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ABSTRACT  

At the beginning of 2010, the fiscal situation of Greece was unsustainable, and an 

ambitious but costly adjustment plan had to be put in place under a consortium of the 

International Monetary Fund, the European Commission and the European Central 

Bank. It took three consecutive adjustment programmes, including debt-relief through 

private sector involvement, to restore confidence in the economy and achieve a 

budget surplus. In this paper, we provide a theoretical analysis of the Greek Crisis 

starting from 2010. We build a series of counterfactuals using the National Institute 

General Econometric Model (NIGEM) to analyse why the cost of the adjustment in 

terms of GDP loss and increase in debt-to-GDP ratio turned out to be much worse than 

expected. In doing so, we analyse three scenarios: (i) one in which we simulate a much 

more conservative cut in public investment by the Greek central government; (ii) a 

second scenario of a lower risk-premium, signalling, e.g., lower political and re-

denomination risks, had the European Central Bank guaranteed its lending of last 

resort role earlier than 2012; (iii) finally, a similar financial envelope as the one 

adopted during the first Greek adjustment programme but over a longer period, 

moving beyond the standard IMF three-year duration programmes. We find that the 

mix of expenditure cuts and loss of confidence among households and firms explain a 

large part of the unanticipated costs of the adjustment in the Greek crisis. 
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1. Introduction 
 

The design and implementation of the Greek adjustment programmes between 2010 

and 2018 constituted one of the largest economic challenges since the creation of the 

euro area. At the beginning of 2010, the fiscal situation of Greece was unsustainable. 

An ambitious but costly adjustment plan had to be put in place under a consortium of 

the International Monetary Fund, the European Commission and the European 

Central Bank. A severe macroeconomic adjustment was inevitable given the size of 

the fiscal imbalance: it took three consecutive adjustment programmes, each of the 

duration of about three years, to restore confidence in the economy and to achieve a 

budget surplus. Successfully restoring market access to Greece was critical to the 

credibility of the euro area. In this sense, the implications of the Greek crisis extended 

well beyond Greece. The bailout package that Greece received was large partly 

because of fears of contagion to other euro area countries. This tested the strength 

and the limits of the currency union, and of the European project more in general.  

In this paper, we provide a theoretical analysis of the Greek Crisis starting from 2010. 

Critical points in calibrating the Greek adjustment programme concern the economic 

and financial context, the instruments available, the intended speed of the reforms 

and the sequencing of policy changes.  

We build a series of counterfactuals using the National Institute General Econometric 

Model (NIGEM) to analyse why the cost of the adjustment in terms of GDP loss and 

increase in debt-to-GDP ratio turned out to be much worse than expected. In doing 

so, we analyse three scenarios: (i) one in which we simulate a much more conservative 

cut in public investment by the Greek central government; (ii) a second scenario of a 

lower risk-premium, signalling, e.g., lower political and re-denomination risks, had the 

European Central Bank guaranteed its lending of last resort role earlier than 2012; (iii) 

finally, a similar financial envelope as the one adopted during the first Greek 

adjustment programme but over a longer period, moving beyond the standard IMF 

three-year duration programmes. 

While many of the long-term effects of the adjustment might not be observed given 

that the third programme concluded recently, we find that the mix of expenditure cuts 
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and loss of confidence among households and firms explain a large part of the 

unanticipated costs of the adjustment in the Greek crisis.  

 

1.1 The three adjustment programmes 
 

Starting from late 2009, the Greek government quickly lost access to international 

market funding, as it emerged that Greece had previously underreported its budget 

deficit. As a result, foreign investors’ confidence crumbled, and between 2010 and 

2012, the 10-year bond yield on Greek government debt increased dramatically, from 

around 5 per cent to close to 30 per cent, making it increasingly harder for the Greek 

government to withstand its debt obligations.  

That corresponded also to a period during which the debt stock accelerated in Greece. 

The sovereign debt crisis turned into an economic depression, with GDP declining by 

28 per cent from its 2007 peak, making it one of the worst episodes ever suffered by 

a developed economy in non-war times. 

The financial crisis revealed structural weaknesses in the Greek economy. Greece 

required three multilateral bailout loans: two three-year loans agreed in 2010 and 

2012 from the consortium of the International Monetary Fund, the European 

Commission, and the European Central Bank. The third programme in 2015, under the 

new European Stability Mechanism (ESM), 

In May 2010, the first economic adjustment programme for Greece was agreed in the 

form of a Memorandum of Understanding (MoU) totalling EUR 110 billion. The bailout 

loan, with interest payments set at 5.5 per cent, was conditional on the 

implementation of fiscal consolidation measures, structural reforms and the 

privatization of many government assets. To increase credibility, the Greek 

government created in July 2010 the Hellenic Statistics Authority, an independent 

body in charge of producing official statistics, spun off from the Ministry of Finance. 

The first Economic Adjustment Programme (EAP) managed to improve the country’s 

primary fiscal balance by cutting spending and increasing taxes, but at the cost of 

worsening the ongoing economic recession. The sovereign debt crisis also affected 
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several other euro area countries including Ireland and Portugal which also received 

emergency lending.  

As the Greek economy moved deeper into recession, in the context of a euro area-

wide slump, the adjustment path proved unreachable, and a second adjustment 

programme was agreed in March 2012. The new programme consisted of an extension 

of the maturity of the bailout loan from 7 years to 15 years and a reduction in the 

interest rate from 5.5 to 3.5 per cent. Private institutional investors, including banks, 

also agreed in March 2012 to write-off half of the Greek debt they held as part of the 

private sector involvement (PSI) programme to lighten Greece’s overall debt burden. 

This programme helped prevent Greece leaving the euro, which could have 

destabilized the whole euro area by laying bare the limits of an incomplete monetary 

union (De Grauwe, 2018). One of the objectives of the second adjustment programme 

was an ambitious reduction in the debt-to-GDP ratio from 160 per cent in 2012 to 120 

per cent by 2020. Once again, the severity of the recession, fuelled by the spending 

cuts and the tax increases, made that objective impossible to reach within the three 

years. 

As the first two programmes proved insufficient to deal with the structural 

weaknesses of the Greek economy, in 2015, a third multilateral loan was agreed 

among the Hellenic authorities, the European Commission, the ECB and the European 

Stability Mechanism (ESM). The loans agreed over the different programmes were all 

granted on the condition of the Greek government adopting far-reaching demand and 

supply-side reforms intended to enable the Greek government to regain access to 

international debt markets. The third adjustment programme agreed in 2015 totalled 

EUR 86 billion. The adjustment programme included a wide range of reforms, 

including tax, pension and justice reforms. The EU also committed to extra investment 

in Greece as part of the “Juncker plan”.  

Economic growth finally started to resume in 2017, as deflationary policies enacted 

during the previous years finally gained traction.  The primary balance turned to a 

surplus that reached more than 4 per cent of GDP in 2018. Greece was able to repay 

early part of its debt to the IMF in 2019 and raise funding from international debt 
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markets at a lower cost compared to the cost of servicing debt from International 

Financial Institutions such as the IMF or the ESM.  

However, the damage that the Greek economy suffered from the Great Recession and 

its follow-up sovereign debt crisis was considerable: GDP per capita declined from 77 

per cent as a percentage of the euro area average in 2009 to 57 per cent in 2018. Debt-

to-GDP ratio stocked to 180 per cent in 2018, well before the COVID-19 shock. 

 

1.2 Three policy questions 
 

The question dominating the Greek adjustment programme debate is whether the 

adjustment could have been done less painfully. For this purpose, we look at the key 

economic issues that underpin the macroeconomic and fiscal path during an 

adjustment programme; all of which will be tested by providing economic 

counterfactuals through the National Institute Global Econometric Model (NiGEM) – 

see Annex for the technical details of the model. 

I. The first issue relates to the role of public investment cuts in the 

adjustment programmes. Although reducing public investment was not 

one of the explicit goals of any of the adjustment programmes, public 

investment was reduced from €14 billion in 2009 to less than €5 billion in 

2011; it stayed at a much lower level until the end of the third adjustment 

programme. This reduction in investment, equivalent to around 2 per cent 

of GDP, was much larger and more persistent than the reduction of about 

0.2 percentage points of GDP planned in the first adjustment programme 

(Lenoël et al, 2020). 

A reduction in public investment typically impacts the economy via two channels. First, 

it reduces GDP directly through its effect on aggregate demand. Secondly, this affects 

also supply, through a reduction in the capital stock leading to a permanent reduction 

in potential output. The large reduction in public investment had large and persistent 

economic consequences in a country where public investment accounted for nearly 

1/3 of overall investment (compared to an average of 1/8 in the OECD countries). The 
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OECD, for instance, criticized Greece for making drastic cuts in its railway 

infrastructure. They noticed that the average infrastructure spending on railways 

declined by 71 per cent between 2000-08 and 2009-15 whereas the average spending 

on roads fell by less than 10 per cent (OECD, 2018). 

