.00911 0.00898
p-value 0.00 0.00 0.00

a -0.15810 -0.14930 -0.14537
p-value 0.00 0.00 0.00

D 0.68306 0.59847 0.67561
p-value 0.00 0.00 0.00

E 209.14 230.58 231.00
p-value 0.00 0.00 0.00

Table 1. Regression (a)

16



Conclusion (1): There is evidence of near-rational behavior in Sweden since the

coefficient E in the regression is significant.

By assuming constant inflation (m, =m=m®) at an equilibrium level of
unemployment, we can calculate the long-run Phillips curve by changing the level of
inflation and, from the equation, calculate the level of unemployment. We find three

different Phillips curves depending on our specification of past inflation.

Long-run Phillips Curve

16,0%
il
14,0% :\I
I
12,0% fl
]
1}
10,0% 7
=}
2
S 80% — ()
i .
60% +— (i)
4,0% == =i
2,0%
-
0,0% o
0,0% 1,0% 2,0% 3,0% 4,0% 5,0% 6,0% 7,0%
Unemployment
Figure 5
(@) (i1) (iii)
Minimized unemployment 1.881% 1.624% 2.088%
Inflation at min. unemployment 3.950% 3.834% 3.764%

Table 2. Minimized level of unemployment

In all of the three specifications, we find a hump-shaped long-run Phillips curve. The
minimizing levels of unemployment can be approximated from the Phillips curves
and are shown in table 2. All of the three specifications show that the optimal level of

inflation with respect to unemployment is between 3.5 and 4 percent.
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Conclusion (2): The optimal inflation target with respect to unemployment would be

between 3.5 and 4 percent in Sweden. This level of inflation would minimize

unemployment.

5.1.1 Discussion (a)

Possible errors in this part of the analysis could be the assumption of normal
distribution. Our results might change if we were to use a log-normal distribution
instead. The log-normal distribution would still allow the coefficient on inflation
expectations to vary between zero and one, but would not give a symmetric
distribution of the coefficient. Furthermore, like ADP, we could have tried more
specifications, that is, we could have used several lags of unemployment. We could
have varied the number of periods used to construct the measure of past inflation, and
we could have used several different measures. The analysis is highly dependent on
how we specify past inflation. However, we were fortunate to get similar results in all
of our three specifications, which would imply that the results are robust for the

specification of past inflation.

5.2 Analysis Regression (b)

The second regression (b) estimates the effect that unemployment and inflation have
on GDP. The regression contains the variables unemployment and inflation, both in
their natural form, with lags and squared. Additional variables that are controlled for
are size of labor force, productivity, exchange rates and market rate. Two lags for
GDP are also added. The significant and relevant coefficients (that is, the ones
regarding inflation and unemployment) at a 1 percent significance level are
unemployment, with two lags and squared. Inflation is found to be significant

together with a lag and squared inflation. The relevant results are shown in table 3.
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Regression (b)

In(GDP) Coefficient P-value
unemployment -1.3147 0.000
inflation -0.0794 0.000
unemployment (t-1) 2.6357 0.000
unemployment (t-2) -1.3586 0.001
inflation (t-2) 0.0499 0.001
unemployment squared 0.1420 0.000
inflation squared 0.0839 0.002

Table 3. Regression (b)

In the model where unemployment and inflation are two of the variables to explain
GDP, we find the cost of inflation and unemployment in terms of GDP. The
percentage cost of unemployment and inflation, to the percentage of GDP, can be
explained by the formula (from the regression with opposite signs, lags are added up

together):

Cost to GDP = 0.0295 * inflation + 0.0376 * unemployment — 0.0839 *

inflation? — 0.1420 = unemployment? (*)

The cost of inflation can be calculated with formula (*). The cost function is not
linear and the marginal cost of inflation is decreasing. The cost of 1 percent inflation
would be 0.03 percent of GDP. According to this model, the cost of 10 percent is 0.21

percent compared to price stability.

Conclusion (3): The cost of 10 percent inflation is estimated to be 0.21 percent of

GDP.
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The cost of unemployment is also non-linear and the marginal cost of unemployment
is also decreasing. The cost of 1 percent unemployment in this context is 0.036

percent of GDP, and the cost of 10 percent unemployment is 0.23 percent.

Conclusion (4): The cost of 10 percent unemployment is estimated to be 0.23 percent

of GDP.

