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Executive Summary 
 

This deliverable outlines the elements and mechanisms required for the SYMPHONY toolbox, 

developed within the SYMPHONY project, to become a useful tool for policy makers as well 

as for citizens. Hence, within the first year, the main work for both use cases in WP6 was to 

analyse the most important policy questions and to translate these into modelling 

requirements and implementation steps. These activities were conducted according to Task 

6.1 Financial stability and resilience use case (M4 – M36) and Task 6.2 Sustainability 

transition use case (M4 – M36). This serves as the basis for further work within WP6, which 

will be reported in Deliverable 6.2 at the end of the project.  

The report starts with the Introduction, describing the scope of the deliverable as well as 

other related work within the SYMPHONY consortium. The two areas of policy analysis 

within this project are then described in Chapter 2 and 3: the sustainability transition use 

case and financial stability use case. Both Chapters first describe the motivation and policy 

relevance (Chapter 2.1, 3.1). The financial stability use case is again subdivided into 

Monetary Policy, Fiscal Policy and Financial regulation. Both Chapters then continue with the 

resulting modeling requirements. The report ends with describing the user perspective, 

including the advantages of the SYMPHONY toolset for policy makers as well as the wider 

public.  

The two use cases are very different in their nature and require expertise from different 

areas. The two cases are usually not thought together, neither in academia, in political 

decisions or by the general public. The challenge is to bridge the gap between financial 

market related issues and sustainability issues, internally (communication and modeling) and 

externally (communication and policy). 

A main challenge for the project as a whole, which is an opportunity at the same time is that 

there are no economic models (CGE, DSGE or other) that have a sufficient representation of 

financial markets and climate and energy issues at the same time. So far, the SYMPHONY 

model (and the earlier EURACE model) has not contained any considerations of energy or 

waste (e.g. CO2 emissions) and has focused on financial and economic policy. At the same 

time, concepts such as green growth offer a solution to both, economic problems as well as 

environmental problems. However, so far this possibility has not been analyzed sufficiently. 

Furthermore, after the financial crisis, it became clear that we need a deeper understanding 

of the links between macroeconomics and finance, i.e. between business cycles and financial 

cycles.  
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Concerning the financial stability use case, the task is to develop the SYMPHONY AB model in 

a way that it is able to analyze questions of fiscal and monetary policy as well as financial 

regulation on the economy as a whole, not only the financial sector. In order to assess the 

financial stability, we use a set of metrics and methods that will not cover only the banking 

system, even if it still remains the most important part, but also other economic agents, such 

as households, firms and other financial corporations and housing market. Furthermore, 

some new features have been included into SYMPHONY, such as a securitization mechanism 

(issuing of Asset Backed Securities and Mortgage Backed Securities by the Financial Vehicle 

Corporations (FVCs)). The main fiscal policy topic is fiscal austerity vs. more expansionary 

policies. Furthermore, we want to analyse the broader macroeconomic effects of the 

monetary policies that the main central banks use to overcome the economic recession, 

namely quantitative easing and credit easing. Furthermore, the Symphony platform will be 

used in order to design and test different banking regulation patterns, the most recent 

proposals being the Basel III accords. 

Concerning the sustainability use case, the task is to introduce energy, resources, waste and 

sustainability issues in the model, first in a simplified manner, and then to extend this later. 

There are some interesting policy questions (from a user perspective) such as a restructuring 

of the market mechanism of the energy market or the European Emission Trading System 

that were found to be hard to implement in the SYMPHONY model at this stage. Hence, the 

topic of choice was the 2030 framework for energy and climate policy, with its three targets: 

a GHG emission target, an energy efficiency target and a renewable energy target. This topic 

was chosen because the three elements are the most important from a political point of 

view and the most straight-forward from model implementation point of view, as they can 

be implemented in a step-by-step manner.  
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1 Introduction - Scope of the Deliverable 
 

Main objectives of the work package are:   

•    To define use cases with selected stakeholders of SYMPHONY in the area of stability of 
financial markets, and in the area of the sustainability transition.  

•    To evaluate the conceptual architecture of SYMPHONY concerning its fit for defining and 
conducting use cases, and to feed-back the evaluation into the research process.   

•    To evaluate the main building blocks of SYMPHONY, i.e. identifying collective intelligence 
for nowcasting, agent-based modeling, and serious gaming, and to feed-back the evaluation 
into the research process. 

 

Overall Question for a Sustainability Transition: 
- We address the question how to foster the rebuilding of the energy system with the 

aim of reaching a low carbon economy  by  2050,  and  whether  rebuilding  the  
energy  system  has  the potential  to  trigger  a  sustainability  transition  towards  
an  economically  and  ecologically  sustainable  growth  path. 

- Further key  questions  will  be  how  certain  elements [i.e. the re-coordination of 
investors’ expectations, industrial investment cycles, financial investment patterns, 
and the economics of both finite and renewable resources] interact with each other. 

 
Overall Question for Financial Stability: 

- We will investigate the effects of unconventional policies, like quantitative easing, in 
a situation, like the present one, of near zero interest rates but stagnant economy 

- Reconsideration of the target of monetary policy (to be considered: inflation in 
assets prices, to prevent new bubbles, and nominal GDP; evaluation of the 
expansionary austerity hypothesis) 

- Different banking and financial regulatory frameworks will be also investigated. 
- We will also simulate what could happen if the policy maker introduced a Tobin tax 

on financial transactions. 
 

