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1. Introduction and model overview1) 

The first version of the Austrian Long-run Macroeconomic Model (A-LMM) was developed in 
2004 (Baumgartner et al., 2004). The model has been subsequently updated in 2007 (Hofer 
et al., 2007) and 2010 (Hofer et al., 2010). In this paper we present simulations based on the 
third update of the model, which differs from the 2010 version in three ways. First, we update 
the national accounts data (European System of National Accounts, ESA95) and other 
administrative data to 2012, and recalibrate the model accordingly. Second, the model 
includes a revised forecast for activity rates for the 22 cohorts (by sex and age) aged 14 and 
older. Third, we implement new demographic projections by Statistics Austria. The new 
baseline includes the current main variant of Statistics Austria’s demographic projection. 
Variations from the baseline comprise scenarios with low and high migration and a scenario 
with high life expectancy. Finally, we present two alternative scenarios, one with higher and 
another with lower labour productivity growth.  

A-LMM is a long-run macroeconomic model for the Austrian economy developed jointly by 
the Austrian Institute of Economic Research (WIFO) and the Institute for Advanced Studies 
(IHS). This annual model has been designed to analyse the macroeconomic impact of long-
term issues on the Austrian economy, to develop long-term scenarios, and to perform 
simulation studies. The current version of the model foresees a projection horizon until the year 
2070. The model puts an emphasis on financial flows of the social security system. 

A-LMM is a model derived from neoclassical theory which replicates the well-known stylised 
facts about growing market economies summarised by Nicholas Kaldor (recit Solow, 2000). 
These are: (i) the output to labour ratio has been rising at a constant rate, (ii) similarly, the 
capital stock per employee is rising at a constant rate, (iii) the capital output ratio and (iv) the 
marginal productivity of capital have been constant. Together, facts (iii) and (iv) imply 
constant shares of labour and capital income in output. An economy for which all of the 
above facts hold is said to be growing in steady state. 

In A-LMM, the broad picture outlined by Kaldor emerges as a result of optimizing behaviour of 
two types of private agents: firms and private households. Private agents’ behavioural 
equations are derived from dynamic optimisation principles under constraints and based on 
perfect foresight. As the third major actor we consider the general government. We assume a 
constant legal and institutional framework for the whole projection period. The government is 
constrained by a long-run commitment to a balanced budget, as requirement by the 

                                                      
1)  Corresponding author: Thomas Url, Austrian Institute of Economic Research (WIFO), P.O. Box 91; A-
1103 Vienna, Austria. Tel: (+43 1) 798 26 01-279, Fax: (+43 1) 798 93 86, Email: Thomas.Url@wifo.ac.at. 
Acknowledgments: We would like to thank Johann Stefanits and Christine Mayrhuber for helpful 
comments and suggestions. The responsibility for all remaining errors remains entirely with us. Ursula 
Glauninger, Christine Kaufmann and Birgit Wögerbauer provided excellent research assistance. 
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Stability and Growth Pact and by the Treaty on Stability, Coordination and Governance in 
the Economic and Monetary Union. The structure of A-LMM is shown in Figure 1.1. 

The long-run growth path is determined by supply side factors. Thus, the modelling of firm 
behaviour becomes decisive for the properties of our model2). Firms are assumed to produce 
goods and services using capital and labour as inputs. It is well known that a constant return 
to scale production technology under Harrod-neutral technical progress is one of the few 
specifications consistent with Kaldor’s facts. We therefore assume a Cobb-Douglas 
production function with exogenous Harrod-neutral technical progress.  

A Cobb-Douglas production function implies constancy of the income shares of factor inputs 
in the total value added. These are given by the ratios of the gross operating surplus and 
wages to GDP at constant prices. Although the labour income share in Austria has been 
falling since the late seventies, in the longer term it has varied in a narrow range of one 
standard deviation from the mean of 50.9 (Figure 1.2). For this reason the assumption of long 
term constancy of the labour income share over a long run is adequate. Factor demand is 
derived under the assumption of profit maximisation subject to resource constraints and the 
production technology. Capital accumulation is based on a modified neoclassical 
investment function with forward looking properties. In particular, the rate of investment 
depends on the ratio of the market value of new additional investment goods to their 
replacement costs. This ratio (Tobin’s Q) is influenced by expected future profits net of 
business taxes. Labour demand is derived directly from the first order condition of the firms’ 
profit maximisation problem. 

Another feature of Cobb-Douglas technology is that the marginal and the average products 
of input factors grow at identical rates, their levels differing by the respective factor shares. In 
the baseline, we assume a constant annual rate of change of labour productivity of 
1.6 percent (cf. Figure 3.3.1). This value corresponds to the annual rate of change between 
1976 and 2012. The corresponding annual rate of change of total factor productivity TFPt is 
1.6 (1-ALPHA) = 0.8 percent.  

Private households’ behaviour is derived from intertemporal utility maximisation according to 
an intertemporal budget constraint. Decisions about consumption and savings (financial 
wealth accumulation) are formed in a forward looking manner. Consumption depends on 
discounted expected future disposable income (human wealth) and financial wealth but 
also on current disposable income since liquidity constraints are binding for some households. 

 

                                                      
2)  See, for example, Allan  Hall (1997). 
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Figure 1.2: Labour share in percent of GDP in Austria 

 
 

To afford consumption goods, household supply their labour and receive income in return. A 
special characteristic of A-LMM is the focus on disaggregated labour supply. In general, the 
labour force can be represented as a product of the size of population and the labour 
market participation rate. In the model we implement highly disaggregated (by sex and age 
groups) participation rates. This gives us the opportunity to account for the different 
behaviour of males and females (where part-time work is a major difference) and young and 
elderly employees (here early retirement comes into consideration). 

For the projection of the number of persons on maternity leave and persons in military service 
(Karenzgeld- bzw. Kindergeldbezieher und Kindergeldbezieherinnen und Präsenzdiener mit 
aufrechtem Beschäftigungsverhältnis), we assume a constant relationship to the population 
aged 0 to 4 years. Employment (in persons) is converted into employment in full-time 
equivalents using the factor QLDt, cf. Hofer et al. (2007) for a detailed description. For the 
past, QLDt is calculated as the ratio of full time equivalents to dependent employment. In the 
baseline we keep QLDt constant at 0.92, the value for 2011. Furthermore, we account for the 
expected change in the average working time due to higher female labour market 
participation. The associated factor, QWTt, is calculated as the weighted sum of average 
working hours of females and males; the weights being their shares in the total labour force. 
The average working time for males and females has been taken from the Microcensus. In 
general, we could simulate the impact of growing part-time work on production by changing 
average working time of males and females, respectively. Instead, we assume constant 
working hours for males and females. An increasing share of females in the labour force 
implies that total average working time will fall.  