Using data from 17 OECD countries between 1985 and 2015, Abiad et a.l (2016) found 

that increased public investment raises output, both in the short term and in the long 

term, crowds-in private investment, and reduces unemployment. They found that 

those effects depended on several factors including economic slack, public investment 

efficiency and how public investment was financed. 

Because the multiplier for public investment tends to be larger than for other fiscal 

measures (see for example Abiad et al, 2016), it was thus economically not ideal to 

focus such a large part of the deficit reduction on public investment. One important 

consideration with regards to public investment in Greece is that a significant part of 

the projects was co-financed by the European Union. Between 2010 and 2017, public 

investment co-financed by the EU accounted for about 8/10 of total public 

investment. Some of the EU-funded projects were not implemented because of a lack 

of funding from the Greek-side (Lenoël et al, 2020). 

 

Figure 1:  The loss in consumer and business confidence 

 

Source: European Commission 
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II. The second issue – partly related to the first one – is the role of confidence 

in shaping the path that allowed Greece to regain market access. The 

European Commission confidence indices measuring consumers’ 

confidence of industry and services sectors show that it took about 10 

years to restore confidence to levels that prevailed before the financial 

crisis (Figure 1). Between January 2010 and February 2012, the Greek 10-

year government bond yield increased from 6 to 36 per cent. Such a 

punitive rate illustrated that – despite being for two years in an adjustment 

programme supported by the IMF, the European Commission and the 

European Central Bank – financial markets did not expect the Greek 

government to repay its debt (see also European Commission, 2010a).  

The link between risk premium and confidence is well established in the literature. An 

increase in confidence is generally expected to lead to a decrease of risk premium. For 

example, Bansal and Shaliastovich (2010) show, using a general equilibrium model, 

that asset price cycles that do not match real business cycles can be explained by 

changes in investors’ confidence that directly impact the risk premium. Chowdhury     

11) establishes empirically the link between equity risk premium and consumer 

confidence. The author finds that during the Great Recession, the increase in equity 

risk premium can be explained by a collapse in consumer confidence. Similarly, 

Alesina, Prati and Tabellini (1989) explain that a run-on government debt can be a self-

fulfilling event where investors lose confidence in the ability of the government to roll 

over debt, leading to an increase in risk premium and in bond yield, which makes the 

burden of debt higher for the government and increases again the risk of default and 

the risk premium paid by investors. 

III. The third issue was the length and the severity of the adjustment. Many 

economists have argued that the adjustment programme in Greece was 

too severe (see also Alcidi and Gros, 2019). With a more gradual 

adjustment spread over a longer period, would Greece have avoided the 

downward spiral of lower growth and more fiscal consolidation? In 

economic terms, the debate boils down to whether the fiscal multiplier is 

higher in the initial part of the adjustment programme or in the later part.  
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The literature on fiscal multipliers suggests that the fiscal multiplier is generally time 

and state-dependent. For example, Auerbach and Gorodnichenko (2012) and 

Bachmann and Sims (2012) estimated spending multipliers to be approximately zero 

in expansions and as high as 2 or 3 in recessions. Batini et al. (2012) and Jorda and 

Taylor (2013) suggest that even when achieved during an expansionary period, 

consolidations can make recessions more likely. From a political point of view, this is 

particularly relevant for positive but mild-growth periods. Batini et al. (2012) argue 

that frontloading consolidations during the early stages of a crisis risk to intensify the 

costs of consolidation itself, thus delaying any efforts of reduction in the debt-to-GDP 

ratio. To a similar token, Holland and Portes (2012) highlighted the potentially “self-

defeating” nature of austerity measures when implemented at unpropitious times, for 

example, in the presence of liquidity constrained consumers. They showed how 

aggressive austerity policies could lead in some cases to increases in the debt-to-GDP 

ratio when the level of GDP declines and that this could have a destabilising impact on 

sovereign yields and fiscal sustainability.  

Monetary policy could in general help alleviate some of the pain of a fiscal contraction. 

But this tool is not so much available in a currency union. The literature finds that the 

fiscal multipliers tend to be higher at the Zero Lower Bound (ZLB) (see Christiano, 

Eichenbaum, and Rebelo, 2011; Eggertsson, 2011; and Woodford, 2011). In the first 4 

years of the adjustment programmes, from 2010 to 2014, the ECB interest rates were 

not at the ZLB. It is only on 10 September 2014 that the main refinancing operations 

interest rate reached 0.05%, which can be considered ZLB, and it has stayed close to 

0 until the immediate aftermath of the COVID-19 shock. According to the argument 

that the fiscal multiplier is higher at the ZLB, ex-post it was preferable to front-load 

the adjustment before the interest rate reached the ZLB. 
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2. Literature review 
 

The fact that Greece required three consecutive Economic Adjustment Programmes is 

a testament of the size and complexity of the adjustment that Greece had to go 

through.  

One strand of the literature looks at the factors that contributed to the emergence of 

the Greek crisis. Gibson et al (2012) discuss how growing fiscal and current-account 

deficits led to a financial crisis; whereas, Gibson et al (2014) argues that prior to the 

financial crisis, markets failed to properly recognised the level of sovereign risk implicit 

by economic fundamentals such as debt. In that sense, markets failed to recognise the 

stringency of the Union’s ‘no-bailout clause’, with Greece expected not to pay any 

premium on borrowing costs over Germany’s (see also Macchiarelli, 2016). In this 

sense, Seyler and Levendis (2015) argue that the one-size-fits-all monetary policy set 

by the ECB was inappropriate for Greece: interest rates were too low for the level of 

risk of Greek assets, which allowed, for higher inflation rates, excessively low real rates 

and private sector leverage. Sliad and Maris (2013) also stress that the Greek crisis was 

also a political one: it had its roots in poor political and governance institutions. 

The recession in Greece turned out to be much more severe than expected in the 

adjustment programmes and the literature is largely critical of how the EAPs were 

conducted and about their successes. For example, Efthimiadis et al. (2013) assessed 

the performance of the first programme in terms of potential GDP cost. They 

estimated through filtering techniques that trend growth rate of GDP in Greece was -

3.8 per cent in 2012, against -2.2 per cent, had the targets and forecasts of the first 

adjustment programme been realized. In a more recent study, Economides et al. 

(2020) use a micro-founded macroeconomic model calibrated to Greece to study the 

years of the debt crisis (2008-2016) and, subsequently, the COVID-19 pandemic. Their 

simulations show that the adopted economic adjustment program, coupled with the 

observed deterioration in institutional quality can explain most of the cumulative loss 

in GDP between 2008 and 2016, approximately 23 per cent of GDP. Specifically, the 

economic adjustment program can explain a fall of around 13 per cent, while the 

deterioration in property rights accounts for another 10 per cent. Their results suggest 
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that real GDP dynamics were far worse than those predicted in the initial program, 

hence undermining potential growth in the medium and long-term. 

Besides the quality of institutions, the literature presents a wide range of other 

reasons why the EAP were not as effective as expected. Mavridakis et al. (2018) 

highlight factors such as the role of the public sector, clientelist state and the size of 

the underground economy. Liargovas and Psychalis (2019) argue more fundamentally 

that the objectives of fiscal consolidation, financial stability and promoting growth and 

competitiveness were conflicting and could therefore never have been all successful. 

Kritikos et al. (2018) believe that the full potential of the private sector has not been 

fully utilised. They argue that even after the Greek third program, Greek prospects for 

growth did not improve. They suggest that except for labour market regulations, the 

conditions for investments and business activities did not change sufficiently through 

eight years of reform process. They highlight how bulky administrative procedures, 

slow courts, complicated taxes, and an inefficient knowledge transfer, remain 

unaddressed: the authors believe that needed economic growth will be impossible to 

achieve without these reforms. 

Pagoulatos (2019) shared similar sentiments. He classified the adjustment programs 

as ‘a failure’ and argued that despite the successive reform programs, the Greek 

economy continued to suffer from a weak public administration, low savings, high 

consumption, small average business size, and a weak export sector, despite 

improvements made in all these areas. He did, however, state that public and private 

deficits diminished substantially, a wide array of structural reforms were 

implemented, and the administrative capacity of the state improved overall. 

In analysing the macroeconomic dynamics of Greece before and during the crisis, 

Gourinchas et al. (2017) find that Greece’s decline in output was significantly more 

severe and protracted than in the average crisis episode experienced by other 

countries. They also document evidence that the large drop in output was 

accompanied by an unusually large drop in the investment-to-output ratio. The 

authors find that much of the discrepancy can be accounted for by the higher levels 

of debt that Greece entered the crisis with. Finally, they find that Greece’s output drop 
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at the early stages of the crisis appears to have been one of the main drivers of the 

fiscal shocks and by the ‘sudden stop’ of capital experienced by the economy. 

