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Topics 

• Technological progress and unemployment

• Skill-biased technological progress and wage inequality

• Skill-biased technological progress and wage rigidity

• US versus Europe

• Low-skilled wages and immigration

• Wages, working time and the Earned Income Tax Credit
in Sweden
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Technological progress 

• Labour productivity growth

• Capitalisation effect increases the profit due to job creation.

• The individual’s productivity y grows at the rate g.

• Assume a balanced growth path where productivity, the real
wage and profits all increase at the rate of g.

eπ = profit from a filled vacancy (discounted value) 

Vπ =  profit from an unfilled vacancy (discounted value) 
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• If 
e

π  is “invested” in the labour market it earns a return 
made up of the instantaneous profit ( )y w−  and an

expected “capital gain” ( )
V e

q π π− .

• In addition the value of the asset has risen by
e

gπ .

• A financial investment yields
e

rπ .

• ( )
e

r g π−  is the return from a financial investment less the 

“opportunity cost”  
e

gπ in an environment characterized by 
growth g .

• ( )
e

r g π− is the effective rate of return on an investment.

• Growth is accompanied by a capitalisation effect equivalent
to a reduction in the interest rate.

• The cost of a vacancy is assumed to be indexed to
productivity, i.e. it is hy.

The return from an unfilled vacancy 

( )     ( )( ) (4a)
V e V

r g hy mπ θ π π− = − + −

The free-entry condition 
V

π = 0 together with (4) and (4a) give: 

(5)
  ( )

y w hy

r g q m θ

−
=

− +
 

The expected present value from a 
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• (5) represents labour demand.

•     
e

g LHS π↑ ⇒ ↑ ⇒ ↑

• Hence, the RHS, the cost of an unfilled vacancy, must also
go up. This occurs if the average duration of a vacancy
1/ ( )m θ  increases, which happens when labour market
tightness increases.

• Hence,   g θ↑ ⇒ ↑ , i.e. an upward shift of the labour
demand schedule.
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Wage setting 

V = the present value of an employed worker 

u

e

V = the present value of an unemployed worker 

( )     ( ) (6)
e u e

r g V w q V V− = + −  

We assume that the income of an unemployed worker is 
indexed to productivity, such that it is zy. 

Then: 
( )     ( )( ) (7)

u e u
r g V zy m V Vθ θ− = + −  

Apply the same wage bargaining model as in chapter 9, but 
change z to zy and r to (r-g). 

Equation (20) in chapter 9 can then be rewritten: 
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• The “strength of the employee in bargaining”, ( )θΓ ,
increases with g .

•  g ↑ reduces the effective interest rate.

• The “capital loss” from job destruction is increased.

• Hence, relatively better to be unemployed.

• WC curve is shifted upwards.

From Figure 10.1 

A rise in productivity growth: 

(i) raises the wage

(ii) has an ambiguous effect on θ .

But (5) and (8) together give: 

(1 )(1 )
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Differentiation of (9) shows that rise in g raises θ. 
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The Anglo-Saxon vs the European model 

• Biased technological progress

• Two labour markets: skilled and unskilled labour

• Three goods
- final good
- two intermediate goods (one produced with skilled labour;

one produced with unskilled labour)

• Each employee produces one intermediate good per unit of time.

Production of the final good 

( ,  )
h h l l

F A L A L
h

A  and 
l

A  measure the levels of  
technical progress 

• The market for the final good is perfectly competitive.
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Stationary state 

    ( )               (39)
i i i i Vi i

r p w qπ π π= − + −  

i
h  = cost of a vacancy 

/
i iiV Uθ = =  labour market tightness 

(  /) ( ) /  
i ii iim M V U Vθ = = the rate at which vacant jobs of

type i are filled 

( )( ) (40)
Vi i i i i Vi

r h m θπ π π=− + −  

From free-entry condition 
Vi

π = 0, (39) and (40) we have: 

   (41)
( )   

i i i

i i

h p w

m r qθ

−
=

+
 

Wage negotiations 

i
z  = income of an unemployed person 

ei
V  = discounted utility of an employed i worker 

ui
V  = discounted utility of an unemployed i worker 

 ( )
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ui i i i ei ui
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 From eq. (20) in chapter 9 
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• Labour market tightness is independent of the prices of the
intermediate goods and thus of technological progress.

• Hence, unemployment from the Beveridge curve does not
depend on technological progress (bias).

• But the relative wage /l hw w  does depend on technological bias 
(prices). 

• This is an Anglo-Saxon labour market.
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A European labour market 

• Unskilled workers are paid a minimum wage.

• Assumption: The minimum wage is indexed to the wage of
skilled workers.
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• Obviously 
l
θ is affected by a change in /

h l
p p  due to 

technological bias.

