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Economic Effects of the Coal Phase-out in Germany*
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Abstract

In the fight against global warming, the reduction of greenhouse gas emissions is
a major objective. In particular, a decrease in electricity generation by coal could
contribute to reducing CO, emissions. We study potential economic consequences
of a coal phase-out in Germany, using a multi-region dynamic general equilibrium
model. Four regional phase-out scenarios before the end of 2040 are simulated. We
find that the worst case phase-out scenario would lead to an increase in the aggre-
gate unemployment rate by about 0.13 [0.09 minimum; 0.18 maximum] percentage
points from 2020 to 2040. The effect on regional unemployment rates varies be-
tween 0.18 [0.13; 0.22] and 1.07 [1.00; 1.13] percentage points in the lignite regions.
A faster coal phase-out can lead to a faster recovery. The coal phase-out leads to
migration from German lignite regions to German non-lignite regions and reduces
the labour force in the lignite regions by 10,100 [6,300; 12,300] people by 2040. A
coal phase-out until 2035 is not worse in terms of welfare, consumption and employ-
ment compared to a coal-exit until 2040.

Keywords: dynamic general equilibrium model, labour market friction, energy, structu-
ral change

JEL classification: E17, 011, 021, 044, Q28
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1 INTRODUCTION

1 Introduction

Economic growth and development are accompanied by structural change. Technolo-
gical progress, international competition and shifting preferences, for example, affect
the industry structure and the regional distribution of economic activities. An im-
portant source of structural change is the decarbonization of the economy that many
countries are trying to achieve. According to the Paris Agreement 2015, greenhouse
gas emissions, which are a major driver of global warming, need to be reduced strongly
in order to prevent the global average temperature to increase further. Germany aims
to reduce its greenhouse gas emissions by 40% by 2020 and by 55% by 2030 compared
to 1990 (Figure [5/in the Appendix). A possible way to achieve these targets is to stop
producing electricity from lignite. Among the electricity-producing technologies, burn-
ing lignite is the one that generates the most CO, emissions per unit of electricity. In
2014, the lignite industry accounted for 25% of the total electricity generation but for
50% of CO4 emissions in the electricity sector in Germany (Icha 2013)) and employed
about 21,000 persons (0.05% of all employees).

The German government plans to shut down lignite coal power plants by 2038.
The coal phase-out will trigger two types of structural change: First, other energy
sources will replace lignite to produce electricity. New technologies and industries will
develop while the lignite coal power plants will disappear. Second, since lignite coal
industries are regionally concentrated, regional effects of the coal phase-out vary across
the country. In the lignite regions, employment may decline, unemployment may be
elevated during the process of structural change and average labour income may de-
crease because salaries in the lignite industry are above average. Other regions will
be affected through production linkages as well as income and price effects. Overall,
the lignite coal phase-out will trigger or amplify structural change in terms of both
sectoral composition and regional distribution. In order to achieve a broad consensus
about the coal-phase out throughout Germany, the federal government inaugurated a
commission on growth, structural change and employment to develop a plan for the
stepwise reduction of electricity generation by ligniteE] The political decision process
needs to be informed about the sectoral and regional consequences of various phase-
out pathways. Existing studies investigating the potential economic consequences of a
coal phase-out in Germany have assessed the current economic situation of the lignite
regions using descriptive statistics (e.g. [Markwardt & Zundel 2017). Others have fo-
cused on the consequences for energy markets (see, e.g. Heinrichs & Markewitz|2015)).

Studies quantifying the potential employment effects have used static input-output

!See Federal Ministry for Economic Affairs and Energy:

https://www.bmwi.de/Redaktion/DE/Downloads/E/einsetzung-der-kommission-wachstum-
strukturwandel-beschaeftigung.pdf?__blob=publicationFile
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models (see Frondel et al.|2018]). Welsch (1998) investigates the potential economic
effects of a hard-coal and nuclear phase-out for Germany on the national level with a
dynamic general equilibrium model. However, many important aspects as labour mar-
ket frictions, migration and regional distribution have been neglected in these studies.
We contribute to the literature by incorporating these aspects into a dynamic gen-
eral equilibrium model with multiple sectors and multiple regions. Important features
of the model are an imperfect labour market (hiring costs like in [Blanchard & Gali
(2010)), market power, trade and migration between lignite and non-lignite regions
and fiscal transfers among regions. We use the model to assess the economic effects
of various coal phase-out pathways that differ with respect to regional timing and
speed of power plant shutdowns. First, we specify a Null-Scenario in which the share
of lignite in electricity production is constant but the population is decreasing due
to demographic change. Second, we define a baseline scenario, in which the political
measures implemented before 2015 reduce the share of lignite in electricity production
to about 48%. This already contributes to structural change but is by far not sufficient
to achieve the emission targets. We draw model parameters from specific probabil-
ity distributions in order to account for the uncertainty about the exact structure of
the economy. Due to the already implemented political measures to reduce electricity
generation by lignite in Germany, employment will drop by 4,500 to 18,000 persons
until 2035 and the unemployment rate will increase by 0.01 to 0.04 percentage points.
Then, we model coal phase-out scenarios in which the emission targets are actually
met. The decline in employment may amount to 74,800 persons and the unemploy-
ment rate might increase by up to 0.18 percentage points, depending on the specific
decommissioning plan. Regional employment effects differ depending on the regional
importance of the lignite industry. Absolute effects will be largest in Rhineland and
relative effects will be largest in Lusatia. We show in detail how the effects depend
on the persistence in unemployment benefits and wages, preferences for local produc-
tion, and the magnitude and persistence of market power. We also assess the welfare
effects of the decommissioning plans currently under consideration. It turns out that
none of these plans clearly dominates the others. The paper is structured as follows:
Section [2 reports the current economic profiles of the lignite regions and describes the
phase-out scenarios. Section [3| explains the multi-sector multi-region dynamic general
equilibrium model. The calibration of the model is described in Section [d The results
and a sensitivity analysis are presented in Section [5} Section [6] summarizes the main

results of the paper.
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2 The Lignite Industry in Germany

2.1 Status quo

Lignite industries are located in four German regions: Central Germany, Lusatia, the
Rhineland, and Helmstedt. In the smallest of these territories, Helmstedt, lignite has
no longer been extracted since 2016. However, renaturation activities in Helmstedt
have been employing some people since 2016. The lignite regions can be defined in
various ways. For the economic analysis of regional structural change, labour market
regions are a reasonable regional unit. labour market regions consist of several counties
with intensive commuting flows (Kosfeld & Werner|[2012) implying that the majority
of workers in a region are living in the same region. First, we cluster counties into
lignite and non-lignite territories by sorting all counties with an active lignite mine or
power plant with an installed capacity of at least 50 MW into one of the three active
lignite territories Central Germany, Lusatia, or Rhineland. Table [5|in the Appendix
tabulates the identified territories. We then define lignite regions as labour market
regions which include at least one county belonging to a lignite territory. Overall, we
consider four regions: three lignite labour market regions and the rest of Germany.
Table (1| reports the employment shares in 2014 for each region and sector. In 2014,
roughly 0.05% of the workforce worked in the lignite industry. The Lusatia region,
located in East Germany, has the highest employment share in the lignite sector, and
Central Germany the lowest. In the rest of Germany, only about 500 people are
employed in the lignite sector. In all lignite regions, unemployment rates are above the

average national level.  Gross value-added shares are similar to employment shares,

Table 1: Employment shares

Region Energy Non-Energy Unemployment Total
Rate
Lignite Coal Non-Lignite
Coal
Rest of Germany 0.001% 0.64% 94.03% 5.32% 100%
Central Germany 0.15% 0.67% 90.01% 9.17% 100%
Lusatia 1.54% 0.56% 86.92% 10.97% 100%
Rhineland 0.31% 0.74% 91.61% 7.34% 100%
Germany 0.05% 0.65% 93.64% 5.67% 100%

Note: Employment shares by region and sector in 2014.
Sources: German Federal Statistical Office, German Federal Agency for Employment and own calcu-
lations.
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see Table[0]in the Appendix. More important is the role of the lignite industry as a high
wage paying regional employer. Wages are retrieved from balance sheet data of the
three major companies operating the lignite mines and power plantsf| Wages are high
compared to other sectors. The average annual compensation (including social security
contributions) in Lusatia for a worker in 2014 was about 26,500 euro. In contrast, the
average annual compensation in Lusatia for a worker in the lignite sector in 2014 was
about 66,000 euro. Labour shares are reported in Table [7]in the Appendix.

2.2 Phase-out paths

We start with a Null-Scenario in which the share of lignite in total electricity production
stays constant but the expected demographic change is taken into account. According
to official projections, the labour force will shrink by 3.5 million people by 2040 (Figure
@. Employment will decrease because more old employees will be retired in the years to
come than young employees enter the labour market. Given the large regional variation
in demographic dynamics it is important to isolate the employment effects triggered by
the coal phase-out to the ongoing regional demographics without coal phase-out. Some
specific measures to reduce the share of lignite in electricity production have already
been decided. These measures constitute our baseline scenario, see Table [3] They are
described in |Bundesregierung (2017)E] In this scenario, electricity generation by lignite
coal is reduced by 28% until 2030 and by 52% until 2040 in relation to the level of
2014, see Table 2l This is not sufficient to meet the greenhouse gas emission targets.
Additional actions to achieve the greenhouse gas emission reduction goals are imple-
mented in scenarios named Phase-Out-2035-Weak, Phase-Out-2040-Age, Phase-Out-
2040-Balanced, and Phase-Out-2035-Strong. The scenarios differ with respect to speed
and regional distribution of emission reduction. Phase-Out-2035-Weak and Phase-Out-
2035-Strong only consider reductions in lignite and exclude additional reductions in
hard coal. Without further capacity management for hard coal power plants the in-
stalled capacity in 2030 is 18 GW and this requires a capacity reduction to 10 GW for

lignite power plants. Therefore, a total phase-out by 2035 is necessary to be consistent

2Balance sheets for RWE Power AG, Vattenfall Mining and Generation, and MIBRAG are provided
at https://www.unternehmensregister.de/ureg/

SEU regulation No. 525/2013 of the EU Parliament makes it mandatory for every member state
to report historic and projected future developments of anthropogenic GHG emissions on the national
level. The German government assumes an annual reduction rate of EU emission allowances of 1.74%
until 2020 and after 2021 by 2.2% as well as the introduction of a Market Stability Reserve (MSR).
Second, the federal government estimates that by 2035 the share of renewable energy sources in
electricity consumption will be roughly 60%. Third, subsidies to increase the capacity of combined
heat and power plants using natural gas will disincentive investments to increase the lifetime of current
coal fired power plants. We consider the net electricity generation of lignite reported for the scenario
7 Mit-Weiteren-Mafinahmen” as our baseline scenario and assume uniform percentage reductions in
the regions.
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Table 2: Net electricity generation by lignite coal

Year Germany Central Germany Lusatia Rhineland

Null-Scenario

2014 100% 100% 100% 100%
2020 107% 107% 107% 107%
2025 108% 108% 108% 108%
2030 108% 108% 108% 108%
2035 109% 109% 109% 109%
2040 111% 111% 111% 111%
Baseline
2014 100% 100% 100% 100%
2020 81% 81% 81% 81%
2025 82% 82% 2% 82%
2030 2% 2% 72% 2%
2035 48% 48% 48% 48%
2040 48% 48% 48% 48%

Phase-Out-2035-Weak

2014 100% 100% 100% 100%
2020 81% 81% 81% 79%
2025 44% 56% 56% 31%
2030 24% 15% 15% 31%
2035 0% 0% 0% 0%
2040 0% 0% 0% 0%

Phase-Out-2040-Age

2014 100% 100% 100% 100%
2020 81% 81% 81% 79%
2025 63% 70% 70% 54%
2030 42% 54% 54% 28%
2035 21% 13% 13% 28%
2040 0% 0% 0% 0%

Phase-Out-2040-Balanced

2014 100% 100% 100% 100%
2020 80% 83% 80% 79%
2025 61% 80% 44% 67%
2030 43% 54% 42% 41%
2035 22% 1% 22% 29%
2040 0% 0% 0% 0%

Phase-Out-2035-Strong

2014 100% 100% 100% 100%
2020 60% 60% 60% 60%
2025 44% 56% 56% 31%
2030 24% 15% 15% 31%
2035 0% 0% 0% 0%
2040 0% 0% 0% 0%

Note: Net electricity generation reduction compared to the base year 2014 in percent.

Sources: The Baseline path is based on |Bundesregierung| (2017). Phase-Out-2035-Weak, Phase-Out-
2040-Age and Phase-Out-2040-Balanced are based on |Oko-Institut, Biiro fiir Energiewirtschaft und
technische Planung (BET) & Klinski| (2017). Phase-Out-2035-Strong investigates the potential impact
for the case that Germany will meet its 2020 target.
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with the German greenhouse gas emission targets. Phase-Out-2035-Strong only devi-
ates from Phase-Out-2035-Weak by assuming a strong initial decline in 2020. Phase-
Out-2040-Age and Phase-Out-2040-Balanced consider an additional reduction in hard
coal electricity generation in Germany. Lignite power plant capacity needs to be re-
duced until 2030 to about 9 GW for a path where hard coal power plant capacity is 10
GW in 2030. These paths lead to a total coal phase-out in Germany by 2040. In order
to meet the GHG emission targets in the scenarios Phase-Out-2040-Age and Phase-
Out-2040-Balanced it requires an additional hard coal power plant capacity reduction

of roughly 30% compared to the installed capacity in 2014.

Table 3: Definition of scenarios

Path Description

Null-Scenario No change in the share of electricity generation
by lignite in total electricity generation.

Baseline Reduction of lignite electricity generation due
to already implemented political actions.

Phase-Out-2035-Weak Complete shutdown of lignite power plants by 2035
without further actions to reduce hard coal electricity
generation.

Phase-Out-2040-Age Complete shutdown by 2040 according to age criteria and

further reduction in hard coal electricity generation.

Phase-Out-2040-Balanced Complete shutdown by 2040 with balanced regional
capacity contributions and further reduction
in hard coal electricity generation.

Phase-Out-2035-Strong Complete shutdown by 2035 as in Phase-Out-2035-Weak
and a reduction of lignite electricity generation by 40%
in 2020.

Sources: The Baseline path is based on Bundesregierung| (2017). In Phase-Out-2035-Weak and
Phase-Out-2035-Strong, net electricity generation falls according to the path “Kapa. nur BK” in
Oko-Institut, Biiro fiir Energiewirtschaft und technische Planung (BET) & Klinskil (2017), except
for the year 2020 in Phase-Out-2035-Strong. In Phase-Out-2040-Age and Phase-Out-2040-Balanced,
net electricity generation falls according to the path “Kapa. BK&SK” in [Oko-Institut, Biiro fiir
Energiewirtschaft und technische Planung (BET) & Klinskil (2017)).
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3 Model

We use a dynamic general equilibrium model for Germany with four regions and three
sectors. An overview of the model structure is depicted in Figure[1]f] In order to include
trade flows between regions, we need to differentiate between destination regions r €
{1,..., R} and regions of origin o0 € {1,..., R} for traded goods. Regions are populated
by a continuum of representative households h. Household members " live and work
in the same region. Each household supplies labour to a representative firm f in
its own region. Firms operate in the energy and non-energy sector k € {E, NE}.
The energy sector can allocate labour to the lignite sector or to other energy sources
s € {LC, NLC} to produce energy. Further, households differentiate between three
different employment opportunities indexed by [ € {E*¢, ENLC NE}. The central
government collects taxes from labour income 7! and charges a value-added tax on
production 7.

The government consumes G, pays lump-sum transfers 7'r;, and unemployment be-
nefits U; B; financed by tax revenues T'ax;. We assume a balanced government budget.
Unemployment benefits are adjusted according to the development of national wages
and with a backward-looking component to reflect rigidity in the adjustment of long-
term unemployment benefits and wages. This specification allows for a sluggish ad-
justment of benefits, reflecting empirical evidence. All products produced in a given
period are consumed and firms have no access to an inventory technology, i.e. we

assume market clearing[’]

4The notation is summarized in Tables
5For further details see the Section D.2 in the Online Appendix.
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Figure 1: Model overview
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3.1 Households

3.1.1 Consumption and labour

Representative households maximize utility w(Cr.114(h), ..., Crrxt(h), Nevgy ..y Nopi(h))
with respect to (henceforth w.r.t.) consumption C, , (k) and sectoral labour N, ;(h),

given the utility function

U(Cr,l,l,t<h)a CICEI) Cr,R,K,t(h)a Nr,l,ta R Nr,L,t(h>> = (1)
i Lz Aszr,z,t(h)HUTL‘l

K .
il n°—17 71
C ¢ C )
[ZW’ ra(h) ] -2 1+ oL ’
k=1 ! i

The utility from consumption depends on sectoral consumption k from different regions
o and is transformed into utility by a standard CES function. The elasticity of substi-

tution between sectors ¢ defines whether sectoral consumption goods are complements
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or substitutes. Preference shares wy, define for equal prices of both consumption goods
the share of consumption expenditure. The disutility of labour is sector-specific [ and
region-specific r through a disutility parameter Aﬁl. The inverse Frisch elasticity is
given by O'TLJ and defines the elasticity between wages and employment. The budget

constraint of the representative household is

)

Pﬁ:t Cr‘,t(h) = P,rct T?“t(h) + Pct Bt (popnt(h) — Nrt(h)) e

+ankt rk:t +(1_7_ )Prc,tWr,tNr,t(h)' (2>

h) = Z Z Po,k,tCr,o,k,t(hf)-
PE Wi Nyo(h Z P Wit Ny a(R).

Households have no access to bonds or other assets to save money. Their income
sources are the net profits of firms ZkK II, k+(h) P.t, net labour income ZlL(l —
) Pryy Wit Nypi(h), lump-sum transfers from the state T'ry(h), and unemployment
benefits P¢, B;U,;(h). Households maximize utility subject to the budget constraint
(2) with respect to sectoral consumption and employment in each sector. The first or-
der condition (henceforth first-order condition) for sectoral and regional consumption
is

-n

P

Coalh) = w5 (—P’f’t) Cralh). 3)
7t

_’,I{CW
P,
Or7o7k7t(h) = wgp’k <Pck t) Cr,~7k7t(h). (4)

rk,t

We derive this expression by assuming that the Lagrange multiplier of the optim-
ization problem reflecting the marginal utility of relaxing the budget constraint is the
inverse regional price level P?;. We can express the regional aggregate price index for

consumption as

1

P = (S uipo, ) 5
k

Further, regional sector specific aggregate price indexes for consumption are given by

rkt (Zwrok Ok’tl Tk )1 nk : (6)
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Households derive income from labour and are compensated by the government for
unemployed household members. Firms that produce intermediate goods hire house-
hold members. Households only send their members to work if the nominal wage com-
pensates for the disutility of working and the unemployment benefits. The first-order

condition for labour is
O'L C
Pt Wit = ZtAf,er,ht(h) ”Pr,t + B. (7)

The left-hand side of defines the nominal regional sectoral wage. The associated
marginal disutility by increasing labour supply in this sector and region is represented
by the first term on the right-hand side. Furthermore, the outside option of being
unemployed is also considered.

All households in a region are identical by assumption. Therefore, per capita vari-
Xei _ Jo Xea()dh
poprt fol popr,t(h)dh
we can drop the index h.

ables x,; = are identical to individual variables z,;, = X, ;(h) and

3.1.2 Migration

Migration is an important mechanism for regional economic adjustments after a re-
gional sector-specific shock. [Smets & Beyer| (2015) show that migration flows in the
U.S. can explain up to 50% of the long-run adjustment to region-specific economic
shocks. After the reunification of Germany, East Germany lost up to 15% of its in-
habitants since 1990, also in response to higher unemployment rates in East Germany.
Accordingly, household members in our model can migrate to different regions in Ger-
many. Most of the migrants have been between 20 and 30 years old belonging to
cohorts entering the labour force (see Kithntopf & Stedtfeld 2012). Our approach to
model intra-national migration as response to the coal phase-out reflects this finding.
Migration is therefore more rigid than implied by standard classical economic models,
because of hidden migration costs due to the potential loss of social networks, cultural
preferences or real estate investments. Every German citizen can freely choose where
to live and work.