Another feature of A-LMM is a disaggregated model of the social security system as part of 
the public sector. We explicitly model the expenditure and revenue side for the pension, 
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health and accident, and unemployment insurance, respectively. Additionally, expenditures 
on long term care are modelled. Demographic developments are important explanatory 
variables in the social security model. Although, individual branches of the public sector may 
run permanent deficits, for the public sector as a whole, the long-run balanced-budget 
condition is enforced.  

These features of A-LMM ensure that its long-run behaviour resembles the results of standard 
neoclassical growth theory and is consistent with Kaldor’s facts. That is, the model attains a 
steady state growth path determined by exogenous growth rates of the labour force and 
technical progress. 

A-LMM as a long run model is supply side driven and therefore does not generate business 
cycle fluctuations. The demand side adjusts in each period to ensure equilibrium in the goods 
market. The adjustment mechanism runs via disequilibria in the trade balance. The labour 
market equilibrium is characterised by a time varying natural rate of unemployment. Prices 
and financial markets are not modelled explicitly; rather we view Austria as a small open 
economy, so that the real interest and inflation rates coincide with their foreign counterparts. 
We impose that domestic excess savings correspond to the income balance in the current 
account. 

Because of the long projection horizon and a comparatively short record of comparable 
economic data for Austria, the parameterisation of the model draws extensively on 
economic theory3). This shifts the focus towards theoretical foundations, economic plausibility, 
and long-run stability conditions and away from statistical inference. As a consequence, 
many model parameters are either calibrated or estimated under theory based constraints4). 
A-LMM is developed and implemented in Eviews©. Further details on the specification of the 
model can be found in Hofer et al. (2007).  

The report is structured as follows. Section 2 discusses trend projections for the participation 
rates by age-cohorts and sex. Section 3 contains the simulation results. The baseline scenario 
is detailed in section 3.1. The results from variations on the main demographic projection by 
Statistics Austria are summarized in section 3.2.1 through 3.2.3. Finally, section 3.3 describes 
the effects of higher and lower labour productivity growth on output and employment. 

                                                      
3)  For consistency A-LMM relies on the system of national accounts. On the basis of the current European System of 
National Accounts framework (ESA95), official data are available from 1976, in part only from 1995, onwards. The 
projection outreaches the estimation period by a factor of three. 
4)  "[S]o called 'calibrated' models [...] are best described as numerical models without a complete and consistent 
econometric formulation [...]" Dawkins et al. (2001, p. 3655). Parameters are usually calibrated so as to reproduce the 
benchmark data as equilibrium. Typical sources for calibrated parameters are empirical studies unrelated to the 
model at hand, for example cross section analysis or estimates for other countries, or rules of thumb that guarantee 
model stability. For a broader introduction and discussion of the variety of approaches subsumed under the term 
'calibrated models' see Hansen  Heckman (1996), Watson (1993) and Dawkins et al. (2001). 
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2. Update of (Trend) labour supply scenario 

In this section we describe the update of the labour supply projections. We use the cohort 
method to project the labour force for the period 2013 to 2070. This labour supply scenario 
shows the outcome of extrapolating recent trends in the labour market behaviour (entry and 
exit rates) and is not based on an assessment of future changes in working patterns or 
economic conditions. However, the projection takes the expected effects of the pension 
reforms since 2000 into account. 

The dynamic cohort method (Scherer, 2002) is based on a model that calculates the rates of 
entry and exit in the labour market for each cohort in 2012 and assumes that future lifetime 
participation profiles are parallel to those observed in the past. Formally, the dynamic 
projection method is based on the observed distribution of entry and retirement probabilities 
by age. Let PRtx,x+4 be the activity rate of age group x to x + 4 in period t (e. G., the activity 
rate of the age group 20 to 24 in 2012). Then the probability WXtx,x+4 of persons aged x to x + 4 
to retire before period t and t + 5, respectively, is 

 01
5

4,

9,5
4,  




 t

xx

t
xxt

xx PR

PR
WX , (1) 

the probability WNtx to enter into the job market is 
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where PR  is an upper limit on activity rates (we assume 99 percent for men and 95 percent 
for women). 

We use the male and female activity rates in 5-year age groups for the years 2007 and 2012, 
respectively, to calculate the entry and retirement probabilities for the year 2012 for men and 
women separately. Based on the assumption that these probabilities will not change during 
the projection period 2013 to 2070, the projected activity rates for this period are given by 
(t = 2013,...,2070): 
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An adjustment mechanism is introduced for the young age cohorts. For the calculation of the 
participation rates of the age group 20 to 24 we assume a constant participation rate of the 
age group 15 to 19. A decrease in the participation rate of the age group 15 to 19, which is 
due to extended duration of full-time education, would imply a mechanical negative 
consequence for the participation rates of prime-age people over time. 
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In 2010 the calculation method for dependent employment has been adjusted. The data 
have been recalculated until 2008 only. The aggregate effects of the reclassification are 
relatively minor; however, the age structure of employment has been changed markedly. 
Given the strong increase in participation rates in 2011 and 2012 and the statistical problems 
just mentioned we apply some adjustments in projecting participation rates. We assume that 
the participation rates of males aged 30 to 44 remain at their current levels (around 
94 percent). For the age group 50 to 54 and 55 to 59 the participation rates are kept constant 
after 2030. With respect to females the cohort method suggests a drop in the participation 
rates in the age groups 25 to 29 and 30 to 34. On the other hand the participation rate of 45 
to 49 aged would rise despite the already very high level. We keep the participation rate of 
the age group 25 to 29 fixed at the 2012 level and we assume an increase in the participation 
rate of 5 percentage points for the age group 30 to 34 years. The entry and exit rates, WN, for 
the age group 45 to 49 are set to zero. This implies that throughout the projection the 
participation rates of the cohorts 40 to 44 and 45 to 49 are identical.  

