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Abstract

Following Gali (2009), we introduce unemployment as an observ-

able variable in the estimation of the Smets-Wouters (2007) model.

This helps to solve the identification of wage markup and preference

shocks highlighted by Chari, Kehoe and McGrattan (2008). It also al-

lows us to better identify the wage Phillips curve and various output

gaps and to analyze the sources of unemployment fluctuations in the

US.
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1 Introduction

Over the past decade an increasing number of central banks and other pol-

icy institutions have developed and estimated medium-scale New Keynesian

DSGE models.1 The combination of a good empirical fit with a sound, micro

founded structure makes these models particularly suitable for forecasting

and policy analysis. However, as highlighted by Gali and Gerter (2009) and

others, one of the shortcomings of these models is that there is typically no

reference to unemployment. This is unfortunate because unemployment is an

important indicator of resource utilisation in the macro economy. Recently,

a number of papers have started to address this shortcoming by embedding

various theories of unemployment in the basic New Keynesian model (e.g.

Blanchard and Gali (2007, Christoffel et al (2007), Gertler, Sala and Trigari

(2008), Christiano, Trabandt and Walentin (2009), de Walque et al (2008))

The present paper takes a different approach. Following Gali (2009),

it reformulates the Smets and Wouters (2007; henceforth, SW) model to

allow for involuntary unemployment, while preserving the convenience of

the representative household paradigm. Unemployment in the model results

from market power in labor markets, reflected in positive wage markups.

Variations in unemployment over time are associated with changes in the

wage markups, either exogenous or resulting from nominal wage rigidities.

The proposed reformulation allows us to overcome an identification prob-

lem pointed out by Chari, Kehoe and McGrattan (2008) (CKM) as an il-

lustration of the immaturity of New Keynesian models. Their observation is

1See, for example, Smets et al. (2010) for a short description of the two aggregate euro

area models used at the ECB.
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motivated by the Smets andWouters (2007) finding that wage markup shocks

account for almost 50 percent of the variations in real GDP at horizons of

more than 10 years. However, without an explicit measure of unemployment

(or, alternatively, labour supply), these wage markup shocks cannot be dis-

tinguished from preference shocks that shift the marginal disutility of labour.

The policy implications of these different sources of output fluctuations are,

however, very different. Variations in wage markup shocks are inefficient and

a welfare-maximising government should be interested in stabilising output

fluctuations driven by such shocks. In contrast, if output and employment

fluctuations are mostly driven by preference shocks, then the optimal policy

would be to accommodate such changes. By including unemployment as an

observable variable, this identification problem can be overcome, as we show

below.

We estimate the reformulated Smets-Wouters model using quarterly U.S.

data for the period 1965Q1 to 2008Q4. We systematically compare the per-

formance of the model when we add unemployment as an observable variable.

Furthermore, the introduction of unemployment allows us to address a num-

ber of questions of interest. What has been the role of wage markup shocks

(vs. preference shocks) as a source of aggregate fluctuations? What have

been the main sources of unemployment fluctuations? How do unemploy-

ment, employment and participation respond to different shocks? What is

the conditional comovement of inflation and unemployment for each shock?

Does including unemployment improve the fit of the other macro-economic

time series? Introducing unemployment also allows us to better identify the

various output and unemployment gaps in the model.
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In addition to reformulating the wage Phillips curve in terms of unem-

ployment, our model shows a number of small differences with that in SW

(2007). First, and regarding the data on which the estimation is based, we

use employment rather than hours worked, and redefine the wage as the wage

per worker rather than the wage per hour. We do so since the model focuses

on variations in labor at the extensive margin, in a way consistent with the

conventional definition of unemployment. Given that most of the variation in

hours worked over the business cycle is due to changes in employment rather

than hours per employee, this change does not have major consequences in

itself. We also combine two alternative wage measures in the estimation,

compensation and earnings, and model their discrepancy explicitly. Second,

we generalise the utility function in a way that allows us to parameterise the

wealth effect on labour supply, as shown in Jaimovich and Rebelo (2009).

This generalisation yields a better fit of the joint behavior of employment

and the labor force, as we discuss in detail. Third, for simplicity, we revert

to Dixit-Stiglitz preferences rather than the Kimball aggregator used in SW

(2007).

The rest of the paper is structured as follows. Section 2 describes the

modified Smets-Wouters model. Next, Section 3 presents the estimation.