Hatgioannides et al. (2018) assessed the composition of the soaring Greek debt and 

the utilisation of the EU-IMF loans for the 2010-15 period. They provided novel 

evidence that the majority of the loans went overwhelmingly not to the benefit of a 

‘profligate state’ but rather to avoid the write-downs of bad loans made by German 

and French banks to the Greek government and Hellenic private banks. 

The EAP also appeared to have failed to protect the financial sector from the 

consequences of the sovereign debt crisis. Kosmidou et al. (2015) analysed, for 

instance, news reports about the Greek sovereign crisis to test for the impact of the 

bailout programs on the financial, banking, and real sectors of the Athens Stock 

Exchange.  Their analysis showed that the EAPs’ actions caused a shift in the systemic 

risk of firms in all sectors: in this sense, the Programmes failed to prevent the financial 

crisis from evolving into a real crisis because of the close link between public and 

private sectors debt. 

Eggertsson et al. (2014) explained the conundrum faced by peripheral euro area 

countries (Italy, Spain, Greece and Portugal) during the European debt crisis. 

Structural reforms that increase competition in product and labour markets were 

identified as the main policy option available for peripheral Europe to regain 

competitiveness and boost output. Yet, the authors showed that these reforms were 

inherently deflationary, and with nominal interest rate in the euro area stuck at the 

zero lower bound, reforms fuelled expectations of prolonged deflation, increased the 

real interest rate, and depressed aggregate demand. This was particularly the case in 

Greece. 

When it comes to labour markets, the literature seems to be split on the benefits of 

the labour market reforms as they were implemented in Greece. Tsampra and Sklias 

(2015), for example, provide a criticism on the memoranda-imposed labour market 

deregulations, arguing that they led to increased risk of in-work poverty and higher 

employment precariousness. Other authors, such as Mitsopoulos (2016), argued that 
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the poor performance of the labour market was explained by other factors and that 

labour market reforms would pay off in the long-run. 

Adam (2020) examined the spillovers from public sector to private sector wages during 

the Greek economic adjustment programmes. The author found that private sector 

wages declined as a result of a decline in public sector wages. Karafolas and 

Alexandrakis (2015) studied instead the regional spillovers, focusing on the 

unemployment effects of the Greek crisis. They found that regions more specialized 

in tourism and agriculture were less affected by the crisis than others. 

Sovereign debt crisis often led to major economic adjustments, in particular in the 

labour market, that are difficult to justify with standard economic models. 

Mitsopoulos (2016) and Tavares (2019) brought to the fore the role of increased taxes 

to explain the poor performance of the Greek labour market. Tavares (2019) applied 

the concept of labour wedge, which is the difference between the observed cost of 

labour and the theoretical cost implied a frictionless model, to explain why Greek 

employment dropped during the adjustment programmes. The paper showed that the 

labour wedge deteriorated because government interest rate spreads increased: since 

external credit was less available, the government needed to rely more on taxation to 

finance public expenditures and labour tax increased. At the same time, the fact that 

corporate interest rates also increased provided an additional channel through which 

firms that were trying to maintain their working capital had to reduce their demand 

for labour. Mitsopoulos (2016) explains that another effect of higher taxes is to 

counterbalance the positive effect of lower wage costs on competitiveness. In Greece, 

exports did not increase despite the push towards an internal devaluation. Yet, the 

author found that exports of goods that were not facing the increased after-tax energy 

prices went up during the crisis. In addition, the author argued that labour market 

reforms that introduced labour flexibility did help stabilize employment, especially 

among small and medium sized enterprises. The author pointed out that there was 

much more scope for product market reforms, and that such reforms, combined with 

a reduction in policy uncertainty had the potential to increase employment and export 

performance. 
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Schrader et al (2015) offered a competing explanation: it was Greece's sectoral 

composition of exports that exhibited a limited growth and value-added potential; 

such composition was similar to the export patterns of low-income countries due to a 

focus on raw materials and labour-intensive goods. Esteves and Prades (2018) further 

explained how a high concentration of exports in a few sectors made the economic 

adjustment programmes more costly in Greece than in other euro area countries. 

Böwer et al (2014) explained that, while Greece has already achieved some 

improvements in cost competitiveness since the start of the Greek adjustment 

programme, structural reforms should have also addressed non-cost competitiveness 

factors, such as the underlying institutional deficits, to unlock Greece's export growth 

potential. 

The literature also highlighted the political economy side of the crisis. For example, 

Evangelopoulos et al. (2017) explained that the quality of the country’s institutions 

was a key success factor in the adjustment programmes. Had Greece managed to 

improve the quality of its governance, then – the authors argue – it could have exited 

its adjustment programmes quicker than it did. 

Spanou (2020) analysed whether external pressure by the Troika of the European 

Commission, the International Monetary Fund and the European Central Bank to 

reform the Greek economy – i.e., by making loans conditional on structural reforms – 

did accelerate the pace of reforms compared to what the Greek government would 

have done without pressure, or whether it slowed down the process instead, by 

creating mistrust between borrower and lender. The author concluded that external 

pressure through policy conditionality allowed to implement reforms more quickly, 

but it did so without creating a political consensus on the necessity of these reforms 

(see also Lenoël et al., 2020).  
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3. Description of the counterfactuals and simulations 
 

In what follows we present our analysis focusing on the fiscal consolidation 

programmes in Greece and ask whether there could have been alternative trade-offs 

between restoring budget balance and pushing the economy into a recession. This 

question is mainly answered by building on counterfactual scenarios based on the 

National Institute Global Econometric Model (NiGEM), which shares many of the 

desirable features of standard reduced-form multi-country models. In the exercise, 

several key macroeconomic factors of the adjustment programmes are altered: the 

composition of public spending cuts, the interaction between fiscal consolidation and 

confidence, and the length of the adjustment. To achieve these objectives, the 

presentation of the model needs to remain stylized. The details of the NiGEM model 

are described in the Annex.  

The model is designed to shed light on two sets of issues. First, we want a realistic 

enough model that allows us to understand which shocks were responsible for the 

performance of the Greek economy, both before and during of the crisis. Second, we 

want to use the model to perform some simple counterfactual exercises.   

The use of a structural macroeconomic model such as NiGEM is appropriate in the 

context of an ex-post assessment of such an articulated programme given the 

extraordinary nature of the events unfolding from the 2010 sovereign debt crisis up 

until recently. While it is not always easy to take into consideration the impact of the 

political context and other unobservable or exogenous factors (e.g., confidence) as 

well as other complexities both across space and time, the exercise allows for a much 

broader range of aspects to be taken into account, which can produce results that are 

extremely relevant in terms of an ex-post analysis. 

The choice of the counterfactual scenarios is the result of our analysis of the 

macroeconomic and fiscal path followed by Greece since the beginning of the first 

adjustment programme, informed by discussions with the European Commission and 

other relevant stakeholders (Lenoël et al., 2020). The scenarios are centred around a 

discussion of the mix between spending cuts and tax increases within the same overall 

programme budget and a discussion of the sequencing of reforms. The main criteria 
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for evaluating the programme(s) and their counterfactuals are the path of GDP and 

the return to debt sustainability. 

In calibrating our simulation exercises, we used the results of previous academic 

research together with available publicly accessible data, reports from the 

Commission, the ECB and the IMF, information released by the Greek authorities and 

other international organisations as well as the private sector. 

To understand our counterfactual exercises more formally, let 𝑦𝑖,𝑡 denote the 

observation of variable 𝑖 at date 𝑡. Let �̂�𝑖
𝑇 ≡ {�̂�𝑖,𝑡}

𝑡=0

𝑇
 denote the estimated sequence 

for variable 𝑖 in our sample period for 𝑡 = 0; and 𝑦𝑇 denote the sequence of all 

variables �̂�𝑇 ≡ {�̂�𝑖
𝑇}. Following Gourinchas et al (2017), every estimated sequence can 

be written as a mapping Γ(. ) from the calibrated parameters Θ and the sequence of 

shocks 𝜖�̂�
𝑇 ≡ {𝜖�̂�,𝑡 }

𝑘=1,𝑡=0

𝐾,𝑇
 where 𝐾 is the number of shocks in our model. 