• 
h
θ is determined as in the Anglo-Saxon model and is not affected
by technological bias. 

• It follows that relative unemployment is affected by technological
bias.
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CES production function 
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European labour market 
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• 
h
θ  and 

h
u  are independent of technological bias. 

• It can be derived that

• Rise of  x  = /
h l

A A  with  1σ >  shifts LD curve downwards
in Figure 10.11.

• 
l

u ↑ and l

h

u

u
↑ . 
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Wage effects of immigration

• Current Swedish debate on lower minimum wages to help labour market
integration of low-skilled immigrants

• Fear that this will cause lower wages for low-skilled natives as well
• No available research on this issue
• But research in other countries on the effects of low-skilled immigration on

wages of low-skilled natives
• Some studies have found positive or no effects
• Methodological problems with these studies

- causality: immigration can be driven by demand (not supply)
- not panel data on individuals: instead cross-sectional data on regions
(encompassing both incumbents and those who move in but not those who
move out)
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Foged-Peri study of Denmark

• Supply-driven allocation of refugee immigrants to Denmark 1986-1998
- allocation according to housing situation (not labour-demand
situation)

- natural experiment (quasi-experiment)
• Results

- Less educated native workers are pushed to change occupation (moves to
non-manual occupations especially when changes of establishment)

- Positive or null wage and employment effects on native workers
- Cohort-based and area-based analyses give similar results
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𝑦𝑖𝑗𝑚𝑡
𝑁𝐴𝑇 = 𝑥𝑖𝑡

′ 𝛼 +  𝛽𝑆𝑚𝑡 +  𝜙𝑡,𝐼𝑁𝐷 +  𝜙𝑡,𝑅𝐸𝐺 +  𝛾𝑖,𝑢 +  𝜀𝑖𝑗𝑚𝑡,

where  

𝑦𝑖𝑗𝑚𝑡
𝑁𝐴𝑇 = complexity, wages or employment

𝑥𝑖𝑡 = vector of time-varying individual characteristics

𝑆𝑚𝑡 = refugee immigrant share of employment

𝜙𝑡,𝐼𝑁𝐷 = industry-by-year effects

𝜙𝑡,𝑅𝐸𝐺 = region-by-year effects

𝛾𝑖,𝑢 = various fixed effects

𝜀𝑖𝑗𝑚𝑡 = error term
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𝑦𝑖𝑚𝑡
𝑁𝐴𝑇 = 𝑥𝑖𝑡

′ 𝛼 + ∑ 𝛾𝑆𝑀𝑚𝐷(𝑦𝑒𝑎𝑟 = 𝑠)

−1

𝑠=−3

+ ∑ 𝛾𝑆𝑀𝑚𝐷(𝑦𝑒𝑎𝑟 = 𝑠)

14

𝑠=1

+ 𝜙𝑡,𝐼𝑁𝐷 +  𝜙𝑡,𝑅𝐸𝐺 + 𝜙𝑡,𝐸𝐷𝑈𝐶 +  𝜙𝑡,𝑂𝐶𝐶 + 𝜙𝑚 + 𝜀𝑖𝑡,

where 

𝑦𝑖𝑚𝑡
𝑁𝐴𝑇 = complexity, wages or employment

𝑥𝑖𝑡 = vector of time-varying individual characteristics

𝑀𝑚 = treatment dummy (upper or lower quartile of refugee inflows)

𝜙𝑡,𝐼𝑁𝐷 = industry-by-year effects

𝜙𝑡,𝑅𝐸𝐺 = region-by-year effects

𝜙𝑡,𝐸𝐷𝑈𝐶 = education-by-year effects

𝜙𝑡,𝑂𝐶𝐶 = occupation-by-year effects

𝜙𝑚 = fixed municipality effects

24



Instrumentation of Refugee Immigration 

𝐹𝑐𝑡 = total refugee immigration from country 𝑐 in year 𝑡

𝑆𝑐𝑚 = share of immigrants from country 𝑐 who settled in municipality

𝑚 1986-1998 

�̂�𝑐𝑚𝑡  for 𝑡 > 1994 =  𝑆𝑐𝑚 x  𝐹𝑐𝑡 = imputed working-age population

from refugee-sending country 𝑐 in year 𝑡 

�̂�𝑚𝑡 =  
∑ �̂�𝑐𝑚𝑡𝑐

𝑃𝑚1998

𝑃𝑚1998 = total working-age population in municipality 𝑚 in 1998

25



26



27



28



Benmarker-Calmfors-Seim model
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Coefficient av residual income progression:
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Symmetric equilibrium

Benchmark regression equation
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