Section 4 contains the discussion of the main findings. Finally, in Section 5

we conclude.
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2 Introducing Unemployment in the Smets-

Wouters Model

2.1 Staggered Wage Setting and Wage Inflation Dy-

namics

This section introduces a variant of the wage setting block of the SW model,

which is itself an extension of that in Erceg, Henderson and Levin (2000;

henceforth, EHL). The variant presented here, based on Galí (2009), assumes

that labor is indivisible, with all variations in hired labor input taking place

at the extensive margin. That feature gives rise to a notion of unemployment

consistent with its empirical counterpart.

The model assumes a (large) representative household with a continuum

of members represented by the unit square and indexed by a pair ( ) ∈
[0 1]× [0 1]. The first dimension, indexed by  ∈ [0 1], represents the type of
labor service in which a given household member is specialized. The second

dimension, indexed by  ∈ [0 1], determines his disutility from work. The

latter is given by 
 if he is employed, and zero otherwise, where  ≥ 0

and   0 is an exogenous preference shifter. Household utility is assumed

to take the form

0

∞X
=0

 ( {()})

where  denotes household consumption, and () ∈ [0 1] is the fraction of
members specialized in type  labor who are employed in period . Variable

includes several factors (the preference shifter  among them) that influence

utility but which are taken as exogenous by each individual household. As

in Merz (1995), full risk sharing of consumption among household members
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is assumed.

Period utility is given by

( {()}) ≡ 1

1− 

Ã
( − −1)−  

Z 1

0

Z ()

0

  

!1−

=
1

1− 

µ
( − −1)−  

Z 1

0

()
1+

1 + 


¶1−
where  is aggregate consumption (which is taken as given by each house-

hold), and where  evolves over time according to

 = 1−−1 ( − −1)


The previous specification extends the preferences assumed in Jaimovich-

Rebelo (2009; JR, henceforth) to allow for (external) habit formation, in-

dexed by  ∈ [0 1]. As is well known, the JR preferences reconcile the

existence of a balanced growth path with an arbitrarily small short-term

wealth effect. The latter’s importance is determined by the size of parameter

 ∈ [0 1]. As discussed below, that feature is needed in order to match the
cyclical behavior of the labor force.

Note that under the previous preferences, the relevant marginal rate of

substitution between consumption and employment for type  workers in

period  is given by

−()



= ()


Equivalently, letting  ≡ log and using lower case letters denote the
natural logarithms of the original variables, we can write:

() =  +  () + 
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As in EHL, and following the formalism of Calvo (1983), workers supply-

ing a labor service of a given type (or a union representing them) get to reset

their (nominal) wage with probability 1− each period. That probability is
independent of the time elapsed since they last reset their wage, in addition

to being independent across labor types. Thus, a fraction of workers  keep

their wage unchanged in any given period, making that parameter a natural

index of nominal wage rigidities. All those who adjust their wage choose an

identical wage, denoted by  ∗
 , since they face an identical problem. Fol-

lowing SW, we allow for partial wage indexation: between re-optimization

periods the nominal wage is adjusted mechanically in proportion to past price

inflation. Formally, and letting+| denote the nominal wage in period +

for workers who last reoptimized their wage in period , we assume

+| =+−1| Π
(Π


−1)

(Π)1−

for  = 1 2 3 and  =  ∗
 , and where Π


 ≡ −1 denotes the gross

rate of price inflation, Π is the steady state growth rate of productivity, and

 ∈ [0 1] measures the degree of wage indexation to past inflation.
When reoptimizing their wage in period , workers choose a wage  ∗



in order to maximize household utility (as opposed to their individual util-

ity), subject to the usual sequence of household flow budget constraints,

as well as a sequence of isoelastic demand schedules of the form +| =

(+|+)
−+, where+| denotes period + employment among

workers whose wage was last reoptimized in period , and where  is the

period  wage elasticity of the relevant labor demand schedule.2 The first

2Details of the derivation of the optimal wage setting condition can be found in EHL

(2000).
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order condition associated with that problem can be written as:

∞X
=0

()
 

½
+|
+

µ
 ∗

+|
+

−M
 +|

¶¾
= 0 (1)

where +| ≡ 


+| is the relevant marginal rate of substitution

between consumption and employment in period + , andM
 ≡ 

−1 is

the natural or desired wage markup, i.e. the one that would obtain under

flexible wages.