With the costs and the Phillips curve in place, we are able to plot the long-run Phillips
curve in a cost-inflation diagram. That is, we calculate the unemployment for
different levels of inflation and use the corresponding values of inflation and
unemployment in the function that describes cost to GDP. This allows us to see if the
relationship between unemployment and inflation tells us something about the

optimal inflation target. The results are shown below in figure 6.

GDP Cost of Inflation

Cost

-1,0%  1,0% 3,0% 5,0% 7,0% 9,0% 11,0% 13,0% 15,0%

Inflation
Figure 6
(1) (i) (ii1)
Inflation at min. costs to GDP 2.53% 2.75% 2.52%

Table 4. Level of inflation that minimizes costs to GDP
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We get a local minimum in all three specifications. The analysis shows that the
optimal inflation target would be between 2.5 and 2.8 percent. This is higher than
today’s inflation target. However, it is not at the minimizing level of unemployment
between 3.5 and 4 percent of inflation. This is due to the costs of inflation relative to
the costs of unemployment.

At these optimal levels of inflation, the unemployment rate would be between 0.5
and 0.8 percent lower than at 2 percent inflation. However, the average inflation rate
since the inflation target was implemented has been 1.2 percent. Allowing inflation to
increase from 1.2 percent to between 2.5 and 3 percent would lead to an

unemployment rate that is reduced by between 1.5 and 2.0 percentage points.

Conclusion (5): The optimal inflation target when taking unemployment into account

would be between 2.5 and 2.8 percent. Changing the inflation target from 2 percent to
close to 3 percent would decrease the rate of unemployment. However, it would not
minimize the level of unemployment. The level found is the optimal level for GDP.
This means that the benefits derived from increasing the inflation rate from 2 percent

would be higher than the costs up to this optimal level.

5.2.1 Discussion (b)

The most critical part of this analysis i1s the risk of a biased coefficient on
unemployment. Many factors that affect GDP are likely to be correlated with
unemployment. We have tried to control for major variables such as market rate, size
of labor force and exchange rates. The business cycle components are dealt with
through the Hodrick-Prescott filter. However, it is not possible to control for all
possible variables. All omitted variables that might have an effect on both GDP and
unemployment are likely to reduce the coefficient on unemployment. That is, we see
no variable that would decrease both GDP and unemployment, since decreased GDP
is the result of lower production, which is in turn associated with higher
unemployment. For our regression, this means that unemployment may not be as

costly as predicted. The implications for our further analysis in this case is that
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inflation is more expensive than unemployment and that the optimal inflation target
we stated above is higher than the true optimal level of inflation.

However, another aspect to be considered is that the social costs of
unemployment might be higher than the loss in GDP. Firstly, the money provided by
the government to support the unemployed can, if unemployment is reduced, be
invested instead in projects that have a larger positive effect on GDP than the amount
invested. Secondly, there is a risk that unemployed workers suffer from loss of self-
confidence that prevents them from reentering the work force. Finally, another
situation in which the unemployed may find themselves is the one where they are left
with no choice but to take a job that they are overqualified for. All of these cases
would lead to a higher social cost of unemployment than estimated from the
regression. This would mean that the optimal level of inflation we stated above would
be lower than the true optimal level of inflation.

We acknowledge that there are many uncertainties involved in calculating the
cost of unemployment. Nevertheless, we believe that our estimation is a plausible

representation of the true cost of unemployment.

6. Conclusion

We find that the optimal inflation target in Sweden when seeking a balance between
inflation and unemployment is between 2.5 and 2.8 percent. This finding is based on
the observation that there is a long-term trade-off between inflation and
unemployment as described in the theory of near-rational behavior. We also find, like
Lundborg and Sacklén (2006), that the optimal inflation target to minimize
unemployment would be just below 4 percent. However, there are social costs of both
unemployment and inflation. We can conclude that the costs of inflation are non-
linear and that the cost of 10 % inflation is around 0.21 percent of GDP. This is a low
estimation in comparison with previous research, but not at all unreasonable. The cost
of unemployment is also found to be non-linear. The cost of 10 % unemployment is
estimated to 0.23 percent of GDP.

