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Non-Technical Summary

The "non-accelerating inflation rate of unemployment” (NAIRU) indi-
cates a threshold figure: If the actually observed unemployment rate
exceeds the NAIRU, existing unemployment may decline without facing
higher inflation rates. Once the NAIRU threshold is attained, however,
the situation is different. As long as inflation rates are to be kept stable,
a further reduction of unemployment can be achieved only by supply
side measures such as a higher flexibility of the labor market or more
moderate wage increases. Hence, the NAIRU represents a rough bor-
derline between a ”deficiency-of-demand” component of unemployment
and a ”structural” part no matter what is meant by the latter term in
concreteness.

This paper provides new econometric estimates of a time-varying NATRU
for Germany. Several econometric methods such as the Kalman filter
and the partially linear model are employed and confidence intervals
are calculated. While the Phillips curve serves as a theoretical starting
point, this framework is extended in order to test for hysteresis and near
rationality.

As an empirical result for the year 2006, the NAIRU for Germany
amounts to 7 percent using the ILO concept of measuring unemploy-
ment or 9 percent if the concept of registered unemployment is employed.
Since the early 1990’s the NAIRU has remained fairly stable but may de-
cline in the following years due to the labor market reforms and pursued
moderate wage policy.
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1 Introduction and Motivation

Starting in 2006 the German economy currently experiences a cyclical revival which
spreads to the labor market. Unemployment decreases markedly and regular employ-
ment rises. Against this background a debate has taken center stage as to what extent
unemployment figures consist of merely cyclical components or, in other words, which
part of joblessness can be labeled as “structural”. “Structural” unemployment, how-
ever, is a loaded word since there is no clear cut consensus about its meaning, let alone
its measurement. Hence, the question arises whether the “non-—accelerating inflation
rate of unemployment” (NAIRU) may serve as a tool to determine the development
and current level of non—cyclical unemployment and to frame policy discussions.

At first glance, the NATRU appears as a promising candidate for an empirical counter-
part of the “natural rate of unemployment”. Moreover, its estimation seems straightfor-
ward by employing more or less conventional Phillips curves. But as the rich literature
of the past four decades already suggests, this view is exaggerated. By any method,
simple or complex, the NAIRU is very hard to determine. As to the simple method,
an inspection of a scatter diagram of inflation and unemployment displays that there
is no such thing like a stable Phillips curve. A more complex method is to estimate
Phillips curves preferably with time—varying parameters and confidence intervals for
the estimated NAIRU. However, this procedure suffers from serious problems making
the NAIRU subject to considerable arbitrariness, to say the least. Even worse, the
whole NAIRU idea may be seriously damaged if the joint behavior of inflation, wage
rises and unemployment has deteriorated.

Rather than to embark on a swan song on the NAIRU, in this paper we try to remedy
some of the flaws which plagued previous NAIRU estimates for Germany. More pre-
cisely, we employ direct measures of inflation expectations stemming from the EC
monthly survey and converted from qualitative responses to quantitative estimates of
expected inflation rates. Second, we deal with the question of near-rationality during
periods of low inflation. Third, we provide state—of-the—art time—varying NAIRU esti-
mates together with confidence intervals. The upshot of our paper will be an assessment

of the NAIRU in Germany.

Recently, there has been a strong interest in estimating how the NAIRU changes over
time.> There has been a strong interest in estimating a time—varying NAIRU for some
European countries or for the Euro-Area as a whole.® The literature often applies
a Kalman-Filter approach and estimates the time—varying NAIRU as an unobserved
state variable. In doing so, various methodological issues have to be resolved” which we
address in section 5 of this paper. We estimate a Kalman—Filter model for Germany
allowing for a structural break due to German Unification in the third quarter of 1990.
Since the Kalman-Filter estimates do not always converge we estimate a partially linear
model (Robinson, 1988) with a nonparametric component in time as a simple robust
alternative. Our data are for West Germany before unification and for united Germany

>The seminal papers by Gordon (1997, 1998, 2006) and Staiger et al. (1997a,b) estimate a time—
varying NAIRU for the US.

6See among others Laubach (2001), Fabiani and Mestre (2001), Franz (2005), Logeay and Tober
(2006, 2007), and Schumacher (2007).