Under the above assumptions, we can rewrite the aggregate wage index

 ≡
³R 1

0
()

1−
´ 1
1−

as follows:

 ≡
£
(−1Π

(Π

−1)

(Π)1−)1− + (1− )(
∗
 )
1−¤ 1

1− (2)

Log-linearizing (1) and (2) around a perfect foresight zero inflation steady

state and combining the resulting expressions, allows us to derive (after some

algebra) the following equation for wage inflation  ≡  − −1 :

 =  + 

−1 + {+1 − 


}−  ( − ) (3)

where  ≡ (1 − )((1 − ) + ),  ≡ (1−)(1−)
(1+)

,  ≡ logM


is the (log) natural wage markup, and  ≡ ( − ) − is the (log)

average wage markup, with  ≡  +  +  denoting the (log) average

marginal rate of substitution. As equation (3) makes clear, variations in

wage inflation above and beyond those resulting from indexation to past

price inflation are driven by deviations of average wage markups from their

desired levels, for those deviations generate pressure on workers currently

setting wages to adjust those wages one way or another.
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2.2 Introducing Unemployment

Consider an individual specialized in type  labor and with disutility of work


. Using household welfare as a criterion, and taking as given current

labor market conditions (as summarized by the prevailing wage for his labor

type), that individual will find it optimal to participate in the labor market

in period  if and only if
()



≥  


Thus, the marginal supplier of type  labor, which I denote by (), is

implicitly given by
()



= ()


Taking logs and integrating over  we obtain

 −  =  +   +  (4)

where  ≡
R 1
0
()  can be interpreted as the model’s implied (log) aggregate

labor force or participation rate.

Following Galí (2009), the unemployment rate  is defined as

 ≡  −  (5)

Combining the definition  ≡ ( − )− ( +  + ) with (4) and

(5), the following simple linear relation between the average wage markup

and the unemployment rate can be derived

 =   (6)

Finally, combining (3), (6), and (8) we obtain an equation relating wage

inflation to price inflation and unemployment

 =  + 

−1 + {+1 − 


}−   +   (7)
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Note that in contrast with the representation of the wage equation found

in Smets and Wouters (2003, 2007) and related papers, the error term in (7)

captures exclusively shocks to the wage markup, and not preference shocks

(even though the latter have been allowed for in the model above). That

feature, made possible by reformulating the wage equation in terms of the

(observable) unemployment rate, allows us to overcome the identification

problem raised by Chari, Kehoe and McGrattan (2008) in their critique of

New Keynesian models.

Finally, note that we can define the natural rate of unemployment,  , as

the unemployment rate that would prevail in the absence of nominal wage

rigidities. Under our assumptions, the natural rate will vary exogenously in

proportion to the natural wage markup, and can be determined using the

relation:

 =   (8)

The complete model of linearised equations is presented in the appendix.

With the exception of the consumption Euler equation (which is adjusted

to accommodate JR preferences), the equations are identical to those in SW

(2007).

3 Estimation

We estimate the reformulated SW model on US data for the period from

1965Q1 to 2008Q4 using Bayesian full-system estimation techniques. Five of

the seven data series used by SW (2007) are the same: the log difference of

real GDP, real consumption, real investment, the GDP deflator and the level

of the federal funds rate. As we are interested in explaining unemployment,
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we use employment rather than hours worked. The main results are not

affected if we use hours instead. In addition, we experiment with two wage

concepts. The first one is the same as in SW (2007), namely, compensation

per employee derived from the BLS Productivity and Costs Statistics. The

other one is Average Weekly Earnings from the Current Employment Sta-

tistics. Finally, we add unemployment as an additional observable variable.

The idea is to compare the model estimated with and without unemployment

as an observable variable.

As is clear from Figure 1, the properties of both wage series are quite

different. First, the average growth rate of compensation per employee is

significantly larger than the average growth rate of earnings per employee

(1.27 versus 1.04). The average growth rate of the first is more compatible

with a balanced growth path in which real wages grow at the same rate as

real output, consumption and investment. Second, the compensation series

is much more volatile than the earnings series, especially over the past two

decades. The standard deviation of the nominal growth rate of compensation

per employee is 0.66 versus 0.56 for the earnings series. Finally, the correla-

tion between the quarter-to-quarter growth rates of both wage measures is

surprisingly low at 0.60.

For our benchmark estimation, we will use both wage series as imperfect

measures of the wage concept found in the model. This is done by adding

measurement error to both measurement equations and allowing for a smaller

trend in the earnings series.3 In the appendix we also report the estimation

results when using each of the wage concepts separately. The main impact

3Justiniano and Primiceri (2007) have argued that the price and wage mark-up shocks

can be better captured as measurement error.
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of the higher volatility in the compensation series is to increase the estimate

of the inverse Frisch elasticity of the labour supply when unemployment is

added. With higher observed volatility of wages, the response of labour

supply to real wages is estimated to be less. This has then some additional

impact on some of the other parameters. In the rest of the paper, we focus

on the model with both wage concepts and measurement error.

