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Preface 

TIPPING+ will provide an empirical in-depth social science understanding of fundamental 

changes in sociodemographic, geographical, psychological, cultural, political, and economic 

patterns which give rise to Social-Ecological Tipping Points (SETPs), both positive and negative 

in relation to socio-energy regional systems. Such empirical and theoretical insights will shed 

new light on the interdependencies between changes in regional socio-cultural structures and 

the technological, regulatory and investment-related requirements for embracing (or failing to 

embrace) low-carbon, clean-energy and competitive development pathways in selected coal 

and carbon intensive case study regions (CCIRs). The overall goal is to understand why and 

under which conditions a given social-ecological regional system heavily dependent on coal 

and carbon-intensive activities may flip into a low-carbon, clean energy development trajectory 

– or on the contrary may fall into an opposite trajectory with all its negative implications. 

Towards this goal, main focus of TIPPING+ is the participatory co-production of knowledge on 

the driving forces and deliberate tipping interventions leading to the emergence of positive 

tipping points toward clean energy transitions in European CCIRs.  
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Executive Summary 

Tipping points are considered a moment or period when the socio-economic system shifts 

from the preceding development pathway to a qualitatively different state. We aimed to 

assess the macroeconomic effects of implementing a carbon tax, using the case study of 

two European economies at different stages of decarbonisation. We aim to understand the 

conditions for creating tipping points in the socio-economic system that would challenge a 

durable regime shift in the energy sector. Therefore, we assume that carbon tax 

implementation may pose a trigger to deliver a tipping point to accelerate decarbonisation 

and determine whether and in what ways this pathway is followed. 

Implementing the dynamic stochastic general equilibrium model (Macroeconomic Mitigation 

Options model – MEMO), we aim to assess the impact of the carbon tax implementation on 

the basic macroeconomic indicators. Our analysis focus on Poland and Greece – countries 

maintaining carbon-intensive industries in particular regions, such as hard coal mining and 

coal-based energy sector in Upper Silesia and lignite extraction in Western Macedonia. Both 

regions have the coal phase-out dates set up and expect challenges in managing the 

regional transition process. Therefore, we reflect on the national and regional policy 

consequences of the carbon tax implementation, which can be an efficient alternative to 

accelerate climate mitigation efforts.  

The results confirm stronger impacts of a carbon tax on GDP and unemployment in more 

industrial and carbon-intensive economies. Due to the countries' specificities and various 

decarbonisation stages, carbon tax implementation would strongly affect Poland. In Greece, 

the effect of such an instrument would be modest and considered especially for value-added 

and employment in market services. In Greece, the sharpest decrease in value-added 

affects agriculture, construction and light industry workers, while in Poland it would occur 

in the mining and construction sector, and cause employment losses also in mining and 

energy-intensive and advanced industries in Poland. As these industries have not yet 

received much policy attention so far, they should be considered in the discussion about 

decarbonisation.  

The carbon tax enables a significant reduction of emissions; however, it requires policy 

interventions to mitigate the social costs of transition. Potential value added and 

employment losses justifies the introduction of safety nets and additional support for the 

profound transformation of the regional economies. The resources collected from carbon tax 

should boost the financial transfer for coal and carbon-intensive regions' transition. 

Recycling revenue mechanism of carbon tax should recognise and address key regional 

needs in terms of decarbonisation, provide safety nets and retraining programmes for 

employees at risk, support regional and local SMEs and overall economic diversification to 

build transformation capacities and make the regions resilient. Through these instruments, 

we argue that introducing a carbon tax may pose a tipping event that accelerates the system 

toward the desired pathway.  
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1. Introduction 

Implementation of a carbon tax is a tipping event, which triggers change in the 

decarbonisation pathway. This event may also cascade into further socio-economic 

changes ranging from the impact on the GDP to labour market effects. To this end, 

we assess the macroeconomic effects of implementing a carbon tax, using the case 

study of two European economies at different stages of decarbonisation. We treat the 

implementation of carbon tax as a potential tipping event an exogenous moment 

which triggers large qualitative change in the decarbonization pathway.  

We evaluate the possible consequences of a decision to implement the carbon 

tax by applying a dynamic stochastic general equilibrium model. We aim to understand 

the conditions for creating tipping points in the socio-economic system that would 

challenge a durable regime shift in the energy sector. We focus on the labour market 

perspective, therefore we understand a stable transition when the positive outcomes 

of the process outweigh its negative effects, e.g. employment in the newly developed 

energy sector is higher than the dismissals from fossil-fuel intensive industries. 

Due to the interconnectedness between social and ecological system 

components, we assume that crossing an ecological tipping point leads to a qualitative 

change in the social and economic system, which is characterized by a different set of 

stabilizing positive and negative feedbacks (Milkoreit et al., 2018). We also assume 

that policy decisions (in this example: introducing carbon tax) may allow 

transformative change and determine whether and in what ways the transition 

pathway is followed. Therefore, we assume that carbon price dynamics and emissions 

reduction are an important factor in the energy system development and will 

determine the stability of particular carbon-intensive states and regions. Until now, 

carbon tax was suggested more as a necessary solution to mitigate climate tipping 

points (Lontzek et al., 2015) than the instrument being itself a trigger to stimulate 

qualitative change. However, even if such public intervention will not enable a certain 

tipping point, it may increase the efficiency of climate policy and accelerate the 

decarbonisation pathway (Maier et al., 2020). 

In this working paper, we aim to answer the following questions:  

(1) Will the macroeconomic effects of introducing carbon tax (a) consolidate the 

phase of transition and reinforce its irreversibility (positive tipping triggers), or (b) 

weaken the efforts to reduce emissions due to the social costs of transformation 

(negative tipping triggers)?  

(2) How the carbon tax introduction will affect the value added and labour market 

outcome in selected sectors of the economy?  

We achieve this goal by (1) describing possible policy scenarios of introducing carbon 

taxes in a medium perspective; (2) modelling the effects of the introduction of a 

carbon tax on the labour market and sectoral developments; (3) conducting a 

qualitative analysis of possible consequences for particular coal and carbon-intensive 

regions.  