In each period t the labour force population pop, consists of individuals i; =
{1,...,pop;}. A fraction 1 — pP° of individuals enters the labour force in period ¢
and the other fraction pP°? has been part of the labour force in the previous period.
Individuals entering the labour force in the current period actively decide in what re-
gion n they want to live and work. The decision problem of an individual for one
specific region is modelled by a random utility maximization problem, standard in the

empirical migration literature (see Beine et al.[2016)).
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Individuals participate in the labour market for 7" periods. At the beginning of
their working life, they decide where to work and live, taking into account the utility

at the end of their working life

L
O'L 0
Utz =108 { (Coary(h) = D (14 o)™ AL N my() ) } 4% 4y (8)
l

given the information in period t. The first part of is the utility function of the
representative household at the end of the working life and 7" ?%t denotes that part
of utility which depends on the economic fundamentals and common unobservable
characteristics of the region among individuals given the information available at time

t. The law of motion of exponential average regional attractiveness is given by

vt = P ey + (1= ") exp(U, 1,).

It is the weighted average of the utility derived from living in region r. The individual-
specific stochastic component 7; , follows the Gumbell distribution (see McFadden et al.

1973). The probability of an individual choosing region r in period ¢ is

exp(Uz ) T\t)
Zo eXp(UzLo T\t) .

Pr(i =rlt) = (9)

The fraction (1—pP°P) choose to live in region r at time ¢ with probability Pr(i = r|t) the

remaining individuals pP°? stay at their current living and working place. Therefore, the

regional shares in the labour force are also given by wyy” = pPPwl ¥ | + (1 —pP?)Pr(i =
r|t).
3.2 Firms

3.2.1 Producers of final goods

In each region, there is a continuum of firms f in the energy and non-energy sec-

tors, producing differentiated goods. These goods are combined into a final good

1 >\'r,k,t
Yokt = ( f01 Y ki(f) ke d f> in each sector, which is sold to the households. Firms
operating in the final goods sector are perfectly competitive and have no market power.
This set-up allows including price-setting power by firms (see |Petrella & Santoro 2011)).

The profit maximization problem of the final goods firm in each sector looks as follows
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1
max Py Yy it —/ P ei(f) Yk (S)dS, (10)
0

YT,k,t(f)

1 1 A
satins = ([ V=50
0

r,k,t

The first-order condition of the final goods producer w.r.t. an intermediate good is

also the demand curve for each intermediate good given by

>"r t
Pr,k,t(f) -

Vit (f) :< 2y )“”“’“1 Y gt (11)

Living costs depend on migration and regional attractiveness. We assume that the
market power of a firm depends on the attractiveness of the region it operates in. A
higher attractiveness leads to a higher share of the population and therefore to more
demand for housing services. Further, a greater number of people in one region will
increase the demand for local services and increase the bargaining position of domestic
firms. The market power of a firm A, , follows an auto-regressive process of order
one. Firms have a higher market power in regions with a higher attractiveness €/} and
therefore with a higher share of the population. Other unobserved determinants of the

market power in a region and sector are summarized by the parameter o?},.

)\T,k,t = pAAT’k’t,1 -+ (1 — p)\) Efgp O-r)‘\,k' (12)

3.2.2 Non-energy sector intermediate goods producers

Producers of intermediate goods in the non-energy sector use labour N, ;. They face
adjustment costs M C’ifk%t +n» 50 that a fraction of their production is used by adjusting
their employment stock. We introduce hiring costs as in|Blanchard & Gali (2010]) with a

non-cyclical and a cyclical component. Non-cyclical components include, e.g. training

Hr,t+h
TTs .
Ur,t+h

A structural change in the lignite regions is likely to increase unemployment rates for a

costs. Cyclical hiring costs depend on the tightness in the current labour market

longer time period. A region’s losing a key industry leads to higher unemployment rates
in that regions for decades, compared to the national average — e.g. the Ruhrgebiet
in Germany or the Rust Belt in the US. A higher labour supply and a smaller labour

demand will shift wage bargaining power from employees to employers. Including a
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cyclical component in hiring costs captures this bargaining shift. The optimization

problem of the firm is

Nma%}) Z ﬁh{(l = Trgotrh) Prbirn () Yoraan(f) = Wekern Nr,k,t—i—h(f)} (13)
rk,t h=0
1
st. Yorern(f) = € pirn (Ar,k,t+h(f)Nr,k,t+h(f)a“k - ﬁMcv{l,k,Hh(f)Hr,k,Hh(f)‘y>,
(14)
h h Hr,tJrh 1—1
MCyn = Br,k{w +(1—-17) <U$—> }popT,t—i-h? (15)
rit+h
Heasn(F) = Negasn(F) = (129 = 8) Noasna (), (16)
1;>‘r,k,t+h
Yr r.k,t+h
Pr,k,tJrh(f) = (th;h(f)> Pr,k,t+h- (17)
.k, t+h

The index f can be omitted when prices are flexible. All firms behave identically,
and therefore aggregated variables are the same as individual variables, see |Christiano
et al.| (2010)). We can derive the first-order condition with respect to labour by plugging
the constraints into the objective function and taking the first derivative with respect
to labour. Labour market friction is the only source of intertemporal optimization.

The first-order condition for firms is

Pr k.t « 1 P,

) vy rk r7kat h w—1
Ok €t At (1= Tope) Nogly— — MOy €rpee (L= Togea) Hypoy -
)\r,k,t Ar,k,t

P,
pop rk,t+1 h T—1
</~Lr,t+1 - 5) 5 k_l Mcr’k’tJrl €rk,t+1 (1 — Tr,k,tJrl)Hn 41— [/Lr,k,t- (18)
T, 7t+

3.2.3 Producers of intermediate goods in the energy sector

The intertemporal optimization problem of producers of intermediate goods in the
energy sector is very similar to the problem of those in the non-energy sector. Energy
firms can produce energy by allocating labour between the lignite and non-lignite
sectors s € {LC, NLC'}. They face hiring costs in each input sector. The intertemporal

optimization problem of the energy firm is the following:
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Energy firms allocate labour to the input sectors according to their relative marginal
productivity of labour and the respective wage paid to the workers, and the respective

taxes. The first-order condition for firms is

Prisi(f) 1 Prpsi(f) _
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N

2) avoided future hiring costs
(25)

As for the non-energy firm, the marginal product of labour for the respective input

sector equals the marginal cost. The marginal cost is the respective wage.

a}/nk’t(f) . = E,k,s,t(f) =

Prodlf) = 5722 o = 00 (F205) T P, 2
OTaz, sy (f)
m = Trk,s,t Pr,k,s,t(f). (27)

The marginal product of labour in one energy input sector depends on the marginal

product of energy and the marginal tax burden (27). We could also assume
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that energy input firms are independent companies selling to a competitive energy
wholesaler. The energy wholesaler would need to pay a price according to for
the inputs. The first term on the left-hand side of states the contemporaneous
increase in energy production by increasing labour in one input sector less hiring costs.
Hiring one more person today will reduce hiring costs in the next period, as captured
by the second term in (25)).

4 Calibration and Simulation

We simulate a deterministic transition of the economy from an initial steady-state to
a terminal Steady—stateE] provides a detailed description of the calibration of the
initial and terminal steady-states.

The initial steady-state reflects the state of the German economy in 2014. The
regional gross value-added shares of the initial steady-state are identical to the shares
reported in Table [6] To match the reported shares we set regional and sector spe-
cific productivity a,; accordingly. Therefore, the model will consider the contribution
of each sector to overall gross value-added in the region. Our initial calibration also
matches initial labour cost shares as reported in Table [7| by setting the labour pro-
ductivity exponent «,; in the production function accordingly. Due to hiring costs
and value-added taxes the parameter is not identical to the labour cost shares. We
need to calibrate the slope of the labour supply curve A, ; to match the employment
shares reported in Table [T}

The terminal steady-state is computed by alternating regional sector-specific pro-
ductivity shocks to the lignite sector €, g rc: to match the relative net electricity gen-
eration reported in Table 2] All structural parameters of the model are not changed
as response to the coal phase-out. We are not explicitly modeling the political actions
described in Section [2.2 We assume that the government has access to instruments to
reduce the regional net electricity generation by lignite as reported by the electricity
market model. One instrument is the decommissioning of power plants. Our model
has no capital as input to the production of the intermediate goods producers. Never-
theless, decommissioning power plants affects capital utilization and capital stocks in
the industry. The computation of productivity shocks is a simplified way to implement
the decommissioning plan. Another instrument are regional lignite coal specific value-
added tax rates (see 7, p.57). Because of legal constraints they are hard to implement
and are not considered here.

We explicitly model the evolution of regional and sectoral gross value-added of the

lignite coal industry P, g rct Yne oot We set €, g oy such that net electricity gener-

6The model is implemented in Dynare (see |Adjemian et al.|2006).
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ation Y), g rc+ compared to 2014 corresponds to the reported net electricity generation
by the electricity market model with a tolerance level of £2%. This approach re-
quires that all potential fluctuations of the ratio between intermediate inputs and net
electricity are included in the region and sector specific price P, g rc -

Unemployment rates of the labour market regions are converging since the beginning
of the 2000’s. One of the main reasons of a convergence of unemployment rates is
migration from lignite coal regions to other regions in Germany. In the long-run the
lignite coal phase-out will decrease the number of people staying in or moving to the
region. We assume that migration as a response to the coal phase-out will reduce the
unemployment rate to the values for the year 2014 in the long-run.

In order to evaluate the sensitivity of the results to our calibrated parameter values
we define a parameter space. The parameter space is summarized in Table[d We define
marginal uniform distributions U (a, b) for the reported parameters. We will report the
simulation results for all parameters set to the mean of their respective distributions.
For our sensitivity analysis we will draw 1200 parameter combinations and simulate all
paths. We conduct a univariate sensitivity analysis by changing only one parameter
at the time and all other parameters are set to their respective mean. We report the
sensitivity of our results for the minimum, the first quartile, the mean/median, the

third quartile and the maximum of the respective univariate distributions.
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Table 4: Parameter space

4(0.95, 1.05)

4(0.9921, 0.9929)
U(0.855, 0.945)

b U(0.8075, 0.8925)

e U(0.7125, 0.7875)

hiring cost elasticity to labour
market tightness

persistence in living preferences
posterior mode of mark-up shocks

AR(1) coefficient for adjustment
replacement rate

elasticity of substitution between
energy and non-energy sector

Parameter Interval Description Source for the mean

Ny U(760, 840) elasticity of substitution between estimated from regional national
regions for energy accounts data

IHome U(0.475, 0.525) home bias energy calibrated

Iifome 4(0.8075, 0.8925) home bias non-energy Hristov| (2016)

ol U(0.2375, 0.2625) inverse Frisch elasticity / King & Rebelo| (1999))
excluding lignite Rest of Germany

An U(1.1875, 1.3125) market power in region n at start calibrated

n U(19.57, 21.63) elasticity of substitution between calibrated
lignite coal and non lignite coal in region n

x 4(0.2131, 0.2355) steady-state job finding rate according to long-term

unemployed share
B U(0.9975, 0.9984)  discount factor Hristov| (2016))

Blanchard & Gali| (2010))

calibrated

estimated by

Smets & Wouters| (2007)
estimated from OECD data

estimated from
national accounts data

£ U(0.0617, 0.0683) relation of hiring costs to wage bill estimated by

Christiano et al.| (2016)

5 Results

A reduction of net electricity generation by lignite according to Table [2] described in
Section [2] will directly affect the demand for workers in the lignite industry, temporarily
increase unemployment rates, reduce labour income and lead to migration. To explain
the main results of the simulations we need to refer to simulation results of other
variables. Therefore, we report results for other variables in Table [11] to Table [17] and
Figure |§| to Figure [15[in the Appendixm

The reduction in lignite employees is depicted in Figure[2] The implemented climate
policy measures captured by the Baseline scenario will reduce the number of employees
in the lignite industry by 9,200 [9,200; 9,300] by 2040 compared to the Null-Scenario.
The number of employees in the lignite industry compared to the Null-Scenario in the
Rhineland, Lusatia and Central Germany will decrease by approximately 45% in each
region compared to 2014. Additional political measures will reduce the number of lig-
nite employees in the Rhineland, Lusatia, and Central Germany by 4,800 [4,700; 4,800],
3,800 [3,800; 3,800] and 1,100 [1,100; 1,100] people by 2040, respectively. Number in

brackets indicate the smallest and largest difference to the Null-Scenario simulated for

"More results are reported in Table D.1 to Table D.24 and Figure D.1 to Figure D.15 in the Online
Appendix.
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Figure 2: Simulation results for employment in lignite sector
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Note: Difference compared to the Null-Scenario in thousand people, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.

the time period 2014 to 2040 and based on the results of the multivariate sensitivity
analysis.

The direct employment effects will trigger negative indirect and induced employ-
ment effects, but also positive employment effects in other sectors by reducing labour
costs and expanding other energy sources. Negative effects exceed the positive employ-
ment effects reflected by an increase in unemployment rates as depicted in Figure
Unemployment rates increase in the Baseline scenario by 0.02 [0.01; 0.03], 0.06 [0.04;
0.07], 0.48 [0.44; 0.51], and 0.10 [0.09; 0.11] percentage points between 2014 and 2040
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compared to the Null-Scenario in the rest of Germany, Central Germany, Lusatia, and
the Rhineland, respectively. There are up to 3,400 [-1,800; 9,700}, 1,200 [1,000; 1,400],
5,000 [3,700; 5,700] and 5,500 [4,800; 6,100] fewer people employed between 2020 and
2040 compared to the Null-Scenario in the rest of Germany, Central Germany, Lusatia,
and the Rhineland, respectively.

A total phase-out of coal increases the unemployment rates by 0.11 [0.06; 0.16]
(Phase-Out-2040-Age, Phase-Out-2040-Balanced), 0.18 [0.13; 0.22] (Phase-Out-2035-
Weak, Phase-Out-2040-Age, Phase-Out-2040-Balanced), 1.07 [1.00; 1.13] (Phase-Out-
2035-Weak, Phase-Out-2035-Strong) and 0.25 [0.20; 0.28] [(Phase-Out-2035-Weak, Phase-
Out-2035-Strong) percentage points in the rest of Germany, Central Germany, Lusa-
tia, and the Rhineland. Therefore, up to 36,300 [20,400; 55,000] (Phase-Out-2040-
Balanced), 2,800 [2,100; 3,300] (Phase-Out-2035-Weak), 9,500 [7,500; 10,600] (Phase-
Out-2035-Weak) and 11,400 [9,900; 12,600] (Phase-Out-2040-Balanced) more people
are unemployed compared to the Baseline in the rest of Germany, Central Germany,
Lusatia, and the Rhineland. A total phase-out can lead to a maximum reduction in em-
ployment in Germany by up to 55,100 [36,300; 74,800] people in 2035 (Phase-Out-2040-
Balanced). Only in the scenarios Phase-Out-2040-Age and Phase-Out-2040-Balanced
the national unemployment rate will be above the value for the Null-Scenario in 2040.
For the scenarios Phase-Out-2035-Weak and Phase-Out-2035-Strong the national un-
employment rate is close to the value for the Null-Scenario in 2040. The recovery
process is mainly driven by the rest of Germany and not the lignite coal regions itself.

The recovery process is mainly caused by lower real wages in the regions. This will
also decrease labour income in the lignite regions permanently as depicted in Figure
in the Appendix. The fall in labour income is the greatest in Lusatia compared to all
other regions. This even triggers in addition to the previous reasons a non-negative
response in non-energy employment rates. Nevertheless, in absolute terms, migration
leads to a smaller labour force and to a smaller number of employees in the non-energy
sector in Lusatia. A reduction in wages will reduce unemployment benefits in the long-
run and trigger an increase in employment rates in Germany. The outside option of not
working becomes less attractive. The lignite industry pays relatively high wages and
overall wages will fall after the industry is no longer a potential employer. Due to this
fall, unemployment rates also fall, because lower overall wages will increase demand
for employees and reduce unemployment benefit rates.

Welfare depends on consumption and labour disutility as formulated in . There
is no phase-out path clearly dominating the other phase-out paths in terms of aggregate
discounted future welfare (see Table [15 and Table [16]). Only differences in discounted
cumulative welfare for Lusatia differ notably and indicate that Phase-Out-2035-Weak

is welfare efficient for Lusatia. Migration responds to new long-run differentials in



5 RESULTS

Figure 3: Simulation results for unemployment rates
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Note: Difference compared to the Null-Scenario in percentage points, Baseline (blue circle),
Phase-Out-2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced
(magenta triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines
indicate the maximum and minimum value observed for 1200 simulations.

utility. A total phase-out will reduce the attractiveness of the lignite regions Lusatia
and the Rhineland and increase the attractiveness of the rest of Germany and Cent-
ral Germany, which will result in lower and higher labour force shares, respectively.
Nevertheless, the attractiveness of Central Germany does not increase sufficiently to
attract more people, and leads to a more or less unaffected labour force share (see
Figure in the Appendix). Migration decreases the labour force by 5,600 [3,000;
7,000] and 4,300 [3,000; 5,100] in Lusatia and the Rhineland in 2040 compared to the

Null-Scenario, respectively. In Central Germany, the labour force only decreases by
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200 [200; 300] people by 2040. Compared to the Baseline path, migration between
Lusatia, the Rhineland and the rest of Germany increases by roughly 4,000 people or
80%.

The previous results depend on the calibrated parameter values. We specify sub-
jective probability distributions for a systematic sensitivity analysis.ﬂ Further, we in-
vestigate what parameters drive the simulated maximum increase in the unemployment
rate between 2014 and 2040. Figure {4] depicts how the simulated maximum increase
depend on the four most important parameters.

Figure 4| reports the sensitivity analysis for Phase-Out-2035-Weak. The reported
parameters are the same for all phase-out paths. The maximum increase in the unem-
ployment rate depends on the persistence in unemployment benefits. Higher persistence
in unemployment benefits will reduce wage flexibility. At the mean the maximum in-
crease in unemployment is about 0.12 percentage points. At the minimum value the
maximum increase decreases by roughly 0.02 percentage points and at the maximum
parameter value the maximum increase will be 0.02 percentage points higher. Future
adjustments of unemployment benefits and wages have to be considered as potential
policy tool to reduce the employment effects. Further, our introduction of rigid unem-
ployment benefits also captures other rigidities in the adjustment of wages to changing
economic fundamentals such as collective wage agreements. But reducing the rigidity
in unemployment benefits will increase the maximum drop in wages. Nevertheless,
the quantity effect dominates the price effect for labour compensation and more flex-
ible unemployment benefits will reduce the maximum drop in labour compensation.
The relationship between the maximum increase in the unemployment rate and the
persistence in unemployment benefits is the same across all regions.

A home bias parameter for non-energy products set to the maximum value can
increase the unemployment rate by less than 0.01 percentage points. Reducing the
home bias parameter to its minimum value will decrease the maximum increase by
roughly 0.02 percentage points. The simulated maximum increase in the lignite regions
increases with a higher parameter value for the non-energy home bias. A higher home
bias in the non-energy sector will reduce the demand in rest of Germany for non-energy
products produced in the lignite regions. New jobs in the non-energy sector to replace
the old jobs in the lignite industry require demand. A potential policy might be to
stimulate demand for non-energy products from lignite regions.

The persistence in market power and the initial steady-state of market power have
the weakest effect on the maximum increase in the unemployment rate. Unemployment
rates depend positively on the persistence. Market power increases in regions experien-

cing a greater inflow of migration. More persistent market power will reduce the speed

8The detailed results for all parameters are discussed in the Online Appendix D.3.
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Figure 4: Sensitivity analysis for maximum increase in the unemployment
rate
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of adjustment. Therefore, the simulated maximum increase in the unemployment rate
declines with a higher persistence in market power. A higher initial value for market

power increases the maximum increase in the unemployment rate.
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6 Conclusions

In January 2019, the Commission on Growth, Structural Change and Employment in
Germany proposed a plan for the stepwise reduction of electricity generation by lig-
nite. The proposal suggests a total phase-out until 2038 and includes an option to
phase-out until 2035, if this does not threaten the security of electricity supply. Our
analysis shows, that a phase-out until 2035 is not worse than a phase-out until 2040
in terms of discounted cumulative welfare and might even be preferable in terms of
the national unemployment rate. A phase-out until 2035 leads to a faster increase of
other energy sources by increasing energy prices. This causes more employment in the
rest of Germany. Albeit our simulation results do not explicitly model other energy
sources we very likely underestimate the required employees in the non-lignite energy
sector to replace the lignite industry. An earlier exit date is therefore very unlikely
to increase negative employment effects. Nevertheless, this finding depends not only
on the technical feasibility of the phase-out paths, but also on the assumption that
migration is only determined by long-run variables and does not vary with the timing
of the decommissioning plan. Therefore, migration takes place in all total phase-out
scenarios at the same speed. Our sensitivity analysis identifies that the persistence in
unemployment benefits, the demand for domestic non-energy products and the per-
sistence in market power are important for the maximum drop in employment, labour
income and consumption. Policy measures to reduce the impact of a coal phase-out
should focus on the flexibility of wages and unemployment benefits, but should also
lower formal and informal costs of starting a business to reduce market power.