By calculating the costs to GDP at different levels of inflation and the

corresponding level of unemployment, we can calculate the optimal level of inflation.
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The results are instructive in the sense that they support previous research that
claims that a higher inflation target would lower the long-run rate of unemployment.
Whether this is due to the theory of near-rationality or the theory presented by Bryan
and Palmqvist is not obvious, but the fact that actors disregard inflation at certain
levels and that this has an effect on long-run unemployment is clear. However, this
level of inflation is not optimal in a GDP context because of the costs of
unemployment relative to the costs of inflation. Instead, the results indicate that the
optimal inflation target would be somewhere between the 4 percent previously
estimated and the current inflation target of 2 percent. This is important in several
respects. One is that we find that the optimal inflation target with regard to the costs
of inflation and unemployment differs from that pursued today. The Riksbank clearly
states that there is no exact science behind the inflation target and that its main goal is
to maintain price stability. Our results indicate that society could benefit from taking
unemployment into account when setting the inflation target. Our findings also raise
an interesting issue from the results of previous studies by ADP and Lundborg
Sacklén: Our initial results are in line with theirs but, when we add the costs
associated with their results, we arrive at an inflation target that is significantly lower.

We believe this topic is worth investigating further. A deeper analysis of what the
costs and benefits would be in a monetary sense from changing the inflation target
would generate an outcome that gives more tangible results. These results would then
enable the discussion of whether the inflation target should be changed to be
approached in a more concrete way. If it is possible to reduce Swedish unemployment
with a modest rise in inflation that in the end reduces social costs, we see no reason

why the inflation target should remain at the current level of 2 percent.
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Appendix

The data used in the paper are as follows:

Regression (a)

Unemployment (Statistics Sweden, SCB)

Unemployment is defined as people actively seeking jobs that remain unemployed. It
is expressed as a percentage of the entire workforce. The data are collected from labor

markets surveys carried out by Statistics Sweden.

CPI (Statistics Sweden, SCB)

The CPI 1s an index of the price consumers pay for a representative basket of goods in

actual money. It is the most common form of measuring inflation.

Expected inflation (National Institute of Economic Research, NIER)

The NIER produces a report in which it assesses the expected inflation for Sweden’s
macroeconomic indicators based on surveying companies and households. The survey
is now published four times a year — more than in former years, although its
frequency was never lower than two per year. This leads to some filling of gaps
during earlier years in terms of quarterly data. In these instances of missing data, we

used the average of the values for the previous and the next nearest periods.

All data for regression (a) were gathered on a quarterly basis ranging between 1979:1

and 2007:4

Regression (b) (in addition to unemployment and CPI)

GDP (Statistics Sweden, SCB)

The data collected are quarterly data on GDP at constant prices with reference year

2000. The GDP is calculated using the expenditure approach.
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Productivity (Eurostat)

Productivity is defined as real labor productivity per hour worked expressed in
national currency. To arrive at the correct time period, we used annual data and data
on productivity per hour worked. We then make the assumption that labor
productivity is constant for every quarter of that year (and, even with this assumption,

we believe that it is a valid and important variable to include).

Size of labor force (Statistics Sweden, SCB)

The size of the labor force is defined as the people employed and people actively
seeking jobs. The data are collected from labor markets surveys carried out by

Statistics Sweden.

Exchange rates (The Swedish Central Bank, Riksbank)

The exchange rate is calculated using TCW (Total Competitiveness Weights) index
that measures the Swedish krona against a basket of other currencies, enabling the
Swedish krona to be measured on a global scale. The index is calculated by the IMF

(International Monetary Fund).

Swedish market rates (The Swedish Central Bank, Riksbank)

A market rate is the rate people are prepared to pay for various types of credits. The
data used were from the STIBOR 3M fixing due to the fact that it has the longest

historical data.

All data for regression (b) were gathered on a quarterly basis ranging between 1987:1

to 2007:4.

Dummies

D1 — Equals 1 in 1979:1-1980:1 — oil price increase

D2 — Equals 1 in 1980:2-1981:3 — oil price increase

D3 — Equals 1 in 1981:4-1983:3 — oil price decrease

D4 — Equals 1 in 1986:1-1986:4 — oil price decrease

D5 — Equals 1 in 1990:1-1991:2 — tax reform in Sweden
D6 — Equals 1 in 1995:3-1996:2 — extreme wage increases
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D7 — Equals 1 in 1999:2-2006:1 — oil price increase
D8 — Equals 1 in 2006:4-2007:4 — oil price increase
DQI — Equals 1 for X:1
DQ2 — Equals 1 for X:2
DQ3 — Equals 1 for X:3

The dummies take the value O for all other quarters.
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