Through that exercise, we plan to illustrate the relevance of the selected 

economic and resource dimensions to understand cumulative processes, capacities 

and socio-structural forces in coal and carbon-intensive regions that lead to positive 
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or negative tipping points.  

We use the dynamic stochastic general equilibrium model (Macroeconomic 

Mitigation Options model – MEMO), developed at the Institute for Structural Research 

(Antosiewicz & Kowal, 2016; Antosiewicz et al., 2022). The model combines two 

strands of research – input-output and general equilibrium modelling. We assess the 

impact of the carbon tax implementation on the basic macroeconomic indicators and 

the long-run determinants of economic growth. We consider two carbon tax scenario 

based on the Network for Greening the Financial System outputs, generated by state-

of-the-art well-established integrated assessment models (IAMs), namely MESSAGE-

GLOBIOM and REMIND-MAgPIE. We also provide insights on questions regarding the 

labour market and compare these results to the existing research, possible revenue 

recycling mechanisms, and national/regional context. 

We focus our analysis on Poland and Greece. Both countries are at a similar 

development stage and maintain carbon-intensive industries in particular regions, 

such as hard coal mining and coal-based energy sector in Upper Silesia and lignite 

extraction in Western Macedonia. Both countries set different coal exit dates (Poland 

in 2049; Greece in 2028) and are at different stages of the coal phase-out. Moreover, 

Poland and Greece experienced different macroeconomic trends and conduct various 

policies in the last decade. Considering these similarities and differences, we simulate 

the potential effects of a carbon tax to assess this tool as a possible tipping event for 

the significant qualitative change in their economies. 

We intend to make two key contributions. First, we provide original scenarios for 

two countries with similar coal phase-out challenges but at different stages of 

decarbonisation. We use a similar shock to understand possible cumulative processes, 

capacities and socio-structural forces and assess their potential consequences for the 

labour market. These results can provide a useful insight in the general discussion 

about decarbonisation consequences. Second, we also reflect on the national and 

regional policy consequences of the carbon tax implementation, which can be a more 

efficient alternative to accelerate climate mitigation efforts. Thereby, we tested carbon 

tax as a potential tipping event to expedite a positive tipping point, arguing for a 

stronger public sector agency toward cleaner decarbonisation pathways. 

The document is structured as follows. Section 2 includes a literature review and 

briefly discusses the concept of tipping points and the carbon tax implementation as 

a potential tipping event to adapt cleaner decarbonization pathway in case study 

countries. Section 3 provides information about the MEMO model settings and used 

data sources. Section 4 presents the results and Section 5 briefly discusses and 

Section 6 summarizes the findings. 
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2. Literature review  

2.1. The concept of Tipping Points 

The concept of tipping points has its origin in the climate sciences, and has 

developed from Gladwell's (2000) idea in order to articulate the prospect of passing 

thresholds in the climate system or ecosystem (Kopp et al., 2016; Lenton, 2013). 

According to this concept, complex systems may undergo abrupt alterations due to 

the accumulation of small perturbations (Lenton, 2013). In the environmental context, 

exceeding critical temperature thresholds may lead to ecological system change that 

may be difficult to reverse (Lenton et al., 2008; Levermann et al., 2012; Smith et al., 

2009). Due to the interlinkages between the social and environmental systems, this 

research approach has been implemented to analyse the pathways of transformation 

in socio-economic systems to illustrate the changes that are taking place in the broad 

energy transition. 

In the socio-economic literature, climate change-induced tipping points are 

identified with an abrupt change of a socio-economic system into a new, 

fundamentally different state (Ginkel et al., 2020). Milkoreit et al. (2018) emphasize 

that at a tipping point, the system triggers a non-linear change process that inevitably 

leads to a qualitatively different state, which is often irreversible. This process is 

supported by internal feedback mechanisms, which may lead either to a new stabilized 

state or to further destabilizations (Tàbara et al., 2022). In addition to scientific 

applications, tipping points have also become a popular metaphor for informing the 

broader public about the effects of climate change and its far-reaching consequences 

(Russill & Nyssa, 2009; van der Hel et al., 2018). However, the potential existence of 

tipping points in socio-economic systems has remained underexplored, whereas they 

might be highly policy-relevant (Ginkel et al., 2020). 

In socio-economic systems, the transition to a state where new technology, 

behaviour or strategy is adopted by a large majority can be twofold. First, 

transformation may result from the incremental spread of new patterns. In this case, 

the new solutions gradually complement the existing system by improving its 

operation or replacing existing solutions (e.g., replacing fossil fuels with renewable 

energy sources). The "transformative-oriented" policy (Fazey et al., 2018) includes 

various policy instruments and market mechanisms that can trigger and accelerate 

the transition process (European Commission, 2018; IRENA, 2020; Mercure et al., 

2018). Incremental changes in the system landscape may also put pressure on an 

existing regime. Thereby a window of opportunity may enable a breakthrough for 

niche solutions and innovation (Geels & Schot, 2007). Second, transformation can 

also result from sudden shocks, radically changing the boundary conditions in which 

the system operates. These shocks may be negative (e.g., soaring prices, supply chain 

breakdowns) or positive (e.g., disruptive innovation). Such abrupt changes may 

require an urgent policy response. However, policy change itself can be implemented 

slowly and take a long time to fully internalise its results due to new technologies and 

behaviours adoption. For example, to reduce the dependency on fossil fuels, society 

will need to adopt energy-efficient and low-carbon energy technologies, provide new 

infrastructure and develop new business and behavioural models. 
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When trying to identify potential or actual positive tipping points in the socio-

ecological system of reference, (Tàbara et al., 2022) argue that three key moments 

need to be considered: (1) the building of transformative conditions and capacities for 

systemic and appropriate, deliberate change, (2) a tipping event, precipitating the 

system towards a desirable trajectory or basin of attraction, and (3) the qualitative, 

irreversible, and structural effects derived from such transformation. The key 

assumption of the energy transition is the positive nature of the tipping points, where 

changes lead to a more desirable shape of the socio-economic system than the present 

one. However, the inconsistency of such an approach is that the assessment of 

transformation is subjective and can be perceived differently in the short and long 

term. While transformational change may pose opportunities for some stakeholders, 

it may be disruptive to others, particularly those who depend on the established 

system (Young, 2012). In addition, the distribution of the costs and benefits of 

transformation can be regionally differentiated and unevenly spread over time. 