The potential employment effects in absolute terms seem to be large, but with
regard to the labour force of Germany rather small. Moreover, the labour force in
Germany will decrease by 3.5 million by 2040, i.e. 8% of the labour force in 2014,
due to demographic change. Compared to the effects of demographic developments in
Germany, the lignite phase-out has relatively small effects. Furthermore, our analysis
excluded any potential technical progress in other energy sectors, such as the renewable
energy sector. Potential technological improvements in these sectors might crowd out
lignite as an energy source. Neither have increasing extraction costs been considered.
These developments would reduce the potential economic effects of a politically induced
lignite phase-out in Germany. Our results show that postponing the phase-out will only
move negative effects more into the future.

Our analysis did not consider potential effects of higher energy prices on the current
account of Germany. In recent years, Germany has been a net electricity exporter
and, hence, a coal phase-out might turn Germany into a net electricity importer, i.e.

importing electricity that might be generated by lignite in neighbouring countries, such
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as the Czech Republic and Poland. However, this seems to be unlikely due to capacity
constraints in these countries (Matthes et al.|2018).

An unsettled issue is whether a coal-phase out is the abatement-cost minimizing
policy to achieve the national greenhouse gas emissions targets. The decommissioning
of coal fired power plants is an additional national measure parallel to the European
Union Emissions Trading Scheme. Hybrid regulations to reduce greenhouse gas emis-
sions are inefficient compared to purely market based mechanisms (Bohringer et al.
2006)). Most studies investigating the abatement costs of different policies use static
estimates (see |Gillingham & Stock|2018) and ignore intertemporal dependencies. For
instance, [Lin & Chen (2019) show that higher electricity prices lead to more innovations
in the renewable energy sector in the long run. Our analysis ignores the costs of stran-
ded assets implied by the transition from lignite electricity generation to non-lignite
electricity generation (see |[Rozenberg et al|2018). The main source of stranded assets
induced by a lignite phase-out in Germany is a shorter life time of lignite power plants
and mining fields. The book value of old lignite power plants is already close to zero.
If more efficient and younger power plants operate longer, then the effect of stranded
assets is reduced. Further, coal fired power plants can be modified to run based on
other energy sources, reducing also the opportunity costs to continue the operation of
coal fired power plants based on lignite. Future research should evaluate the impact of
different policies and stranded assets on dynamic abatement costs. Nevertheless, the
major share of abatement costs associated with a lignite phase-out in Germany is very

likely a lower labour market income in the lignite regions.
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A CALIBRATION

A Calibration

A.1 Initial Steady State

Annual trend inflation is assumed to be 2% and the corresponding gross trend inflation
¢ is set to 1.02. The annual real per capita technological trend growth rate is set to
0.75% corresponding to a real per capita gross growth rate p*” of 1.0075. The discount
factor (8 is set to 0.998E| Employment shares are set in such a way that the values in
Table [1| are obtained. Furthermore, to reflect the relative importance of each sector
for regional labour income, we set the labour productivity exponent in the production

function a,.; to be

L (1= 70) €0 (1= (0P = 0) B 1> 7€) iyt 52
Qp] = —.

28
, (1= 7p) ra (G + 12) (28)

We take into account the labour cost shares ¢, = % reported in Table |§| The share
of hiring costs relative to the wage bill k;’; = ﬁ is 6.5%;, in line with (Christiano et al.

(2016)). The same formula holds for the energy input sectors. The exogenous separation
rate ¢ is set such that the job finding rate x; is 22%. A short-term unemployed person
in Germany (less than one year) receives 60% of the last year’s average net wage,
depending on their family status, and a long-term unemployed person in Germany
receives a compensation of 42% of the current net wage in Germany, including housing
and other assistancem The share of unemployed who are long-term unemployed in
steady-state is (1 — z)? and is around 37%. The effective labour tax rate 7' is set to
35% (see|Hristov|2016, p. 22). Unemployment benefits for a representative unemployed
person in steady-state is a weighted average over unemployment benefits for short-term
and long-term benefits. Therefore, unemployment benefits are set to 35% relative to
the real gross wage b = " w in steady-state. A regression of annual real unemployment
benefits on past realizations shows that the persistence parameter p° is estimated to be
0.85. The inverse Frisch elasticity of substitution UTLJ is set to 0.25 (see King & Rebelo
1999, p. 975).

9The calibration of the parameters is summarized in Table
10Replacement rates for long-term and short-term unemployed are reported by the OECD: http:
//www.oecd.org/els/soc/benefits-and-wages.htm
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A CALIBRATION

In order to match the share of gross value-added to total production in Germany

<;5ka reported in Table @ the productivity parameters a,; are calculated by
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r.k =1- 1 + w (29)
gw, T ErkRrg
b
Qy -n 1
_ Ark,s W Prk,s Orks w1
AT,]{J,S _ET',]C,S nT’,k,S T’,k,S <1—) ? (30)
— Trk,s
1
77’ Yy Z;?:1 ¢r,k,r Ar,k,s
¢ 0 (1777'195)67'195(—
R d,k,s "rk I Ry AT‘,k,’!‘ 1f k‘ _ E
— _ pop —_
Ar,k = d=1 N (A=7pp) WP ’ (31)
r.k .
’ @ lf ]C =NE
(l_Tr,k) wgop Vr,k €rk nrjl;!k Qi’r‘ik
R K 1 gy A )
GE=0Y Y TR A (32)
rk — T D U A
— KR HM Agn
S
—1
2 : ‘bnk,q
ar7k75 :<Ar7k75 A ) a/Tyk. (33)
r,k,q

The productivity parameters are rescaled such that on average @ = 1. In our special
case, taxation is the same for each sector and region. The tax rate 7,; on sales is 19%,
which corresponds to the value-added tax in Germany. Net value-added shares are
identical to gross value-added shares, because tax rates are the same for each sector.
The CES demand weights wf,o, . are calibrated to reflect a home bias and transaction
costs for trade between regions. Furthermore, the relative productivity profile and the

size of the population are taken into consideration.

]HkomeBias ifr=d
popd _ )T (34)
7,0,k 1 — JHomeBias wh? 1
( rk ) ZR wgop else
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w a
ok Yk
d "o : (35)

WT’O = O’
’ 7k Zle wf,oz,;];?d aO,k
In the non-energy sector, non-tradable and tradable goods are combined. According
to Hristov (2016), the non-tradable share in Germany is 0.56 and the tradable home
bias is 0.6, therefore we have a home bias in the non-energy sector of 0.85 ~ 0.56 +
0.6 % (1 — 0.56). The home bias share for the energy sector is set to 0.5. The scaling

coefficients for marginal hiring costs B, ; are

h
mcr,l

Bf,l = 0t 1ot 5 with mcﬁl :wﬁzlwr,lnr,lh;f’. (36)
Sine)

S
us




A CALIBRATION

Adjustment costs to the employment stock of a firm are quadratic ¢» = 2. To fulfill

the first-order conditions for wages, the disutility parameters Aﬁl are set such that

Al = (1) " (37)
W M

The elasticity of substitution between the energy and non-energy sectors n° is es-
timated from gross-value-added data. The point estimate is 0.75, implying that the
energy and non-energy sector are complements. Therefore, a price increase in one sec-
tor causes a reduction in demand for the other sector. To estimate the elasticity of
substitution, we use ({3)).

The regional elasticity of substitution for non-energy products 1y, is estimated by
pooled OLS with national accounts data for the German states. A point estimate of
1.15 is estimated in line with an estimate from Hristov (2016) for tradable regional
products between European countries and Germany.

The regional elasticity of substitution for energy products n} is estimated by pooled
ordinary least squares with national accounts data for the German states. The point
estimate is 800, in line with the fact that electricity and other products of the energy
sector from different regions are perfect substitutes.

Unfortunately, there is no data source with which to estimate the elasticity of sub-
stitution between lignite and non-lignite n° € (1, ..., 0c]. Therefore, we calibrate this
parameter to the smallest value such that a permanent sector productivity shock to
lignite in one region triggers a non-negative employment reaction in the non-lignite
energy sector of the region. This reaction depends on the relative elasticities of sub-
stitution between and within regions. The smallest value fulfilling this condition is
n® = 20.6. This value indicates also that other inputs to the energy sector are almost

perfect substitutes.

A.2 Terminal Steady State

We simulate permanent shocks to sector productivity €, g .o of lignite in Germany. A
decommissioning plan implies a stepwise reduction of sector specific productivity. We
assume that the decommissioning plan is certain and irreversible.

The shutdown of lignite power plants implies new long-run differentials in sector
productivity of German lignite regions and the rest of Germany. Our simulation is
the transition from one deterministic steady-state to another. The terminal steady-
state is calculated by solving the static equations of the model given the new sector

productivity profile. More precisely, it is necessary to find new employment shares such
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that the first-order conditions of the households with respect to labour are satisfied.
It is also necessary to find the relative prices given arbitrary employment shares such
that the market clearing conditions hold.

Unobserved characteristics of regional attractiveness 7, adjust such that in the
terminal steady-state regional total employment shares are the same as before. Migra-
tion leads to different population shares wf;p and to different demands for products
from each region.

A higher attractiveness of a region increases its population density, triggers higher
housing prices and, therefore, alters the desired mark-ups in all sectors because the
population density increases. This idea originates from (Grossmann et al.| (2017, who
postulate that migration flows increase prices in regions with higher population dens-
ities through higher housing prices. We further assume that firms operating in regions
with a higher attractiveness leading to higher population density can charge higher
mark-ups than those in regions with lower attractiveness and population density.

The auto-correlation coefficient pP? is set such that a population shock has a half-
life of 22.5 years, corresponding to one-half of the time an individual participates in
the labour force. Our implied annual share of individuals actively deciding to migrate
is 3%. New individuals are assumed to have different preferences for where to live. In
our set-up, the long-run attractiveness nf = fr7T|t(u({an,T‘t(h)}le, {NT,LT“(h)}f:l))
is a function of the terminal steady-state values of the endogenous variables of the
model Z and exogenous variables X such that regional employment rates return to
their original steady-state. Write Z for the steady-state vector of endogenous variables
without regional employment rates n, and regional preferences n2°?. We can express

regional employment shares as a function of living preferences
ny = f{ﬁfopaz(ﬁranOP»X)>X}- (38)

Therefore, the steady-state is given such that n, corresponds to the initial value given
the new vector of exogenous and endogenous variables. The steady-state values of
endogenous variables without regional employment rates depend on the regional em-
ployment rates, living preferences, and steady-state values of the exogenous variables.

We are only able to find a numerical solution and not an analytical solution.
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Table 5: Lignite labour market regions

Central Germany

Lusatia

Rhineland

Territory

Landkreis Leipzig

Stadt Leipzig
Burgenlandkreis
Nordsachsen

Saalekreis

Stadt Halle

Landkreis Mansfeld-Siidharz

Landkreis Elbe-Elster

Landkreis Oberspreewald-Lausitz

Landkreis Spree-Neifle
Stadt Cottbus
Landkreis Bautzen
Landkreis Gorlitz

Rhein-Kreis Neuss
Kreis Diiren
Rhein-Erft-Kreis
Stadteregion Aachen
Kreis Heinsberg

Kreis Euskirchen

Stadt Monchengladbach

Labour Market Region

Erzgebirgskreis
Mittelsachsen
Zwickau

Diisseldorf

Krefeld

Leverkusen

Mettmann

Kreis Heinsberg
Mettmann
Rheinisch-Bergischer Kreis
Viersen

Note: The counties belonging to territories using lignite and counties building a labour market region
with the former ones are tabulated.
Sources: German Federal Ministry for Economic Affairs and [Kosfeld & Werner| (2012)).
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Table 6: Gross value-added shares

Region Energy Non-Energy  Total
Lignite Coal Non-Lignite Coal

Rest of Germany 0.002 1.81 98.18  88.66

Central Germany 0.42 2.94 96.64 2.70

Lusatia 3.86 4.92 91.22 0.86

Rhineland 0.60 2.08 97.32 7.78

Germany 0.09 1.89 98.02 100.00

Note: Gross value-added shares in 2014 in percent. Total states the share of gross value-added of the
region in national gross value-added.
Sources: German Federal Statistical Office and own calculations.

Table 7: Labour shares

Region Energy Non-Energy Total
Lignite Coal Non-Lignite Coal

Rest of Germany 50.87 35.65 56.85  56.28

Central Germany 54.48 31.55 57.52  56.75

Lusatia 60.09 24.75 55.61  56.75

Rhineland 58.42 46.32 57.53 54.27

Germany 58.37 36.15 56.91 57.30

Note: Labour shares for 2014 in percent. The ratio is the wage sum of the respective sector divided
by gross value added in the sector.
Sources: German Federal Statistical Office and own calculations.



Table 8: Symbols of variables

Symbol  Description

z exogenous common trend
tax tax

n employment

Y output

b unemployment benefit

U unemployment

U utility

h hiring rate

w real wage

c consumption

g government spending

tr government transfers

ol relative producer prices

o relative consumption prices
u® unemployment before hiring
U unemployment rate

wPOP population weight

T effective tax rate for the firm
h hiring rate

T job finding rate

meh marginal hiring cost

K hiring cost

w* optimal real wage

A mark-up

mProfits  profits

€ technology shocks

et labour preference shock

e hiring cost shock

epop preference shock for living
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Table 9: Symbols of parameters

Symbol  Description

R regions

K sectors

S input sectors

wy, CES weight for sector k

ne elasticity of substitution between energy and non-energy
nm regional elasticity of substitution

a productivity constants

10) CES shares for energy production with lignite coal
Al disutility to labour

B marginal hiring cost constants

Q share of business cycle invariant hiring costs
IHome  home bias

w? regional demand preferences

ok inverse Frisch elasticity of labour

o constant in law of motion of mark-up equation
o’ constant in law of motion of regional attractiveness
Q@ labour share

6 separation rate

15} discount factor

v hiring cost elasticity

P exponent for hiring costs

n° elasticity of substitution between sectors

n® elasticity of substitution between coal and non coal
Tt tax rate on labour

e steady-state inflation

w? growth rate of exogenous trend z;

uPer population growth rate

f AR(1) coefficient for real wage rigidity

p° AR(1) coefficient for adjustment replacement rate
Pe persistence productivity shock

pror AR(1) coefficient for living preferences

persistence in mark-up
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Table 11: Employees in lignite sector

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 21.2 [0.0;0.0] 5 [0.0;0.0] 4 10.0;0.0] 1 [0.0;0.0] 10 2 [0.0;0.0]
2020 -0.1 [0.0;0.0] —0 4 [0.0;0.0] 0 [0.0;0.0] 1 [0.0;0.0] 2 [0.0;0.0]
2025 -0.7 [0.0;0.0] -0.5 [0.0;0.0] 0 [0.0;0.0] —0 1 [0.0;0.0] —0 1 [0.0;0.0]
2030 -1.4 [0.0;0.0] -0.5 [0.0;0.0] —0 1[0.0;0.0] -0.4 [0.0;0.0]  -0.4 [0.0;0.0]
2035 -2.0 [0.0;0.0] -0.5 [0.0;0.0] -0.2 [0.0;0.0]  -0.6 [0.0;0.0]  -0.7 [0.0;0.0]
2040 -2.3 [0.0;0.0] -0.5 [0.0;0.0] -0.2 [0.0;0.0]  -0.7 [0.0;0.0]  -0.9 [0.0;0.0]
Baseline
2020 -3.0 [0.0;0.2] 0 [0.0;0.0] -0.3 [0.0;0.0]  -1.2 [0.0;0.1]  -1.5[0.0;0.1]
2025 -4.5 [0.0;0.0] 0 [0.0;0.0] -0.5 [0.0;0.0]  -1.8 [0.0;0.0] -2.2 [0.0;0.0]
2030 -5.9 [0.0;0.1] 0 [0.0;0.0] -0.7 [0.0;0.0] -2.3[0.0;0.0] -2.9 [0.0;0.1]
2035  -8.1 [-0.2;0.1] 0 [0.0;0.0] -0.9 [0.0;0.0] -3.2 [-0.1;0.0] -4.0 [-0.1;0.1]
2040  -9.2 [-0.1;0.0] 0 [0.0;0.0 -1.1 [0.0;0.0]  -3.6 [0.0;0.0] -4.5 [-0.1;0.0]
Phase-Out-2035-Weak
2020  -4.6 [-0.2;0.1] 0 [0.0;0.0] -0.4 [0.0;0.1] -1.7 [-0.1;0.0] -2.5 [-0.1;0.0]
2025  -9.4 [-0.2;0.2] 0 [0.0;0.0 -1.0 [0.0;0.0] -3.3 [-0.1;0.1] -5.1 [-0.1;0.1]
2030 -13.8 [-0.3;0.1] 0 [0.0;0.0] -1.6 [-0.1;0.0] -5.3 [-0.1;0.1] -6.9 [-0.1;0.0]
2035 -18.9 [-0.1;0.0] 0 [0.0;0.0] -2.2 [0.0;0.0]  -7.4 [0.0;0.0] -9.3 [-0.1;0.0]
2040  -18.9 [0.0;0.0] 0 [0.0;0.0] -2.2 [0.0;0.0] -7.4[0.0;0.0] -9.3 [0.0;0.0]
Phase-Out-2040-Age
2020  -4.0 [-0.1;0.1] 0 [0.0:0.0] 0.4 [0.0;0.0]  -1.4 [0.0;0.1] -2.2 [-0.1;0.0]
2025  -7.3 [-0.2;0.1] 0 [0.0;0.0] -0.7 [0.0;0.0] -2.5 [-0.1;0.0] -4.1 [-0.1;0.1]
2030 -10.5 [-0.2;0.1] 0 [0.0;0.0] -1.0 [0.0;0.0] -3.5[-0.1;0.1] -6.0 [-0.1;0.0]
2035 -13.8 [-0.1;0.2] 0 [0.0;0.0] -1.5[0.0;0.0] -5.3 [-0.1;0.1]  -7.0 [0.0;0.1]
2040 -18.8 [-0.2;0.0] 0 [0.0;0.0 -2.2 [0.0;0.0] -7.4 [-0.1;0.0] -9.2 [-0.1;0.0]
Phase-Out-2040-Balanced
2020  -4.1 [-0.2;0.0] 0 [0.0;0.0] -0.3 [0.0;0.0] -1.8 [-0.1;0.0] -2.0 [-0.1;0.0]
2025  -7.5[-0.2;0.1] 0 [0.0;0.0) -0.6 [0.0;0.0] -3.5 [-0.1;0.1] -3.4 [-0.1;0.0]
2030 -10.4 [-0.2;0.0] 0 [0.0;0.0 -1.0 [0.0;0.0] -4.4 [-0.1;0.0] -5.0 [-0.1;0.0]
2035 -13.6 [-0.2;0.1] 0 [0.0;0.0] -1.6 [0.0;0.1] -5.4 [-0.1;0.0] -6.6 [-0.1;0.0]
2040 -18.7 [-0.1;0.1] 0 [0.0;0.0] -2.2 [0.0;0.0]  -7.3[0.0;0.1] -9.2 [-0.1;0.0]
Phase-Out-2035-Strong
2020 6.2 [-0.20.1] 0 [0.0;0.0] -0.6 [0.0;0.0] -2.4 [-0.1;0.0] -3.2 [-0.1;0.1]
2025 -10.5 [-0.1;0.2] 0 [0.0;0.0] -1.1 [0.0;0.0]  -3.7 [0.0;0.1] -5.7 [-0.1;0.1]
2030 -13.9 [-0.3;0.1] 0 [0.0;0.0] -1.6 [-0.1;0.0] -5.3 [-0.1;0.1] -7.0 [-0.1;0.0]
2035 -19.0 [-0.1;0.1] 0 [0.0;0.0] -2.2 [0.0;0.0] -7.4 [0.0;0.1] -9.4 [-0.1;0.0]
2040  -18.9 [0.0;0.0] 0 [0.0;0.0] -2.2 [0.0;0.0]  -7.4 [0.0;0.0] -9.3 [0.0;0.0]