So far the results of efforts to increase the actual retirement age have been modest. For 
example, Stefanits  Hollarek (2007) estimate that the actual retirement age increased by 7 
months. Between 2005 and 2011 the demographic adjusted actual retirement age increased 
by one year (Büro der Kommission zur langfristigen Pensionssicherung, 2012). In the recent 
past, however, labour market attachment of the elderly increased considerably. The 
participation rate of persons aged 55 to 64 rose from 30.7 percent in 2005 (42.1 percent male, 
19.9 percent female) to 40 percent in 2012 (50 percent male, 30.5 percent female). 
Moreover, eligibility criteria for early retirement have been tightened. The pension due to long 
term insurance without deductions is phased-out. The pension reform from 2012 tightens 
eligibility for early retirement further. The number of contribution years necessary to retire 
before the statutory retirement age has been increased from 37.5 to 40 years. The deductions 
in accrued benefits in case of early retirement rose from 4.2 to 5.1 percent. Access to 
disability pension has been restricted by strengthening “fit2work”, an initiative to maintain and 
improve the employability and the ability of citizens to work. The eligibility for job protection 
within the same business sector (“Berufsschutz”) has been increased from 57 to 60 years. The 
temporary disability pension (befristete Invaliditätspension) will be gradually abolished.  

Against this background we assume the following impact of the post-2000 pension reforms on 
the labour market attachment of elderly workers. We project an increase in the participation 
rate of males in the age group 60 to 64 by 23 percentage points until 2048. The participation 
rates of females in the age group 55 to 59 will rise by 21 percentage points until 2033. In the 
period 2024 to 2033 the statutory retirement age for females will be lifted from 60 to 65. We 
assume that the participation rate in the age group 60 to 64 will rise by 32 percentage points 
until 2044.  

Additionally, we model the impact of abolishing temporary disability pensions and the 
increase of the eligibility for job protection (see Table 2.1). The share of temporary disability 
pensions (stocks) amounts to almost 20 percent in 2011 and decreases with age. We assume 
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a return to work (labour force) ratio of 40 percent for the stock of temporary disability 
pensions5). We estimate that rehabilitation measures will increase the labour force 
attachment in the age group 50 to 64 of all persons currently in temporary disability pension 
by 40 percent in the long run. We assess the impact of job protection using spikes in the inflow 
to disability pension at the age of 57. We assume that 50 percent of these spikes could be 
reduced by tightening the criteria for job protection. This implies an increase in the 
participation rate of the 55 to 59 age group of 1.23 percent (male) and 0.34 percent 
(female), respectively. 

 
 

Table 2.2 provides a comparison with our 2010 projections and the projections of the ageing 
report of the European Commission. In this report, we project a stronger impact of the 
pension reforms on the participation rates of older workers. In 2010 we expected an increase 
in the participation rate of persons aged 55 to 64 of 15 percentage points. According to the 
current projection the participation rate will increase by 20 percentage points. This is slightly 
above the results of the ageing report of the European Commission (2011, 2012), which 
projects an increase of 14 percentage points. 

Several reasons support the expectation of a stronger impact of pension reforms on 
participation rates. The most recent pension reform implies stronger financial discounts for 

                                                      
5)  In the literature a huge range for return-to-work rates is found. Beal (2007) reports that return-to-work closures 
represent 29 percent of all claim closures of the reporting U.S. disability carriers and 42 percent of all closures 
excluding claims closed due to death or the end of the maximum benefit period. Recent evidence shows that 
providing financial incentives could encourage disability benefit recipients to increase their labour supply (see e.g. 
Campolieti and Riddell 2012). Kostol and Mogstad (2013) use a disability reform in Norway and estimate elasticities of 
labour-force non-participation in the range of 0.13-0.30.  

Age group
Males Females Males Females

15 to 19 years 0.00 0.00
20 to 24 years 0.05 0.03
25 to 29 years 0.13 0.10
30 to 34 years 0.18 0.16
35 to 39 years 0.20 0.24
40 to 44 years 0.26 0.34
45 to 49 years 0.39 0.46
50 to 54 years 2.32 2.77
55 to 59 years 1.78 1.61 1.23 0.34
60 to 64 years 0.48 0.21

Disability pension Job protection

Table 2.1: The impact of abolishing temporary disability 
pensions and tightening eligibility for job protection on 
participation rates

In percent



–  10  – 

    

early retirement and strengthens eligibility criteria. Measures to reduce the inflow into disability 
pensions are introduced. Decoupling rehabilitation from disability pension benefits and linking 
it with employment services could help to prolong working lives. Recent econometric studies 
for Austria (Raab, 2011; Hanappi, 2012) find a robust relationship between financial incentives 
and retirement behaviour. In the past Austrian pension regulations were characterised by a 
considerable degree of diversity. This complexity, combined with the uncertainty of future 
reforms, made it more difficult for Austrian individuals to form rational expectations about 
their future entitlements. As the individual pension account (Pensionskonto) improves the 
transparency of the Austrian pension system, it is to be expected that incentives to remain 
employed will increase. Of course we assume that no new channel into early retirement will 
be introduced.  

 

  

20101) 20132)

Females 55 to 59 years 10 12
Females 60 to 64 years 18 25

Males 55 to 59 years 0 3
Males 60 to 64 years 9 19

Total 55 to 64 years 15 20

Females 55 to 64 years 18
Males 55 to 64 years 10

Total 55 to 64 years 14

Notes: Numbers are differences in the year 2070 to the 
projection based on the cohort method. - 1) Hofer et al. 
(2009). - 2) Own calculations. - 3) European Commission 
(2011, 2012). 

Table 2.2: The impact of pension reforms on 
participation rates in 2070

Projections

Ageing Report 20123)

Percentage points
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Figure 2.1: Labour Force Activity Rates across age groups and sexes 
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Figure 2.2: History and long-run projections of participation rates  
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3. Simulations with A-LMM 

The adjustment mechanisms in A-LMM are slow and stability of the model is not fully visible in 
the base scenario up to 2070, which represents the end of our main projection horizon. In the 
very long run the model tends to a steady state solution with a stable ratio of net foreign 
assets to nominal output. In the following, we first discuss a baseline scenario using the main 
variant of the latest Austrian population forecast (Hanika et al., 2012). The baseline scenario 
has been created for comparison. We then consider two alternative scenarios based on (1) a 
low migration and (2) a high life expectancy scenario of the population forecast by Statistics 
Austria. 