Regions with a high degree of technology dependency, which face the most significant 

impact on the transition costs in the short term, can benefit from long-term changes 

due to well-designed policies.  

Moreover, the socio-ecological tipping points are difficult to predict. Their 

occurrence can usually be explained only retrospectively as they designate specific 

paths or development trajectories (Mey & Lilliestam, 2020). The challenges of tipping 

points predictions derive from the complexity of the socio-economic system, 

stakeholders’ perception of system dynamics (Ginkel et al., 2020) and their ability to 

impose the pace and course of transition (Sovacool, 2016). However, we argue that 

even if it is impossible to determine future tipping points precisely, the transmission 

mechanism and potential impacts should be analysed to identify feedback (either 

positive or negative), develop policy responses, and adopt mitigation measures if 

required. 

2.2. Tipping points and carbon tax: an 

economic perspective 

 

From the perspective of applied economy, tipping points/events can be detected 

as non-linearities or co-occurrence of different trends. As Maier et al. suggested, the 

tipping point concept has not received attention in this discipline yet, because most 

economic processes are considered reversible (Maier et al., 2020). However, a 

literature review about advancing state of the art on research on tipping points in 

economics also suggested immediate carbon tax implementation as a desirable option 

to accelerate decarbonization and decrease policy costs in the longer run (Maier et al., 

2020; Ploeg & Rezai, 2020). Following this statement, we assume that carbon tax can 

be a trigger to deliver a tipping point. 

The general climate policy debate recognised carbon tax as an efficient instrument 

to reduce emissions and ensure sustainable growth. In principle, the aim of the carbon 

tax should be to promote fair and sustainable energy consumption patterns and to 

enforce sectors, firms and households to accommodate cleaner energy pathways – or 

pay more and more in exchange for external costs in a longer run. Swedish or Finnish 
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carbon tax is often used as an example of transformative capacity. In these countries, 

carbon tax implemented in the early 1990s triggered and accelerated household 

heating transition towards cleaner energy carriers (Kerr & Winskel, 2021). 

However, there is no consensus about the general impact of carbon tax on 

behaviours of sectors and households. Most of the studies evaluate the ex-ante effects 

of the carbon tax adaptation. Recent results for the EU countries using Input-Output 

models and Household Budget Studies pointed out overall regressive carbon tax levels 

at the EU level as well as various national effects of carbon tax implementation on 

different income groups. In Poland, Romania and Hungary, the carbon tax was 

considered to be a regressive solution, in opposite to Luxembourg (where high-income 

groups would pay the most), Greece and Cyprus (where the middle-income group 

would pay the most; more: Feindt et al., 2021). A recent exhaustive overview of 

distributional impacts of carbon pricing has indicated progressive effects of carbon 

taxation in developing countries as well as within general transportation policies, with 

still limited discussion about revenue recycling mechanisms (Ohlendorf et al., 2021).  

Revenue recycling mechanisms are required to compensate for immediate 

negative sectoral effects (e.g. on the labour market) as well as to ensure the economic 

safety of the most vulnerable households. Carbon tax supporters argue that recycling 

mechanisms are particularly necessary for the households, as the most vulnerable 

ones proportionally lose a larger share of their incomes in case of excise tax and other 

typical taxes on energy services (Owen & Barrett, 2020). The general aim of revenue 

recycling mechanisms is to balance benefits and losses as well as increase political 

acceptance of carbon taxes (van der Ploeg, 2022). The choice of particular mechanism 

should reflect the goals that the public administration wants to achieve (Sokołowski 

et al., 2021). Popular distributional mechanisms include e.g. lowering pre-existing 

taxes (e.g. labour tax cuts), increasing pre-existing social transfers, introducing 

differentiated and/or targeted cash transfers (Berry, 2019; García-Muros et al., 2021).  

Recent results on the efficiency of revenue recycling mechanisms are challenging. 

The first 5-wave panel survey on Canadian and Swiss citizens proved limited effects 

of existing climate rebates on public attitudes regarded carbon pricing (Mildenberger 

et al., 2022). Also, the discrete choice experiment on 6,000 German households 

indicated that carbon tax revenues for green investments “might run the risk of 

‘preaching to the converted’ rather than building societal support with the groups that 

tend to oppose climate action” (Sommer et al., 2022, p. 11). The reasons may lead 

to perceiving the carbon tax as an ‘additional burden’ (Levi, 2021) for the society, 

opposite to the other climate policy instruments such as direct renewable energy 

support schemes or energy efficiency regulations. However, with each subsequent 

year, there are more and more critical voices in the EU regarding the existing ETS 

mechanism from the governments of less wealthy but still carbon-intensive countries 

in Central and Southern Europe. Such a mechanism is considered to be too expensive 

in relation to obtained reductions (Maj et al., 2021). In that way, we see sense to cast 

an eye on the alternative and assess the consequences of a carbon tax mechanism on 

selected CEE and Mediterranean economies. We chose Poland and Greece for further 

investigations. 