�̂�𝑇 = Γ(Θ, {𝜖�̂�
𝑇}𝑘=1

𝐾 ) 

A counterfactual exercise consists in postulating an alternative for {𝜖�̂�
𝑇}𝑘=1

𝐾 , denoted 

{𝜖�̃�
𝑇}𝑘=1

𝐾  and then compute the counterfactual �̃�𝑇 as: 

�̃�𝑇 = Γ(Θ, {𝜖�̃�
𝑇}𝑘=1

𝐾 ) 

To analyse the role of public investment cuts in the Greek adjustment programmes, 

we present a simulation of an alternative adjustment programme that would have 

included less weight on public investment cuts, while achieving the same fiscal 

consolidation. We assume that government investment would have stayed at the 

same level as the pre-adjustment programme level, and public consumption would 

have been reduced more than it was to keep the deficit reduction target unchanged. 

We, therefore, assume that government investment would be higher by 2 percentage 

points of GDP than the baseline for 5 years and government consumption lower by 

the same amount for the same time. The fiscal simulation is therefore expected to be 

neutral on the deficit.  

In a second counterfactual scenario, we assume that Greek risk premium starting from 

2010 did not shoot-up as much as it did but instead matched the lower risk premium 
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of Portugal. The restoration of confidence associated with this lower risk premium 

could have come from more decisive and coordinated actions by the main 

stakeholders in the adjustment programme: the Greek government and Parliament 

committing to adhere strictly to the adjustment programmes and the ECB and other 

European institutions committing earlier to back Greece and exclude the risk of a 

‘Grexit’ scenario. We model the risk premium shock by a reduction in the term 

premium. The term premium is the amount by which the yield on a long-term bond is 

greater than the yield on shorter-term bonds. This premium reflects the amount 

investors expect to be compensated for lending for longer periods. 

 

Figure 2: Fiscal effort expressed as budget balance improvement compared to 2009Q4 

 

Source: Authors’ calculations based on NiGEM data. 

 

In the third simulation, we study the argument of the length of the adjustment 

programme in favour of backloading the fiscal adjustment. We run a stylized 

simulation where the length of the adjustment programmes is extended from 7 to 10 

years. The benchmark 7-year period corresponds to the period that it took for the 

Greek government to return to a positive fiscal balance. After 2016, the fiscal 

consolidation effort was minimal. Figure 2 shows the fiscal effort expressed as budget 
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balance improvement since the beginning of the Greek adjustment programme. The 

full black line corresponds to a smoothed adjustment that we will use as a benchmark 

for the simulation. 

 

Figure 3: Stylized fiscal effort 

 

Source: Authors’ calculations based on NiGEM data. 

 

Our study period encompasses indeed the consolidations from the three consecutive 

adjustment programmes. We calibrate the 3-year extension so that the total 

cumulative consolidation as a percentage of GDP is equal to the benchmark case. In 

the counterfactual of slower adjustment, the yearly consolidation effort is less in the 

first seven years, but more in the following three years. Figure 3 shows a stylized 

version of the effort in the two cases. The areas below the full line and below the 

dashed line are equal by construction, which represents the fact that we keep the 

envelope of fiscal consolidation equal between the 2 scenarios. Only the distribution 

of effort across time is altered. 
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methodology described above as the difference between the dashed line and the full 

line. Table 1 below shows the extent of consolidation in each fiscal category. 

The Greek model in NiGEM is estimated so that the multipliers correspond to normal 

times, rather than distressed times. In this sense, our estimates represent a lower-

bound of the possible effects, given that at the zero lower bound multipliers are 

possibly larger. Additionally, the model is solved with expectations being forward-

looking. Households therefore know that even though the fiscal stance is 

accommodative in the first period, it will become contractionary in the second period. 

As a result, they consume less than if there was no contractionary period to follow and 

the fiscal multiplier is lower in the first period. 

 

Table 1: Fiscal consolidation by category between 2009 and 2016 

Category Fiscal effort from 2009 to 2016  

(percentage of GDP) 

Corporate tax 0.4 

Household tax 3.1 

Indirect tax 7.1 

Consumption 3.3 

Investment 2.3 

Transfers -2.4 

Balance 15.6 

Note: a positive (resp. negative) number represents a consolidation (resp. loosening).  

Source: Authors’ calculations based on NiGEM data. 
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4. Results 
 

Figure 4 shows the response of GDP, potential GDP, deficit, and debt to GDP to our 

simulation of higher public investment and lower public consumption. In the first year, 

the effects of higher public investment and lower public consumption fully offset each 

other and the net effect on GDP and the deficit is zero. The increase in public 

investment is not only a demand shock but also a supply shock which increases the 

equilibrium level of capital to GDP by reducing the cost of capital in the model, hence 

improving the economy’s potential. Private investment benefited from the lower cost 

of capital (crowding-in), resulting, at the same time, in potential GDP to increase by 

up to 1.5 per cent over 10 years compared to the baseline of a no investment increase. 

As the output gap widens and becomes positive, consumer prices fall, improving 

households’ real disposable income.  

Despite the shock being neutral on the deficit-side, debt decreased by 1 percentage 

points of GDP over the same period thanks to the increase in gross domestic product. 

While reducing the ratio of debt to GDP by 1 point would have been welcome, the 

improvement appears tiny compared to the 50 basis points increase observed 

between 2009 and 2014. 

 

Figure 4: Simulation of higher public investment and lower public consumption 
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Note: Debt-to-GDP and Deficit-to-GDP are expressed in percentage points from 

baseline. The shocks are a 5-year increase in public investment by 2% of GDP and a 

similar size decrease in public consumption.  

Source: Authors’ calculations based on NiGEM data. 

 

Figure 5 shows the result of the simulation on GDP and the ratios of debt and deficit 

to GDP under the assumption of a reduction in the Greek term premium. With a lower 

premium, which we calibrate based on Portugal (or, alternatively, the average euro 

area country undergoing an adjustment programme over the same period), GDP 

would have been up to 7.6 per cent higher and the ratio of debt-to-GDP would have 

been lower by 25 percentage points.4 Based on our simulations, the biggest impacts 

would have been for the year 2012 for GDP and 2016 for the debt to GDP ratio. A 

lower risk premium would have decreased the user cost of capital and moderated the 

dramatic fall in investment that occurred in Greece. In fact, private sector investment 

dropped from EUR 35 billion in 2009 to EUR 14 billion in 2015, equivalent to a fall of 

60 per cent. Based on the dynamics observed in the model, the improvement in 

business confidence would have increased the demand for labour, leading to higher 

household income and lower unemployment. Consumption would have increased by 

up to 7 per cent. The demand shock would have initially outweighed the supply shock, 

resulting in inflation temporarily increasing by up to 1.8 per cent in 2013. But in the 

long run, the increase in capacity coming from increased investment would have been 

deflationary and prices would have decelerated to 1.4 percentage point lower in 2020 

compared to baseline inflation.  

Such a reduction in risk premium would have had lasting consequences on the Greek 

macroeconomic path following the adjustment programmes. Potential output would 

have been 5.5 per cent higher after 10 years thanks to the higher level of capital 

coming from higher investments. figure 6 shows some degree of mean-reversion after 

 
4 As a robustness check, we change the assumption of setting the risk-premium to mirror that of Portugal 
to instead mirror the average risk-premium of other programme countries (Ireland, Portugal plus Spain). 
Doing so did not change the simulation very much; it would make the gain in GDP slightly bigger and the 
reduction in debt-to-GDP slightly larger.  
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2016 when the risk premium returns to the baseline: still, GDP would have been 2 per 

cent higher and debt 11.5 percentage points of GDP lower after 10 years compared to 

the baseline. 

 

Figure 5: Simulation of a reduction in risk premium in Greece equivalent to the risk 

premium of Portugal 

 

Note: Debt-to-GDP and Deficit-to-GDP are expressed in percentage points from 

baseline. The shock is a decrease in term premium with two troughs, one reaching -

14 percentage points in 2012 and the other one reaching -9 percentage points in 2015.  

Source: Authors’ calculations based on NiGEM data. 

 

The latter simulation reinforces the message that a key failure of the adjustment in 

Greece was that authorities underestimated the role of the risk premium, which 

resulted in a loss of confidence from financial markets. Had the European and Greek 

institutions intervened earlier and more decisively, we speculate policy uncertainty 

could have been reduced with a less painful macro-economic adjustment programme 

overall. For instance, as discussed more broadly in Lenoël et al. (2020), several 

measures could have shaped expectations towards a more favourable equilibrium 

such as an (i) earlier debt restructuring (see Alcidi et al. 2020), (ii) an earlier 
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intervention by the European Central Banks, (iii) a swifter debt sustainability plan 

among international and Greek authorities. One of the reasons for the high-risk 

premium in Greece compared to the rest of the EU is the poor quality of its 

institutions. In this sense, our counterfactual reflects the importance of the quality of 

the institutions highlighted also in the literature review. 