Note: Simulation results for employees in the lignite industry in thousand people. Values for the
Null-Scenario are reported as change to the base year 2014 and for the year 2014 actual values are
reported and for the year 2014 actual values are reported. Values for other scenarios are differences
to the Null-Scenario in the respective year. Values in brackets denote the minimum and maximum
difference from the reported value obtained from 1200 simulations.
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Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  5.67 [-0.00;0.00] 5.32 [0.00;0.00] 9.17 [0.00;0.00]  10.97 [-0.00;0.00]  7.34 [-0.00;0.00]
2020  0.00 [-0.00;0.00] 0.00 [-0.00;0.00] 0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  0.00 [-0.00;0.00]
2025  0.00 [-0.00;0.00] 0.00 [-0.00;0.00] 0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  0.00 [-0.00;0.00]
2030  0.00 [-0.00;0.00] 0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] -0.00 [-0.00;0.00] -0.00 [-0.00;0.00]
2035 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] -0.00 [-0.00;0.00] -0.00 [-0.00;0.00]
2040 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] -0.00 [-0.00;0.00] -0.00 [-0.00;0.00]
Baseline
2020  0.02 [-0.01;0.01] 0.01 [-0.01;0.01] 0.03 [-0.01;0.01]  0.21 [-0.02;0.03]  0.05 [-0.01;0.01]
2025  0.02 [-0.01;0.01] 0.02 [-0.01;0.01] 0.04 [-0.01;0.01]  0.21 [-0.03;0.02]  0.06 [-0.01;0.01]
2030  0.02 [-0.01;0.01] 0.02 [-0.01;0.01] 0.04 [-0.01;0.01]  0.25 [-0.04;0.04]  0.07 [-0.01;0.01]
2035  0.03 [-0.02;0.01] 0.01 [-0.02;0.02] 0.06 [-0.02;0.01]  0.46 [-0.04;0.04]  0.10 [-0.01;0.01]
2040  0.02 [-0.02;0.02] 0.01 [-0.02;0.02] 0.05 [-0.02;0.01]  0.48 [-0.04;0.03]  0.10 [-0.01;0.01]
Phase-Out-2035-Weak
2020  0.06 [-0.02;0.02] 0.06 [-0.02;0.02] 0.08 [-0.02;0.02]  0.20 [-0.04;0.03]  0.10 [-0.02;0.02]
2025  0.10 [-0.03;0.04] 0.09 [-0.03;0.04] 0.14 [-0.03;0.03]  0.44 [-0.05;0.05]  0.21 [-0.03;0.02]
2030  0.12 [-0.04;0.04] 0.10 [-0.04;0.05] 0.18 [-0.05;0.04]  0.81 [-0.07;0.08]  0.24 [-0.04;0.03]
2035  0.10 [-0.05;0.05] 0.08 [-0.05;0.05] 0.16 [-0.05;0.05] 1.07 [-0.07;0.06]  0.25 [-0.05;0.03]
2040  0.06 [-0.06;0.05] 0.04 [-0.06;0.05] 0.10 [-0.06;0.05]  0.89 [-0.06;0.07]  0.18 [-0.05;0.04]
Phase-Out-2040-Age
2020  0.06 [-0.02;0.02] 0.06 [-0.02;0.02] 0.08 [-0.02;0.02]  0.17 [-0.04;0.04]  0.10 [-0.01;0.01]
2025  0.10 [-0.03;0.04] 0.09 [-0.03;0.04] 0.13 [-0.03;0.03]  0.25 [-0.05;0.05]  0.18 [-0.03;0.02]
2030  0.12 [-0.04;0.04] 0.11 [-0.04;0.04] 0.16 [-0.04;0.04]  0.35 [-0.06;0.05]  0.24 [-0.04;0.03]
2035  0.13 [-0.04;0.05] 0.11 [-0.05;0.05] 0.18 [-0.05;0.04]  0.69 [-0.07;0.08]  0.24 [-0.04;0.03]
2040  0.11 [-0.05;0.05] 0.09 [-0.05;0.05] 0.16 [-0.05;0.05]  0.95 [-0.07;0.06]  0.24 [-0.05;0.04]
Phase-Out-2040-Balanced
2020  0.06 [-0.02;0.02] 0.06 [-0.02;0.02] 0.08 [-0.02;0.02]  0.24 [-0.04;0.03]  0.09 [-0.01;0.01]
2025  0.10 [-0.03;0.04] 0.09 [-0.03;0.04] 0.11 [-0.03;0.03]  0.56 [-0.06;0.06]  0.14 [-0.02;0.02]
2030 0.12 [-0.04;0.04] 0.11 [-0.04;0.04] 0.15 [-0.04;0.04]  0.59 [-0.06;0.06]  0.20 [-0.03;0.03]
2035  0.13 [-0.04;0.05] 0.11 [-0.05;0.05] 0.18 [-0.05;0.04]  0.69 [-0.06;0.07]  0.23 [-0.04;0.03]
2040  0.11 [-0.05;0.05] 0.09 [-0.05;0.05] 0.16 [-0.05;0.05]  0.95 [-0.07;0.06]  0.24 [-0.05;0.04]
Phase-Out-2035-Strong
2020  0.07 [-0.02;0.02] 0.06 [-0.02;0.03] 0.10 [-0.02;0.02]  0.43 [-0.04;0.05]  0.14 [-0.02;0.01]
2025  0.10 [-0.03;0.04] 0.08 [-0.03;0.04] 0.14 [-0.03;0.03]  0.52 [-0.06;0.05]  0.23 [-0.03;0.02]
2030  0.11 [-0.04;0.04] 0.09 [-0.04;0.05] 0.17 [-0.05;0.04]  0.79 [-0.06;0.07]  0.23 [-0.04;0.03]
2035  0.10 [-0.05;0.05] 0.07 [-0.05;0.05] 0.15 [-0.05;0.04] 1.07 [-0.07;0.06]  0.25 [-0.05;0.03]
2040  0.05 [-0.06;0.05] 0.03 [-0.06;0.05] 0.09 [-0.06;0.05]  0.88 [-0.06;0.07]  0.17 [-0.05;0.04]

Note: Simulation results for unemployment rates. Values for the Null-Scenario are reported as change
to the base year 2014 and for the year 2014 actual values are reported. Values for other scenarios are
differences to the Null-Scenario in the respective year. Values in brackets denote the minimum and
maximum difference from the reported value obtained from 1200 simulations.



Table 13: Labour Force

B TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  45782.6 [0.0;0.0]  40375.7 [0.0;0.0] 1611.5 [0.0;0.0]  521.9 [0.0;0.0]  3273.5 [0.0;0.0]
2020 910.7 [0.0;0.0] 803.1 [-0.0;0.0] 32.1 [-0.0;0.0]  10.4 [-0.0;0.0] 65.1 [-0.0;0.0]
2025  -263.8 [-0.0;0.0] -232.7 [-0.0;0.0] -9.3 [-0.0;0.0]  -3.0 [-0.0;0.0]  -18.8 [-0.0;0.0]
2030 -1915.2 [-0.0;0.0]  -1689.1 [-0.0;0.0] -67.4 [-0.0;0.0] -21.8 [-0.0;0.0] -136.9 [-0.0;0.0]
2035 -3194.1 [-0.0;0.0]  -2817.0 [-0.0;0.0] -112.4 [-0.0;0.0] -36.4 [-0.0;0.0] -228.4 [-0.0;0.0]
2040 -3872.6 [-0.0;0.0]  -3415.3 [-0.0;0.0] -136.3 [-0.0;0.0] -44.1 [-0.0;0.0] -276.9 [-0.0;0.0]
Baseline
2020 -0.0 [-0.0;0.0] [-0.8;0.5] -0.1 [-0.0;0.0]  -1.0 [-0.3;0.5] -0.9 [-0.2;0.3]
2025 0.0 [-0.0;0.0] [-1.4;0.8] -0.2 [-0.0;0.0)  -1.7 [-0.4;0.8] -1.5 [-0.3;0.5]
2030 0.0 [-0.0;0.0] 5 [-1.8;1.1] -0.3 [-0.1;0.1]  -2.3 [-0.6;1.1] -2.0 [-0.4;0.7]
2035 0.0 [-0.0;0.0] [-2.1;1.3] -0.3 [-0.1;0.1]  -2.7 [-0.7;1.3] -2.3 [-0.5;0.8]
2040 0.0 [-0.0;0.0] [-2.4;1.4] -0.4 [-0.1;0.1]  -3.1 [-0.8;1.4] -2.7 [-0.6;0.9]
Phase-Out-2035-Weak
2020 -0.0 [-0.0;0.0] 4 ]-1.3;0.8] -0.1 [-0.0;0.0)  -1.9 [-0.5;0.9] -1.5 [-0.3;0.5]
2025 —O 0 [-0.0;0.0] 7 [-2.2;1.2] -0.1 [-0.0;0.0)  -3.2 [-0.8;1.5] -2.5 [-0.5;0.8]
2030 0 [-0.0;0.0] 4 [-2.8;1.6] -0.1 [-0.1;0.0]  -4.1 [-1.0;1.9] -3.2 [-0.6;1.0]
2035 0 [-0.0;0.0] 9 [-3.4;1.9] -0.1 [-0.1;0.0]  -4.9 [-1.2;2.2] -3.8 [-0.7;1.2]
2040 0 [-0.0;0.0] 10 1 [-3.8;2.2] -0.2 [-0.1;0.0)  -5.6 [-1.4;2.6] -4.3 [-0.8;1.3]
Phase-Out-2040-Age
2020 -0.0 [-0.0;0.0] 3.4 [-1.3;0.8] -0.1 [-0.0;0.0]  -1.9 [-0.5;0.9] -1.5 [-0.3;0.5]
2025 —0 0 [-0.0;0.0] 5.7 [-2.2;1.2] -0.1 [-0.0;0.0)  -3.2 [-0.8;1.5] -2.5 [-0.5;0.8]
2030 0 [-0.0;0.0] 7.4 [-2.8;1.6] -0.1 [-0.1;0.0)  -4.1 [-1.0;1.9] -3.2 [-0.6;1.0]
2035 0 [-0.0;0.0] 8.9 [-3.4;1.9] -0.1 [-0.1;0.0)  -4.9 [-1.2;2.2] -3.8 [-0.7;1.2]
2040 0 [-0.0;0.0] 10.1 [-3.8;2.2] -0.2 [-0.1;0.0)  -5.6 [-1.4;2.6] -4.3 [-0.8;1.3]
Phase-Out-2040-Balanced
2020 -0.0 [-0.0;0.0] 4 ]-1.3;0.8] -0.1 [-0.0;0.0)  -1.9 [-0.5;0.9] -1.5 [-0.3;0.5]
2025 —0 0 [-0.0;0.0] 7 [-2.2;1.2] -0.1 [-0.0;0.0)  -3.2 [-0.8;1.5] -2.5 [-0.5;0.8]
2030 0 [-0.0;0.0] 4 [-2.8;1.6] -0.1 [-0.1;0.0]  -4.1 [-1.0;1.9] -3.2 [-0.6;1.0]
2035 0 [-0.0;0.0] 9 [-3.4;1.9] -0.1 [-0.1;0.0]  -4.9 [-1.2;2.2] -3.8 [-0.7;1.2]
2040 0 [-0.0;0.0] 10 1 [-3.8;2.2] -0.2 [-0.1;0.0)  -5.6 [-1.4;2.6] -4.3 [-0.8;1.3]
Phase-Out-2035-Strong
2020 -0.0 [-0.0;0.0] 4 [-1.3;0.8] -0.1 [-0.0;0.0]  -1.9 [-0.5;0.9] -1.5 [-0.3;0.5]
2025 —O 0 [-0.0;0.0] 7 [-2.2;1.2] -0.1 [-0.0;0.0]  -3.2 [-0.8;1.5] -2.5 [-0.5;0.8]
2030 0 [-0.0;0.0] 4 [-2.8;1.6] -0.1 [-0.1;0.0)  -4.1 [-1.0;1.9] -3.2 [-0.6;1.0]
2035 0 [-0.0;0.0] 9 [-3.4;1.9] 0.1 [-0.1;0.0]  -4.9 [-1.2;2.2]  -3.8 [0.7;1.2]
2040 0 [-0.0;0.0] 10 1 [-3.8;2.2] -0.2 [-0.1;0.0)  -5.6 [-1.4;2.6] -4.3 [-0.8;1.3]

Note: Simulation results for the labour force by region in thousand people. Values for the Null-Scenario
are reported as change to the base year 2014 and for the year 2014 actual values are reported. Values
for other scenarios are differences to the Null-Scenario in the respective year. Values in brackets denote
the minimum and maximum difference from the reported value obtained from 1200 simulations.



Table 14: Employees

B TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  43188.7 [0.0;0.0] 38227.0 [0.0;0.0] 1463.8 [0.0;0.0] 464 7[0.0;0.0] 3033.2 [0.0;0.0]
2020 858.1 [-0.3;0.3] 759.5 [-0.2;0.3] 29.1 [-0.1;0.0] 2 [0.0;0.0] 60.3 [0.0;0.0]
2025 -249.6 [-0.3;0.4] -221.0 [-0.3;0.4] -8.4 [0.0;0.0] —2 7 [0.0;0.0] -17.5 [0.0;0.0]
2030 -1807.1 [-0.4;0.5]  -1599.5 [-0.4;0.5] -61.2 [0.0;0.0] -19.5 [0.0;0.0] -126.9 [0.0;0.0]
2035 -3013.2 [-0.4;0.5]  -2667.1 [-0.4;0.4] -102.1 [0.0;0.0]  -32.4 [0.0;0.1] -211.6 [0.0;0.0]
2040 -3653.0 [-0.5;0.5]  -3233.4 [-0.4;0.4] -123.8 [-0.1;0.0]  -39.3 [0.0;0.0] -256.5 [0.0;0.1]
Baseline
2020 -8.1 [-4.0;3.6] -3.0 [-4.6;3.6] -0.6 [-0.1;0.1]  -2.0 [-0.3;0.5] -2.5 [-0.2;0.3]
2025 -10.0 [-5.4;5.2] -3.4 [-6.3;5.2] -0.8 [-0.1;0.2]  -2.6 [-0.3;0.8] -3.2 [-0.3;0.3]
2030 -10.5 [-6.2;6.3] -2.4 [-7.2;6.4] -0.9 [-0.1;0.2]  -3.3 [-0.5;0.8] -3.9 [-0.4;0.4]
2035 -11.5 [-6.5;7.0] -O 3 [-7.6;7.4] -1.2 [10.2;0.2]  -4.7 [-0.7;1.1] -5.3 [-0.6;0.7]
2040 -8.1 [-6.3;7.0] 5 [-7.3;7.4] -1.1 [-0.1;0.2]  -5.0 [-0.7;1.3] -5.5 [-0.6;0.7]
Phase-Out-2035-Weak
2020 -28.9 [-10.8;8.7] -19.9 [-10.6;8.4] -1.3 [-0.3;0.3]  -2.8 [-0.4;0.8] -4.9 [-0.5;0.5]
2025 -46.2 [-16.5;14.4]  -29.6 [-16.4;13.9] -2.3 [-0.6;0.5]  -5.1 [-0.7;1.3] -9.2 [-0.9;1.1]
2030 -50.9 [-19.2;18.5]  -30.0 [-19.1;17.6] -2.8 [-0.6;0.7]  -7.7 [-1.0;1.7]  -10.4 [-1.0;1.4]
2035 -44.5 [-20.0;21.9]  -21.2 [-20.0;19.8] -2.5 [-0.7;0.8]  -9.5 [-1.1;2.0]  -11.3 [-1.2;1.5]
2040 -23.8 [-20.0;23.7] -3.6 [-20.3;21.3] -1.5 [-0.6;0.9]  -9.2 [-1.2;2.2] -9.5 [-1.3;1.5]
Phase-Out-2040-Age
2020 -29.0 [-10.4;8.2] -20.5 [-10.5;7.9] -1.3 [-0.3;0.3]  -2.6 [-0.4;0.9] -4.6 [-0.4;0.6]
2025 -46.0 [-16.0;13.2]  -31.8 [-16.0;12.7] -2.1 [-0.5;0.5] 4.1 [-0.6;1.4] -8.0 [-0.7;0.9]
2030 -54.2 [-18.7;16.6] -35.9 [-18.7;16.1] -2.5 [-0.6;0.6] -5.4 [-0.9;1.6] -10.4 [-1.1;1.3]
2035 -54.6 [-19.4;19.1]  -33.4 [-19.7;18.4] 28 [-0.6:0.7] -7.7 [1.0;2.1]  -10.7 [-1.1;1.5]
2040 -47.0 [-19.6;21.6]  -23.7 [-19.9;19.9] -2.5 [-0.6;0.8]  -9.5 [-1.2;2.2]  -11.3 [-1.1;1.6]
Phase-Out-2040-Balanced
2020 -29.5 [-10.8;8.0] -20.7 [-10.6;7.9] -1.3 [10.4;0.2]  -3.0 [-0.4;0.7] -4.5 [-0.5;0.5]
2025 -46.7 [-16.0;13.1]  -32.1 [-15.9;12.7] -1.9 [-0.6;0.5]  -5.7 [-0.8;1.4]  -7.0 [-0.7;0.8]
2030 -54.6 [-18.8;16.3]  -36.3 [-18.7;15.9] -2.5 [-0.7;0.5] 6.6 [-0.9;1.6] -9.2 [-1.0;1.2]
2035 -55.1 [-19.7;18.8]  -34.1 [-19.8;18.3] -2.9 [-0.7;0.7]  -7.7 [-1.0;2.0]  -10.4 [-1.1;1.5]
2040 -47.5 [-19.6;21.5]  -24.2 [-19.9;20.0] -2.4 [-0.6;0.8]  -9.5 [-1.3;2.2]  -11.4 [-1.2;1.5]
Phase-Out-2035-Strong
2020 -31.9 [-11.1;9.3] -20.1 [-11.1;9.0] -1.7 [-0.3;0.3] 4.0 [-0.6;0.9] -6.1 [-0.6;0.6]
2025 -45.6 [-16.6;14.7]  -28.1 [-16.6;14.1] -2.3 [-0.5;0.6]  -5.5 [-0.6;1.3] -9.7 [-0.9;1.2]
2030 -47.8 [-19.3;18.7]  -27.2 [-19.2;17.6] -2.7 [-0.6;0.7]  -7.6 [-0.9;1.7]  -10.3 [-1.1;1.3]
2035 -41.1 [-20.0;22.0]  -18.1 [-19.9;19.8] 24 [-0.8:0.8] -9.5 [[1.1;2.0] -11.1 [-1.2;1.5]
2040 -20.7 [[19.9;23.3]  -0.8 [-20.1;21.2] 1.4 [-0.6:0.8] -9.2 [1.3;2.2]  -9.3 [-1.3;1.5]

Note: Simulation results for the total number of employees by region in thousand people. Values for
the Null-Scenario are reported as change to the base year 2014 and for the year 2014 actual values
are reported. Values for other scenarios are differences to the Null-Scenario in the respective year.
Values in brackets denote the minimum and maximum difference from the reported value obtained
from 1200 simulations.