Poland and Greece have not been the subject of many empirical studies on carbon 

tax implementation. The exemption is a recent study by Antosiewicz et al. (2022), 

who studied the distributional effects of a carbon tax: direct and indirect effects as 
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well as the employment channel, using both macro and microeconomic models for 

Poland. The authors emphasized different distributional effects of revenue recycling 

mechanisms dependent on the economic policy target and suggested further studies 

on countries with the coal industry (Antosiewicz et al., 2022). Following this hint, we 

included Greece as a case study country at the different coal phase-out stage to assess 

the carbon tax as a potential trigger for the significant qualitative change in the 

decarbonization pathway.  
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3. Methodology 

3.1. Macroeconomic model – MEMO 

To assess the macroeconomic effects of implementing a carbon tax, we use the 

dynamic stochastic general equilibrium model (Macroeconomic mitigations options 

model – MEMO), developed at the Institute for Structural Research (Antosiewicz & 

Kowal, 2016; Antosiewicz et al., 2022). The model combines two strands of research 

– input-output and general equilibrium modelling. The main agents of the model and 

their interrelations are depicted in Figure 1. The model consists of the household 

sector, which maximises utility from consumption and leisure, the firm sector which 

maximises profits, the government sector which collects various taxes and finances 

public consumption, and a foreign sector responsible for trade with the rest of the 

world. The main features of the model include the division of the firm into sectors 

calibrated to the input-output matrix, search and matching on the labour market to 

the model transition of workers between sectors and endogenous adaptation of 

technology related to energy use.  

The sector structure of the model is calibrated using the 2015’s Polish and Greek 

industry by industry input-output matrix from the OECD statistics database, which 

uses the International Standard Industrial Classification of All Economic Activities 

(ISIC), Rev.4. In the model, we distinguish the following sectors and products: (1) 

agriculture and forestry; (2) mining and quarrying (3) light manufacturing (4) energy-

intensive manufacturing (5) advanced manufacturing (6) refined petroleum products 

(7) energy (8) construction (9) transport (10) market services (11) public services. 

 

Figure 1: Main agents of the model 

Source: (Antosiewicz et al., 2022) 
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3.2. Input-Output sector structure 

and emissions 

There are several distinct sets of parameters whose values need to be calculated. 

The main one is the parameters governing the firm and production side of the model. 

These parameters can be further specified as those which govern the value added1 

structure of the sectors, investment and compensation of employees in each sector, 

the intermediate use structure, which considers domestically produced and imported 

goods and a final use structure which also takes into account domestically produced 

and imported goods. A scheme of the production structure is shown in Figure 2. Each 

firm operates a production function which utilises a nested CES (constant elasticity of 

substitution) specification to combine the factors of production. In the first stage, the 

firm combines capital and energy, the second stage consists of adding labour, whereas 

in the final stage, this bundle is combined with materials (intermediate use). The 

material bundle is composed of products of each sector, which are further 

disaggregated into the imported and domestically produced parts. On the use side, 

the goods produced by each sector are purchased by the household as private 

consumption, by the government as public consumption, by firms as investment, or 

they can be exported. 

In order to calibrate the firm side of the model, we use the input-output (I-O) matrix 

from the OECD statistics database. This is a 36 activity by 36 activity matrix which 

uses the International Standard Industrial Classification of All Economic Activities 

(ISIC), Rev.4. However, for the purpose of this study, we have to disaggregate some 

sectors and products which are collapsed into a single activity in the OECD matrix. To 

conduct this disaggregation, such as the disaggregation of specific fossil fuels.  

 

1 It is defined as the value of output minus the value of purchased inputs (Abel et al., 2011). 
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Figure 2: Production process in MEMO model 

Source: (Antosiewicz & Kowal, 2016) 

In the first step, the OECD IO matrix is aggregated into the sectors summarised in 

Table 1. In the second step, we disaggregate several sectors related to fossil fuels and 

the electricity sector using the highly disaggregated IO matrix and data from the 

International Energy Agency regarding electricity generation by source. 

Table 1: Sector aggregation in MEMO model 

Abbreviation Sector NACE Sections 

AGR Agriculture A01-A03 

RAW_MAT 
Mining and quarrying (which 

produces coal, oil, gas and other) 

B05-B09 (coal: B05, oil: B061, 

gas: B062, other: B07-B09) 

IND_A Light manufacturing C10-C16 

IND_B Energy-intensive manufacturing C17, C18, C20, C22-C24 

IND_C Advanced manufacturing C21, C25-C33 

IND_RPP Refined petroleum products C19 
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Abbreviation Sector NACE Sections 

EL_COAL Coal electricity production Subset of D35 

EL_GAS 
Remaining Fossil Fuel Electricity 

Production 
Subset of D35 

EL_REN_INT 
Intermittent Renewable Electricity 

Production 
Subset of D35 

EL_REN_NONINT 
Nonintermittent Renewable 

Electricity Production 
Subset of D35 

ENERGY Energy  Subset of D35 

CONSTR Construction  F41-F43 

TRANS Transport  H49-H53 

SERV Market services 
E36-E39, G45-G47, I55-N82, 

R90-U99 

PBL Public services O84-Q88 

Source: (Antosiewicz & Witajewski-Baltvilks, 2018) 

 

 

In MEMO, we directly model CO2 emissions from the use of fossil fuels: coal, oil and 

gas. The volume of carbon emissions in a particular sector is modelled as a linear 

function of the use of these fuels, with coefficients set to match sector data regarding 

emissions. We do not model directly other non-carbon emissions, such as those 

resulting from industrial processes, waste processing, agriculture or captures in the 

forestry sector. Such emissions are treated in an indirect way in the post-processing 

phase of the modelling exercises. In case of running a carbon tax simulation, the 

agents in the model only react to the fossil fuel emissions which are modelled directly 

and do not, for example, reduce output in the agriculture sector to cut non-carbon 

emissions. 

3.3. Scenario specifications 

We consider two carbon tax scenarios, that according to NGFS would allow achieving 

a CO2 reduction in line with the 2˚Celsius climate mitigation target in Poland and in 

Greece (Table 2). The value of the carbon tax originate from integrated assessment 

models outputs. Tax 1 is calculated based on the MESSAGE-GLOBIOM and Tax 2 is 

based on the REMIND-MAgPIE. In the scenarios, the values of carbon taxes are similar 
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in both countries yet yield different results in terms of CO2 emission reduction. We 

applied a short-term perspective (until 2032) – considering that a 10-year horizon is, 

on the one hand, a relevant period to observe some specific macroeconomic shifts, 

and on the other hand, policy understandable and viable.  