Table A1 in the appendix systematically compares the estimated para-

meters in the model with and without unemployment as an unobservable

variable. As discussed above, adding unemployment allows us to distinguish

between the wage markup and preference shocks. In addition, according

to the model steady-state unemployment is proportional to the steady-state

wage markup. The average unemployment rate in the sample therefore al-

lows us to estimate the elasticity of substitution between different types of

labour, which determines the steady-state wage markup. In the model with-

out unemployment this parameter is not identified.

Overall, most of the estimated parameters are very similar in the two

models. 4 In Table 1 we compare the estimates of the labour market block,

i.e. the wage Phillips curve and the labour supply decision.

A number of findings are worth emphasizing. First, in the model with

the two wage concepts the estimated labour supply elasticity is quite similar

whether one includes unemployment or not. The inverse of the Frisch elastic-

ity increases slightly from 3 to 3.6 as one includes unemployment. Second, in

contrast the parameter, , governing the short-run wealth effects on labour

4A robust feature of the model with unemployment is that the labour preference shock

and the productivity shock are positively correlated. Allowing for such a correlation further

improves the fit of the model, but does not affect the estimation results discussed below.
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supply, changes quite dramatically from 0.81 to 0.09. Roughly speaking this

amounts to a change from King, Plosser, Rebelo (KPR) preferences, where

there are large wealth effects, to a specification closer to the Greenwood,

Hercowitz, Huffman (GHH) preferences. In the latter case, wealth effects are

zero in the short run. Jaimovich and Rebelo (2009) have argued that small

short-run wealth effects on labour supply are necessary to generate comove-

ment between employment and output in response to actual and expected

productivity shocks. In this paper, we add an explicit measure of labour sup-

ply through the unemployment variable and find that indeed the estimated

short-run wealth effect is small. As discussed below, this will help in ensur-

ing that not only employment, but also labour supply moves procyclically

in response to most shocks. This helps overcome the criticism of the Galí

(2009) framework by Christiano, Trabandt and Walentin (2009). To see this

note that under standard KPR preferences the labor supply equation (4) can

be written as

 −  =  +  + 

where habit formation is omitted to simplify the argument.

As shown in Christiano et al. (2009) the previous equation is at odds with

their empirical estimates of the effects of monetary policy shocks, which show

a countercyclical response of −− coexisting with a procyclical response
of the labor force . Instead, under the assumed preferences, a procyclical

response of the labor force is consistent with the model as long as the short

run wealth effect is sufficiently weak, implying a small adjustment of  and

hence a procyclical response of  −  −  .

Turning to the estimates of the wage Phillips curve, it is clear that the
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estimated degree of wage indexation is relatively small and robust across the

two models. The slope of the wage Phillips curve increases significantly from

0.048 to 0.065 in absolute value. This is partly due to the small increase in

the inverse labour supply elasticity discussed above. However, it also reflects

a fall in the estimated Calvo probability of unchanged wages from 0.67 to

0.57. In sum, the introduction of unemployment as an observable variable

leads to a somewhat steeper wage Phillips curve.

Finally, it is useful to address the CKM criticism that the variance of the

wage markup shocks is too large to be plausible. The estimated parameters of

the ARMA(1,1) process for the exogenous wage markup imply that the stan-

dard deviation drops from 17 to 8.2 percent once unemployment is included.

Based on equation x and the estimated inverse labour supply elasticity this

implies that the standard deviation of the natural unemployment rate is of

the order of 2.25% in the model with unemployment. This is relatively high,

but not unreasonable. The standard deviation of the innovations in the pref-

erence shock is 0.96. In the next section, we will discuss the contribution of

those two shocks to the variance decomposition of output, employment and

unemployment.

4 Sources of unemployment fluctuations

4.1 The variance decomposition

Table 2 presents the variance decomposition of the forecast errors of the

eight observable variables at the 10 quarter and 10 year horizon. The first

entry in the table gives the shares in the model without unemployment as

an observable variables, whereas the second entry given the shares in the
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model with unemployment. A number of observations are worth making.