"See e.g. Laubach (2001) or Schumacher (2007).



after unification. We address the issue that a NAIRU in the literal sense of the word
does not exist for Germany because in the inflation equation our proxies for expected
inflation always show a coefficient which is significantly smaller than one. In light of
this result, we estimate the NAIRU as the unemployment rate which is compatible
with a tolerable inflation rate of 2% (Franz, 2005). We also investigate whether joint
estimation of an inflation equation and Okun’s law for Germany helps to estimate the
NAIRU in a better way.

There seems to be a consensus in the literature that the NAIRU in the Euro—zone
and in Germany increased both in the 1980’s and the 1990’s. Our results support this
concensus for the 1980’s but not for the 1990’s. The Kalman-Filter estimates show
a slight U-shaped pattern of the NAIRU between 1990 and 2006. However, the time
trend is not significant and our preferred estimates show a constant NAIRU since 1990.

The remainder of this paper is organized as follows. The next section highlights shortly
the development of major macroeconomic variables in Germany, notably inflation rates
and unemployment rates. Section 3 provides an extremely brief outline of the theore-
tical framework of traditional and extended versions of the NAIRU. Section 4 discusses
specification issues, such as the calculation of expected inflation rates. Section 5 is
devoted to attempts to test for near—rationality and (Hybrid) New Keynesian Phillips
curves. Finally, section 6 concludes.

2 The Behaviour of Inflation and Unemployment
in Germany

As a prerequisite of the following considerations the empirical picture of the Phillips
curve and the NAIRU is highlighted by the following figures. Figures 1 and 2 display
the conventional scatter diagrams for the Phillips curve with the inflation rate of con-
sumer prices and the rate of change of the GDP deflator as the dependent variables,
respectively. As can be seen whatever measure

Figures 1 and 2 around here

of inflation is used the German Phillips curve, if it exists at all, is anything but a stable
(vertical) relationship. The evidence for the NAIRU is presented by figures 3 and 4
where inflation rates are replaced by their first differences. The NAIRU is then given
by

Figures 3 and 4 around here

the horizontal line for a value of zero of these differences. Again, there is no such thing
as a unique value of the NAIRU, if there is a NAIRU at all. If so, the NAIRU has
increased substantially over the past decades and amounts to roughly (8) percent in
most recent years.



3 Theoretical Framework: Basics and Extensions

The theoretical underpinnings of the NAIRU concept are well documented in the lit-
erature.® Hence, it may suffice here to very briefly sketch an outline of its framework.
The basic specification of the NAIRU refers to a descriptive reduced form of a price
and wage equation such as:

pr=a(L)pi_1 — b(L)(Uy — U*) + c(L)z + & (1)

In this notation lower—case letters designate first differences of logarithms. Hence, p,
and p;_1 represent current and lagged inflation rates, respectively, and z; is a vector
including rates of changes of supply shift variables such as raw material prices and
tax wedges. Upper—case letters indicate levels of variables, hence, U; and U* denote
the current unemployment rate and a constant natural rate, respectively. The coeffi-
cients a(L), b(L) and ¢(L) are polynomials in the lag operator L, and ¢ is a serially
uncorrelated error term. Equation (1) incorporates informally Gordon’s (1997) “trian-
gle model” of the NAIRU: Influences stem from the demand side (via U; — U*), the
supply side (via z;), and from price rigidities (via a(L)p;—1) and, perhaps even more
important, from expected inflation (approximated by adaptive expectations, i.e., a dis-
tributed lag of observed inflation rates) which has taken center stage ever since the
seminal Friedman—Phelps—hypothesis of the late 1960’s. Note further that the supply
shocks are assumed to be contemporaneously uncorrelated with unemployment.

If a(1) = 1 the NAIRU can be calculated from equation (1) for stable inflation rates:°

NAIRU = U* + ¢(1)z/b(1) . 2)

In the absence of supply shocks (i.e., for z = 0), the NAIRU equals U*. For this case,
an estimate of U* can be calculated from the intercept d = b(1)U* of the following
regression equation:

pe=d+a(L)pi—1 —b(L)U; + & . (3)

U* is referred to as the “no shock-NAIRU” (Franz and Gordon (1993)). It stands in
contrast to a NAIRU concept which takes into account the presence of shocks z # 0. No
matter of the specific nature of these exogenous shocks, they give rise to a crucial dis-
tinction between a “shock-NAIRU” and a “no shock-NAIRU” depending on whether
inflationary effects stemming from these shocks should be ironed out by higher un-
employment. For example, proponents of a no shock—concept would argue that the
resulting transitory increase of inflation — such as in the case of higher indirect taxes —

should be disregarded.