The population forecast by Statistics Austria extends to 2070 and is exogenous to the model. 
Since the model is intended for projections up to 2070, the population forecast horizon is too 
short for computing the forward looking part of A-LMM. Therefore, we use an extended 
population forecast going up to 2150 by assuming constant fertility and mortality rates. The 
extension is provided by Statistics Austria and enables us to obtain a forward looking solution 
until 2075. Forward looking terms appear in private consumption and investment functions. 

3.1 Baseline scenario with the main variant of the population projection 

The baseline scenario uses the main variant of the population forecast for Austria (Hanika et 
al., 2012). Changes in the demographic assumptions are minor compared to the variant used 
in the previous update of the A-LMM model (Hofer et al., 2010). The current forecast assumes 
lower immigration to Austria and a smaller increase in life expectancy. In the aggregate the 
picture for the demographic forecast remains unchanged: population in Austria will grow to 9 
million persons in 2030 and will increase to 9.3 million in 2050. The population growth will be 
accompanied by a dramatic change in the age structure. The old age dependency ratio 
(persons aged 65 and older relative to persons aged 15 to 64) will climb from 26.5 percent in 
2012 to 50.4 percent in 2070. The increase is larger than in the previous model update (2070: 
47.8 percent). 

The outlook for the development of the working age population is more pessimistic 
compared to the previous model update, implying a decrease in the working age 
population by 0.1 percent annually between 2012 and 2070. The economically active 
population will nearly stagnate. The slightly improved outlook for the labour force is due to 
upward revisions for participation rates. The total participation rate will increase from 
72.8 percent in 2012 to 79.3 percent in 2070. Compared to the previous model update, the 
participation rate in 2070 is higher by nearly 3 percentage points. The brighter outlook for 
participation rates is due to higher starting values in the base year of the model simulation. 
Furthermore, the pension reform of spring 2012 increased monetary penalties for early 
retirement and made it more difficult to obtain a permanent disability pension (mandatory 
rehabilitation). Significantly higher participation rates are assumed for both sexes (Table 3.1).  



–  14  – 

    

 

Ta
bl

e 
3.

1:
  B

as
el

in
e

20
12

20
13

20
20

20
30

20
40

20
50

20
60

20
70

W
or

ki
ng

 A
ge

 P
op

ul
at

io
n 

(1
5-

64
)

5,
72

0.
7

5,
72

3.
7

5,
75

3.
5

5,
55

4.
9

5,
42

8.
9

5,
42

7.
8

5,
37

4.
6

5,
39

1.
5

-0
.1

Ec
on

om
ic

al
ly

 a
ct

iv
e 

po
pu

la
tio

n 
(L

ab
ou

r f
or

ce
)

4,
16

5.
5

4,
18

6.
0

4,
27

2.
1

4,
24

8.
9

4,
28

0.
6

4,
29

0.
0

4,
26

1.
9

4,
27

8.
0

0.
0

  E
co

no
m

ic
al

ly
 a

ct
iv

e 
em

pl
oy

ee
s i

n 
fu

ll 
tim

e 
eq

ui
va

le
nt

s
3,

09
5.

3
3,

10
5.

9
3,

16
3.

0
3,

14
6.

0
3,

17
6.

3
3,

18
7.

4
3,

16
5.

6
3,

17
9.

0
0.

0
N

um
be

r o
f p

en
sio

ns
2,

26
0.

4
2,

26
9.

8
2,

43
6.

4
2,

80
4.

1
3,

00
7.

9
3,

12
7.

8
3,

18
9.

6
3,

19
1.

4
0.

6

Pa
rt

ic
ip

at
io

n 
ra

te
, t

ot
al

72
.8

73
.1

74
.3

76
.5

78
.8

79
.0

79
.3

79
.3

0.
1

6.
5

  W
om

en
66

.7
67

.1
68

.8
72

.5
75

.5
75

.7
75

.9
76

.0
0.

2
9.

3
  M

en
78

.9
79

.1
79

.7
80

.5
82

.1
82

.4
82

.6
82

.7
0.

1
3.

8
Un

em
pl

oy
m

en
t r

at
e

7.
0

7.
1

7.
1

6.
9

6.
7

6.
5

6.
5

6.
5

-0
.1

-0
.5

O
ld

 a
ge

 d
ep

en
de

nc
y 

ra
tio

26
.5

27
.0

29
.9

38
.9

46
.2

48
.5

50
.4

50
.4

1.
1

23
.9

Pe
ns

io
ns

 re
la

tiv
e 

to
 in

su
re

d 
pe

rs
on

s
61

.5
61

.5
64

.7
74

.8
79

.7
82

.7
84

.9
84

.6
0.

6
23

.1
Pe

ns
io

ns
 re

la
tiv

e 
to

 p
op

ul
at

io
n 

ag
ed

 6
5+

14
9.

2
14

6.
8

14
1.

7
12

9.
7

12
0.

0
11

8.
8

11
7.

8
11

7.
5

-0
.4

-3
1.

6

G
ro

ss
 d

om
es

tic
 p

ro
du

ct
 a

t c
on

st
an

t 2
00

5 
pr

ic
es

27
1.

8
27

4.
4

30
9.

5
36

2.
0

42
7.

5
50

2.
7

58
7.

7
69

1.
9

1.
6

G
ro

ss
 d

om
es

tic
 p

ro
du

ct
 a

t c
ur

re
nt

 p
ric

es
30

9.
9

31
9.

1
41

3.
4

58
9.

4
84

8.
5

1,
21

6.
3

1,
73

3.
4

2,
48

7.
7

3.
7

Re
al

 G
D

P 
pe

r c
ap

ita
32

.1
32

.3
35

.5
40

.2
46

.4
53

.9
62

.7
73

.5
1.

4

Re
al

 w
ag

e 
pe

r c
ap

ita
, i

n 
fu

ll 
tim

e 
eq

ui
va

le
nt

s (
M

PL
)

10
0.

0
10

0.
5

11
1.

6
13

1.
4

15
3.

5
18

0.
2

21
2.

0
24

8.
3

1.
6

G
ro

ss
 d

om
es

tic
 p

ro
du

ct
 a

t c
on

st
an

t 2
00

5 
pr

ic
es

0.
8

1.
0

1.
7

1.
6

1.
7

1.
6

1.
6

1.
7

1.
6

C
om

pe
ns

at
io

n 
to

 e
m

pl
oy

ee
s, 

at
 c

ur
re

nt
 p

ric
es

4.
3

2.
9

3.
7

3.
6

3.
7

3.
6

3.
6

3.
7

3.
7

Re
al

 w
ag

e 
pe

r e
m

pl
oy

ee
0.