Figure 6 finally shows the result of the simulation of a slower adjustment, moving 

beyond the standard three-year IMF adjustment programme. In other words, could 

Greece have benefited from a longer first adjustment programme?  

Based on our simulations in NiGEM, one can see that hardly any of the dramatic loss 

of GDP between 2010 and 2013 is regained. When we do so in the model, the 

multiplier becomes lower because of the forward nature of expectations, due to 

Ricardian effects, which dampens the stimulative effect of backloading further the 

fiscal adjustment. In such a slower adjustment scenario, the fiscal stance becomes 

much more contractionary between 2017 and 2019, but there is no recovery in GDP 

growth. 

 

Figure 6: Simulation of a slower adjustment path 

 

Source: Authors’ calculations based on NiGEM data. 
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This simulation shows that imposing a slower adjustment path would probably not 

have improved the trade-off between fiscal consolidation and GDP growth. It would 

also not have led to a reduction in the ratio of the Greek debt to GDP. In this sense, 

changing the length of the time extension does not qualitatively modify the results. 

One limitation of the counterfactual exercise of changing the speed of the adjustment 

is that – in practice – the speed of the adjustment is to some extent endogenous to 

the adjustment itself. A successful adjustment may take less time than planned and – 

in the case of Greece – a difficult adjustment took longer than planned. Considering 

all the factors that may impact the fiscal multiplier, there is no clear-cut empirical 

evidence that spreading the adjustment over a longer period would have made the 

adjustment less economically painful. On the contrary, our results support the idea 

that, had the Greek government announced its plans to balance the budget in a more 

distant future – for example beyond the tenure of parliament – it could have made 

the commitment of fiscal consolidation less credible to investors possibly. 

We have chosen to study counterfactuals where only one variable in the adjustment 

programmes is changed each time to understand and insulate the exact effect of each 

policy decision. Of course, there exist different combinations of policy mixes, including 

among the three scenarios studied here, which could have maximised GDP growth or 

minimised the spike in public debt. This would have to be done in a iterative exercise 

where weights to each counterfactuals are changed at each time. For example, one 

could combine the extension of the length of the adjustment programme with a more 

moderate cut in public investment. The search for such an ‘optimal policy-mix’ is 

however beyond the scope of the analysis and certainly represents an interesting 

avenue for further ex-post considerations on the Greek adjustment path after the 

sovereign debt crisis.  
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5. Conclusions 
 

The three Greek adjustment programmes between 2010 and 2018 were ultimately 

successful in restoring market access and achieving the required adjustment of the 

economy. However, the initial calibration and focus of the adjustment programmes 

did not take appropriate account of the specific features of the Greek economy or 

their social costs. This meant that successive rescue packages were necessary , albeit 

none of them, proved sufficient alone (for a broader discussion and evaluation see 

Lenoël et al., 2020). 

The reduction in public investment turned out to be much larger and more persistent 

than planned. Public investment very possibly served as flagship adjustment variable 

to improve the budget balance rapidly and in a way that was politically attainable, as 

the government was faced with political pressure to prevent the level of public 

consumption from decreasing unnecessarily. Based on our first simulation about the 

demand-side and supply-side effects of a decrease in public investment, we concluded 

that it was economically ill-advised to focus such a large part of the deficit reduction 

on public investment cuts. A simulation that achieves the same macroeconomic effort, 

rather skewed on public consumption, shows that Greece potential output would 

have increased by 1.5 per cent and the debt to GDP ratio reduced over a ten-year 

horizon. In retrospect, the adjustment programmes should have included a clause 

carefully ring-fencing public investment that is essential responsible for long-term 

prosperity of the country. 

The adjustment programmes, combined with the intensifying of the sovereign debt 

crisis, meant it took about ten years for households and businesses to go back the 

confidence levels observed before the first programme in 2010. Because the public 

expenditure multiplier was largely underestimated, the government’s decision to stop 

providing some essential services to households and increase taxes, resulted in a much 

larger than expected economic slump. This led in turns to a higher risk premium, lower 

productivity and lower household and business confidence.  

We also find that the increase in risk premium in Greece, capturing redenomination 

and country risk, goes a long way in explaining the unexpectedly high cost of the 
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adjustment. With an overall lower risk premium – which we calibrate based on 

Portugal (or the average country undergoing an adjustment programme in the euro 

area) – Greek GDP would have been up to 7 per cent higher and the ratio of debt-to-

GDP would have been lower by up to 23 percentage points. We speculate that such a 

scenario would have been possible had local and international authorities acted in a 

concerted way sooner, including an earlier last-resort guarantee provided by the ECB 

through the announcement of the Outright Monetary Transactions (OMTs), which 

arrived only in 2012. In the case of Greece, the likelihood of a sovereign default 

increased the government’s funding costs. The government responded largely by 

cutting public expenditures during the first programme, which exerted a further 

contractionary effect on the economy. This, in turn, increased the expected costs of 

default on private-sector loans, causing a rise in non-performing loans and the funding 

costs for consumers and firms to increase further, putting additional downward 

pressure on investment, consumption and output. 

Finally, we do not find any compelling evidence that a longer adjustment path would 

have improved the trade-off between GDP growth and fiscal consolidation. We 

observe that the fiscal consolidation mostly occurred at a regular pace between 2010 

and 2016. In a counterfactual of a longer adjustment path, we do not find that the 

severity of the recession would have been significantly reduced. This is because the 

fiscal multiplier did not change significantly over the years (against the backdrop of 

low interest rates and liquidity constrained consumers). This supports the idea that 

the scale of the required adjustment was evenly and appropriately spread over time. 
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Appendix: The NiGEM model 
 

The National Institute Global Econometric Model (NiGEM) is a multi-country macro-

econometric model linked through trade in goods and services and integrated capital 

markets. Greece is one of the countries modelled in NiGEM, as are nearly all of the 

euro area countries. An overview of the model can be found in Hantzsche et al. (2018). 

NiGEM is particularly fitting for policy analysis because it provides the main 

characteristics of the main macroeconomic variables, including their dynamics while 

allowing for the construction of forecasts and counterfactual scenarios. For example, 

NiGEM was used to simulate the impact of the UK exiting the EU (Hantzsche, Kara and 

Young, 2019), to evaluate the impact of the fiscal reform package in France under 

President Macron (Lenoël, 2017) and to simulate the effect of Greece leaving the euro 

area (Suni, 2014). 

NiGEM uses a ‘New-Keynesian’ framework in that agents are presumed to be forward-

looking, but nominal rigidities slow the process of adjustment to external events. All 

country models contain the determinants of domestic demand, export and import 

volumes, prices, current accounts and net assets. In the short run, the dynamic 

properties of the model are consistent with the data and well-determined. In the long 

run, output is tied down by factor inputs and technical progress, interacting through 

production functions. The equations are estimated in equilibrium correction form. 

Households in the model are assumed to choose consumption in accordance with life-

cycle considerations as a function of their current and expected future real disposable 

income as well as wealth from housing and financial assets, all net of taxes. In the long 

run, consumption depends on a dynamic adjustment path around real disposable 

income and real wealth. Human wealth is a forward-looking component in the 

consumption model and is defined as a function of the expectations of future real 

disposable income. The dynamics of adjustment to the long run are data-based and 

differ between countries to take account of differences in the relative importance of 

types of wealth and liquidity constraints. 

Aggregate supply in the individual country models is based around an underlying 

constant-returns-to-scale CES production function with labour-augmenting technical 
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progress. This is embedded within a Cobb-Douglas relationship to allow the factors of 

production (capital and labour) to interact with energy usage. This relationship 

underpins the factor demand equations in the model, forms the basis for total unit 

costs and provides a measure of capacity utilisation, which then feeds into the price 

system. The prices set by firms depend on the cost of production inputs and a mark-

up over the marginal cost. Firms are assumed to choose factors to minimise the cost 

of production given the production function. 

In the labour market, the level of real wages is determined in a bargaining process 

between workers and firms. The higher the unemployment, the lower is the 

bargaining power of workers. We assume a Phillips curve relationship between real 

wage growth and unemployment. Profit maximisation on behalf of firms also requires 

wages to move in line with productivity over time. Expectations are consistent with 

model predictions. Nominal rigidities in prices ensure that monetary policy has real 

effects. 

Each country has a set of equations for the public sector. Both direct and indirect taxes 

depend upon their respective tax bases and on the tax rate. Corporate taxes also 

depend upon the corporate tax rate and the level of profits, but with lags related to 

the collection process. Government spending on current goods and services and 

investment spending depend in part on current plans, and by default rise with trend 

output. Transfer payments depend upon unemployment and the dependency ratio as 

well as on policy. Government interest payments are determined by a perpetual 

inventory model based on the flow deficit and the stock of debt, with the appropriate 

structure of short and long-term interest payments on the debt stock. A default 

budget rule is included to ensure that governments stay solvent in the long run, i.e., 

that the deficit and debt stock return to sustainable levels in all scenarios. The budget 

rule adjusts the direct tax rate when the public debt-to-GDP ratio or the public budget-

to-GDP ratio deviate from their respective targets.  