First, the importance of wage markup shocks for medium and long-term

output fluctuations is very much reduced. At the ten year horizon, the share

drops from 40 to 9 percent for real GDP and from 72 to 25 percent for

employment. Wage markup shocks continue to be the most important source

of unemployment and inflation fluctuations.

Secondly, the preference shocks that shift the supply of labour are by

far the most important source of fluctuations in labour supply both in the

short and long run. They also explain an important part of fluctuations

in employment, particularly in the longer run, but are less important for

output. Thirdly, in the short run unemployment is mostly driven by "de-

mand" shocks. The risk premium, government spending, investment-specific

technology and monetary policy shocks together account for 60 percent of

unemployment fluctuations at the 10 quarter horizon, and still for about

one third at the 10 year horizon. The rest of unemployment fluctuations

is mostly due to wage markup shocks. Finally, productivity shocks are the

most important determinant of output and wages, in particular in the longer

run.

4.2 Impulse responses

Figure 2 shows the impulse responses of output, inflation, the real wage,

employment, the labour force and the unemployment rate to the four "de-

mand" shocks, including the monetary policy shock. We call those shocks

"demand" shocks because with the exception of unemployment all variables

comove positively. It is particularly noteworthy that employment and the
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labour force comove positively in response to all those shocks. This is con-

sistent with the empirical VAR evidence as, for example, in Christiano et al

(2010). However, as discussed before it is difficult to achieve such comove-

ment without Jaimovich-Rebelo preferences. Indeed, when output and con-

sumption go up, typically leisure will also go up and thus the labour force will

fall. With smallshort-run wealth effects on labour supply this counterfactual

implication can be avoided. Note, however, that the size of the labour force

response is much smaller than that of employment, so that unemployment

will be mostly driven by employment.

Figure 3 shows the impulse response to the labour preference and markup

shocks. A positive wage markup shock has a sizeable positive impact on in-

flation and unemployment and a negative impact on output and employment.

The effects of a reduction in the labour force has similar effects on output

and employment, but leads to a temporary drop in unemployment and has

little effect on inflation.

Finally, figure 4 illustrates the effects of a positive productivity shock and

a negative price markup shock. In line with the empirical VAR results of

Blanchard and Quah (1989) and Barnichon (2008), unemployment increases

for about a year following the positive productivity shock.

5 Output and unemployment gaps and the

Phillips curve

5.1 Output and unemployment gaps

As argued above, the inclusion of unemployment in the estimation of the

model allows us to distinguish between markup and labour preference shocks.
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It also allows us to better identify the output gap. The latter is defined as

the (log) difference between actual output and the constant-markup, flexible-

price-and-wage output. Note that, under the assumptions of the model, the

output gap thus defined will differ from the gap from the efficient level of

output by an additive constant.

Figure 5 shows the unemployment rate and the output gap. The cor-

relation between the two is minus 80 percent. Arguably this output gap is

the most welfare-relevant output gap concept as it leads to a stabilisation of

the time-varying markup shocks. Figure 5 shows that the inclusion of un-

employment in the estimation process allows us to derive a more stationary

output gap. Figures 6, 7, 8 and 9 show the historical decomposition of unem-

ployment, the output gap, and annual wage and price inflation. Clearly, the

wage markup shock captures the secular movements in the unemployment

rate, the output gap and inflation and wage inflation. In particular, the rise

of unemployment and inflation in the seventies is mostly captured by persis-

tent positive wage markup shocks. Monetary policy also contributed to the

rise in the seventies, but led to a reduction in the unemployment rate. The

Volcker disinflation starting in 1979 led to a gradual fall in inflation and a

strong rise in the unemployment rate by almost three percentage points from

1979 till 1982.

Most of the business cycle fluctuations in unemployment are driven by

demand shocks. This is particularly the case since the 1990s. Both the

2001 and 2007-2008 recessions are driven by negative demand shocks, further

contributing to a fall in inflation.

Figure 10 shows the actual and the natural unemployment rate. As is
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clear from equation (), the natural unemployment rate is proportional to the

wage markup. According to Figure 10, the natural unemployment rate rose

above actual unemployment in the 1970s reflecting positive wage markup

shocks. The positive unemployment gap put upward pressure on wage infla-

tion.

Finally, Figure 11 shows that most of the trend in employment is due to

labour supply developments.

5.2 Conditional Phillips curves

To be completed. In this section we draw "conditional" Phillips curves using

historical decomposition (distinguishing between demand shocks and wage

markup shocks).

5.3 The information content of unemployment

To be completed. In this section, we analyse to what extent adding observed

unemployment to the estimation of the New Keynesian model helps fitting

the original SW data series.