8See e.g. Franz and Gordon (1993) and Franz (2005).

9Hence, the term NAIRU — an acronym anyway — is misleading due to a false use of calculus: The
absence of a change of inflation is confused with “non—accelerating inflation”, i.e. the first order of
differentiation of inflation is confused with the second order.






the fact that inflation expectations are calibrated based on the current inflation rate,
see discussion above. The estimated effect of the level of unemployment is very small
and insignificant. Correspondingly, no reasonable TV-NAIRU can be estimated. Since
inflation expectations in model 8 are likely to be endogenous, we experimented with
instrumental variable estimation using lagged inflation rates as instruments. However,
this did not yield any reasonable estimates.®® Thus, we have to conclude that using
inflation expectations does not help to estimate a Phillips cuve and the TV-NAIRU in
a more satisfactory way than using lagged inflation rates. This is not a route to rescue
a Phillips curve specified in the difference in actual inflation minus expected inflation.

Model 9 extends the benchmark model 4 by interacting the lagged unemployment rate
with dummy variables that expected inflation lies between 1 and 2 percent or below 1
percent. The expected inflation is obtained as the fit of an OLS regression of inflation on
its five lags, quarter dummy variables, and a third order polynomial in time. The fit of
this variable closely tracks actual inflation. Inspired by the near rationality hypothesis
in Akerlof (2002), model 9 is a heuristic way to test whether the Phillips curve becomes
flatter when inflation lies below the tolerable inflation rate of 2 percent. In fact, we find
that the evidence is in favor of this argument because the interaction terms introduced
shows significantly positive coefficients and the coefficient is even larger for expected
inflation below 1 percent compared to 1-2 percent.?® Correspondingly, the coefficient
on the lagged unemployment rate is slightly larger in absolute value than estimated
for model 4. The estimated TV-NAIRU for model 9, however, is again very similar
to model 4. Thus, near rationality does not seem to have a substantial effect on the
TV-NAIRU, which is calibrated at a tolerable inflation rate of 2 percent.

There is some evidence for an almost constant TV-NAIRU after unification and the
confidence bands around the TV-NAIRU are fairly wide. Therefore, as model 10 we
reestimated model 4 the Phillips curve for the post unification period with constant co-
efficients. The estimated coefficients are quite similar to model 4 with some exceptions.
In particular, the sum of coefficients on the lagged inflation rates and the coefficient on
the lagged level of the unemployment rate are of similar magnitude. Correspondingly,
we obtain a constant NAIRU of around 7.2 percent based on model 10. The estimation
error, however, is quite large which the width of the 90 percent—confidence band being
around 1 percentage point.

Summarizing our results, we arrive at the following conclusions. If one is willing to
operationalize the TV-NAIRU at a tolerable inflation rate of 2 percent, it is possible
to estimate a TV-NAIRU using a state space model for the entire sample period ac-
counting for German unification. Estimates on a partially linear model provide similar
point estimates for the TV-NAIRU during most of the time period. The TV-NAIRU
for the ILO unemployment rate lies between 7 and 8 percent for post unification Ger-
many. Estimation of a Phillips curve with the coefficients on the lagged inflation rates
summing up to one is not supported by the data. Estimation of the state space models
involves numerical problems when restricting the time period to the period for which

38Detailed results for the partially linear model are available upon request.

39We also estimated a specification with an additional interaction term for expected inflation be-
tween 2 and 3 percent. The corresponding coefficient proved positive but insignificant. The point
estimate was less than half of the estimate for the interval 1 to 2 percent. The detailed results are
available upon request.
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inflation expectations are available and it is not possible to estimate a TV-NAIRU this
way. Based on the partially linear model, lagged inflations expectations do not show
a coefficient even close to one but estimation of a TV-NAIRU of similar size as for
the specification with lagged inflation rates is possible. Estimation of a Phillips curve
using current inflation expectations inspired by the New Keynesian Phillips curve did
not prove successful. In accordance with Akerlof’s (2002) near rationality hypothesis,
we find evidence for a flatter Phillips curve when inflation is low. However, this leaves
our estimated TV-NAIRU basically unaffected. We can not determine precisely in a
statistical sense whether the TV-NAIRU has been constant since German unification.
However, the evidence does not show a secular increase of NAIRU since 1990 which is
in contrast to the trends before 1990. This result is somewhat surprising in light of
the upward trend in unemployment since 1990. Assuming the NAIRU to be constant
after 1990 would result in an estimate of 7.2 percent.