The wealth and accumulation system allow for flows of saving onto wealth and for 

revaluations of existing stocks of assets in line with their prices determined as above. 

In the medium term, personal sector liabilities are assumed to rise in line with nominal 

personal incomes, and if there are no revaluations, gross financial wealth will increase 
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by the nominal value of net private sector saving plus the net increase in nominal 

liabilities. 

Greek monetary policy in the model is tied to the ECB and can thus be considered as 

exogenous because it only responds to euro area aggregate shocks. 

For completeness, below we detailed the main mechanisms of the model. 

Households 

Households in the model are assumed to choose consumption in accordance with life 

cycle considerations as a function of their current and expected future real disposable 

income as well as wealth from housing and financial assets, all net of taxes. In the long-

run, consumption depends on a dynamic adjustment path around real disposable 

income and real wealth, and follows the pattern discussed in Barrell and Davis (2007).  

ln 𝐶𝑡 =  𝛼𝐶 + β𝐶 ln{𝑅𝐻𝑊𝑡} + (1 − β𝐶)(𝑅𝑇𝑊𝑡 + 𝑅𝑁𝑊𝑡)              

where C is real consumption, RHW is real human wealth, defined below, RTW is real 

tangible wealth, mainly housing, and RNW is real net financial wealth.  

Human wealth is the forward-looking component in the consumption model and is 

defined as a function of expectation of future real disposable income as follows: 

𝑅𝐻𝑊 𝑡 =  𝐸[ ∑ ∅𝑗𝑅𝑃𝐷𝐼𝑡+𝑗
𝑇
𝑗=0 ]                            

Where RPDI is real personal disposable income, ∅ =  
1

0.25∗(1+
rr

100
)
  , and rr is the short-

term real interest rate.    

Real interest rate effects are captured by the ∅ parameter in equation (3.1.2).  Higher 

interest rates entail lower current consumption as the opportunity cost of giving up 

savings is higher. This is similar to an Euler equation, which links the optimal 

intertemporal consumption decision of a representative consumer with rational 

expectations to a discount factor and the real interest rate.  

The dynamics of adjustment to the long run are largely data based and differ between 

countries to take account of differences in the relative importance of types of wealth 

and of liquidity constraints.    
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Firms  

Aggregate supply in the individual country models is based around an underlying 

constant-returns-to-scale CES production function with labour-augmenting technical 

progress. This is embedded within a Cobb-Douglas relationship to allow the factors of 

production to interact with oil usage: 

𝑄 =  𝛾𝑄{[𝑠𝑄(𝐾)−𝜌 + (1 − 𝑠𝑄)(𝐿𝑒𝜆𝑡)
−𝜌

]
−

1

𝜌  }𝛼𝑀 1−𝛼    

            

where is Q is real output, K is the total capital stock, L is total hours worked, λ is a the 

rate of labour-augmenting technical progress and M is oil input. 

This relationship underpins the factor demand equations in the model, forms the basis 

for unit total costs and provides a measure of capacity utilization, which then feeds 

into the price system. Demand for labour and capital are determined by firms’ profit 

maximisation, implying that the long-run labour-output ratio depends on real wage 

costs and technical progress, while the long-run capital output ratio depends on the 

real user cost of capital  

𝑙𝑛𝐿 =  𝛼1
𝐿 + 𝑙𝑛𝑌 – (1 − 𝜎𝐿)𝜆𝑡 − 𝜎𝐿 ln (

𝑤

𝑝
)                 

𝑙𝑛𝐾 =  𝛼2
𝐾 + 𝑙𝑛𝑌 – 𝜎𝐾 ln (

𝑐

𝑝
)             

            

where 𝛼1
𝐿 and 𝛼2

𝐾
 are constant terms related to the other parameters in the model, 

w/p is the real wage and c/p is the real user cost of capital.  

Barrell and Pain (1997) estimate an elasticity of substitution 𝜎𝐿 of 0.5 from the labour 

demand equation.   The user cost of capital depends on the real long-term interest 

rate and a risk premium.  

Business investment is determined by the error correction-based relationship 

between actual and equilibrium capital stocks as below.  

𝐼𝐵𝑡 =  𝐾𝑡 − 𝐾𝑡−1 ∗ (1 − dep)                                     
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where IB is business investment, K is the capital stock, dep is the depreciation rate and 

the long run equation for the capital stock is (3.2.3) 

Governments 

The government budget deficit is: 

𝐵𝑈𝐷 =  𝐶𝐸𝐷 ∗ (𝐺𝐼 +  𝐺𝐶) +  𝑇𝑅𝐴𝑁 +  𝐺𝐼𝑃 −  𝑇𝐴𝑋 −  𝐶𝑇𝐴𝑋 −  𝐼𝑇𝐴𝑋      

            

where the government budget deficit (BUD) is determined by spending minus 

revenues. Government spending includes spending on investment (GI) and 

consumption (GC) rising in line with trend output in the long run, with delayed 

adjustment to changes in the trend. They are re-valued in line with the consumers’ 

expenditure deflator (CED).  Besides transfers (TRAN) to unemployed and pensioners 

as well as interest payment (GIP) depending on the size of the accumulated debt and 

the prevailing interest rate are identified. The revenues include corporate (CTAX) and 

personal (TAX) direct taxes and indirect taxes (ITAX) on spending.  

The deficit flows onto the debt stock, which affects interest payments and private 

sector wealth. 

𝐷𝐸𝐵𝑇𝑡 =  𝐷𝐸𝐵𝑇𝑡−1 +  𝐵𝑈𝐷 𝑡 −  ∆𝑀𝑡      

            

A budget rule is included to ensure that governments stay solvent in the long run, i.e. 

that the deficit and debt stock return to sustainable levels in all scenarios. The budget 

rule adjusts the aggregate tax rate when the public debt ratio (GBR) deviates from its 

target (GBRT) as below: 

𝑡𝑎𝑥𝑟𝑡 = 𝑡𝑎𝑥𝑟𝑡−1 [
0.01∗𝑦𝑡−1(𝑝𝑦𝑡−1/100)∗(𝛽𝑡𝑎𝑥𝑟(𝑔𝑏𝑟𝑡𝑡−1−𝑔𝑏𝑟𝑡−1))

𝑝𝑖
]                                

Where taxr is the tax rate, y is GDP and py is the GDP deflator and pi is personal 

income. 
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This entails that if the government budget deficit is greater than the target, then the 

income tax rate adjusts upwards to return the deficit to target in the medium-term (a 

time span of around 5 years).  

Monetary policy authority 

The monetary policy authority in the model operates predominantly through the 

setting of the short-term nominal interest rate. This is done with reference to a simple 

feedback rule depending on inflation, the output gap, the price level, and nominal 

output. Different monetary policy rules are defined, with the two-pillar strategy being 

the default one.  

The Two-Pillar strategy defines the short-term real interest rate as a function of the 

ratio of the nominal GDP target to nominal GDP and the difference between inflation 

expectations and the inflation target.5  

𝑖 𝑡 =  𝛾𝑖𝑖 𝑡−1 +  (1 − 𝛾𝑖) [−𝛼𝑖 ln ( 
𝑁𝑂𝑀∗𝑡 

𝑁𝑂𝑀 𝑡
) + 𝛽𝑖(𝑖𝑛𝑓𝑡+1 −  𝑖𝑛𝑓 ∗𝑡+1 ) ]                          

Where i is the short-term nominal interest rate, NOM is nominal output, NOM* is a 

specified target for nominal output, inf is inflation expectations (= ∆𝐶𝐸𝐷𝑡+1) and inf* 

is the inflation target; 𝛾𝑖 = 0.5. 

Prices of goods and services  

The prices set by firms depend on the cost of inputs to production. Firms are assumed 

to choose factors to minimise the cost of production given the production function.  

Substituting optimal factor input levels into the cost function (and abstracting from 

energy inputs into production) yields an expression for total costs: 

𝑇𝐶 = 𝑊�̅� + 𝑟�̅� =
𝑄

𝛾𝑄 {𝑠𝑄
1

1+𝜌𝑟
𝜌

1+𝜌 + (1 − 𝑠𝑄)
1

1+𝜌𝑊
𝜌

1+𝜌(𝑒−𝜌𝜆𝑡)
1

1+𝜌}

1+𝜌

𝜌

         

  

Assuming that firms operate on demand curves for factors in the long run, �̅� and �̅�, 

we derive an expression for the marginal cost of production: 

 
5 Nominal GDP is determined by the GDP deflator by default, but it is also possible to use a consumer 
expenditure deflator. 
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𝑀𝐶 = (
�̅�

𝑄
)

1+𝜌

(𝛾𝑄𝑒𝜆𝑡)
𝜌 𝑊

(1−𝑠𝑄)
               

Under imperfect competition, firms charge a mark-up over the marginal cost.  The 

assumed market structure is similar to the standard assumption of monopolistic 

competition but not identical to it, allowing for more flexibility and institutional 

differences across countries.  