 

Table 2: The values of the carbon tax in $ / tonne of CO2 

Abbreviatio

n 
2022 2024 2026 2028 2030 2032 

Tax 1 47.27 64.10 77.35 87.02 96.68 106.35 

Tax 2 16.77 33.53 44.41 49.40 54.39 57.92 

Source: own elaboration based on the MESSAGE-GLOBIOM and REMIND-MAgPIE  

models (NGFS, 2021) 

3.4. Limitations of the approach 

Even though the MEMO model is considered to be a well-ground tool to assess the 

impact of environmental policy on macroeconomic indicators, we would like to 

emphasize three important limitations of the approach.  

• First, because of the lack of data at the time of this study, we use Input-Output 

(I-O) tables from 2015. Moreover, because of missing information at the regional 

level as well as in national statistical offices, we do not possess regional I-O tables 

for the Upper Silesia as well as Western Macedonia. In that way, we quantitatively 

combined insights about decarbonisation challenges at the national level with the 

regional economic context.  

• Second, I-O tables from 2015, as well as the unavailability of macroeconomic data 

at the stage of preparation of this working paper, do not allow us to emphasize 

pandemic (2020) and energy price shock (2021), which were certainly an 

important tipping point in the most of the European countries, including Poland 

and Greece.  

• Third, following García-Muros et al. work, the exact numerical values should be 

treated with a great degree of caution, given that many aspects of the labour 

market and other details are simplified or beneath the level of model aggregation 

(García-Muros et al., 2021). 
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4. Results 

Following the overview of questions which need to be addressed by economists in the 

tipping point debate (Maier et al., 2020), we decided to focus on the impact of a 

carbon tax on three main modelling outputs: (1) gross domestic product, (2) 

unemployment rate and (3) value added and employment in specific sectors in Poland 

and Greece.  

Table 3: Selected economic variables and questions to address in a TP debate 

Economic 

variables 
Questions to be addressed Working paper questions 

GDP/value added 

How could the level and/or the 

composition of GDP and value 

added develop? 

(1) Will the macroeconomic 

effects of introducing a carbon 

tax  

(a) consolidate the phase of 

transition and reinforce its 

irreversibility (positive tipping 

triggers), or  

(b) weaken the efforts to reduce 

emissions due to the social costs 

of transformation (negative 

tipping triggers)? 

Sectoral 

employment 

In which markets/sectors could 

job losses emerge?  

In which markets, sectors could 

job creation emerge 

Competitiveness 

Which advantages or 

disadvantages in terms of 

competitiveness could a TP 

generate for industries, sectors, 

and regions? 

Sectoral Inputs 

and Outputs 

Which shifts in both inputs and 

outputs could take place across 

sectors? 

(2) How the carbon tax 

introduction will affect the value 

added and labour market in 

selected sectors of the 

economy? 

Source: (Maier et al., 2020) 

Gross Development Product 

The overall effect of a carbon tax on Polish GDP (Figure 3) ranges from 1.8-3.2% in 

2032. Importantly, these differences still mean there would be a GDP expansion 

(according to the OECD forecast for Poland) in the short run (OECD, 2021). Moreover, 

the carbon tax leads to a substantial reduction of CO2 emissions by 36-67% by 2032, 

depending on the tax rate. 

Therefore, the introduction of a carbon tax in Poland of even a lower rate (between 

16-58 $ per tonne of CO2) could be considered a positive and sustainable tipping event 

from the aggregate economic effects point of view and the resulting reduction of the 

carbon intensity of the economy. Alternatively, a higher carbon tax levels result in a 

higher decrease in the GDP and lower emissions.  
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Poland Greece 

  

Figure 3: The differences in the GDP and CO2 emissions if a particular 

carbon tax scenarios are applied in Poland and Greece, between 2022 

and 2032 (% deviation from no carbon tax scenario) 

Source: own elaboration based on the MEMO model 

For Greece, the introduction of a carbon tax yields lower results in the GDP compared 

to Poland (Figure 3). The GDP would change by -0.9% to -1.7% by 2032. Importantly, 

even the lower value of carbon tax results in the reduction of CO2 emissions by 52%. 

If a higher value of carbon tax is implemented, emissions will decrease by 97% by 

2032. This matches the decarbonisation target of the Greek government. Again, we 

evaluate the carbon tax as a positive tipping event that results in a manageable overall 

impact on the economy, and a substantial reduction of CO2 emissions. 

Unemployment 

Poland has one of the most carbon-intensive economies in the EU (Alves Dias et al., 

2018), with about 87,600 people working in the coal mining (and with 51,200 more 

in associated industries only in Upper Silesia; (Frankowski et al., 2022). Therefore, 

we estimate the effects of the carbon tax channelled through changes in the 

employment and wages levels (Figure 4). We estimate the unemployment rate to 

change by 5.4-9.9% by 2032, depending on the tax rate. Generally, higher carbon 

tax rates result in an increased unemployment rate. These changes would also be 

channelled through lowered wages (between 4.9-9.0% by 2032). We note that the 

negative effects of the carbon tax on the labour market may trigger opposition against 

the climate policy. Therefore, the introduction of the carbon tax has to be followed by 

support policies on the labour market. Compared to Poland, the labour market effects 

of the introduction of carbon tax in Greece are substantially lower. Carbon tax leads 
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to the rise of the unemployment rate by 2.4-4.3% and a drop in wages of 1.6-3.6%. 

Poland Greece 

  

Figure 4: The differences in wages and unemployment rate of particular 

carbon tax scenarios in Poland and Greece, between 2022 and 2032 (% 

deviation from no carbon tax scenario) 

Source: own elaboration based on the MEMO model 

Sectors: value added and employment 

For Poland, the implementation of a carbon tax would cause different structural shifts 

than in Greece. The services sector would be the most exposed to the aggregate 

macroeconomic changes induced by the carbon tax, both in Poland and in Greece. 

This results signal that the service sector is the most exposed to the changes due to 

a carbon tax, yet we expect a higher level of economic resilience in services compared 

to the industry that is less prepared to undergo changes in response to the new market 

conditions. Therefore, the industry still needs more attention of the policymakers. 

However, in Poland, the contribution of different industries to the value added 

decrease is substantially higher than in Greece, especially because of the relatively 

high share of mining and quarrying, construction and advanced manufacturing. 