Table 15: Discounted welfare

B TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  100.00 [0.00;0.00] 100.00 [0.00;0.00]  100.00 [0.00;0.00] 100.00 [0.00;0.00] 100.00 [0.00;0.00]
2020 95.31 [-0.91;1.14]  95.31 [-0.91;1.14]  95.31 [-0.91;1.14]  95.31 [-0.91;1.14]  95.31 [-0.91;1.14]
2025 91.57 [1.61;2.00] 91.57 [-1.61;2.00]  91.57 [-1.61;2.00]  91.57 [-1.61;2.00]  91.56 [-1.62;1.99]
2030 87.97 [-2.26;2.77)  87.97 [-2.26;2.77]  87.97 [-2.26;2.77]  87.97 [-2.26;2.77]  87.97 [-2.26;2.77]
2035 84.52 [-2.86;3.48]  84.52 [-2.86;3.48]  84.52 [-2.86;3.48]  84.52 [-2.86;3.48]  84.52 [-2.86;3.48]
2040  81.20 [-3.42;4.11]  81.20 [-3.42;4.11]  81.20 [-3.42;4.11]  81.20 [-3.42;4.11]  81.20 [-3.42;4.11]
Baseline
2020  -0.02 [-0.01;0.01]  -0.02 [-0.01;0.00]  -0.04 [-0.01;0.01]  -0.24 [-0.03;0.02]  -0.07 [-0.01;0.01]
2025 -0.02 [-0.01;0.01]  -0.03 [-0.02;0.00]  -0.03 [-0.02;0.01] 0.00 [-0.04;0.03]  -0.02 [-0.01;0.02]
2030  -0.02 [-0.02;0.01]  -0.02 [-0.01;0.01]  -0.03 [-0.02;0.02]  -0.04 [-0.04;0.07]  -0.04 [-0.02;0.01]
2035 -0.03 [-0.02;0.01]  -0.03 [-0.02;0.01]  -0.07 [-0.03;0.01]  -0.33 [-0.04;0.05]  -0.10 [-0.02;0.01]
2040 -0.02 [-0.01;0.02]  -0.02 [-0.01;0.02]  -0.04 [-0.01;0.02]  -0.14 [-0.04;0.05]  -0.06 [-0.01;0.02]
Phase-Out-2035-Weak
2020 -0.05 [-0.03;0.01]  -0.05 [-0.03;0.01]  -0.06 [-0.02;0.02]  -0.09 [-0.06;0.05]  -0.05 [-0.02;0.01]
2025 -0.09 [-0.04;0.02]  -0.08 [-0.03;0.03]  -0.10 [-0.03;0.03]  -0.16 [-0.09;0.07]  -0.21 [-0.03;0.03]
2030  -0.10 [-0.04;0.03]  -0.10 [-0.03;0.03]  -0.17 [-0.03;0.03]  -0.57 [-0.09;0.11]  -0.08 [-0.04;0.04]
2035 -0.10 [-0.03;0.04]  -0.12 [-0.04;0.03]  -0.02 [-0.03;0.04]  -0.08 [-0.07;0.10]  -0.10 [-0.04;0.04]
2040  -0.07 [-0.03;0.04]  -0.08 [-0.02;0.04] 0.02 [-0.03;0.04]  -0.06 [-0.09;0.13] 0.01 [-0.04;0.04]
Phase-Out-2040-Age
2020  -0.05 [-0.03;0.01]  -0.05 [-0.03;0.01]  -0.07 [-0.02;0.01]  -0.22 [-0.05;0.05]  -0.07 [-0.02;0.01]
2025 -0.08 [-0.03;0.02]  -0.08 [-0.03;0.02]  -0.10 [-0.03;0.02]  -0.18 [-0.08;0.09]  -0.13 [-0.03;0.03]
2030  -0.09 [-0.03;0.03]  -0.09 [-0.03;0.03]  -0.11 [-0.03;0.03]  -0.16 [-0.08;0.12]  -0.18 [-0.04;0.03]
2035 -0.10 [-0.04;0.04]  -0.11 [-0.04;0.03]  -0.18 [-0.04;0.03]  -0.66 [-0.10;0.14]  -0.10 [-0.03;0.03]
2040  -0.10 [-0.03;0.04]  -0.11 [-0.02;0.04]  -0.02 [-0.04;0.04] -0.12 [-0.08;0.13]  -0.07 [-0.03;0.05]
Phase-Out-2040-Balanced
2020 -0.05 [-0.03;0.01]  -0.05 [-0.03;0.01]  -0.08 [-0.03;0.01]  -0.07 [-0.06;0.05]  -0.09 [-0.02;0.02]
2025 -0.08 [-0.03;0.02]  -0.08 [-0.03;0.02]  -0.08 [-0.03;0.02]  -0.53 [-0.08;0.06]  -0.10 [-0.03;0.03]
2030  -0.09 [-0.03;0.03]  -0.09 [-0.03;0.03]  -0.13 [-0.04;0.02]  -0.11 [-0.07;0.09]  -0.17 [-0.03;0.03]
2035  -0.10 [-0.04;0.04]  -0.11 [-0.04;0.03]  -0.22 [-0.03;0.02]  -0.32 [-0.08;0.12]  -0.13 [-0.04;0.03]
2040  -0.10 [-0.03;0.04]  -0.11 [-0.02;0.04] 0.00 [-0.03;0.04]  -0.14 [-0.07;0.14]  -0.08 [-0.04;0.05]
Phase-Out-2035-Strong
2020  -0.06 [-0.03;0.01]  -0.05 [-0.02;0.02]  -0.11 [-0.03;0.01]  -0.48 [-0.06;0.04]  -0.13 [-0.02;0.01]
2025 -0.09 [-0.03;0.02]  -0.09 [-0.03;0.02]  -0.09 [-0.03;0.02] 0.07 [-0.08;0.06]  -0.16 [-0.03;0.03]
2030  -0.09 [-0.03;0.03]  -0.10 [-0.04;0.03]  -0.17 [-0.03;0.03]  -0.58 [-0.08;0.12]  -0.07 [-0.04;0.03]
2035 -0.10 [-0.04;0.04]  -0.11 [-0.03;0.04]  -0.01 [-0.04;0.03]  -0.05 [-0.06;0.11]  -0.07 [-0.04;0.04]
2040  -0.06 [-0.03;0.04]  -0.08 [-0.03;0.04] 0.02 [-0.03;0.03]  -0.06 [-0.09;0.13] 0.02 [-0.03;0.04]

Note: Simulation results for discounted welfare per capita as index. Values for the Null-Scenario
are reported as change to the base year 2014. Values for other scenarios are differences to the Null-
Scenario in the respective year. Values in brackets denote the minimum and maximum difference from
the reported value obtained from 1200 simulations.
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Table 16: Discounted cumulative welfare
Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 0.61 [-0.01;0.01]  0.64 [-0.01;0.01]  0.38 [-0.02:0.04]  0.38 [-0.03;0.04]  0.40 [-0.03;0.04]
2020 14.33 [-0.16;0.22]  15.01 [-0.26;0.30]  8.89 [-0.54;0.84]  8.95 [-0.56;0.85]  9.46 [-0.61;0.96]
2025 25.75 [-0.37;0.51]  26.97 [-0.55;0.62]  15.98 [-0.97;1.55]  16.09 [-1.02;1.58]  17.01 [-1.09;1.75]
2030 36.73 [-0.64;0.90]  38.47 [-0.90;1.06] 22.80 [-1.40;2.31] 22.95 [-1.47;2.35] 24.26 [-1.57;2.60]
2035 47.27 [-0.97;1.36]  49.52 [-1.32;1.58] 29.34 [-1.85;3.09] 29.55 [-1.92;3.14]  31.22 [-2.04;3.47]
2040 57.40 [-1.35;1.90] 60.13 [-1.78;2.18]  35.63 [-2.35;3.89]  35.88 [-2.45;3.96] 37.92 [-2.58;4.36]
Baseline
2020 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] 0.00 [-0.00;0.00] 0.01 [-0.00;0.00] 0.00 [-0.00;0.00]
2025 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] -0.00 [-0.00;0.00] -0.00 [-0.00;0.00]
2030 -0.00 [-0.00;0.00]  -0.01 [-0.00;0.00]  -0.00 [-0.00;0.00] -0.00 [-0.00;0.00] -0.01 [-0.00;0.00]
2035 -0.01 [—0.01;0.00] -0.01 [—0.00;0.00} -0.01 [—0.00;0.00] -0.00 [—0.01;0.01] -0.01 [—0.00;0.00]
2040 -0.01 [-0.01;0.01]  -0.01 [-0.01;0.01]  -0.01 [-0.01;0.00] -0.02 [-0.01;0.01]  -0.02 [-0.01;0.00]
Phase-Out-2035-Weak
2020 -0.00 [—0.00;0.00] -0.00 [—0.00;0.00} -0.00 [—0.00;0.00] 0.01 [-0.00;0.00] 0.00 [—0.00;0.00]
2025 -0.01 [—0.00;0.00] -0.01 [—0.00;0.00} -0.01 [—0.00;0.00] 0.01 [-0.01;0.01] -0.00 [-0.00;0.00]
2030 -0.02 [-0.01;0.01] -0.02 [-0.01;0.01]  -0.01 [-0.01;0.01] 0.00 [-0.01;0.01]  -0.02 [-0.01;0.01]
2035 -0.03 [-0.01;0.01] -0.04 [-0.01;0.01]  -0.02 [-0.01;0.01] -0.02 [-0.02;0.02] -0.03 [-0.01;0.01]
2040 -0.04 [-0.02;0.02] -0.05 [-0.02;0.02]  -0.02 [-0.01;0.01] -0.02 [-0.02;0.02] -0.03 [-0.01;0.01]
Phase-Out-2040-Age
2020 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] 0.01 [-0.00;0.00] 0.00 [-0.00;0.00]
2025 -0.01 [-0.00;0.00]  -0.01 [-0.00;0.00]  -0.01 [-0.00;0.00] -0.00 [-0.01;0.01] -0.00 [-0.00;0.00]
2030 -0.02 [-0.01;0.01]  -0.02 [-0.01;0.01]  -0.02 [-0.01;0.00] -0.02 [-0.01;0.01] -0.01 [-0.01;0.01]
2035 -0.03 [—0.01;0.01] -0.04 [—0.01;0.01] -0.02 [—0.01;0.01] -0.03 [-0.02;0.02] -0.03 [—0.01;0.01]
2040 -0.04 [—0.02;0.01] -0.05 [—0.02;0.01} -0.03 [—0.01;0.01] -0.05 [-0.02;0.03] -0.04 [-0.01;0.01]
Phase-Out-2040-Balanced
2020 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  0.01 [-0.00;0.00]  0.00 [-0.00;0.00]
2025 -0.01 [—0.00;0.00] -0.01 [—0.00;0.00} -0.01 [—0.00;0.00] 0.01 [—0.01;0.01] -0.01 [-0.00;0.00]
2030 -0.02 [-0.01;0.01]  -0.02 [-0.01;0.01]  -0.01 [-0.01;0.00] -0.02 [-0.01;0.01] -0.02 [-0.01;0.01]
2035 -0.03 [-0.01;0.01] -0.04 [-0.01;0.01]  -0.02 [-0.01;0.01] -0.03 [-0.01;0.02] -0.03 [-0.01;0.01]
2040 -0.04 [-0.02;0.01]  -0.05 [-0.02;0.01]  -0.03 [-0.01;0.01] -0.05 [-0.02;0.02] -0.04 [-0.01;0.01]
Phase-Out-2035-Strong
2020 -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00]  -0.00 [-0.00;0.00] 0.02 [-0.00;0.00] 0.00 [-0.00;0.00]
2025 -0.01 [-0.00;0.00] -0.01 [-0.00;0.00]  -0.01 [-0.00;0.00] -0.01 [-0.01;0.00] -0.01 [-0.00;0.00]
2030 -0.02 [-0.01;0.01]  -0.03 [-0.01;0.01]  -0.02 [-0.01;0.01] -0.00 [-0.01;0.01]  -0.02 [-0.01;0.01]
2035 -0.03 [—0.01;0.01] -0.04 [—0.01;0.01} -0.02 [—0.01;0.01] -0.02 [-0.02;0.01] -0.03 [—0.01;0.01]
2040 -0.04 [—0.02;0.02] -0.05 [—0.02;0.02} -0.02 [—0.01;0.01] -0.03 [—0.02;0.02] -0.03 [-0.01;0.01]

Note: Simulation results for stationary discounted cumulative welfare per capita in utils. Values for
the Null-Scenario are reported as change to the base year 2014 and for the year 2014 initial values are
reported. Values for other scenarios are differences to the Null-Scenario in the respective year. Values
in brackets denote the minimum and maximum difference from the reported value obtained from 1200
simulations.
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Table 17: Real consumption per capita

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  100.00 [0.00;0.00] 100.00 [0.00;0.00]  100.00 [0.00;0.00] 100.00 [0.00;0.00] 100.00 [0.00;0.00]
2020 104.58 [0.00;0.00] 104.58 [0.00;0.00]  104.58 [0.00;0.00] 104.59 [0.00;0.00] 104.58 [0.00;0.00]
2025 108.56 [0.00;0.00] 108.56 [0.00;0.00] 108.56 [0.00;0.00] 108.57 [0.00;0.01] 108.56 [0.00;0.00]
2030 112.70 [0.00;0.00] 112.70 [0.00;0.00] 112.70 [0.00;0.00] 112.70 [0.00;0.00] 112.70 [0.00;0.00]
2035 116.99 [0.00;0.00] 116.99 [0.00;0.00] 116.99 [0.00;0.00] 116.99 [0.00;0.00] 116.99 [0.00;0.00]
2040 121.44 [0.00;0.00] 121.44 [0.00;0.00]  121.44 [0.00;0.00] 121.44 [0.00;0.00] 121.44 [0.00;0.00]
Baseline
2020 -0.02 [-0.01;0.01]  -0.01 [-0.01;0.01]  -0.05 [-0.01;0.01]  -0.39 [-0.02;0.02]  -0.08 [-0.01;0.01]
2025 -0.02 [-0.02;0.01]  -0.02 [-0.01;0.01]  -0.05 [-0.02;0.01]  -0.21 [-0.03;0.03]  -0.06 [-0.02;0.01]
2030  -0.03 [-0.02;0.02]  -0.03 [-0.02;0.01]  -0.07 [-0.02;0.02]  -0.35 [-0.04;0.04]  -0.09 [-0.02;0.01]
2035 -0.04 [-0.03;0.02]  -0.03 [-0.02;0.02]  -0.12 [-0.02;0.02]  -0.85 [-0.04;0.03]  -0.18 [-0.02;0.02]
2040  -0.03 [-0.03;0.02]  -0.02 [-0.02;0.03]  -0.10 [-0.02;0.02]  -0.69 [-0.04;0.04] -0.15 [-0.02;0.02]
Phase-Out-2035-Weak
2020 -0.05 [-0.02;0.02]  -0.05 [-0.02;0.02]  -0.08 [-0.02;0.02]  -0.28 [-0.05;0.04]  -0.08 [-0.02;0.02]
2025  -0.10 [-0.04;0.03]  -0.09 [-0.04;0.03]  -0.15 [-0.04;0.03]  -0.56 [-0.07;0.06]  -0.30 [-0.04;0.03]
2030  -0.13 [-0.05;0.05]  -0.13 [-0.05;0.04]  -0.27 [-0.05;0.04]  -1.33 [-0.09;0.06]  -0.20 [-0.04;0.05]
2035 -0.14 [-0.05;0.06]  -0.14 [-0.05;0.06]  -0.11 [-0.06;0.06]  -0.96 [-0.11;0.09]  -0.25 [-0.06;0.06]
2040  -0.09 [-0.06;0.07]  -0.10 [-0.05;0.07]  -0.05 [-0.04;0.06]  -0.96 [-0.09;0.09]  -0.11 [-0.05;0.05]
Phase-Out-2040-Age
2020  -0.05 [-0.02;0.02]  -0.05 [-0.02;0.01]  -0.09 [-0.03;0.01]  -0.39 [-0.04;0.03]  -0.10 [-0.02;0.02]
2025  -0.09 [-0.04;0.03]  -0.09 [-0.04;0.03]  -0.14 [-0.04;0.03]  -0.49 [-0.07;0.06]  -0.21 [-0.04;0.02]
2030  -0.13 [-0.05;0.05]  -0.13 [-0.05;0.04]  -0.19 [-0.05;0.04]  -0.62 [-0.08;0.09]  -0.30 [-0.05;0.04]
2035  -0.15 [-0.06;0.05]  -0.14 [-0.05;0.06]  -0.30 [-0.05;0.05]  -1.51 [-0.11;0.10]  -0.24 [-0.06;0.05]
2040  -0.15 [-0.06;0.06]  -0.16 [-0.06;0.06]  -0.11 [-0.06;0.06] -1.04 [-0.08;0.10]  -0.23 [-0.06;0.06]
Phase-Out-2040-Balanced
2020 -0.05 [-0.02;0.02]  -0.05 [-0.02;0.01]  -0.09 [-0.02;0.01]  -0.28 [-0.06;0.04]  -0.12 [-0.02;0.01]
2025 -0.09 [-0.04;0.04]  -0.09 [-0.04;0.03]  -0.11 [-0.04;0.03]  -1.01 [-0.07;0.04]  -0.16 [-0.04;0.03]
2030  -0.13 [-0.05;0.04]  -0.13 [-0.05;0.04]  -0.20 [-0.04;0.04]  -0.68 [-0.07;0.05]  -0.28 [-0.04;0.04]
2035  -0.15 [-0.06;0.05]  -0.14 [-0.05;0.06]  -0.35 [-0.04;0.04]  -1.08 [-0.07;0.09]  -0.26 [-0.05;0.05]
2040  -0.15 [-0.06;0.07]  -0.16 [-0.06;0.06]  -0.09 [-0.05;0.06]  -1.08 [-0.09;0.10]  -0.24 [-0.06;0.06]
Phase-Out-2035-Strong
2020  -0.06 [-0.02;0.02]  -0.05 [-0.02;0.02]  -0.13 [-0.02;0.02]  -0.77 [-0.05;0.03]  -0.17 [-0.02;0.02]
2025 -0.10 [-0.04;0.03]  -0.09 [-0.03;0.04]  -0.14 [-0.04;0.03]  -0.36 [-0.08;0.06]  -0.26 [-0.04;0.03]
2030  -0.12 [-0.05;0.05]  -0.12 [-0.05;0.05] ~ -0.27 [-0.05;0.04]  -1.34 [-0.08;0.07]  -0.19 [-0.05;0.05]
2035 -0.14 [-0.06;0.05]  -0.14 [-0.05;0.05]  -0.10 [-0.06;0.05]  -0.93 [-0.11;0.08]  -0.21 [-0.06;0.06]
2040  -0.09 [-0.06;0.06]  -0.09 [-0.05;0.07]  -0.05 [-0.05;0.05]  -0.95 [-0.09;0.09]  -0.10 [-0.05;0.05]

Note: Simulation results for real consumption per capita as index. Values for the Null-Scenario are
reported as change to the base year 2014. Values for other scenarios are differences to the Null-
Scenario in the respective year. Values in brackets denote the minimum and maximum difference
from the reported value obtained from 1200 simulations.
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Figure 5: Greenhouse gas emissions of Germany

1200

1000

o2} ®
S =3
o S

Million tons of CO2 equivalents
£
o
o

200

1990 1995 2000 2005 2010 2015 2020 2030 2040 2050

Note: Greenhouse gas emissions in Germany. Black bars are historical values and grey bars are
national targets.

Sources: German Environment Agency, National Inventory Reports for the German Greenhouse Gas
Inventory 1990 to 2016 (as of 01/2018) and initial forecast for 2017 (UBA press release 08/2018).



Figure 6: Labour force projection
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Figure 8: Model diagram production
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Figure 9: Simulation results for regional lignite coal specific productivity
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Note: Difference compared to the Null-Scenario in percentage points, Baseline (blue circle),
Phase-Out-2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced
(magenta triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines
indicate the maximum and minimum value observed for 1200 simulations.