Consumer prices in the model are a function of unit total cost and a wedge explained 

by prices of imported goods and services: 

ln 𝐶𝐸𝐷 = 𝛽1
𝐶𝐸𝐷ln 𝑈𝑇𝐶 + 𝛽2

𝐶𝐸𝐷ln 𝑃𝑀       

  

Parameter 𝛽2
𝐶𝐸𝐷 captures the sensitivity of consumer prices, and inflation, to price 

pressure from abroad and depends on the openness of the economy and demand for 

imports. 

Short-term expressions for all price equations are written in error correction form, 

such that the growth rate of unit total cost, ∆ln 𝑈𝑇𝐶, also depends on lagged 

differences of wages ln 𝑊and lagged technological change. Consumer price inflation 

is also a function of lagged unit total cost growth, and import price inflation. 

Wages and unemployment  

Wage bargaining 

In equilibrium, the level of real wages is determined in a bargaining process between 

workers and firms. The higher unemployment, the lower is the bargaining power of 

workers. We assume a Phillips curve relationship between real wage growth and 

unemployment. Profit maximisation on behalf of firms also requires wages to move in 

line with productivity over time. We therefore allow for an error correction of wages 

to trend labour productivity as well deviations of actual labour productivity from 

trend. The productivity-augmented real wage Phillips curve is written as: 

∆ ln
𝑊𝑡

𝐶𝐸𝐷𝑡
= 𝛽1

𝑤𝑈𝑡−1 − 𝛿𝑤 [ln
𝑊𝑡−1

𝑈𝑇𝐶𝑡−1
+ 𝑏1

𝑤 (𝑡𝑡−1 − ln
𝑄𝑡−1

𝐿𝑡−1
) − 𝑏2

𝑤 ln
𝑄𝑡−1

𝐿𝑡−1
]  
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𝑊𝑡

𝐶𝐸𝐷𝑡
 is the real consumer wage and 𝑈𝑡−1  the lag of the unemployment rate. 

𝑊𝑡−1

𝑈𝑇𝐶𝑡−1
 is 

the real producer wage, ln
𝑄𝑡−1

𝐿𝑡−1
  is realised (log of) output per hour worked, i.e., labour 

productivity, and (𝑡𝑡−1 − ln
𝑄𝑡−1

𝐿𝑡−1
) the deviation of (log) labour productivity from long-

run productivity trend. 

Parameters 𝛽1
𝑤 and 𝛿𝑤 vary across countries and reflect differences in labour market 

institutions that determine the bargaining power of workers relative to firms, such as 

union density, unemployment insurance, employment protection and minimum 

wages (Table 3).  

Expectations 

While workers and firms base their economic decisions on real wages, in practice 

nominal wages are bargained over. Rational agents not only take into account the 

current price level but also form expectations about the price level in the future. We 

account for the forward-looking nature of nominal wage setting as follows: 

∆ln 𝑊𝑡 = 𝛼0
𝑤∆ln

𝑊𝑡

𝐶𝐸𝐷𝑡
+ 𝛼1

𝑤∆ln 𝐶𝐸𝐷𝑡 + 𝛼2
𝑤𝐸[∑ ∆ln𝐶𝐸𝐷𝑡+ℎ

𝐻
ℎ=1 ]   

  

𝑊𝑡 is the nominal wage. 𝐶𝐸𝐷𝑡 is the current price level (consumer expenditure 

deflator), itself a function of unit total costs of production, consumption tax rates and 

import prices. 𝐸[∑ ∆𝐶𝐸𝐷𝑡+ℎ
𝐻
ℎ=1 ] is expected inflation over H periods. Expectations are 

consistent with model predictions.  

Parameters 𝛼1
𝑤 and 𝛼2

𝑤 govern the extent to which agents are forward-looking, or 

‘rational’. 𝛼2
𝑤 = 0 would imply that expectations are formed purely adaptively. In 

NiGEM, such a parameter setting is optional. 𝛼1
𝑤 ≠ 0 implies that expectations about 

the price level are sticky and allows us to account for nominal rigidities. This can be 

compared to approaches in the DSGE literature to model nominal rigidities, such as 

the concept of Calvo pricing (Calvo, 1983; e.g., Christiano et al., 2005). By contrast, our 

method is more strongly motivated by empirical considerations (fitting the data), and 

parameters 𝛼1
𝑤 and 𝛼2

𝑤 vary across countries. Like DSGE-type models, nominal 

rigidities in NiGEM ensure that monetary policy has real effects. 
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Equilibrium rate of unemployment 

In equilibrium, actual inflation equals expected inflation and capacity utilisation will 

settle at an equilibrium. In addition, actual labour productivity and labour-augmenting 

technological progress should grow at the same rate. The equilibrium rate of 

unemployment can then be written as a function only of structural parameters, the 

terms of trade (export relative to import prices, 
𝑃𝑋

𝑃𝑀
) and domestic producer price 

inflation relative to imported inflation to allow for global current account imbalances 

in the long run  

𝑈∗ = 𝛼1
𝑈 + 𝛼2

𝑈∆ln
𝑃𝑋

𝑃𝑀
+ 𝛼3

𝑈∆ln
𝑈𝑇𝐶

𝑃𝑀
        

where 𝛼1
𝑈 captures the parameters associated with product and labour market 

institutions in the price and wage setting equations. If 𝛼3
𝑈 was zero, this would imply 

that the equilibrium unemployment rate would only be determined by structural 

factors and the terms of trade. 

𝑈∗ can also be interpreted as the non-accelerating inflation rate of unemployment 

(NAIRU): it indicates the level of unemployment below which inflation would be 

expected to rise relative to expectations.  

From the equilibrium rate of unemployment, the equilibrium level of employment can 

be derived: 

𝐿∗ = 𝐿𝐹(1 − 𝑈∗)        

 (4.2.4) 

where 𝐿𝐹 is the labour force. The size of the labour force depends on demographics, 

migration and participation rates. We take it as exogenously given, using projections 

from official sources. With respect to employment, we further distinguish between 

employees in employment and the self-employed. Only the former is assumed to be 

relevant for the wage and price setting process. 

International trade  

NiGEM is a globally closed model in that all income and asset flows into one country 

are matched by outflows from other countries. International trade is driven by 
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demand such that no country exports unless there is demand from other countries. 

Import demand is modelled as a function of total final expenditure and import price 

competitiveness: 

∆ln 𝑀𝑡 = 𝛽0
𝑀 + 𝛽1

𝑀∆ln𝑇𝐹𝐸𝑡 − 𝛽2
𝑀∆ln

𝑃𝑀𝑡

𝐶𝐸𝐷𝑡
− 𝛿𝑀 [ln𝑀𝑡−1 − 𝑏1

𝑀ln𝑇𝐹𝐸𝑡−1 +

𝑏2
𝑀 ln

𝑃𝑀𝑡−1

𝐶𝐸𝐷𝑡−1
]  

Total final expenditure 𝑇𝐹𝐸𝑡 is defined as domestic demand less imports.  

Import price competitiveness is defined as the ratio of import prices over domestic 

prices: the higher the price of imports relative to prices at home, the lower import 

demand. Import prices are a weighted average of prices for commodity and non-

commodity imports  

𝑃𝑀 =  𝛼𝑃𝑀𝑃𝑀𝐶𝑂𝑀 + (1 − 𝛼𝑃𝑀)𝑃𝑀𝑁𝐶𝑂𝑀       

Commodity import prices 𝑃𝑀𝐶𝑂𝑀 are exogenously given prices for metal, agricultural 

raw material, food, beverages and fossil fuel. In the long run, the growth rate of these 

prices is determined by the growth rate non-commodity prices. 𝛼𝑃𝑀 is a country’s 

share of commodity exports in total exports. Non-commodity import prices 𝑃𝑀𝑁𝐶𝑂𝑀 

of country 𝑖 are a weighted average of other countries’ export prices 𝑃𝑋𝑗
𝑁𝐶𝑂𝑀 

𝑃𝑀𝑖
𝑁𝐶𝑂𝑀 = ∑ 𝑤𝑗

𝐽
𝑗=1 𝑃𝑋𝑗

𝑁𝐶𝑂𝑀         

where weight 𝑤𝑗 is the share of country 𝑗’s exports in all imports of country 𝑖 and 𝐽 is 

the number of trading partners. 