7 Final Remarks

By any measure, simple or complex, the NAIRU is very hard to determine and this
holds especially for Germany. We provide estimates of a time—varying NAIRU taking
account of the structural break caused by German unification based on the Kalman
Filter and on a partially linear model as two alternatives. The estimates presented
in this paper suggest that the NAIRU in Germany is currently around 7 percent if
the definition of unemployment follows the concept of the ILO or some 9 percent if
measured according to the procedure applied by the German Federal Labor Agency.
In contrast to the consensus in the literature, our estimates suggest furthermore that
the NAIRU in Germany has not increased since the early 1990’s. While the figure of 7
percent for 2006 is in line with calculations by other institutions, one should be careful
not to put too much emphasis on it. One of the most disturbing facts is that the sum
of coefficients associated with expected inflation is far beyond unity whatever measure
of expected inflation rates is employed, i.e., survey data or lagged distributions of past
inflation rates. Therefore, either the NAIRU concept is not applicable to Germany
or one has to make use of a tolerable inflation rate as it is done in this paper with a
number of 2 percent following roughly the figures put forward by the European Central
Bank.

Under these caveats some interesting features of the NAIRU for Germany emerge from
our estimates. The NAIRU depends on supply shocks such as changes of the relative
import prices of raw materials and of the price wedge between consumption prices and
the GDP deflator as well as deviations of actual productivity changes from their trend
values.

Moreover, there is evidence for persistence effects of unemployment (but not for full
hysteresis). In addition, the concept of near rationality is to some extent supported by
our estimates, i.e., the role of (expected) inflation rates is positively related to their
values. Put differently, the Phillips curve becomes the more steeper the higher expected
inflation rates.

Taken together, there is every reason to use the NAIRU only as one of the tools to
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determine the unobservable natural rate of unemployment. Despite these caveats, on
the positive side, we provide evidence that our estimated NAIRU for Germany at a
tolerable inflation rate of 2 percent has remained fairly stable since the early 1990’s.
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Appendix

Figure 1: Change of inflation rate (GDP deflator) and unemployment in Germany
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Figure 2: Change of inflation rate (CPI) and unemployment in Germany
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Figure 3: Inflation rate (GDP deflator) and unemployment in Germany

Inflation rate (GDP deflatorf) Inflation rate (GDP deflator)
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0
1 T T T T 1
0 2 4 renpoment e 6 8 10
Figure 4: Inflation rate (CPI) and unemployment in Germany
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Table 4: Variable List

Abbreviation Variable (explanation)

Q11 Variance of innovation in Nairu during period 1 (1976:2-1990:2
— before unification) or during late period (1987:2-2006:4)

Q12 Variance of innovation in Nairu during period 2 (1990:3-2006:4

DQjC (j=1,2,3)
DCPI

DCPIMj (j=1,2,..)
DACPI

DACPIMj (j=1,2,..)
DE_ID_EXP

ELQMj (j=1.2...)
DPRICE_-WEDGE

DRAW_WEDGEC

GRPROD
DUNIFICATION

YGAP

— after unification)

centered quarter dummies such that quarter effect sum up to
unity (DQjC = DQj-DQ4 where DQk is dummy variable for
kth quarter)

annualized quarter—-by—quarter rate of CPI inflation, i.e. pc; =
400 - (log(cpiy) — log(cpir—1)), where cpiy is the consumer price
index in quarter ¢

jth lag of pc, i.e. pc,_;

annual rate of CPI inflation, i.e. pde; = 100 - (log(cpiz) —
log(cpit-4))

jth lag of pdc, i.e. pde,;

expected annual rate of CPI inflation for next 12 months

jth lag of unemployment rate Uy, i.e. U;_;, by ILO definition

change in price wedge pwedge; = log(cpiy/py;) —
log(cpiz—1/py:—1) where py is deflator of private GDP (without
government)

change in price wedge for raw material prices prawwedge; =
log(prawy/cpiy) — log(praw,_1 /cpi;—1) where praw; is deflator
of raw material prices

rate of change of labor productivity minus trend rate of change
estimated by HP trend 6,

Dummy variable for time period after unification 1990:3-
2006:4

output gap, i.e. deviation of log gdp from its HP trend

Definition of coefficients:
CDvarname : coefficient of regressor varname in inflation equation
CEvarname : coefficient of regressor varname in unemployment equation (Okun’s

law)
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Table 5: Estimated Model Specifications