C FIGURES

Figure 10: Simulation results for labour force
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Note: Difference compared to the Null-Scenario in thousand people, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.
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Figure 11: Simulation results for labour income
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Note: Difference compared to the Null-Scenario in million euro, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.
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Figure 12: Simulation results for total employment
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Note: Difference compared to the Null-Scenario in thousand people, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.
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Figure 13: Simulation results for consumption
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Figure 14: Sensitivity analysis for maximum employment drop
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Note: Difference compared to the Null-Scenario in thousand people, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.
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Figure 15: Sensitivity analysis for maximum consumption drop
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Note: Change in maximum real consumption per capita drop between 2014 to 2040 for Phase-Out-
2035-Weak compared to the Null-Scenario in percentage points changing the value of only one para-
meter. The most important parameters for the maximum German cumulative consumption drop in
descending order (compare with legend) are: persistence in unemployment benefits p® (blue circle),
home bias non-energy I II\}(E (red square), persistence of market power p* (green diamond), inverse
Frisch elasticity o (magenta triangle point-up). We report the change in the maximum drop for the
minimum, first quartile, median/mean, third quartile and maximum parameter value.
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1 MODEL EQUATIONS

1 Model Equations

1.1 National aggregates

This section collects all the equations of the model associated with national aggregates.

national resource constraint

Yt = Ct + G (1)

national consumption

R
_ c pop
G = Z Vet Wy ¢ Crg (2)
r=1

national gross value-added

R K
Yt = Z Z Wy Yr ey Yrey (3)
r=1 k=1

national government budget constraint

g + b uy + try = tax, (4)

R K
taxt ZZ 7rktT wrktnrkt+yrktwrt P)/rkt rkt) (5)
1 k=1

national real unemployment benefits
b= (p")7 by + (1= (p1)7) ¢ wyy (6)

national employment rate

R K
_ pop
ny = § § Wyt Nrkt (7)
r=1 k=1

national hiring rate

R K
hy = Z Z wf,otp hr,k,t (8)
r=1 k=1
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national unemployment rate

R
w=1-— Z Wy Ny 9)
r=1
national wage bill
R
MW= Y T Wry (10)
r=1

1.2 Regional aggregates

This section collects all equations of the model associated with regional aggregates.

regional price index for consumption

K
1
Vo= (wWpa )T (11)
k=1
regional budget constraint
K
Yyt Crt = Z('Yr,k,t Yrdot (1= Tomt) = T Yot Moot Wrget) + Yoy (Brg iy + 1) (12)
k=1
regional wage bill
K
77?775 Nyt Wyt = Z Vrkt Wr ket o ket (13>
k=1
regional aggregate production
K
Yrt = Z Vrket Yr kot (14)
k=1

regional employment rate

K
Nyrt = Z Ny ket (15>
k=1

regional unemployment rate

Urs = 1-— Ny g (16)
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regional unemployed looking for a job

o
Upy =1= (1= —555) Ny (17)

rt

regional hiring rate

K
hr,t - Z hr,k,t (18)
k=1

law of motion for population weight

0] 0 0] 0 Epop
wyy = MPM?1+“_pva o (19)
d=1°€

law of motion for living preferences

pop ppop fi[il + (1 _ pp()p) O_EPOIJ UT exp(n;pop) (20)

regional population growth

pop

w
pop _ _mt  pop
l’[’r t pop M (2 1)
wr,t 1

1.3 Regional energy sector

This section collects all the equations of the model associated with the regional energy

input sector.

regional energy production function

b

Yrkt = ( Z ¢r k, syr k st) B (22)

input production function

1
_ Qr,k,s h P
Yrk,sit = Erk,s,t (ar,k,s nr,k,s,t - E MCp kst h‘r,k,s,t (23)

wage from first-order condition of households

L

rk,s

bt + ’YrtAfrks r.k,s,t
(L =7") Yokst

(24)

Wy kst =
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law of motion for labour

)
Ny kst = hr,k,s,t + <1 - W) Ny ks, t—1 (25)

r,

marginal hiring cost

Bt \"
mcﬁ,k,s,t - Bﬁk,s <\I] + (1 - \Ij) ( s - ) ) (26)
1

first-order condition for employment

1

)\r,k,t

ks —1 h Pp—1
<Oér,k,s Qs €yt (1= Trkst) Mygey  — Mg sy €rkst (1= Trgst) hr,k,s,t)

L v
pop z c T7k757t+1 h 7/)_1 _
_l_ (#T,t-‘rl - 5) /BILL ™ )\ (1 - TT’,]{?,S,t-‘rl) ET‘,k),S,t-‘rl mc?",k‘,sﬂf-f—l hT,k,S,t+1 - wr,k,s,t
rkit+1  Vrkst

(27)
marginal product for input of energy production
& Yrk,s,t "ib
T7 737
Vrk,st = :,k,s ( ) Vrk t (28)
Yr.ket
taxes on regional production
Trkst = P Trks—q + (1= p7) Tops €2p ("v:k,s) (29)
tax revenues from regional energy production
s
Trkt VrktYrkt = Z Trk,s,;t Vrk,st Yrk,st (30)
s=1
law of motion for markups
)\Tzkzsvt = p)\ )\Tykzsytil _'_ (1 - pA> J?,s,lcgb)\ Ef"),otp‘ (31)
regional energy wages
s
Vrk t w:,k,t = Z w:,k,s,t Vrk,s,t (32)

s=1
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regional energy employment rate

s
Mkt = D Mrs (33)
s=1
regional energy hiring rate
5
By = D s (34)
s=1
regional marginal energy hiring costs
s
h 2 : h
Vrkt MCy gy = MCp kst Vrk,s,t (35)
s=1

1.4 Regional non-energy sector

This section collects all the equations of the model associated with the regional energy

input sector.
production function
O 1 h 'l,z)
Yrit = Ert | Grk Ty = M kg Pt (36)
wage from first-order condition of households

L
c L Trk
bt + fYr,t Ar,k nr,k,t

bt = 37
Wy k.t S (37)
law of motion for labour
)
Ny gt = hr,k,t +(1- “pop | Trk,t—1 (38)
r,t

marginal hiring cost

mcl'y, = Bl (\If +(1- 1) (L) ) (39)

Upt—1
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first-order condition for employment

1 ap p—1
vk h Pp—1
<ar,k Ar g Erjee (1= Trg) Moy = Mg i (1= Tri) hr,k,t)
)\r,k,t
1 pop 5 z ¢ /yr,k,t—i—l 1 h hw—l _
+5 (s = 6) B m° == (1= Topat1) €rkast MO i1 sy = Wk
rkt+1 Vrkt
(40)
taxes on regional production
_ T 1 T\ = T 41
Trget = P Trjpy + (1= p7) Trpexp (n)y, (41)
law of motion for markups
A A A A _pop
Mgt =P A1 +(L—p )Ur,k¢ S (42)

1.5 Household demand equations

This section collects all the equations of the model associated with household demand.

regional demand for sector consumption
c (=n°)
Vrk
c N
Crit = Wy, (_c Crt (43)
P}/rt
regional sector consumption price index

N

1
c 1—p™m\ 1=
Trky = Z <W;~i,d,k Ykt g ) S (44)

d=1

regional demand for consumption from other regions

N (=)

d.k,

Crd kit = wg,d,k (’yc t) Crk,t (45)
rk,t

market clearing

R
(1= Trg,) WP, Y, = szip Cr.d k.t (46)
d=1
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2 National Aggregates, Derivation and Scaling

2.1 Government

The national government consumes Gy, pays lump-sum transfers Tr;, and unemploy-
ment benefits (U;B,) financed by tax revenues (T'ax). We assume a balanced govern-

ment budget
PtCGt + PtCUtBt + PtcT,rt - PtcTa'Ttu (47)

N K
PfTax, = Z Z(Tl Pt Wikt Negt + Trgt Prict Yekt) (48)

n=1 k=1

Unemployment benefits are adjusted according to the development of national
wages and with a backward-looking component to reflect rigidity in the adjustment
of long-term unemployment benefits and wages. This specification allows for a slug-

gish adjustment of benefits, reflecting empirical evidence.
By = (p")F By + (1= (07) )¢ Wi (49)

2.2 Market clearing

We assume market clearing. All products produced in a given period are consumed
and firms have no access to an inventory technology. Therefore, sectoral production in

one region is the sum of regional consumption from all regions.

Y’r,kt Trkt ZCrokt (50)

Consumption expenditures in one region and one sector is the sum of the products

consumed from different regions purchased for the respective price.

Prkt rkt:ZPoktCrokta (51)

Prc; rt — ZPrktCTkt (52>

Overall regional consumption expenditures have to be equal to the sectoral con-
sumption expenditures. Note that the budget constraint of the representative house-

hold requires that a household’s income from work, net profits and government transfers
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has to equal its consumption expenditure. If we sum all regional budget constraints,

we get an expression for the gross value-added as from the expenditure approach
PFY, = PY Cy + PF G,. (53)

Total gross value-added from the production approach in the economy PLY; is the

sum of all goods evaluated at their market price

PEY, =" PV (54)
r k

2.3 National aggregates

The national consumption, gross value-added and government expenditures are given

by the following identities:
R
PiCy =Y PGy, (55)
r=1

R K
PY, =" PoiaYoe, (56)

r=1 k=1

PCY, = P*G, + PFC,. (57)

2.4 Scaling of variables

In the following we refer to the vector of endogenous variables in the model by Z;.
To make the model trend stationary. we assume that all real non-stationary variables

grow with a common trend z; with the growth rate p* = PR Furthermore, all nominal

variables are scaled by the consumption price level Pf with trend inflation 7¢ = P];i
and are transformed into regional per capita variables.

Ciy = zipopr & (58)

Ykt = 2 DOPrt Ykt (59)

Arke = 2 POP}«;%k Qrk (60)

MCr]*L,k,t =z pOP}«;lp mcﬁ,k,t (61)

Wr,k,t = Pr,k,t Zt Wy ket (62)

P = Yrpe PF (63)

Py = Bf (64)

(65)

65
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2.5 Population growth, migration and labour market flows

The working age population pop, in Germany at time t is the previous working age

population pop;_; minus exits EX; plus entries £N; in the respective period. The

gross growth rate uf” of the working age population is defined by I%. It is easy to

see that the growth rate of the working age population is determined by the entry rate
en; = pf;fj_tl and exit rate ex; = pfpi(_tl.

popy = popi—1 + ENy — EXq, (66)

W’ —1=en; — ex;. (67)

The stock of employed and unemployed people grows at the same speed as the working
age population itself. A exogenous separation rate ¢ and endogenous net hiring rate
h lead to transitions between the state of unemployment and employment. The stock

of employed people evolves from newly hired people and already employed as follows

Nt = Ht + entNt_l — e:z:tNt_l + Nt—l — 5Nt_1, (68)

ng = ht -+ (1 — Neg—1. (69)

—55)
1y

This law of motion holds for every sector and region. Given a sector invariant
separation rate, we are able to express the unemployment rate at the beginning of the

period in one region by

ui = ug_q — (1 - %) N1 (70)

t

Now we are able to define the job finding probability z; = Z—t Using the definition of

the unemployment rate, we get

Uy = 11— ng, (71>
J
u=1- {ht + (1 - W> nH}, (72)
J
Ut = (1 — xt) Ut—1 + (1 - .Tt) W ng—1, (73)
t
0 i—1 5
up = (1 — ) (1 —2t—5) ) —5o5— Nt—i ¢ (74)
! ! ;{(jo t] > [T ' }

We can use the last expression to define the probability for an individual to be
long-term or short-term unemployed. The probability of a person to be unemployed

for up to one year in period t is H?Zl(l — x4_;). In steady-state this corresponds to
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(1 — (1 — 2)*). The separation rate will be set such that this probability is 63%, to

match German data.

The model only considers net migration. Regional population growth x,7 is given

by

O
;7;“77otp — b pr,t : (75)
POprt—1
pop
w 7t
pY = 1l (76)
rit—1

2.6 Producers of intermediate goods in the energy sector

The problem of the producer of intermediate goods in the energy sector is slightly more
complicated than the problem of the producer of intermediate goods in the non-energy
sector. An producer of intermediate goods in the energy sector can either hire workers
for the lignite sector or for the non-lignite sector. Intermediate firms with labour
face monopolistic competition and, therefore, choose a production plan considering
the demand for their products from the producers of final goods. The optimization

problem of the firm is

Nmfw(f) Z 5h{(1 — Trktrh) Priorn(f) Yorern(f) = Weksivn Nr,k,s,tJrh(f)} (77)
rk,s,t h=0
1 b n?
1 n’—1 "
st Yoeen(£) = (D2 08k Yorae DT )7 (78)
1
Yr,k,s,t-{—h(f) = €rk,s,t+h (Ar,k:,s,t—l—h(f)NT,k,s,t—l-h(f)aT’k’s - aMoﬁk,s,t-i-h(f)HT,k,s,t—l-h(f)\lj)a
(79)
h _ nh Hr,t+h 1—
Mcr,k,s,t-l-h - Br,k,s w + (1 - ¢) US— pOpnt_‘_ha (80)
rt+h
Hr,k,s,t+h(f) = Nr,k,tJrh(f) - </L€,otp - 5) NT,k,t+h71(f)7 (81)

L= Ark,tth

}/7‘ Ar,k‘,tJrh
Pyasn(f) = (Lh(f)> Prjtin- (82)

Yo ktth
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We can use the envelope theorem to obtain the following first-order condition with
respect to Ny s+(f)

0, (f) Ypas(f) (dPess(f)
o e () Yowel ) + Praa() -

AYo g ser1(f) AYog s o1 (f) (AP g1 (f)
+ 6 (1 — T pit1) ANy kst(f)  dNpksi(f) <dY;",k,t+1(f)

Wr,k,s,t - (1 Trkt)

Vo1t () + Prgesa(f)),
(83)
AYke(f) % ( Ykt (f) )nlb
S ) ?

Yopoa(f) Yost(f

dl/;‘kst(f) Qr ks

dNrkst<f) = €rk,s,t 2t (ar,k,sArkstNkit Mchkst ;Ijkslt)
dK”kSlH’l(f) 0, -
m (Mftz—)&-l 5)MC ks t+1 €rk,s,t+1 £t4+1 HrkstJrl’

APraall) _ 1= Do (Yeasl)) S, 1
rk .
A, 0e(f) A Yot Py ed(f)

Replacing all derivatives with their respective expressions we obtain the following

first order condition:

Pr k,s,t le' 1
sy S, rk,s ""k ,8,t h -1
A\ Qrk,s Ar,k,s,t (1 - 7-7’7]“‘7,75) Nr,k,s,t - )\ MC rk,t Erkt Hr,k,s,t s
T‘,k,t T‘k‘t
(84)
Pr k,s,t A
31V, S, +1 pop T‘k‘t h v—1 _
+ A bt (Nr,t+1 - 5) ﬁ)\ _ MC rk,s,t+1 Erk,s,t+1 (1 - Trkt+1)Hr,k,s,t+1 — Wrksts
Ty, T +
1 1
Prer = 0, (22 ) P p
TR,8,t T ,k, TRt
"EENY, kst ()
(85)
dv,. . .
For the non-energy sector, ﬁt((ff)) = 1 and the index s can be omitted.
r,k,s,t

3 Sensitivity analysis

Most of the structural model parameters are calibrated to match the German economy
in 2014. The remaining ones, such as the inverse Frisch elasticity of substitution o,
are taken from the literature or are estimated, e.g. the persistence in unemployment
benefits p’. It is important to quantify how sensitive the reported results are with
respect to these parameters. We construct an interval with the 95%, 97.5%, 102.5%
and 105% values of the calibrated parameter value. For the persistence in regional at-

tractiveness p we construct an interval around the implied average time an employee
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stays in the labour force. The interval around the discount factor is constructed around
the implied interest rate R = “ZT” in a model with bonds. The sensitivity analysis is
conducted for the following parameters: Discount factor g, elasticity of substitution
between lignite coal and non-lignite coal n°, regional elasticity of substitution for energy
products 1}, regional elasticity of substitution for non-energy products 7}/, home bias
energy products I7°™¢ home bias non-energy products I49"¢ share of hiring costs in
wage sum -, long-run market power A\, persistence in unemployment benefits p°, per-
sistence in regional attractiveness pP°?, persistence in market power p*, inverse Frisch
elasticity o, labour market tightness hiring cost elasticity v and long-run job finding
rate x = %

In order to evaluate the sensitivity of the results with respect to each parameter,
we report the maximum drop in the employment rate between the Null-Scenario and
the respective scenarioﬂ for the time period 2014-2040 (see Tables . A one per-
cent change in the inverse Frisch elasticity does not change the maximum drop in the
employment rate by more than one percent (see Table E[) Labour supply reacts less
to changes in wages if the Frisch elasticity is lower and vice versa. Wages react more
to labour supply changes if the Frisch elasticity is lower. In Table [10[ the maximum
percentage drop in real regional wages are reported for different values of the inverse
Frisch elasticity. A lower Frisch elasticity leads to more volatile wages and less volatile
labour.

The persistence parameter for unemployment benefits determines how fast unem-
ployment benefits react to changes in wages. We do not distinguish between long-term
unemployment benefits and short-term unemployment benefits. A one percent increase
in the persistence of unemployment benefits increases the maximum drop in the em-
ployment rate by up to 5 percent (see Table . A higher persistence in the adjustment
of unemployment benefits leads to a lower adjustment of wages required by workers.
Recovery in the model is achieved through migration and lower wages and a higher
persistence in unemployment benefits leads to a slower adjustment process.

The sensitivity of employment to the elasticity of substitution between lignite coal
and non-lignite coal n® is very low, as reported in Table A higher elasticity of sub-
stitution will increase the employment effects and indicates that less gross valued added
from non-lignite coal is required to replace lignite coal to produce energy. Therefore,
fewer people will find a job in the non-lignite coal energy sector. The results regarding
employment rates are also very insensitive to variations in the regional elasticity of
substitution between energy and non-energy products (see Table[13|and Table . An

increase in the elasticity of substitution between energy and non-energy products will

‘ 144
!The maximum drop in employment is defined as follows: min ({nf genario _ nﬁ{‘ll*sce"‘mo} )
’ ’ t=1



3 SENSITIVITY ANALYSIS

increase the ability of households to replace energy products by non-energy products
while deriving the same utility. A one percent increase in the elasticity of substitution
leads to a less than one percent reduction in the maximum drop in employment (see
Table . Variations in the home bias for energy products also have no impact on
the employment effects, as shown in Table [I6] A one percent change in the home bias
for non-energy products will trigger a more than one percent change in the maximum
drop in the national employment rate (see Table . A higher home bias will reduce
the maximum employment drop in the rest of Germany and Central Germany, but
increase the maximum drop in Lusatia and the Rhineland. It is harder to generate
new jobs in the non-energy sector for Lusatia and the Rhineland if demand from the
rest of Germany for non-energy products is lower.

Market power will increase the maximum drop in employment, as shown in Table
[18l Most of the increase is caused by a higher drop in the rest of Germany. In Central
Germany, the Rhineland, and Lusatia, the impact on the maximum drop is negligible.
A higher persistence in market power determines how quickly firms adjust their mark-
ups in response to the change of attractiveness of the region they operate in. As stated
before, attractiveness determines migration flows and affects the market power. A
lower persistence leads to a faster adjustment of market power. Table [19 reports the
results of the sensitivity analysis for the persistence parameter in market power. Firms
will adjust their desired mark-up not as quickly according to their new market power
if the persistence parameter is higher. As is known from standard micro theory, higher
market power leads to lower output and lower demand for labour. Therefore, a slower
adjustment to the new market power by firms will reduce the maximum drop in the
employment rate.