Among the industry sector in Greece, light manufacturing would mostly lower the 

added value.  
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Poland Greece 

  

Figure 5: The impact of carbon tax on value added broken by sectors in 

Poland and Greece 

Source: own elaboration based on the MEMO model, MESSAGEix, and Eurostat 

(2019) 

The most severe differences between Poland and Greece are visible in the structure 

of employment decrease. In Poland, after carbon tax implementation, more than a 

half of the decline in employment would concern industry and construction jobs – 

especially in mining and energy-intensive activities. It means that these sectors in 

Poland are particularly vulnerable to the social consequences of decarbonisation. 

In Greece, the share of the industry section in terms of employment decline is higher 

than in terms of added value and considered almost 30% of all. What is interesting, 

carbon tax implementation will also significantly reduce the number of jobs in 

agriculture, as in both countries there is overemployment in this sector.  
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Figure 6: The impact of carbon tax on employment broken by sectors in 

Poland and Greece  

Source: own elaboration based on the MEMO model, MESSAGEix, and Eurostat 

(2019) 
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5. Discussion 

Poland and Greece are at different decarbonisation stages and pathways and a carbon 

tax would have more impact on Poland. In Greece, the effect of a carbon tax would 

be less severe and would impact the services sector the most.  

Adapting carbon tax in Poland would impact the employment in the mining and 

construction sectors. Especially, the high share of employment in mining contributing 

to potential employment losses suggests that carbon tax would accelerate coal phase-

out and cause structural changes in the mining industry. However, due to demographic 

and economic trends as well as positive institutional arrangements, the future 

employment outlook of the coal phase-out in Poland is more favourable than it was in 

the past and easier to manage (Sokołowski et al., 2022). In Greece, the carbon tax 

implementation will affect mostly the services employees, as well as agriculture and 

construction workers.  

Because of climate policy pressure on carbon pricing solutions, business started to 

adopt cleaner energy technologies to maintain competitiveness in a longer run. In 

2021, KGHM (Polish iron ore mining company with headquarters in the Lower Silesia) 

and Synthos (chemical industry representative from Lesser Poland) declared readiness 

to invest in small modular reactors (SMRs), which means that the nuclear energy in 

Poland could be adapted by the private sector quicker than the state-led energy 

investments. Another private lignite mining and energy conglomerate – ZEPAK – 

switched from lignite-fired power plant to biomass (Eastern Greater Poland) and 

started investing in photovoltaics and hydrogen technologies (Hetmański et al., 2021). 

Also, state-led economic champions representing the energy industry (such as ORLEN, 

PGE, Tauron) announced their carbon neutrality plans before the official Polish Energy 

Policy publication, what should also be treated as an early signal for accommodating 

cleaner energy pathway in Poland.  

The carbon tax, as well as immediate and efficient climate policy instruments, will 

disproportionally affect coal and carbon-intensive regions. Even though we do not 

have exact results for particular regions and subregions, sectoral statistics and 

bottom-up studies allow us to conclude that coal and carbon-intensive regions and 

their inhabitants may face stronger consequences than people in other regions. It is 

noteworthy that not only coal industry employees will be affected but also those 

indirectly associated with mining. The studies conducted in Western Macedonia and 

Upper Silesia suggested slightly different second-tier affected sectors: construction 

and professional services in terms of lignite mining in Greece (Christiaensen & Ferré, 

2020) as well as manufacturing of basic metals, fabricated metal products, machinery 

and equipment in hard coal mining in Poland (Frankowski et al., 2022). It means that 

these industries and activities should also be considered in the discussion about 

decarbonisation, as they probably first face the consequences of decreasing demand 

for their work and do not possess such safety nets as coal industry workers. 

Carbon tax adoption would affect Upper Silesia more than it would impact Western 

Macedonia. However, it does not mean that Upper Silesia is a particularly vulnerable 

region as it is economically diversified and more resilient to economic changes. In 

addition, Upper Silesia seems to be in a relatively comfortable situation, as the region 

experiences positive educational and labour market shift (Sokołowski et al., 2022) 
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with relatively high transformation capacities, such as a dense institutional ecosystem, 

a clear development vision and favourable economic conditions to prepare for the coal 

exit. However, the region will require additional support to make a shift towards new 

highly-productive, zero-emission emerging areas such as modern advanced industry 

automotive or endogenously developed IT services (Micek et al., 2022). 

Considering all the potential effects of a carbon tax on macroeconomic indicators, a 

just revenue recycling mechanisms are crucial. We suggest that resources collected 

from carbon tax should boost the support from Territorial Just Transition Plans in coal 

and carbon-intensive regions and provide long-term, stable and independent support. 

Moreover, the revenues should be earmarked and targeted to avoid transferring 

carbon revenues for other purposes than climate change mitigation policies and their 

compensations. Recycling revenue mechanism should recognise regional needs in 

terms of decarbonisation, provide safety nets and retraining programmes for 

employees at risk, support regional and local SMEs (i.e. by enhancing activities of 

regional and local loan funds and offering credit line and R&D grants for enterprises 

in transformation etc.) to build transformation capacities and make the regions 

resilient. The real challenge would be to establish a tangible connection between the 

recycling revenues and policy to make this mechanism understandable (Mildenberger 

et al., 2022) and to promote heterogeneous instruments that would sustain the 

climate policy options at a relatively ambitious level. 
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6. Conclusions 

In this deliverable, we applied DSGE MEMO model to assess the potential medium-

term impact of carbon tax adaption on basic macroeconomic indicators in Poland and 

Greece. The results confirm general intuitions: substantially stronger impacts of 

carbon tax on GDP and unemployment in more industrial and carbon-intensive 

economies. However, the results also suggested substantial labour market effects on 

other sectors than mining: light industry and construction in Greece and energy-

intensive and advanced industries in Poland, which have not yet received much policy 

attention so far, which we found particularly promising for further regional 

investigations. 