Non-commodity export prices are written in error correction form to converge to an 

equilibrium defined by competitors’ export prices and the domestic price level: 

∆ln𝑃𝑋𝑖𝑡
𝑁𝐶𝑂𝑀 = 𝛽0

𝑃𝑋𝑁 − 𝛿𝑃𝑋𝑁 [ln𝑃𝑋𝑖𝑡−1
𝑁𝐶𝑂𝑀 − 𝑏1

𝑃𝑋𝑁ln𝐶𝑃𝑋𝑖𝑡−1
𝑁𝐶𝑂𝑀 − 𝑏2

𝑃𝑋𝑁ln
𝐶𝐸𝐷𝑡−1

𝑅𝑋𝑡−1
] +

𝛽1
𝑃𝑋𝑁∆ln

𝐶𝐸𝐷𝑡

𝑅𝑋𝑡
+ 𝛽3

𝑃𝑋𝑁∆ln𝐷𝑃𝑋𝑖𝑡
𝑁𝐶𝑂𝑀       
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Competitors’ export price level is defined as the average of export prices of 

competitors 𝑙 in a particular market, weighted by the presence of competitors in that 

market 𝑣𝑙: 

𝐶𝑃𝑋𝑖
𝑁𝐶𝑂𝑀 = ∑ 𝑣𝑙

𝐿
𝑙=1 𝑃𝑋𝑙

𝑁𝐶𝑂𝑀         

In the short run, export prices not only depend on domestic price inflation but also 

export competitors’ domestic prices. These are defined as average domestic prices 

weighted by exports from country 𝑖 to country 𝑚 relative to total exports from country 

𝑖 

𝐷𝑃𝑋𝑖
𝑁𝐶𝑂𝑀 = ∑ 𝑢𝑚

𝑀
𝑚=1

𝐶𝐸𝐷𝑚

𝑅𝑋𝑚
         

Putting import demand and relative price levels together allows us to write the 

dynamic export equation as follows: 

∆ln 𝑋𝑖𝑡 = 𝛽0
𝑋 − 𝛿𝑋 [ln𝑋𝑖𝑡−1 − ∑ 𝑟𝑚

𝑁
𝑛=1 ln𝑀𝑚𝑡−1 − 𝑏1

𝑋ln
𝑃𝑋𝑖𝑡−1

𝑁𝐶𝑂𝑀

𝐶𝑃𝑋𝑖𝑡−1
𝑁𝐶𝑂𝑀 − 𝑏2

𝑋ln
𝑃𝑋𝑖𝑡−1

𝑁𝐶𝑂𝑀

𝐷𝑃𝑋𝑖𝑡−1
𝑁𝐶𝑂𝑀] +

𝛽1
𝑋∆ ∑ 𝑟𝑚

𝑁
𝑛=1 ln𝑀𝑚𝑡 + 𝛽2

𝑋∆ln
𝑃𝑋𝑖𝑡

𝑁𝐶𝑂𝑀

𝐶𝑃𝑋𝑖𝑡
𝑁𝐶𝑂𝑀 + 𝛽3

𝑋∆ln
𝑃𝑋𝑖𝑡

𝑁𝐶𝑂𝑀

𝐷𝑃𝑋𝑖𝑡
𝑁𝐶𝑂𝑀     

In the long run, export volumes are tied down by foreign demand and the 

competitiveness of export prices relative to export prices of competitors and trading 

partners’ domestic prices, with short run adjustments made with respect to changes 

in the same variables. Slopek (2018, this Review) explores the role of tariffs in shaping 

the relationship between export prices and foreign demand for exports. He finds that 

assumptions made about the adjustment of export prices can have important 

implications for the adjustment of the economy to the introduction of tariffs. 

The trade balance is calculated as export volumes less import volumes 

𝑇𝐵𝑡 =
𝑋𝑡

𝑅𝑋𝑏

𝑃𝑋𝑡

𝑃𝑋𝑏 −
𝑀𝑡

𝑅𝑋𝑡

𝑃𝑀𝑡

𝑃𝑀𝑏         

where superscript 𝑏 indicates a variable’s base year value. 

 

Financial market prices  
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Like product markets, international financial markets clear such that global liabilities 

equal global assets. A country’s net income from interest payments, profits and 

dividends (𝐼𝑃𝐷) can be written as the difference between income credit and debit 

(𝐼𝑃𝐷𝐶𝑡 − 𝐼𝑃𝐷𝐷𝑡) = [𝑅𝑂𝑅𝑡(𝐺𝐴𝑡−1 − 𝛽1
𝐼𝑃𝐷𝐺𝐿𝑡−1) + 𝑖𝑡

∗𝛽2
𝐼𝑃𝐷𝐺𝐿𝑡−1] −

[𝛽3
𝐼𝑃𝐷(𝑃𝑅𝑂𝐹𝑡 − 𝑇𝐴𝑋𝑡

𝑐) + (1 −
0.2

𝑑𝑒𝑏𝑡𝑡
𝑔𝑜𝑣

𝑦𝑡⁄
) 𝐼𝑁𝑇𝑡

𝑔𝑜𝑣
+

𝐺𝐿𝑡−1𝑅𝑋𝑡−1−(1−
0.2

𝑑𝑒𝑏𝑡𝑡
𝑔𝑜𝑣

𝑦𝑡⁄
)𝑑𝑒𝑏𝑡𝑡−1

𝑔𝑜𝑣
−𝛽4

𝐼𝑃𝐷𝐸𝑄𝐶𝐴𝑃𝑡−1𝐸𝑄𝑃𝑅𝑡

𝑅𝑋𝑡
]   

The terms in the first bracket represent credit with the rest of the world. 𝐺𝐴 are gross 

assets held, and 𝐺𝐿 are gross liabilities, which are both assumed to be a proportion of 

nominal GDP. 𝑅𝑂𝑅 is the rate of return on foreign assets, which error-corrects in 

world debit. 𝑖𝑡
∗ is the short-term interest rate earned on liabilities in the rest of the 

world. We assume it to be identical to the US risk-free rate (policy rate). 

The second bracket contains debit with the rest of the world. It is written as a function 

of profits less corporate taxes, interest payments on government debt and private and 

government debt as well as stock market returns expressed in domestic currency. 

The current account balance is the sum of the trade balance, net foreign income and 

balance of payments transfers, the latter defined as being proportional to nominal 

GDP in foreign currency terms 𝐵𝑃𝑇𝑡 = 𝛽1
𝐵𝑃𝑇 𝑦𝑡𝑝𝑡

𝑦

𝑅𝑋𝑡
, with 𝑝𝑡

𝑦
 being the GDP deflator: 

𝐶𝐵𝑡 = 𝑇𝐵𝑡 + (𝐼𝑃𝐷𝐶𝑡 − 𝐼𝑃𝐷𝐷𝑡) + 𝐵𝑃𝑇𝑡      

  

Prices on international financial markets, i.e. long-term interest rates, exchange rates 

and equity prices, adjust in a forward-looking manner while allowing for (small) 

deviations from a standard no-arbitrage condition. 

Short-term interest rates 𝑖𝑡 are determined by the monetary policy rules described in 

section 3.4 thereby responding endogenously to the state of the economy. Long-term 

interest rates 𝐿𝑅𝑡 result from a 10-year forward convolution of short-term rates plus 
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a term premium, which may capture risks associated with uncertainty about future 

monetary policy, bond market liquidity, or sovereign default: 

(1 + 𝐿𝑅𝑡) = ∏ (1 + 𝑖𝑡+ℎ)10
ℎ=0 + 𝑇𝑃𝑅𝐸𝑀𝑡       

The bilateral exchange rate 𝑅𝑋𝑡, defined as domestic currency per unit of foreign 

currency. It is forward-looking in that it jumps in response to news about the expected 

path of interest rates, solving an uncovered interest parity condition: 

𝑅𝑋𝑡 = 𝑅𝑋𝑡+1 (
1+𝑖𝑡

1+𝑖𝑡
∗)          

Finally, equity prices move with discounted future values of profits relative to private 

sector capital stock 𝐾𝑃 plus a premium: 

𝐸𝑄𝑃𝑡 =
𝑃𝑅𝑂𝐹𝑡−𝑇𝐴𝑋𝑡

𝑐

𝐾𝑃𝑡
+

𝐸𝑄𝑃𝑡+1𝐾𝑃𝑡+1

(1+𝑖𝑡)(1+𝐸𝑄𝑃𝑅𝐸𝑀𝑡)𝐾𝑃𝑡
        

The equity risk premium drives a wedge between returns on equity and returns on 

interest-bearing debt. 
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