The speed of migration in the model is determined by the persistence in the at-
tractiveness of the region. As described before, we assume that entrants to the labour
force decide where to live and work. We assume that after 22.5 years (roughly half
the time an individual stays in the labour force) the labour force is populated to 50%
by individuals who have chosen their working and living place after the coal phase-out
path was announced. We construct the interval around the half-life an individual stays
in the labour force (22.5 years) to compute the respective persistence parameters pP°?.
Table [20| shows that the maximum drop in employment changes are less than one per-
cent if the half-time an individual stays in the labour force changes by one percent.
A higher persistence in attractiveness leads to lower drops in the employment rate. A
lower persistence implies that a higher share of people migrate each period. They only
consider long-run developments in their decisions. This result reveals that it is not
possible to change this parameter without altering the assumption about the process

of migration. Reducing the persistence in the attractiveness of regions implies a higher
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share of population migrating each period. Altering the parameter requires altering
the assumption about when individuals decide about their living and working place.
In Blanchard & Gali (2010]) the elasticity of hiring costs with respect to the job
finding rate is assumed to be unity. In Table [21] we document the sensitivity of the
maximum drop in employment with respect to the elasticity of hiring costs. The results
suggest that the drop in employment is only marginally affected by the elasticity of
marginal hiring costs to the job finding rate. The quarterly job finding rate in Germany
is assumed to be 22.43% and determines the exogenous separation rate in each period.
This parameter implicitly determines steady-state hiring costs. A higher job finding
rate will increase the exogenous separation rate. A higher long-run job finding rate
will increase the maximum drop in the employment rate (see Table . It is easier to
find new workers for firms and, therefore, incentives to do labour herding are reduced.
The same argumentation holds for the share of hiring costs relative to the wage sum
(see Table 23). An increase in the discount factor leads to a higher maximum drop in
the employment rate (see Table 24). A lower decrease in the discount factor implies
that future profits have a lower present value for firms. Their incentive to herd labour

to increase future profits is lower.
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Table 1: Regional and lignite specific productivity

4 TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 - [+-]  100.00 [0.00;0.00]  100.00 [0.00;0.00]  100.00 [0.00;0.00]  100.00 [0.00;0.00]
2020 - [-]  -71.00 [-3.00;3.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2025 - [-]  -67.00 [-6.00;5.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2030 - [+-] -67.00 [-5.00;5.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2035 - [+-] -67.00 [-5.00;5.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2040 - [+-] -67.00 [-5.00;5.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
Baseline
2020 - [+]  -1.00 [-1.00;0.00] -15.00 [-1.00;0.00] -13.00 [-1.00;1.00] -14.00 [-1.00;1.00]
2025 - [+ 0.00 [0.00;1.00]  -8.00 [-1.00;2.00]  -6.00 [-2.00;2.00]  -7.00 [-2.00;1.00]
2030 - [+]  -1.00 [-1.00;0.00] -13.00 [-2.00;2.00] -10.00 [-2.00;2.00] -11.00 [-2.00;2.00]
2035 - []  -1.00 [-1.00;0.00] -32.00 [-2.00;1.00] -28.00 [-2.00;2.00] -29.00 [-2.00;2.00]
2040 - [+]  -1.00 [-1.00;0.00] -26.00 [-3.00;3.00] -21.00 [-3.00;3.00] -23.00 [-3.00;3.00]
Phase-Out-2035-Weak
2020 - [s]  -1.00 [-1.00;0.00] -11.00 [-1.00;1.00]  -8.00 [-1.00;2.00]  -9.00 [-2.00;1.00]
2025 - [s-]  -1.00 [-1.00;0.00] -22.00 [-3.00;2.00] -17.00 [-3.00;3.00] -43.00 [-2.00;2.00]
2030 - [+]  -1.00 [-1.00;0.00] -56.00 [-2.00;3.00] -50.00 [-4.00;3.00] -18.00 [-7.00;7.00]
2035 - [+]  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-6.00;5.00] -88.00 [-5.00;3.00]
2040 - [+]  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-7.00;5.00] -88.00 [-5.00;3.00]
Phase-Out-2040-Age
2020 - [+]  -1.00 [-1.00;0.00] -13.00 [-1.00;1.00] -11.00 [-1.00;2.00] -11.00 [-1.00;2.00]
2025 - [+]  -1.00 [-1.00;0.00] -15.00 [-2.00;2.00] -12.00 [-2.00;2.00] -23.00 [-3.00;2.00]
2030 - [+]  -1.00 [-1.00;0.00] -20.00 [-3.00;2.00] -14.00 [-4.00;4.00] -40.00 [-3.00;3.00]
2035 - []  -1.00 [-1.00;0.00] -58.00 [-2.00;3.00] -52.00 [-4.00;3.00] -20.00 [-8.00;7.00]
2040 - []  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-6.00;5.00] -88.00 [-5.00;3.00]
Phase-Out-2040-Balanced
2020 - [+]  -1.00 [-1.00;1.00] -13.00 [-1.00;1.00]  -9.00 [-1.00;2.00] -13.00 [-1.00;1.00]
2025 - [+]  -1.00 [-1.00;0.00]  -7.00 [-2.00;1.00] -32.00 [-2.00;3.00] -13.00 [-2.00;2.00]
2030 - [+-]  -1.00 [-1.00;0.00] -23.00 [-3.00;2.00] -17.00 [-4.00;5.00] -30.00 [-3.00;3.00]
2035 - [+]  -1.00 [-1.00;0.00] -78.00 [-3.00;3.00] -35.00 [-5.00;5.00] -25.00 [-6.00;5.00]
2040 - [+]  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-6.00;5.00] -88.00 [-5.00;3.00]
Phase-Out-2035-Strong
2020 - [+]  -1.00 [-1.00;1.00] -28.00 [-1.00;2.00] -26.00 [-2.00;1.00] -24.00 [-2.00;2.00]
2025 - [+]  -1.00 [-1.00;0.00] -15.00 [-3.00;3.00]  -9.00 [-4.00;4.00] -38.00 [-3.00;3.00]
2030 - [+]  -1.00 [-1.00;0.00] -56.00 [-3.00;3.00] -49.00 [-3.00;4.00] -15.00 [-7.00;6.00]
2035 - [+]  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-6.00;5.00] -88.00 [-5.00;3.00]
2040 - []  -1.00 [-1.00;1.00] -92.00 [-3.00;2.00] -84.00 [-7.00;5.00] -88.00 [-5.00;3.00]

Note: Simulation results for regional lignite productivity. Values in brackets denote the minimum and
maximum difference from the reported value obtained from 1200 simulations.



Table 2: Net electricity generation in lignite sector
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Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  100.00 [0.00;0.00] - [-]  100.00 [0.00;0.00] 100.00 [0.00;0.00] 100.00 [0.00;0.00]
2020 107.00 [0.00;0.00] - [+-]  107.00 [0.00;0.00] 107.00 [0.00;0.00] 107.00 [0.00;0.00]
2025 108.00 [0.00;0.00] - [+-]  108.00 [0.00;0.00] 108.00 [0.00;0.00] 108.00 [0.00;0.00]
2030  108.00 [0.00;0.00] - [+]  108.00 [0.00;0.00] 108.00 [0.00;0.00] 108.00 [0.00;0.00]
2035  109.00 [0.00;0.00] - ] 109.00 [0.00;0.00] 109.00 [0.00;0.00]  109.00 [0.00;0.00]
2040 111.00 [0.00;0.00] - [-]  111.00 [0.00;0.00] 111.00 [0.00;0.00] 111.00 [0.00;0.00]
Baseline
2020  81.00 [-1.00;0.00] - [+-]  81.00 [-1.00;0.00]  81.00 [-1.00;0.00]  81.00 [-1.00;0.00]
2025  81.00 [0.00;0.00] - [++] 82.00 [0.00;1.00]  81.00 [0.00;0.00]  82.00 [0.00;1.00]
2030  72.00 [0.00;1.00] - [++] 72.00 [0.00;0.00]  71.00 [0.00;0.00]  72.00 [0.00;1.00]
2035  48.00 [-1.00;0.00] - [-]  48.00 [-1.00;0.00]  48.00 [-1.00;0.00]  48.00 [-1.00;0.00]
2040  48.00 [0.00;1.00] - [-+] 48.00 [0.00;1.00]  48.00 [0.00;1.00]  48.00 [0.00;1.00]
Phase-Out-2035-Weak
2020  80.00 [0.00;0.00] - [++] 81.00 [0.00;0.00]  81.00 [0.00;0.00]  79.00 [0.00;0.00]
2025  44.00 [0.00;0.00] - [-+] 56.00 [0.00;0.00]  56.00 [0.00;0.00]  32.00 [-1.00;0.00]
2030  23.00 [0.00;0.00] - [+]  16.00 [-1.00;0.00]  16.00 [-1.00;0.00]  30.00 [-1.00;0.00]
2035 0.00 [0.00;0.00] - [+] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2040 0.00 [0.00;0.00] - [++] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
Phase-Out-2040-Age
2020  80.00 [0.00;0.00] - [-+] 81.00 [0.00;0.00]  81.00 [0.00;0.00]  79.00 [0.00;0.00]
2025  61.00 [0.00;0.00] - [+] 70.00 [0.00;1.00]  69.00 [0.00;0.00]  54.00 [0.00;0.00]
2030  41.00 [0.00;0.00] - [++] 55.00 [0.00;0.00]  54.00 [0.00;0.00]  28.00 [-1.00;0.00]
2035  21.00 [0.00;1.00] - [++] 15.00 [0.00;1.00] 15.00 [0.00;1.00]  26.00 [-1.00;0.00]
2040 0.00 [0.00;0.00] - [-+] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
Phase-Out-2040-Balanced
2020  80.00 [0.00;0.00] - [++] 83.00 [0.00;0.00]  79.00 [-1.00;0.00]  79.00 [0.00;0.00]
2025  61.00 [0.00;0.00] - [++] 80.00 [0.00;0.00]  44.00 [0.00;0.00]  67.00 [0.00;0.00]
2030  43.00 [0.00;0.00] - [-+] 54.00 [0.00;0.00]  41.00 [0.00;0.00]  41.00 [0.00;0.00]
2035  22.00 [0.00;0.00] - [-+] 2.00 [-1.00;0.00]  22.00 [0.00;0.00]  28.00 [-1.00;0.00]
2040 0.00 [0.00;0.00] - [+] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
Phase-Out-2035-Strong
2020  60.00 [0.00;0.00] - [-+] 60.00 [0.00;0.00]  60.00 [0.00;1.00]  60.00 [0.00;0.00]
2025  44.00 [0.00;0.00] - [+] 56.00 [0.00;0.00]  56.00 [0.00;0.00]  32.00 [0.00;0.00]
2030  23.00 [0.00;0.00] - [+5] 17.00 [0.00;1.00]  16.00 [-1.00;0.00]  30.00 [-1.00;0.00]
2035 0.00 [0.00;0.00] - [++] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]
2040 0.00 [0.00;0.00] - [++] 0.00 [0.00;0.00] 0.00 [0.00;0.00] 0.00 [0.00;0.00]

Note: Simulation results for net electricity generation by lignite relative to 2014 values. Values in
brackets denote the minimum and maximum difference from the reported value obtained from 1200
simulations.



Table 3: Employees in non-lignite sector
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Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 297 4 10.0;0.0] 259 5 10.0;0.0] 10 8 10.0;0.0] 9 10.0;0.0] 24 2 [0.0;0.0]
2020 2 [0.0;0.0] 4 10.0;0.0] 2 [0.0;0.0] 1 [0.0;0.0] 5 [0.0;0.0]
2025 —1 3 [0.0;0.0] —1 2 [0.0;0.0] 0 [0.0;0.0] 0 [0.0;0.0 —0 1 [0.0;0.0]
2030 -12.1 [0.0;0.0] -10.6 [0.0;0.0] —0 4 [0.0;0.0] —O 1[0.0;0.0] -1.0 [0.0;0.0]
2035  -20.4 [0.0;0.0] -17.8 0.0;0.0] -0.7 [0.0;0.0] -0.2 [0.0;0.0] -1.7 [0.0;0.0]
2040 -24.8 [0.0;0.0] -21.7 [0.0;0.0] -0.9 [0.0;0.0] -0.2 [0.0;0.0] -2.0 [0.0;0.0]
Baseline
2020 2.6 [-0.1;0.2] [-0.1;0.1] 1 [0.0;0.0] 0 [0.0;0.0 2 [0.0;0.1]
2025 3.5 [-0.1;0.1] [-0.1;0.1] 1 [0.0;0.0] 0 [0.0;0.0] O 2 [0.0;0.0]
2030 4.7 [-0.2;0.2] 3 ]-0.1;0.2] 1 [0.0;0.0] 0 [0.0;0.0] 3 [-0.1;0.0]
2035 6.3 [-0.2;0.4] [-0.2;0.2] 2 [0.0;0.1] 0 [0.0;0.0] 0 5 [0.0;0.1]
2040 6.7 [-0.3;0.2] [-0.2;0.2] 2 [0.0;0.0 0 [0.0;0.0 4 1-0.1;0.0]
Phase-Out-2035-Weak
2020 0 [-0.3;0.3] 6 [-0.2;0.2] 2 [0.0;0.1] 0.0 [0.0;0.0] 2 [-0.1;0.0]
2025 5 [-0.3;0.4] 8 [-0.3;0.3] 2[0.0;0.0] 0.0 [0.0;0.0] 0 5 [0.0;0.1]
2030 10 2 [-0.2;0.5] 2 [-0.2;0.4] 3[0.0;0.1] 0.0 [0.0;0.0] 0 7 [0.0;0.1]
2035 11.7 -0.5;0.3] 10 6 [-0.4;0.3] 3[0.0;0.0] 0.0 [-0.1;0.0] 8 [-0.1;0.0]
2040  12.3 [-0.4;0.5] 11.1 [-0.4;0.4] 4 [0.0;0.1] 0.0 [0.0;0.0] 8 [-0.1;0.1]
Phase-Out-2040-Age
2020 3 [-0.2;0.1] 0 [-0.2;0.1] 1[0.0;0.0] 0.0 [0.0;0.0] 2 [0.0;0.0]
2025 6 [-0.3;0.2] 2 [-0.2;0.2] 1[0.0;0.0] 0.0 [0.0;0.0] [ 0.1;0.0]
2030 9 [-0.4;0.3] 2 [-0.3;0.3] 2 [0.0;0.0] 0.0 [0.0;0.0] 5 [-0.1;0.0]
2035 10 1 [-0.4;0.4] 1 [-0.3;0.3] 310.0;0.1] 0.0 [-0.1;0.0] 7 1-0.1;0.0]
2040  11.7 [-0.4;0.5] 10 6 [-0.4;0.4] 0.3 [-0.1;0.0] 0.0 [0.0;0.0] 0 8 [0.0;0.1]
Phase-Out-2040-Balanced
2020 3 ]-0.2;0.1] 0 [-0.2;0.1] 0.1 [0.0;0.0] 0.0 [0.0;0.0] 0.2 [0.0;0.0]
2025 7 [-0.2;0.3] 2 [-0.2;0.2] 0.1 [0.0;0.0] 0.0 [0.0;0.0] 0.4 [0.0;0.1]
2030 8 [-0.4;0.3] 1 [-0.3;0.3] 0.2 [0.0;0.0] 0.0 [0.0;0.0] 0.5 [-0.1;0.0]
2035 9 [-0.5;0.3] 0 [-0.3;0.3] 0.2 [-0.1;0.0] 0.0 [-0.1;0.0] 0.7 [-0.1;0.0]
2040 11 6 [-0.5;0.4] 10 5 [-0.4;0.3] 0.3 [-0.1;0.0] 0.0 [0.0;0.0] 0.8 [0.0;0.1]
Phase-Out-2035-Strong
2020 2 [-0.3;0.1] 7 [-0.2;0.1] 2 [0.0;0.0] 0.0 [0.0;0.0] [ 0.1;0.0]
2025 9 [-0.3;0.2] 2 [-0.3;0.2] 2 [0.0;0.0] 0.0 [0.0;0.0] 5 [0.0;0.0]
2030 10 3 [-0.3;0.4] 3 [-0.3;0.3] 3[0.0;0.1] 0.0 [0.0;0.0] [ 0.1;0.1]
2035 11.8 [-0.5;0.4] 10 7 [-0.4;0.4] 310.0;0.0] 0.0 [-0.1;0.0] 8 [-0.1;0.0]
2040 12.3 [-0.4;0.5] 11.1 [-0.4;0.4] 4 10.0;0.1] 0.0 [0.0;0.0] 8 [-0.1;0.1]

Note: Simulation results for employees in the non-lignite industry in thousand people. Values for the
Null-Scenario are reported as change to the base year 2014 and for the year 2014 actual values are
reported. Values for other scenarios are differences to the Null-Scenario in the respective year. Values
in brackets denote the minimum and maximum difference from the reported value obtained from 1200

simulations.



Table 4: Employees in non-energy sector
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Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014  42870.0 [0.0;0.0] 37966.9 [0.0;0.0] 1450.6 [0.0;0.0]  453.7 [0.0;0.0]  2998.8 [0.0;0.0]
2020 852.1 [-0.2;0.3] 754.6 [-0.2;0.3] 28.9 [0.0;0.0] 9.0 [0.0;0.0] 59.6 [0.0;0.0]
2025 -247.4 [-0.3;0.5] -219.2 [-0.3;0.4] -8.3 [0.0;0.1] -2.6 [0. 0,0.()] -17.3 [0.0;0.0]
2030 -1793.5 [-0.6;0.5]  -1588.3 [-0.4;0.5] -60.7 [-0.1;0.0]  -19.0 [0.0;0.0] -125.5 [-0.1;0.0]
2035 -2990.7 [-0.4;0.5]  -2648.6 [-0.4;0.5] -101.2 [0.0;0.0]  -31.7 [0.0;0.0]  -209.2 [0.0;0.0]
2040 -3625.8 [-0.5;0.5]  -3211.1 [-0.4;0.4] -122.7 [-0.1;0.0]  -38.4 [0.0;0.0]  -253.6 [0.0;0.1]
Baseline
2020 -7.6 [-3.8;3.5] -5.3 [-4.5;3.5] -0.4 [-0.1;0.1]  -0.8 [-0.3;0.5] -1.1 [-0.2;0.3]
2025 -9.1 [-5.3;5.0] -6.6 [-6.2;5.1] -0.4 [-0.2;0.1]  -0.9 [-0.4;0.7] -1.2 [-0.3;0.3]
2030 -9.2 [-6.0;6.2] -6.6 [-7.1;6.3] -0.3 [-0.1;0.2]  -1.0 ]-0.5;0.9] -1.3 [-0.3;0.4]
2035 -9.7 [-6.5;6.9] -6.1 [-7.8;7.2] -0.4 [-0.2;0.2] -1.4 [-0.7;1.1] -1.8 [-0.6;0.6]
2040 -5.7 [-6.5;6.9] -2.6 [-7.3;7.3] -0.2 [-0.1;0.3]  -1.4 [-0.7;1.3] -1.5 [-0.7;0.7]
Phase-Out-2035-Weak
2020 -28.2 [[10.7:8.5]  -23.4 [-10.6:8.3] 1.1 [-0.4,0.3]  -1.1 [-0.4;0.8]  -2.6 [-0.4;0.5]
2025 -44.4 [-16.5;14.1]  -36.4 [-16.4;13.8] -1.6 [-0.6;0.4] -1.8 [-0.7;1.3] -4.6 [-0.9;1.0]
2030 -47.3 [-18.8;18.5]  -39.2 [-19.1;17.2] -1.5 [-0.5;0.7]  -2.4 [-1.0;1.7] -4.2 [-0.9;1.3]
2035 -37.4 [-20.1;22.0]  -31.9 [-20.0;19.7] —0 6 [-0.7;0.8]  -2.1 [-1.1;1.9] -2.8 [-1.1;1.5]
2040 -17.2 [-20.3;23.7]  -14.7 [-20.4;21.3] 3 [-0.8;,0.8] -1.8 [-1.2;2.3] -1.0 [-1.2;1.5]
Phase-Out-2040-Age
2020  -28.5 [-10.7;7.9] -23.5 [-10.5;7.8] -1.1 [-0.4;0.2]  -1.2 [-0.5;0.8] -2.7 [-0.4;0.4]
2025 -44.6 [-15.9;12.7]  -37.0 [-15.9;12.5] -1.6 [-0.5;0.4]  -1.7 [-0.7;1.3] -4.3 [-0.7;0.8]
2030 -51.8 [[18.4;16.1]  -43.2 [-18.7;15.7] 1.7 [0.5:0.6] -1.9 [-0.81.7]  -5.0 [-1.0;1.2]
2035 -51.1 [[19.6;19.1]  -42.7 [-19.8;18.2] 1.6 [0.7:0.7]  -24 [1.1:2.0]  -4.4 [[1.0;1.5]
2040 -39.8 [-19.6;21.9] -34.2 [-19.8;19.8] -0.6 [-0.7;0.8]  -2.1 [-1.2;2.3] -2.9 [-1.2;1.5]
Phase-Out-2040-Balanced
2020 -28.7 [[10.6;8.0]  -23.7 [-10.5:7.8] 1.1 [-0.4,0.2]  -1.2[-0.4:0.7]  -2.7 [-0.4;0.5]
2025 -45.0 [-15.7;12.8]  -37.3 [-15.8;12.5] -1.5 [-0.5;0.4]  -2.2 [-0.7;1.4] -4.0 [-0.7;0.8]
2030 -52.1 [-18.3;15.9] -43.4 [-18.6;15.6] -1.7 [-0.5;0.5]  -2.2 [-0.9;1.7] -4.8 [-0.9;1.2]
2035 -51.5[-19.4;18.8] -43.2 [-19.7;18.0] -1.5 [-0.7;0.7]  -2.3 [-1.1;2.0] -4.5 [-1.1;1.5]
2040 -40.6 [-20.0;21.5]  -34.8 [-20.0;19.7] -0.6 [-0.8;0.7]  -2.2 [-1.3;2.2] -3.0 [-1.2;1.5]
Phase-Out-2035-Strong
2020  -30.8 [-11.0;9.2] -24.8 [-11.1;8.9] -1.2 [-0.3;04]  -1.6 [-0.5;0.9] -3.2 [-0.5;0.6]
2025 -43.1 [-16.4;14.6]  -35.3 [-16.5;13.9] -1.5 [-0.5;0.5]  -1.8 [-0.6;1.3] -4.5 [-0.9;1.1]
2030 -44.2 [-18.9;18.8]  -36.5 [-19.1;17.3] -1.4 [-0.5;0.7]  -2.3 [-1.0;1.7] -4.0 [-0.9;1.3]
2035 -33.9 [-20.0;22.1]  -28.9 [-19.9;19.7] -O 5[-0.7;0.8] -2.0 [-1.0;2.0] -2.5 [-1.1;1.5]
2040 -14.0 [-20.0;23.5]  -11.9 [-20.1;21.2] 5[-0.7;,0.9] -1.8 [-1.3;2.2] -0.8 [-1.3;1.5]

Note: Simulation results for employees in non-energy sector in thousand people. Values for the Null-
Scenario are reported as change to the base year 2014 and for the year 2014 actual values are reported.
Values for other scenarios are differences to the Null-Scenario in the respective year. Values in brackets
denote the minimum and maximum difference from the reported value obtained from 1200 simulations.