6
0.

5
1.

5
1.

6
1.

6
1.

7
1.

6
1.

6
1.

6

G
D

P 
de

fla
to

r
2.

2
2.

0
2.

0
2.

0
2.

0
2.

0
2.

0
2.

0
2.

0

M
ar

gi
na

l p
ro

du
ct

 o
f c

ap
ita

l
0.

13
0.

13
0.

13
0.

13
0.

13
0.

13
0.

13
0.

13
0.

0
C

ap
ita

l-o
ut

pu
t-

ra
tio

3.
77

3.
79

3.
75

3.
76

3.
75

3.
74

3.
75

3.
75

0.
0

0.
0

A
vg

. c
ha

ng
e

(in
 %

)
20

12
/2

07
0

C
um

. c
ha

ng
e

(in
 %

 p
oi

nt
s)

20
12

/2
07

0

Bi
ll.

 €

20
12

 =
 1

00

1,
00

0 
€

1,
00

0 
pe

rs
on

s

In
 p

er
ce

nt

Pe
rc

en
ta

ge
 c

ha
ng

e 
ag

ai
ns

t p
re

vi
ou

s y
ea

r

Ra
tio



–  15  – 

    

The consequences of the recent financial and economic crisis have been accounted for in 
the baseline scenario. The crisis resulted in the most severe economic recession in Austria for 
decades and a loss of real output by 3.8 percent in 2009. The baseline scenario implies that 
the economic crisis shifts the level of output permanently downwards, leaving the growth rate 
following the level shift unchanged. Annual labour productivity growth (in full time 
equivalents) will thus amount to 1.6 percent, corresponding to the value assumed in the 
previous model update. No long term impact of the crisis is assumed for labour demand. The 
unemployment rate, however, will decline only gradually to 6.9 percent until 2030, 
decreasing further to 6.5 percent in 2070. This implies an upward revision of the steady state 
unemployment rate by 0.3 percentage points. It is assumed that the substantial increase in 
unemployment during the economic crisis will result in permanently higher unemployment 
rates in Austria due to hysteresis effects.  

The inflation rate showed relatively high volatility – related to the consequences of the 
economic crisis – in the most recent past. In the meantime inflation has stabilized. The 
baseline scenario foresees no fundamental change in the long-term perspectives for 
consumer price inflation. Price increases are assumed to follow the target set at 2 percent by 
the European Central Bank. Real GDP and real per capita wage grow at an annual growth 
rate of 1.6 percent. Economic growth will thus be slightly lower compared to the annual 
growth rate of 1.7 percent implied by the previous model update. Together this leads to a 
substantial downward revision of output for 2070. The previous model update led to an 
increase in real output of 165 percent between 2012 and 2070. In the current baseline 
scenario real output in 2070 is higher by 155 percent compared to the year 2012. 

The development of key parameters for the public pension system is slightly improved in the 
current scenario compared to the previous model update. The upward revision of the 
employment rates for older persons dampens the annual growth of the number of pensions 
to 0.6 percent (compared to 0.7 percent in previous simulations)6). Together with the slightly 
higher old age dependency ratio in the current population forecast this implies that the 
increase in the number of pensions relative to the number of insured persons will be 
23 percentage points between 2012 and 2070 compared to 26.6 percentage points in the 
model update in Hofer et al. (2010). The number of pensions relative to the population aged 
65+ decreases by 31.6 percentage points due to higher participation rates in the cohorts 
younger than the legal pension entry age of 65 coupled with fewer disability and survivor’s 
pensions. At the same time, the ratio of pensioners older than 65 to the respective population 
group will stay constant.  

                                                      
6)  For details on modeling the social security system in general and the pension system in particular, cf. Hofer et al. 
(2007).  
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3.2 Alternative demographic scenarios 

The main variant of Statistic Austria’s population projection foresees an increase in Austria’s 
working age population until 2019. Between 2020 and 2038, the working age population will 
decline, reaching a through at 5.4 million. After this decline, the working age population will 
temporarily increase and peters out at 5.4 million persons in 2070 (Table 3.1). The main variant 
assumes a net immigration between 25,000 and 29,000 persons per year.  

Compared to the previous population forecast in Hanika et al. (2009), the current forecast 
assumes lower immigration to Austria and a smaller increase in life expectancy, whereas 
assumptions about the fertility rates remain essentially the same. Therefore we present our 
results for the low and high immigration scenarios and for the scenario with a higher life 
expectancy. These scenarios show the effects of demographic trends on Austria’s economy 
in the long run. 

Low and high migration scenarios represent symmetric deviations that arise due to different 
assumptions about immigration, while emigration is assumed constant. The difference 
between the main population scenario and alternative migration scenarios is ±7.000 persons 
in the beginning of the projection period. Around 2030, the difference between the 
alternative and the main scenario becomes ±15,000 persons. This results in a deviation of the 
working age population from the main scenario of ±157,000 persons in 2030 and 
±356,000 persons in 2050. The low migration scenario projects a decrease in the working age 
population by 0.3 percent per year to 4.9 million in 2070. The high migration scenario projects 
a nearly constant working age population. Before presenting the simulation results, we briefly 
discuss the effects of migration on output and employment. 

The main scenario projects increasing life expectancy rates at birth. The life expectancy of 
males increases from 78.1 years in 2011 to 87.3 years in 2060, that of females from 83.4 years in 
2011 to 90.6 in 2060. In an alternative higher life expectancy scenario, Statistics Austria 
assumes an even stronger increase in life expectancy at birth due to lower mortality rates. The 
effect of higher expectancy on the population dynamics is considerably smaller than those 
of migration and fertility. The overall effect amounts to an increase in population of 2 percent 
relative to the main scenario in 2050, which is concentrated in the higher age cohorts. 

In the coming decades, low fertility, continuous increases in life expectancy and immigration 
will transform Austria’s population. Demographic change influences overall economic 
performance through different transmission channels (see e.g. Carone (2005) for a literature 
review). Population aging will have a direct impact on GDP growth and employment. Aging 
leads to a decline in the size of the working age population and has an adverse impact on 
potential labour input. Additionally, to the factors and parameters of the production function, 
labour productivity depends on the quality of workers in terms of their skills. Higher migration 
will increase the working age population and can potentially stimulate growth. A 
precondition for this is that the skills of the migrants broadly match the economic needs of 
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Austria. This section focuses on the potential impact of migration on economic growth and 
employment. 