Model Dep. Variable

Time Period Specification

1 DCPI

2 DCPI

3 DCPI

4 DCPI

5 D4CPI

6 D4CPI

7 D4CPI

8 D4CPI

9 DCPI

10 DCPI

76:2-06:4

76:2-06:4

76:2-06:4

76:2-06:4

76:2-06:4

87:2-06:4

87:2-06:4

87:2-06:4

76:2-06:4

90:3-06:4

lagged DCPI (lags 1-5),
ELQMS3, DPRICE_WEDGE,
DRAW_WEDGEC, DUNIFICATION
as 1 plus GRPROD

as 2; restrict coeff. of lagged DCPI to
sum to one

as 2 plus lags in DELQ and ELQM1
(test for hysteresis)

as 4 but lags in DACPI

as 4 but lags in DA4CPI

as 4 but DE_ID_EXP lagged by 4 quar-
ters (DE_ID_EXPM4) instead of lags in
D4CPI

as 4 but DE_ID_EXP (DE_ID_EXP) in-
stead of lags in D4CPI

as 4 plus interaction of ELQM1 with
dummy variables for fitted inflation
(based on autoregressive model plus
seasonality) lying between 1 percent
and 2 percent (ELQM1L12) and below
1 percent (ELQM1LM1), respectively
OLS as 4 only for post unification pe-
riod (without DUNIFICATION)

Notes: Models 1-5 and 9 are estimated both using Kalman filter and as par-
tially linear models. For models 6-8, we only report the results of the partially
linear models because the Kalman filter estimates did not converge properly
or the results turned out implausible. Model 10 represents OLS estimates.
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Table 6: Estimated Models Inflation Equation Only

Model 1 | Model 2 | Model 3 | Model 4 | Model 5
Time Period 76:2-06:4 | 76:2-06:4 | 76:2-06:4 | 76:2-06:4 | 76:2-06:4
Dep. Variable Py pCy PCt Py picy
Regressor/ Coef. Coef. Coef. Coef. Coef.
Parameter (t-stat) (t-stat) (t-stat) (t-stat) (t-stat)
o .0834 0823 .0093 .0640 3.2055
Preunification (1.3) (1.3) (-) (1.2) (1.1)
o .0000° .0000° .0000 0247 .0000°
Postunification (-) (-) (1.0) (4) (-)
Inflation Equation
Lagged inflation .b346 5110 - 4112 8717
rates® (4.9) (4.7) (2.8) (20.7)
Change in Price .0867 .0805 0841 .1049 .0252
Wedge (2.5) (2.4) (2.2) (2.6) (2.2)
Change in Price Wedge 0171 0175 .0188 0171 .0034
for Raw Materials (4.7) (5.1) (5.0) (5.0) (3.1)
Relative Change in - -.5492 -.5394 -.6067 -.1220
Productivity (3.1) (2.7) (3.2) (2.2)
Postunification .3473 5516 .0326 .9025 1301
Dummy (.6) (1.0) (-) (1.2) (1.1)
Ui—1 - - - -.5710 -.1524
(3.6) (3.7)
Ui—s -.4936 -.5194 -.0184 - -
(3.9) (4.1) (.5)
AUy - - - 0750 0714
(2 | ()
AU - - - 1.3443 .0682
(3.5) (.6)
AU;_3 - - - -.3740 .0759
(1.0) (.7)
AUy - - - .6073 .0904
(1.7) (.8)
Ljung-Box Q(4)-statistic | 5.8768 5.4412 2.7751 9.7689 2.7592
[P—value] [.209] [.245] [.596] [.045] [.599]
Notes:

All regressions include seasonal dummy variables and an intercept.
a: Sum of coefficients for lags 1-5 for models with distributed lag of inflation rates and
coefficient on inflation expectation otherwise.
b: Variance estimated to be exactly zero. No estimate for standard error possible.
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Table 7: Model 1 - Joint Estimation of Inflation Equation
and Okun’s Law