Table 5: Real gross value-added total

4 TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 2631268 [0;0] 2332970 [0;0] 71090 [0;0] 22606 [0;0] 204602 [0;0]
2020 175310 [-10; 15] 155419 [-9;13] 4740 [-1;0] 1509 [0;0] 13642 [-1;2]
2025 208876 [-20;24] 185183 [-17;22] 5646 [-1;1] 1797 [0;0] 16250 [-2;2]
2030 210052 [-27;30] 186225 [-24;27] 5678 [-1;1] 1807 [0;0] 16342 [-2;3]
2035 232242 [-31;30] 205899 [-28;27] 6277 [-1;1] 1998 [0;1] 18068 [-2;3]
2040 293908 [-30;31] 260573 [-28;27] 7944 [0;2] 2528 [0;1] 22863 [-2;3]
Baseline
2020 -552 [-367;230] 276 [-444;275] -80 [-4;4] -310 [-31;50] -438 [-38;48]
2025 -551 [-513;368] 272 [-572;384] -84 [-10; 7} -314 [-32;61] -425 [-33;40]
2030 -593 [-694;491] 550 [-807;529] -112 [-14;8] -444 [-50;94] -587 [-52;67]
2035 -914 [-884;621] 1031 [-1083;714] -185 [-13;10] =750 [-77;132]  -1010 [-96;121]
2040 -676 [-881;650] 1269 [-1091;734] -186 [-14;10] -762 [-77;133] -997 [-96;112]
Phase-Out-2035-Weak
2020 -1335 [-644;507] -416 [-685;506] -98 [-15;12] -323 [-38;72] -498 [-38;48]
2025  -2713 [-1200;977]  -456 [-1365;1030] -172 [-35;25] -631 [-66;124] -1454 [-124;187]
2030 -3216 [-1433;1294] -437 [-1582;1317] -349 [-25;28]  -1165 [-112;205] -1265 [-91;99]
2035 -3237 [-1571;1533] 112 [-1742;1551] -292 [-58;44] -1291 [-107;200] -1766 [-144;208]
2040 -1973 [-1675;1716] 1234 [-1866;1719] -267 [-49;44] -1350 [-132;240] -1590 [-150;191]
Phase-Out-2040-Age
2020 -1366 [-667;493] -398 [-725;500] -99 [-15;11] -341 [-42;78] -528 [-44;63]
2025 2472 [-1132;887] -765 [-1241;909] -146 [-32;22] -511 [-63;124]  -1050 [-85;121]
2030 -3179 [-1442;1200] -775 [-1620;1242] -192 [-40;29] -697 [-87;167] -1515 [-125;175]
2035 -3469 [-1624;1460] -458 [-1853;1507] -363 [-27;31] -1250 [-137;252] -1398 [-104;133]
2040 -3401 [-1677;1636] 55 [-1892;1662] -296 [-65;47] -1361 [-128;239] -1799 [-144;217]
Phase-Out-2040-Balanced
2020 -1383 [-672;491] -396 [-734;508] -95 [-15;11] -333 [-35;70] -559 [-51;75]
2025  -2506 [-1134;887] -786 [-1228;905] -97 [-38;25] -834 [-84;149] -789 [-66;88]
2030 -3162 [-1435;1189] -812 [-1617;1229] -208 [-33;25] -824 [-83;154] -1318 [-121;179]
2035 -3460 [-1629;1450] -493 [-1867;1504] -439 [-31;35]  -1107 [-116;218] -1421 [-116;149]
2040 -3441 [-1691;1635] 4 [-1907;1665] -288 [-62;49] -1367 [-130;241] -1810 [-145;216]
Phase-Out-2035-Strong
2020 -1782 [-742;569] -182 [-851;615] -170 [-12;12] -589 [-58;93] -841 [-66;90]
2025  -2695 [-1120;963] -541 [-1234;984] -170 [-34;25] -595 [-54;102]  -1389 [-110;148]
2030 -3017 [-1426;1298] -270 [-1565;1319] -347 [-24;28]  -1166 [-114;212] -1234 [-91;95]
2035 -3036 [-1540;1520] 237 [-1684;1526] -282 [-58;45]  -1287 [-107;199] -1704 [-136;185]
2040 -1760 [-1654;1705] 1425 [-1859;1709] -262 [-48;44] -1348 [-132;241] -1575 [-154;191]

Note: Simulation results for real gross value-added in million euros. Values for the Null-Scenario are
reported as change to the base year 2014 and for the year 2014 actual values are reported. Values for
other scenarios are differences to the Null-Scenario in the respective year. Values in brackets denote
the minimum and maximum difference from the reported value obtained from 1200 simulations.



Table 6: Real gross value-added in lignite sector

4 TABLES

Year Germany Rest of Germany Central Germany Rhineland
Null-Scenario
2014 2448 10;0] 56 [0;0] 295 [0;0] 1224 [0;0]
2020 105 [0;0] -54 [0;0] 20 [0;0] 81 [0;0]
2025 135 [0;1] -55 [0;1] 24 [0;0] 97 [0;0]
2030 136 [0;0] -55 [0;0] 24 [0;0] 98 [0;0]
2035 157 [00] -55 [0;0] 27 [0;0] 108 [0;0]
2040 212 [0;0] -55 [0;0] 33 10;0] 137 [0;0]
Baseline
2020 -605 [-6;1] 0 [0;0] -74 [0;0] -309 [-4;0]
2025  -634 [-1;10] 0 [-1;0] -78 [0;1] -323 [0;5]
2030 -873 [-2;3] 0 [0;0] -107 [0;1] -446 [-1;1]
2035 -1457 [-25;3] 0 [0;0] -180 [-3;0] -744 [-13;1]
2040 -1518 [-3;12] 0 [0;0] -187 [-1;1] =776 [-1;6]
Phase-Out-2035-Weak
2020 -636 [-1;2] 0 [0;0] -74 [0;0] -339 [0;1]
2025  -1534 [-4:4] 0 [-1;0] -153 [0;0] -927 [-4;3]
2030  -2024 [-1;3] 0 [0;0] -270 [-1;1] -954 [-5;7]
2035  -2603 [-2;1] 0 [0;0] -322 [0;0] -1332 [-1;0]
2040 -2659 [0;0] 0 [0;0] -328 [0;0] -1361 [0;0]
Phase-Out-2040-Age
2020 -635 [-1;3] 0 [0;1] -74 [0;0] -338 [0;1]
2025  -1119 [-1;2] 0 [-1;0] -114 [0;0] -666 [0;0]
2030  -1601 [-2:4] 0 [0;0] -158 [0;0] -974 [-2;2]
2035  -2111 [-1;2] 0 [0;0] -279 [-1;1] -1009 [-5;6]
2040  -2658 [-1;1] 0 [0;0] -328 [0;0] -1361 [-1;0]
Phase-Out-2040-Balanced
2020 -645 [0;2] 0 [0;1] -70 [0;0] -338 [0;0]
2025  -1147 [-1;2] 0 [-1;0] -83 [0;0] -505 [-1;0]
2030  -1564 [-2;2] 0 [0;0] -160 [0;1] -820 [-1;0]
2035  -2059 [-3;2] 0 [0;0] -315 [-1;2] -984 [-3;0]
2040  -2658 [-2;1] 0 [0;0] -328 [0;0] -1361 [-1;0]
Phase-Out-2035-Strong
2020  -1124 [-2;2] 0 [0;1] -138 [0;0] -575 [-1;0]
2025  -1540 [-2;2] 0 [0;0] -153 [0;0] -932 [-2;1]
2030  -2022 [-3;1] 0 [0;0] -270 [-1;1] -953 [-6;5]
2035  -2603 [-1;1] 0 [0;0] -322 [0;0] -1332 [-1;0]
2040 -2659 [0;0] 0 [0;0] -328 [0;0] -1361 [0;0]

Note: Simulation results for gross value-added at constant prices in the lignite industry in million
euros. Values for the Null-Scenario are reported as change to the base year 2014 and for the year
2014 actual values are reported. Values for other scenarios are differences to the Null-Scenario in the
respective year. Values in brackets denote the minimum and maximum difference from the reported
value obtained from 1200 simulations.



Table 7: Real gross labour income

4 TABLES

Year Germany Rest of Germany Central Germany Lusatia Rhineland
Null-Scenario
2014 1482827 [0;0] 1312983 [0;0] 40342 [0;0] 12267 [0;0] 117235 [0;0]
2020 98766 [-12;11] 87442 [-9;11] 2689 [-3;0] 818 [0;0] 7817 [0;0]
2025 117634 [-10;11] 104142 [-10;12] 3205 [0 0] 975 [0;0] 9312 [-1;0]
2030 118288 [-16;12] 104724 [-15;14] 3222 [-1;0] 979 [0;0] 9363 [-1;0]
2035 130789 [-15;13] 115790 [-15;12] 3562 [0;0] 1085 [0;3] 10352 [-1;0]
2040 165535 [-21;18] 146555 [-17;14] 4507 [-3;0] 1372 [0;0] 13101 [-1;4]
Baseline
2020  -647 [-108;120] -47 [-114;106] 71 [-4:4] -216 [-7:9] -313 [-11;11]
2025  -962 [-200;190] -55 [-215;183] -111 [-5;5] -326 [-8; 18] -470 [-16;14]
2030 -1244 [-232;232] -47 [-237;225] -147 [-6;6]  -430 [-12;15] -620 [-20;19]
2035 -1716 [-223;263] 0 [-221;245] -215 [-8;5]  -611 [-13;13] -890 [-25;19]
2040 -1912 [-229;271] 94 [-256;262] -252 [-6;9]  -713 [-10;23] -1041 [-18;18]
Phase-Out-2035-Weak
2020 -1607 [-407;322] -630 [-379;304] -112 [-9;11]  -304 [-16;20] -561 [-30;27]
2025 -3059 [-618;537] -1049 [-572;486] -236 [-19;13]  -603 [-19;25] -1171 [-51;51]
2030 -4177 [-749;704] -1184 [-705;641] -389 [-24;24]  -973 [-22;21] -1631 [-45;51]
2035 -5712 [-717;791] -1107 [-754;727] -764 [-38;35]  -1403 [-27;34] -2438 [-94;89]
2040 -6124 [-724;809] -971 [-715;750] -839 [-14;23] -1464 [-17;32] -2850 [-53;60]
Phase-Out-2040-Age
2020 -1579 ]-386;300) -714 [-370;277] -102 [-9;9]  -259 [-10;17] -504 [-22;29]
2025 -2830 [-621;499] -1212 [-590;459] -187 [-16; 14] -455 [-14;26] -976 [-29;38]
2030 -3863 [-747;644] -1505 [-704;594] -268 [-20;18]  -655 [-20;27] -1435 [-45;48]
2035 -4706 [-801;760) -1559 [-758;694] -410 [-26;27]  -994 [-21;23] -1743 [-45;56]
2040 -6330 [-749;825] -1430 [-789;765] -821 [-33;26]  -1444 [-27;35] -2635 [-96;93]
Phase-Out-2040-Balanced
2020 -1599 [-398;291] =722 [-372;276] -94 [-12;6]  -324 [-14;19] -459 [-21;22]
2025 -2838 [-621;495] -1225 [-587;459] -164 [-19;13]  -636 [-16;20] -813 [-30;37]
2030 -3801 [-755;635] -1523 [-708;590] -259 [-25;16]  -828 [-19;28] -1191 [-39;45]
2035 -4655 [-817;756) -1572 [-766;695] -441 [-34;28]  -1018 [-18;29] -1624 [-47;56]
2040 -6349 [-746;824] -1452 [-783;766] -843 [-16;22] -1433 [-31;36] -2621 [-100;101]
Phase-Out-2035-Strong
2020 -1897 [-387;335] -616 [-358;297] -154 [-10;11]  -416 [-16;14] -711 [-28;28]
2025 -3230 [-628;550] -974 [-597;504] -262 [-16;15]  -681 [-18;28] -1313 [-40;50]
2030 -4104 [-750;694] -1105 [-707;637] -386 [-24;22]  -966 [-17;18] -1647 [-45;54]
2035 -5749 [-707;784] -1013 [-751;727] -788 [-37;28]  -1413 [-26;35]  -2535 [-100;99]
2040 -6030 [-717;806] -886 [-705;746] -837 [-15;23]  -1464 [-20;32] -2843 [-53;60]

Note: Simulation results for real gross labour income in Germany in million euros.

Values for the

Null-Scenario are reported as change to the base year 2014 and for the year 2014 actual values are
reported. Values for other scenarios are differences to the Null-Scenario in the respective year. Values
in brackets denote the minimum and maximum difference from the reported value obtained from 1200
simulations.



4 TABLES

Table 8: Real gross labour income in lignite sector

Year Germany Rest of Germany Central Germany Lusatia Rhineland

Null-Scenario

2014 1428 [0;0] 28 [0;0] 161 [0;0] 524 [0;0] 715 [0;0]
2020 62 [0;0] -23 [0;0] 7 [0;0] 31 [0;0] 47 [0;0]
2025 77 [0;0] -28 [0;0] 14 [0;0] 38 [0;0] 53 [0;0]
2030 81 [0;0] -28 [0;0] 13 [0;0] 37 [0;0] 59 [0;0]
2035 92 [0;0] -28 [0;0] 12 [0;0] 44 [0;0] 64 [0;0]
2040 123 [0;0] -28 [0;0] 18 [0;0] 57 [0;0] 76 [0;0]
Baseline
2020  -272 [-2;15] 0 [0;0] -28 [0;0] -103 [-1;7]  -141 [-1;8]
2025 -401 [-2;2] 0 [0;0] -45[0;0]  -152 [-1;1]  -204 [-1;1]
2030 -539 [-4;6] 0 [0;0] -63 [0;1] -200 [-2;1] -276 [-2;7]
2035  -763 [-11; 7] 0 [0;0] -85 [0;1] -286 [-6;2] -392 [-8;7]
2040 -878 [-7;4] 0 [0;0] -104 [-1;0]  -327 [-1;2] 447 [-7;2]

Phase-Out-2035-Weak

2020  -398 [-18;5] 0 [0;0] -36 [-1;6] -140 [-8;1] -222 [-9;1]
2025 -816 [-14;11] 0 [0;0] -86 [0 1] -274 [-7;7]  -456 [-9;9]
2030 -1169 [-14;9] 0 [0;0] -135 [-6;1] -431 [-6;7] -603 [-6;2]
2035  -1511 [-4;2] 0 [0;0] -173 [0 0] -565[0;1] -773 [-4;1]
2040 -1551 [0;0] 0 [0;0] -179 [0;0]  -581 [0;0]  -791 [0;0]
Phase-Out-2040-Age
2020 -351 [-9;8] 0 [0;0] -35[0;0] -118 [-1;7] -198 [-8;1]
2025  -643 [-14; 3] 0 [0;0] -63 [-1;0] -210 [-8;1] -370 [-7;5]
2030  -925 [-16;06] 0 [0;0] -90 [-1;0] -297 [-8;6] -538 [-8;2]
2035 -1209 [-9;10] 0 [0;0] -133 [0;1] -446 [-8;6] -630 [-2;5]
2040  -1548 [-6;1] 0 [0;0] -179 [0;0] -581 [-3;0] -788 [-3;1]
Phase-Out-2040-Balanced
2020  -358 [-16;2] 0 [0;0] -28 [0;0] -148 [-8;1]  -182 [-8;1]
2025  -653 [-11;06] 0 [0;0] -54 [0;0] -289 [-6;6] -310 [-8;2]
2030 -911 [-9;5] 0 [0;0] -89 [0;1] -363 [-4;2] -459 [-8;2]
2035 -1194 [-15; 6] 0 [0;0] -143 [-1;5]  -450 [-7;1]  -601 [-8;1]
2040  -1545 [-4;3] 0 [0;0] -179 [0;0]  -578 [0;3]  -788 [-4;0]
Phase-Out-2035-Strong
2020  -541 [-14;9] 0 [0;0] -54 [-1;0]  -199 [-8;1] -288 [-7;8]
2025  -895 [-6;11] 0 [0;0] -94 [-1;0] -302 [-2;6] -499 [-6;8]
2030 -1176 [-19;4] 0 [0;0] -135 [-6;0] -431 [-6;5] -610 [-8;1]
2035  -1514 [-3;4] 0 [0;0] -173 [0;0]  -565 [0;3]  -776 [-3;1]
2040 -1551 [0;0] 0 [0;0] -179 [0;0]  -581 [0;0]  -791 [0;0]

Note: Simulation results for real gross labour income in the lignite industry in million euros. Values
for the Null-Scenario are reported as change to the base year 2014 and for the year 2014 actual values
are reported. Values for other scenarios are differences to the Null-Scenario in the respective year.
Values in brackets denote the minimum and maximum difference from the reported value obtained
from 1200 simulations.
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5 FIGURES

5 Figures

Figure 1: Sensitivity analysis for maximum drop in labour compensation
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Note: Difference compared to the Null-Scenario in million euro , Baseline (blue circle), Scenario
cenario 1 (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.



5 FIGURES

Figure 2: Sensitivity analysis for maximum drop in wages
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Note: Difference compared to the Null-Scenario in thousand euro, Baseline (blue circle), Phase-Out-
2035-Weak (red square), Phase-Out-2040-Age (green diamond), Phase-Out-2040-Balanced (magenta
triangle point-up) and Phase-Out-2035-Strong (cyan triangle point-down). Horizontal lines indicate
the maximum and minimum value observed for 1200 simulations.
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Figure 3: Simulation results for employment rates in lignite sector
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 4: Simulation results for unemployment rates
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 5: Simulation trajectory for productivity shocks on lignite sectors
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 6: Simulation trajectory for non-lignite employment rates
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 7: Simulation trajectory for non-energy employment rates
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
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5 FIGURES

Figure 8: Simulation trajectory for population shares
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).



5 FIGURES

Figure 9: Simulation trajectory for mark-ups
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Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 10: Simulation trajectory for regional consumption
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
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Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 11: Simulation trajectory for regional gross value-added
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Figure 12: Simulation trajectory for regional real wages
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line

with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 13: Simulation trajectory for regional consumption price levels
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
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Figure 14: Simulation trajectory for regional hiring rates
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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Figure 15: Simulation trajectory for national aggregates
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Note: The plots depict the simulation trajectories for the Null-Scenario (black solid line), Baseline
(blue line with circle), Phase-Out-2035-Weak (red line with square), Phase-Out-2040-Age (green line
with diamond), Phase-Out-2040-Balanced (magenta line with triangle pointing upward) and Phase-
Out-2035-Strong (cyan line with triangle pointing downward).
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