One has to differentiate between long-run economic consequences of migration and 
transitional impacts. In the short run immigration of people of working age increases the 
supply of labour without any corresponding adjustment in the stock of capital. The Stolper-
Samuelson theorem provides a basic tool to analyse such an effect (Riley  Weale, 2006). It 
suggests that when different factors of production (e.g. capital, labour) are used in the 
production process, a cet. Par. Increase in the supply of one factor of production (e.g. 
labour) will in the short-run reduce the price of that factor. Other factors, which are close 
substitutes for it, may also fall in price, while complements are likely to rise in price. An 
increase in labour supply due to immigration implies that the wage rate should fall and the 
return on capital should rise. In a small open economy with high capital mobility, the higher 
return on capital should trigger inflows of capital, as well as higher long-term saving, and the 
capital stock will increase. This process will continue until a new equilibrium is reached. Unless 
there are specific reasons (e.g. limited migrant skills), productivity and hence wage per 
person hour will return to their original values. 

The impact of migration depends on the skill-mix of the migrants. Migration of workers with 
low human capital implies falling wages in low-skilled jobs. The outcome for high-skilled 
workers depends on the ease of replacing high-skill with low-skill occupations. If the 
replacement is difficult, wages in skilled occupations may rise like the return on capital. The 
pressure is concentrated among the poorest part of the working population. This effect may 
unwind over time only if immigrants eventually take up higher-skilled jobs. Riley and Weale 
mention two further potential effects. If migrants take up jobs whose skill requirements are 
below their skill levels, their productivity in these jobs may be higher than that of low-skilled 
workers doing the same job. On the other hand, migrants filling medium and high skill 
positions may reduce the incentive for employers to offer training to indigenous workers. To 
sum up, if the occupational pattern of migrants matches that of the indigenous population 
and the capital stock rises in line with employment, then GDP will rise in line with the extra 
labour supply. 

The discussion above assumes full employment and that wages adjust to clear the labour 
market. If wages are downward sticky, it is likely that migration will lead to an increase in 
unemployment. Immigrating young workers in low-skilled jobs with minimum wage 
agreements are an example. In this case the minimum wage prevents the fall in pay rates 
necessary to clear the labour market. On the other hand, if migrants fill bottlenecks, 
immigration may result in an increase in employment exceeding the number of migrants. The 
simulations of Riley  Weale (2006) for the UK suggest that a one percent unanticipated 
increase in the labour force leads to a 0.5 percentage point increase in unemployment in the 
first year, with unemployment gradually disappearing as wages adjust. Note, however, that if 
the mix of jobs desired by employees is permanently affected, so too will be wage 
differentials and unemployment. Riley  Young (2007) develop a model to establish how 
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relative wages and unemployment are affected by changes in the skill structure of the 
population. Riley  Weale (2006) use the model of Riley and Young to estimate the effects of 
a 0.5 percent increase of the labour force, concentrated on low-skill workers relative to an 
increase matching the existing population structure. They report small relative effects, output 
growth is 0.2 percent lower and unemployment is increased by 0.1 percent in the low-skilled 
case. These effects are only permanent, if the occupational structure of recent migrants does 
not adjust towards that of the indigenous population. 

Barrell et al. (2006) use the macroeconomic model NIGEM to assess the effect of increased 
migration from Poland on output and unemployment in Great Britain and Germany. Overall, 
immigration tends to have negative transitory impacts on unemployment, but positive 
permanent effects on the long-run level of output. The mechanics can be explained as 
follows. At first, labour demand does not change because of unanticipated migration. 
Therefore, new migrants displace existing workers or add to labour supply. Consequently, 
negotiated wages drop, and the labour demand as well as employment increase. Moreover, 
lower wages dampen inflation temporarily and may induce monetary authorities to reduce 
interest rates. Migration has also an impact on output and the capital stock. Initially 
productivity falls as labour becomes cheaper (relative to capital), so that, for a given level of 
output, firms hire more workers. As result of higher levels of utilisation, the rate of return on 
existing capital rises. As the rise in employment overcompensates for the initial decline in 
wages, household income goes up and therefore also consumption. In line with higher 
consumption and profitability of capital, companies build up their capital stock. This increase 
in the capital stock restores productivity to its original level or to a new steady state. Whether 
the effect of migration on productivity is permanent or transitory depends on adjustments in 
the labour-capital ratio, the elasticity of substitution, the rate of technical progress, or the 
average level of skills. 

The impact of new migrants on unemployment in Germany and the UK is similar. Initially, 
unemployment goes up as only half of the migrants find a job within the first year. Output will 
rise in both countries and the increase in the labour force can only be partly absorbed. In the 
long run, both countries settle to new equilibriums with higher output and the same 
unemployment rate. In both countries output rises marginally less than employment, because 
of the assumption that the adjustment of the public capital stock and the housing stock is not 
completely in line with the higher labour force. 

Economic theory suggests that in the long-run, immigration causes a permanently higher level 
of output and employment. However, the economic impact could be less favourable if the 
skill distribution of new migrants does not align with the need of the host country. The pattern 
of migration in Austria can be described in the following way. In 2012 16 percent of the 
inhabitants of Austria were foreign born. The share of persons with migration background is 
according to Statistic Austria 19 percent.  

Between 2002 and 2011, the average immigration per year has been 112,500 persons per 
year. Migration is an important source of population growth in Austria. A-LMM does not 
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distinguish between natives and migrants. In the following we discuss differences in human 
capital endowment and labour supply behaviour between natives and migrants in Austria. 
The data also indicate low educational mobility for migrants. Overall, natives on average are 
better educated and are more likely to work in high-skilled jobs (Felderer et al., 2004). 
Furthermore, there is considerable variation depending on the country of origin. Migrants 
from former Yugoslavia and particularly from Turkey have very low education levels and are 
more likely to work in elementary jobs. 