Coal and carbon-intensive regions and their inhabitants will be highly exposed to the 

consequences of the decarbonisation process due to changes in the labour market and 

the reduction of the activities directly and indirectly related to mining and coal-fired 

power. This vulnerability justifies the introduction of shielding mechanisms and 

additional support for the profound transformation of the regional economy. 

Importantly, these changes should aim at a strong diversification to make these 

regions more resilient to external shocks in terms of the added value generated and 

the stability of the labour market. 

Finally, on the basis of this exercise, we cannot arbitrate whether carbon tax 

implementation would consolidate the transition phase or weaken the efforts due to 

the social costs of transformation. Modelling is a theoretical process and, as Meier et 

al. (2020) observed, many processes in economy are reversible. The introduction of 

carbon tax may pose a tipping event that accelerates the system toward the desired 

pathway. According to the results, this instrument enables significant reduction of 

emissions, however the positive structural effects of such a change are not sustainable 

and require policy interventions to mitigate negative impacts on carbon-intensive 

regions and vulnerable labour market. On the basis of this exercise, it is more 

reasonable to treat carbon tax rather as an additional political trigger which can prove 

the agency of particular narration than the tool which can allow us to determine or 

ex-ante detect any future tipping point.  

It is probably easier to answer how to maintain carbon tax and minimise social costs 

of transition. We argue that such mechanism should be implemented in line with 

tangible and explicable revenue recycling mechanism. But our postulate is a result of 

the short policy review of recent experiments and studies in this document rather than 

the evidence from modelling exercise. The choice of revenue recycling mechanism 

should reflect the goals that the public administration wants to achieve. What we can 

recommend here is to uncover distributional trade-offs between competitiveness and 

inequalities as well as to ensure fair procedures to prepare such a mechanism.  
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Appendix 1: MEMO model structure 
Following Antosiewicz et al. (2022), we summarise the main structure of the model. 

The model assumes a small open economy with four agents: (a) households, (b) firms, 

(c) government, and (d) the foreign demand sector. These agents interact in three 

markets: (1) labour, (2) capital, and (3) goods market. 

Households  

There are many identical households in this economy that conform a representative 

household that chooses consumption from maximizing an inter-temporal CRRA utility 

function. There is no leisure in the utility function. The usual budget constraint applies. 

The household uses labour income, firms’ profits, the return from previous savings to 

pay consumption, value added and income taxes, and quadratic search costs in the 

labour market expressed in terms of consumption goods. The working age population 

is divided between employed and unemployed workers. 

Firms 

The model is composed of 12 sectors described in the introduction. It must include 

raw materials and energy sectors, given the nature of our problem (the 

macroeconomic effects of a carbon tax). The calibration of the production function and 

the relations across sectors comes directly from the input-output matrix.  

Following Figure 1, firms produce a basic sectoral good under monopolistic 

competition, employing capital, labour, materials and energy as production factors. 

There are trading firms that purchase this good and sell it to domestic and foreign 

sectoral markets. The agents that buy this good are (i) (as intermediate demand) 

producers of basic goods (in each sector); (ii) (sectoral) export firms, which distribute 

domestic production in foreign markets; and (iii) three types of domestic final goods 

producers, providing investment, government, and private consumption goods. The 

final production is traded on the goods market with households, basic producers and 

the government in accordance with the flows established from the input/output 

matrix. 

𝐾𝐿𝐸𝑀𝑡
𝑠 = 

𝑌𝑡
𝑠 = 𝑒𝜉𝑡

𝑌
× 𝐾𝐿𝐸𝑀𝑡

𝑠 

where KLEM is an aggregate production factor that uses capital (K), labour (L), 

electricity (E) and materials (M). This is constructed using CES aggregator between K 

and E, then we add L, and finally M. Where 𝑌𝑡
𝑠 represents an output of sector s at time 

t, 𝜃𝑀,𝑡
𝑠  represents the share of materials in the production process of the basic good 

and 𝜖𝑀
𝑠  is the elasticity of substitution between materials and the capital labour-

electricity (KLE) composite production factor. 𝜉𝑡
𝑌 is an economy-wide productivity 

shock that we use to calibrate the dynamics properties of the model. 

Materials play a key role in the model to estimate CO2 emissions. Intermediate 

material used in sector s, 𝑀𝑡
𝑠 is obtained from a composite of fuels (𝐹𝑈𝐸𝐿𝑆𝑡

𝑠) and a 

composite of all other intermediate inputs. 

𝑀𝑡
𝑠 = 

Where 𝜃𝐹𝐿𝑆,𝑡
𝑠  and 𝜃𝑀𝑂,𝑡

𝑠  denote the share of fuels and other material in the intermediate 
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input, with 𝜃𝐹𝐿𝑆,𝑡
𝑠 + 𝜃𝑀𝑂,𝑡

𝑠 = 1, while 휀𝑀𝐹 represents the elasticity of substitution between 

inputs. In turn, combining materials 𝑀𝑖,𝑡
𝑠  in a Leontief production function generates 

the composite 𝑀𝑂𝑡
𝑠, used from all the basic goods sector: 

𝑀𝑖,𝑡
𝑠 = 𝜃𝑖,𝑡

𝑠 𝑀𝑂𝑡
𝑠 

where 𝜃𝑖,𝑡
𝑠  (with ∑ 𝜃𝑖,𝑡

𝑠
𝑖∈𝑠 =1) denotes the shares of intermediate good i in overall material 

consumption in sector s. Note that this specification allows for the introduction of 

energy material input into the composite MO For the purpose of calibration, energy 

only enters in the production of electricity and raw materials, to replicate the high 

volatility of these two energy inputs observed in the data. 

Raw materials intermediate goods (different from fuels, e.g. coal, oil gas, etc.), use 

raw materials in a Leontief production function. In the case of fuels, a CES aggregator 

combine all the relevant types of fuels needed for their production. 

𝐹𝑈𝐸𝐿𝑆𝑡
𝑠 = 

Where {𝐹𝐿𝑆} is the set of fuels, 𝑀𝑘,𝑡
𝑠  denotes input of k-th type of fuel, 𝜃𝑘,𝑡

𝑠  is the share 

of k-th fuel type in fuels intermediate input composite, and 𝜖𝐹𝐿𝑆
𝑠  denotes the elasticity 

of substituting between different fuels in sector s.  