Model 1
Inflation Equation Okun’s Law
Dep. Variable Py Dep.Var. U, —U;
Regressor/ Coef. | Regressor/ Coef.
Parameter (t-stat) | Parameter (t-stat)
o 0846 | Cov(es,vy) /o .0380
Preunification (1.3) (1.4)
o> (Period 2) 0° Var(v)/o? .0683
Postunification (-) (5.4)
Lagged inflation 4555 | YGAP, 4 -.0439
rates® (4.1) (3.2)
Change in Price 0919 | YGAP,_, .0499
Wedge (2.7) (3.1)
Change in Price Wedge 0170 | YGAP, 3 -.0575
for Raw Materials (4.8) (3.3)
Postunification 6840 | YGAP,_, .0611
Dummy (1.1) (3.6)
Ui—3 -.5232 | YGAP, 5 -.0274
(4.1) (2.0)
U, . 1.2743
(13.4)
Ui—o -.5308
(3.7)
Ui_s 4232
(3.0)
U, -.2256
(2.6)
Post Unification | .0573
Dummy (.9)
Ljung-Box QQ(4)-statistic | 8.7876 4.8980
[P—value] .067] [.179]

Notes: see table 6.
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Table 8: Estimated Models Inflation Equation Only

Model 6¢ | Model 7¢ | Model 8¢ [ Model 9 | Model 104
Time Period 87:2-06:4 | 87:2-06:4 | 87:2-06:4 | 76:2-06:4 | 90:3-06:4
Dep. Variable pley picy pcy PCy Py
Regressor/ Coef. Coef. Coef. Coef. Coef.
Parameter (t-stat) (t-stat) (t-stat) (t-stat) (t-stat)
O'i - - - 0475 -
Preunification (1.1)
o - - - .0285 -
Postunification (.6)
Lagged inflation 7745 - - 4742 H114
rates® (10.2) (3.1) (2.6)
Expected Inflation .1607 - - -
Rate Lag 4 (2.2)
Expected Inflation - - 7028 - -
Rate (no lag) (8.6)
Ui -.2025 -.6166 -.0870 -.6449 -.5617
(2.4) (3.9) (.9) (3.7) (3.0)
Uy - I(pe, € [1,2)) © - - - 1134 -
(2.1)
Ui1-1(pc, < 1) € - - - 1326 -
(1.9)
AU 0257 -.0980 -.3213 -.0090 6211
(.1) (.2) (1.1) (.0) (.7)
AU .3002 8182 2123 1.3335 1.4193
(1.8) (1.9) (.9) (3.5) (1.9)
AU_3 1130 .5514 .0929 -.3028 -1.1630
(.6) (1.2) (4) (.8) (1.5)
AUy 1776 .8869 4199 .9838 .3616
(.9) (2.1) (1.5) (2.5) (.4)
Change in Price .0321 .0650 .0466 .0972 2148
Wedge (1.6) (1.8) (1.9) (2.5) (3.1)
Change in Price Wedge .0030 .0001 .0022 .0163 0171
for Raw Materials (2.6) (.0) (1.4) (4.8) (3.2)
Relative Change in -1711 -.2602 -.0591 -.6443 -1.1255
Productivity (1.7) (1.6) (.6) (3.5) (3.1)
Postunification 4253 1.3320 .0027 1.0265 -
Dummy (1.9) (2.3) (-) (1.4)
Ljung-Box Q(4)-statistic | 7.4397 95.6166 17.0330 5.8641 .H588
[P—value] [.114] .000] [.002] [.210] [.968]

Notes: see table 6.

c: Estimates for partially linear model.

d: OLS — no time-varying coefficients.

e: The ’expected’ inflation rate pc, is the predicted inflation rate based on an autore-
gression of pc; on five lags and seasonal dummy variables.
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Model 1

Figure 5: Nairu Estimates for Models 1-10
Nairu plus 90% confidence bands — Same Variance before/after Unification
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Nairu plus 90% confidence bands — Output gap and different Variances
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Model 2

Nairu plus 90% confidence bands — Same Variance before/after Unification
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Nairu plus 90% confidence bands — Output gap and different Variances
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Model 3

Nairu plus 90% confidence bands — Different Variances before/after Unification
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Model 4

Nairu plus 90% confidence bands — Same Variance before/after Unification
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Nairu plus 90% confidence bands — Output gap and different Variances
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Model 5

Nairu plus 90% confidence bands — Same Variance before/after Unification
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Nairu plus 90% confidence bands — Partially linear model
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Model 7

Nairu plus 90% confidence bands — Partially linear model
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Nairu plus 90% confidence bands — Partially linear model
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Model 9

Nairu plus 90% confidence bands — Same Variance before/after Unification
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Nairu plus 90% confidence bands — Partially linear model
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