Biffl (2006) investigates the relationship between labour force participation and country of 
birth. There are some differences in labour force attachment and skills with respect to the 
country of birth. For prime age males the participation rates are relatively similar for all groups. 
Young males from former Yugoslavia, Turkey and Austria have relatively high participation 
rates compared to people from other regions. With respect to the older working age 
population the participation rates of people from other regions are considerably higher. 
Overall, the labour force attachment of males is hardly depending on the country of birth, 
especially in their prime working age. The participation rates among females show more 
variability. In the age group 20 to 35 Austrian females have the highest participation rates. In 
the age group above 30 the participation rates of females born in (former) Yugoslavia or in 
the new EU member countries are higher than the rates of their Austrian counterparts. Turkish 
females have the lowest rates in the prime and older age groups. There is some evidence 
that Muslim females from Bosnia and also from Turkey are less likely to participate in the 
labour market (Biffl, 2006). 

Recent trends and new institutional rules tend to indicate that future migrants are more likely 
to be better educated and less likely to come from traditional migration countries like 
Yugoslavia and Turkey (Biffl, 2006). We expect that these migrants are more similar to the 
native population and thus model migration in the base scenario as an increase in labour 
supply without differentiating between natives and migrants (Barrell et al., 2006). 

3.2.1 Effects of low migration on output and employment 

A drop in the working age population is a textbook example of a negative supply shock. 
Such a shock leads to a permanent decrease in the level of real GDP, leaving real per capita 
GDP unaffected. Table 3.2.1 presents the simulation results for the low migration scenario of 
Statistics Austria. In this variant the working age population (15-64) increases until 2016, 
reaching a peak of 5.7 million persons in that year. In the following, the working age 
population decreases continuously until the end of our forecast horizon. Over the period 2012 
to 2070, the average rate of change in the working age population amounts to 0.3 percent. 
The old age dependency ratio (population aged 65+ over labour force) soars from the 
current value of 26.5 to a peak of 52.8 percent in 2062. 

The diminishing size of the working age population weighs negatively on the labour force, 
although higher participation rates mitigate the rate of decline to an average of 0.1 percent 
per year. Starting from 2018 the labour force constantly falls thereafter (Figure 3.2.1). The 
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dampening effect of the labour force has only modest implications for the unemployment 
rate. Between 2030 and 2070 it is 0.1 percentage points lower than in the baseline scenario. 
The steady-state unemployment rate equals to 6.5 percent in the baseline. 

On average output growth amounts to 1.5 percent and thus is 0.1 percentage points lower 
than in the baseline scenario (Figure 3.2.2). Output growth increases from 0.9 percent at the 
beginning of the simulation period to 1.6 percent in 2070. Compared to the baseline 
scenario, the growth path shifts downwards but shows an otherwise similar time-pattern. In A-
LMM the capital stock adjusts in response to the lack of workers. The GDP per capita and real 
wages, therefore, grow at the same rate as in the baseline scenario. 

In the low migration scenario, the old age dependency ratio in 2070 is 1.8 percentage points 
higher than in the main scenario. The consequences of aging for the pension system are 
considerable because immigrants tend to be younger than the residents and consequently 
have higher participation rates. This leads to an increase in the number of pensions relative to 
the number of insured persons by 2.8 percentage points in 2070, which induces higher public 
expenditures as compared to the baseline. The share of persons with a pension entitlement in 
the cohort 65+ is lower than in the baseline. At the same time the size of this cohort decreases 
so that the net effect on the number of pensions relative to population aged 65+ is negative. 
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3.2.2 Effects of high migration on output and employment 

Higher migration implies a stronger inflow of labour and is an example of a positive supply 
shock. Such a shock leads to a permanent increase in the level of real GDP, leaving real per 
capita GDP unaffected. The size of the supply shock in the high migration scenario of 
Statistics Austria is comparable to that in the low migration scenario detailed above, but the 
sign is reversed. Consequently, we expect symmetric effects on the macroeconomic 
variables, which are provided in Table 3.2.2. 

Higher migration leads to an increase in the labour force. The resulting increase in the GDP 
growth and wages further increases the labour force by inducing higher participation rates. 
Figure 3.2.1 shows the cumulative effect of higher migration on the labour force in 
comparison with the other scenarios. Compared to the baseline scenario, the unemployment 
rate rises during the first few years, and converges to the steady state level thereafter. 

On average output growth amounts to 1.8 percent and thus is 0.2 percentage points higher 
than in the baseline scenario (Figure 3.2.2). We observe the expected symmetry with respect 
to the output growth rate as compared to the low migration scenario. The per capita 
quantities, however, remain unchanged. The fact that the marginal product of capital is very 
similar to that in the baseline scenario shows that forward looking firms adjust their capital 
stock in response to the higher expected output. 

Higher migration decreases the old-age dependency ratio by 1.5 percentage points in 2070, 
leading to lower public expenditures on pensions. Between 2012 and 2030 the share of 
persons with a pension entitlement in the cohort 65+ decreases by 31.4 percentage points. 
While the size of this cohort also increases, the net effect on the number of pensions relative 
to population aged 65+ is negative.  
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Figure 3.2.1: Labour force 

 
 

 

Figure 3.2.2: Growth rate of real GDP 

 
Note: The line for higher life expectancy is masked by the baseline due to an almost identical development.  
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3.2.3 An alternative high life expectancy scenario of the population projection 

Table 3.2.3 presents the results for the high life expectancy scenario on the macroeconomic 
development in Austria. The main difference between the baseline and the high life 
expectancy scenario lies in the old age dependency ratio and the number of pensions. Both 
indicators are higher due to lower mortality rates in the older age cohorts. The effect of higher 
life expectancy at birth on the labour force is positive but small (Figure 3.2.1). The increase in 
the labour force amounts to about 19,700 persons in 2070. As can be seen in Figure 3.2.2, the 
resulting growth in the GDP growth is almost identical (Table 3.2.3).  

Whereas the economic development is similar to the base scenario, the increased life 
expectancy has significant consequences for the old age dependency ratio, which 
increases from 26.5 percent to 53.8 percent in 2070. Most of the increase in the old age 
dependency ratio will occur until 2060. In accordance with this development the number of 
pensions increases from currently 2.3 million to 3.4 million in 2070. In the base scenario the 
number of pensions in 2070 is 3.2 million. The number of pension relative to the population 
aged 65+ decreases marginally compared to the baseline. This is a consequence of the 
definition of this ratio and the assumption of a constant share of pensioners in the population 
aged 65+.  
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3.3 Alternative productivity scenarios  

There is an ongoing debate whether the recent financial and economic crisis will result in a 
permanently lower output growth. The growth rate of total factor productivity is one of the 
main determinants of the average long-term growth rate of an economy and it is exogenous 
in A-LMM. This opens the opportunity to experiment with different assumptions about the 
growth rate of total factor productivity.  