In summary, the set of intermediate sectoral input, 𝑀𝑖,𝑡
𝑠 , is the union of the sets of all 

intermediate inputs, raw materials different than fuels and fuels. Since, this is a small 

open economy, 𝑀𝑖,𝑡
𝑠  is a composite goods produced with inputs made at home (𝑀𝑖,𝐻,𝑡

𝑠  

and abroad (𝑀𝑖,𝐹,𝑡
𝑠 , combined according to the Armington aggregator. 

The final basic good in sector s, 𝑌𝑡
𝑠
 is a composite made of intermediate goods 

produced in the way just described. The final firm produces the final good using the 

Dixit-Stiglitz aggregator and selling it in a perfectly competitive market. 

𝑌𝑡
𝑠
= 

Where parameter 𝑝𝑠 sets the markup. 

Investment decisions 

Firms make capital accumulation decisions in a way which maximizes the profit. 

Government 

The government collects value added tax, corporate income tax, labour income tax, 

some specific taxes and CO2 emission tax. The revenue is spent on public goods, 

transfers to households and interests on public debt.  

External sector 

Given the small open economy assumption, the economy is price taker in international 

markets for exports and imports. There is open capital account, which defines external 

assets (debt) accumulation. 

Crucial aspects of the model 

Antosiewicz et al. (2022) highlight two relevant features of the model: the modelling 

of the CO2 emissions and the labour market frictions. 

CO2 emissions 
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Firms and households produce CO2. Firms in sector s produce 𝐶𝑂2
𝑠 as a by-product 

while using intermediate goods. 

Formally: 

𝐶𝑂2
𝑠 = 𝜃𝐻,𝐶𝑂2,𝑡

𝑠 × 𝑌𝑡
𝑠 +∑𝜃𝑗,𝐶𝑂2,𝑡

𝑠

𝑗∈𝑇

× (𝑀𝑖,𝐻,𝑡
𝑠 +𝑀𝑖,𝐹,𝑡

𝑠 ) 

where 𝜃𝐻,𝐶𝑂2,𝑡
𝑠  defines the amount of CO2 in sector s by using j-type material produced 

in home (H) or foreign country (F). The main assumption is that only fuels 

consumption generates CO2, in other words 𝜃𝐻,𝐶𝑂2,𝑡
𝑠 ≠ for 𝑗 ∈ {𝐹𝐿𝑆}. Moreover, chemical 

processes other than fuel combustion can also produce CO2. We assume that such 

CO2 emission is proportional to the amount of goods and services produced in a given 

sector and is controlled by the parameter 𝜃𝐻,𝐶𝑂2,𝑡
𝑠 . Similarly, the amount of CO2 emitted 

by households is equal:  

𝐶𝑂2
𝐶𝑁𝑆 =∑𝜃𝑗,𝐶𝑂2,𝑡

𝐶𝑁𝑆

𝑗∈𝑡

×𝑀𝑗,𝑡
𝐶𝑁𝑆 

Labour market 

Sectoral supply and total demand for labour Wages in the model are sector specific. 

They are determined in general equilibrium, and hence they react to changes in 

sectoral demand induced by climate policy. The sectoral demand for labour is 

determined by the optimization of representative firms in all sectors. To model labour 

supply curves at a sectoral level, we assume the existence of an intermediary between 

representative workers and sectoral firms that allocates workers to different sectors 

using Constant Elasticity of Substitution technology. In addition, we let the 

intermediary decide on the total number of vacancies in the economy, which we use 

to determine the unemployment rate. 

The intermediary optimization problem is given by 

𝑚𝑎𝑥
{𝑁𝑡,𝑛𝑡,𝑉𝑎𝑐𝑡}𝑡=0

∞
𝑉𝑡
𝐿 = 𝜋𝑡

𝐿 + 𝜆𝑡+1𝑉𝑡+1
𝐿  

Subject to: 

𝜋𝑡
𝐿 =∑𝑤𝑡

𝑠𝑛𝑡
𝑠 − 𝑤𝑡𝑁𝑡 − 𝑣𝑉𝑎𝑐𝑉𝑎𝑐𝑡

𝑠

 

𝑁𝑡 = 𝜔𝑁 

𝑁𝑡 = (1 − 𝛿𝐿)𝑁𝑡−1 + 𝛷𝑡𝑉𝑎𝑐𝑡 

Where 𝑉𝑡
𝐿 is the discounted sum of profits, 𝜋𝑡

𝐿 is the profit in period t, 𝜆𝑡+1is the discount 

factor (determined endogenously based on the interest rate), 𝑤𝑡
𝑠 is wage in sector s, 

𝑛𝑡
𝑠 is the supply of workers in sector s, 𝑤𝑡 is the aggregate wage (received by 

representative worker) and 𝑁𝑡 is the total demand for labour, 𝑣𝑉𝑎𝑐is the cost of having 

an open vacancy (which could be interpreted as a search cost), 𝑉𝑎𝑐𝑡 is the number of 

open vacancies, 𝜔𝑁 and 𝜔𝑁
𝑠  are parameters calibrated to ensure that number of workers 

in each sector and total number of workers are the same as in input-output matrices 

for Poland, 휀𝐿 is the elasticity of transformation between sectors, 𝛿𝐿 is a job destruction 

rate (exogenous in the model) and 𝛷𝑡 is the probability of filling the vacancy.  
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The intermediary takes aggregate wage (𝑤𝑡), sectoral wages ) and probability of filling 

the vacancy (𝛷𝑡) ) as given and decides on total demand for labour (𝑁| |𝑡), its 

allocation across sectors (i.e. supply of labour at a sectoral level, 𝑛𝑡
𝑠) and a total 

number of vacancies (𝑉𝑎𝑐𝑡). 
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Appendix 2: Descriptive statistics  
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Source: own elaboration based on Eurostat [NAMA_10_PC, ENV_AC_AINAH_R2] 
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