6 Conclusion

As shown by Gali (2009), the standard New Keynesian model incorporates a

theory of unemployment based on time-varying wage markups and staggered

nominal wage setting. In this paper we add unemployment as an observable

variable in the estimation of the Smets-Wouters (2007) model. This, first,

helps to identify labour supply from labour markup shocks and to address

one of the criticisms of Chari, Kehoe and McGrattan (2009). One of the main
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findings is that labour markup shocks only play a limited role in driving out-

put fluctuations. However, they do explain most of the secular movements

in the unemployment rate and inflation. Second, adding unemployment al-

lows us to investigate the main sources of unemployment fluctuations. In the

short to medium run, most unemployment fluctuations are driven by demand

shocks.
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Appendix GSW graphs and tables  

Table 1 
Estimates of the labour market block 
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Table 2 
Variance decomposition 
 

 y   w n u l R 

     10 quarter horizon 

Productivity 41/56 4/5 25/35 4/7 -/4 -/6 9/12 
Risk premium 7/6 3/2 2/2 12/14 -/19 -/0 17/16 
Govt spending 6/2 1/1 0/0 13/5 -/7 -/0 4/6 
Investment 18/15 9/9 9/13 22/21 -/20 -/3 37/38 
Monetary policy 7/5 9/8 4/5 11/12 -/14 -/1 16/12 
Price markup 6/2 33/34 47/32 6/4 -/0 -/7 4/2 
Wage markup 14/4 41/41 13/13 33/12 -/32 -/3 13/11 
Labour pref. -/9 -/0 -/1 -/24 -/4 -/80 -/3 
        
      40 quarter horizon 

Productivity 42/64 4/5 53/70 2/7 -/2 -/8 8/11 
Risk premium 2/2 2/1 1/1 4/6 -/10 -/0 14/14 
Govt spending 3/1 ½ 1/1 7/2 -/3 -/0 4/7 
Investment 8/8 8/8 8/9 9/10 -/10 -/2 33/36 
Monetary policy 3/2 8/7 3/2 4/5 -/7 -/0 13/10 
Price markup 3/1 27/28 28/12 3/2 -/0 -/2 4/2 
Wage markup 40/9 50/48 7/5 72/25 -/65 -/2 24/19 
Labour pref. -/15 -/0 -/0 -/44 -/2 -/86 -/2 
 
Notes: The first entry denotes the share of the variance decomposition explained by the shock in 
the model without unemployment; the second entry denotes the share in the model with 
unemployment. 



2. 

Appendix GSW graphs and tables  

Figure 1:  
Two nominal wage concepts 
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3. 

Appendix GSW graphs and tables  

Figure 2 
Impulse responses to “demand” shocks 
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Figure 3 
Impulse responses to wage mark-up and labour preference shock 
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Figure 4 
Impulse responses to productivity and price mark-up shock 
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Figure 5 
The unemployment rate and the output gap 
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Figure 6 
Historical decomposition of unemployment (baseline model) 
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Figure 7 
Historical decomposition of output gap (baseline model) 
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Figure 8 
Historical decomposition of inflation (baseline model) 
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Figure 9 
Historical decomposition of wage inflation (compensation - baseline model) 
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Figure 10 
Actual and natural unemployment 
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Figure 11 
Employment and contribution of labour preference shock 
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Table A.1: Estimation results for six model versions: 
 
 

 

 

(Source: ESTIMATION Results in Table format_oct2009.xls) 
 
Notes: 
Based on dwEC: employee compensation 
 GJRWs : benchmark version of SW 
 GJRWsc_UR : adding UR and labor supply 
 
Based on dwAWE: average weekly earnings (free trend growth rate for real wage) 
 GJRWs : benchmark version of SW 
 GJRWsc_UR : adding UR and labor supply 
 
Based on dwEC+dwAWE (free trend growth rate for real wage and two measurement errors) 
 GJRWs_dwAWE : benchmark version of SW 
 GJRWsc_UR_dwAWE: adding UR and labor supply  
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Table A.2: Estimation results for versions of the benchmark model (GJRWsc_UR_dwAWE) 
 

 
 
- version in Table 1 
- version with correlation between (ea,els) 
- version with causality from els to a process 
- version with tax shock explaining link between the two wage concepts instead of a free constant 
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Table A.3: Variance decomposition: 
Baseline model without unemployment: 
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Baseline model with unemployemnt 
 

 

 

 