The average growth rate of the economy is determined by changes in employment, the 
capital stock, and total factor productivity. While employment is primarily driven by 
participation rates and demographic developments, the capital stock adjusts endogenously 
according to optimality conditions with respect to Tobin’s Q. In this section we will discuss a 
pessimistic and an optimistic alternative scenario for productivity growth (see Tables 3.3.1 and 
3.3.2). In the baseline, the growth rate of total factor productivity is set constant at an annual 
rate of 0.8 percent. This value is lower than assumed hitherto and implies for Austria the same 
growth of average labour productivity (in full time equivalents) as assumed by European 
Aging Group for hourly labour productivity growth (Table 1.8 in European Commission, 2012). 
Our baseline average labour productivity growth matches the EU27 average and is 
0.2 percentage points above the average for the Euro area.  

On a balanced growth path, where employment and the capital output ratio remain 
constant, labour productivity growth coincides with the growth rate of total factor 
productivity divided by the labour share. This scenario implies an annual rate of growth in 
labour productivity of 1.6 percent. The low growth scenario assumes a growth rate of total 
factor productivity of 0.675 percent. This implies an average increase in labour productivity of 
1.35 percent. In the high growth scenario we assume that total factor productivity increases 
by 0.925 percent per year, which corresponds to an average increase in labour productivity 
by 1.85 percent per year. In both productivity scenarios, the underlying population projection 
corresponds to the main variant as in the baseline scenario. 

Figure 3.3.1 compares the assumptions for the alternative productivity scenarios to the historic 
development of average labour productivity growth (in full time equivalents) from 1976 to 
2012. The mean of the annual growth rates of 1.6 percent per year is identical to the growth 
rate in the baseline scenario (1.6 percent). The amplitude of historic fluctuations in labour 
productivity growth has been markedly higher than the range between our lower and upper 
values, implying positive as well as negative deviations from the average growth rate. The 
most recent development, however, is clearly below the long-run average. This motivates our 
reassessment of the long-run growth perspective.  
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3.3.1 A scenario with low productivity growth 

As labour supply reacts endogenously to lower real wage growth, the labour force increases 
marginally slower than in the baseline (Table 3.3.1). The lower growth rate has overall small 
effects on the labour market. The labour force increases until 2021 and decreases afterwards 
until 2031. Afterwards, the labour force expands again and reaches the peak-level of 2021 
once more around 2044. Overall, this pattern mimics the population development, although, 
during 2030 and 2040, the increase in the participation rate reverses the influence of the 
shrinking working age population. In 2070, 4.21 million people will be in the labour force 
(72,500 less than in the baseline scenario), and the participation rate amounts to 78 percent. 
However, due to the slightly less favourable labour market conditions, the number of pensions 
rises to 3.21 million, 22,000 more than in the baseline scenario. Consequently, the share of 
pensions relative to insured persons is 2.1 percentage points above the baseline scenario. 

In the model a lower total factor productivity growth results in lower real wages. The average 
growth of real wages per capita amounts to 1.3 percent (1.6 percent in the baseline 
scenario). In the low productivity scenario GDP grows on average with 1.4 percent. 
Figure 3.3.2 shows that starting at 0.8 percent, the pace of GDP growth increases quickly and 
converges to the long-run growth rate. The capital output ratio remains constant and is 
slightly above the average value of the baseline (3.8 percent). As the inflation rate is fixed at 
the implicit ECB-target of 2 percent per year, nominal GDP grows by 2 percentage points in 
excess of real GDP.  

Compared to the baseline, the number of pensions in this scenario increases by 
22.000 persons to 3.21 million until 2070. The rise in the number of pensions in 2070 results from 
lower employment in the run-up to 2070. The number of pensions relative to the insured 
persons increases from 61.5 percent (2012) to 86.6 percent (2070); 2 percentage points 
above the baseline.  

3.3.2 A scenario with high productivity growth 

Due to the low wage elasticity of labour supply, higher productivity growth provides only a 
moderate stimulus to employment. The higher total factor productivity growth feeds through 
into a stronger expansion of real wages. The average growth of real wages per capita rises 
by 0.25 percentage points relative to the baseline (Table 3.3.2). Higher labour productivity 
leads to higher GDP-growth, averaging at 1.9 percent per year. Because investment 
spending develops in line with GDP and the rate of capital depreciation is constant we end 
up with a slightly lower capital-output-ratio.  

Labour supply reacts positively to higher real wages. As a consequence the labour force 
grows in this scenario as opposed to stagnating in the baseline, which is also reflected in the 
development of employment measured in full time equivalents. In 2070, we expect a labour 
force of 4.35 million people, or 73,000 persons above the baseline. Under the more optimistic 
assumptions about productivity growth, participation rates will increase until 2070 by roughly 
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10.7 (women) and 5.1 (men) percentage points. Compared to the main scenario this 
corresponds to a rise in the participation rate by 1.4 percentage points (2070).  

The unemployment rate settles down at 6.5 percent in the long-run, similar to the baseline. 
Accordingly, the number of pensions goes up to 3.17 million until 2070 – 22,000 below the 
baseline. The rise in the number of pensions in 2070 results from higher employment in the run-
up to 2070, counteracting the positive effects from higher employment on the pension system 
by additional pension claims. Consequently, the number of pensions relative to insured 
persons increases from 61.5 (2012) to 82.6 (2070) in the high growth scenario; 2 percentage 
points below the baseline.  

The resulting GDP growth is 0.3 percentage points higher than in the baseline. Figure 3.3.2 
shows that our assumptions on the rate of productivity growth mainly result in a stable 
difference to baseline real GDP growth. Investment adjusts until the marginal productivity of 
capital remains optimal and the capital output ratio decreases towards a level of 3.7 percent 
(2070). Since inflation is assumed constant at 2 percent, nominal GDP grows by 2 percentage 
points faster than real GDP. 
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Figure 3.3.1: Development of labour productivity 

 
Note: Labour productivity is defined as real GDP per economically active employee 
 measured in full time equivalents.  

 

Figure 3.3.2: Growth rate of real GDP 
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