The SYMPHONY project is developing four different tools in parallel, the agent-based model 

(WP3), the interactive game (WP4), social media mining and information markets (WP2), 

which will be integrated in a joint platform (WP5). All four of them are developed to enhance 

on the one hand the knowledge basis for decision making by policy makers and on the other 

hand the knowledge and involvement of citizens in the policy process. The two policy areas 

are financial stability and sustainability transition (WP6).  

There is a periodic exchange of ideas between the different partners and Work packages. 

This report will focus on the model requirements for the two use cases, so mainly input 

developed in WP6 to be used in WP3. Interactions with other WPs will be described briefly:  
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WP2 develops the infrastructure to generate important input for the agent-based model. 

Using data input from social media and information market for macroeconomic models is a 

novel approach, which has to be developed and tested in the course of the project. So far 

interactions between WP6 and WP2 focused on identifying interesting and important input 

parameters.   

For the two use cases, relevant input parameters for example could be: 

 Growth expectations 

 Unemployment expectations  

 Energy price expectations 

 Credibility of certain policies 
 

In order to also make the topic accessible for the broader public, WP4 develops a game 

which is a simpler, more user-friendly and interactive interface of the model. Hence, the 

interaction with the partners from WP4 so far concerned the design of the actors in the 

game and their decision options and interaction rules.  

The idea of the game and the design was presented to several groups of citizens interested 

in the policy topics. Outcomes of this process were reported in Deliverable D1.1.  

Potential users of the model are policy makers, hence it is important to address the 

questions important for them. However, we also have to keep in mind that policy questions 

are sometimes very specific and short-term, hence we need to keep in mind the broader 

picture. The consortium is in constant interaction with policy makers to discuss current 

policy questions and what SYMPHONY can offer in terms of analysis.  

The user requirements of different target groups as well as results of first consultation 
sessions were already described in depth in Deliverable 1.1 and will not be the focus of this 
report. 

The focus of the first year was the development of the policy use cases (WP6) and the 

related model requirements (WP3). These will be explained in more detail in this report. 

This report will provide a detailed description of the policy problem, resulting scenarios 

and modeling requirements related to the two use cases considered. 

In the second year of the project, the focus will be to implement the model requirements 

into the agent-based model and to analyze the scenarios. Secondly, in parallel there will be 

stakeholder dialogs to ensure that the policy questions are up to date and to test and 

improve the user friendliness of the tools. What is important for this process, is to develop 

an evaluation scheme, which the tools can be tested on.  
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2 Use Case Sustainability Transition  
 

2.1 Motivation & Policy relevance 
 

As set out in deliverable D.1.1 in more detail, a sustainability transition is needed to address 

both the challenge of climate change and the challenge of economic recovery after the 

financial crisis. In order to reach the emission reduction level necessary for staying below the 

politically agreed limit of 2°C temperature increase, great efforts at international level are 

needed – for example, by 2050, annual per capita emissions should be reduced to 2.7 t CO2, 

whereas these are currently about 7t for the EU28 average. At the same time, it is 

questionable whether a way out of economic recession will be found if the financial crisis is 

tackled in isolation. A new growth model, based on green growth, would combine the two 

challenges: efforts to reduce emissions could spur growth and hence promote economic 

recovery. The analysis and assessment of climate change mitigation policies in view of their 

potential to trigger a sustainability transition is therefore of importance. 

 

2.1.1 The policy discussion 

Most previous economic climate policy analysis is carried out in a general equilibrium 

framework, which portrays economies as "static, unchanging and perfectly efficient" (New 

Climate Economy, 2014). Climate policy, introduced as a further constraint in models, thus 

by definition leads to less optimal (or efficient) outcomes. The discussion around climate and 

energy policy is therefore very much focused on the overall economic costs (mainly in terms 

of GDP) of such policy and how these costs can be shared among the member states of the 

EU.  

The 2030 targets are currently the most important element of these political discussions at 

EU level, displayed in a series of documents and EU level decisions. With the so called "20-

20-20'' targets (a 20% reduction in EU GHG emissions, a 20% share of renewable energy in 

gross final energy consumption and a 20% reduction in total primary energy consumption of 

the EU, all 2020 levels compared to 1990) in place, in 2011, the European Commission 

defined the long term GHG emission reduction target for 2050 as 80%-95% below 1990 

levels, which would be in line with the EU's contribution to the global political goal of staying 

below a 2 °C temperature increase (see the "Energy Roadmap 2050'', European Commission 

2011a, and the "Roadmap Towards a Competitive Low-carbon Economy Until 2050'', 

European Commission 2011b). When in 2012 the European Commission analysed the effects 

of raising the 2020 targets (see the Commission staff working paper "Options to move 

beyond 20% emission reductions'', European Commission Staff 2012), no agreement to raise 

the target was achieved, although large emission reductions had resulted from economic 
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downturn due to the financial crisis and the euro crisis. In 2013, intermediate goals for 2030 

were put on the agenda with a European Commission proposal called the "Green paper: A 

2030 framework for climate and energy policy 2030'' (European Commission 2013), followed 

by a public consultation process and, early in 2014, a White Paper that states the reduction 

targets for 2030: 40% GHG emission reductions, 27% share of renewable energy, no energy 

efficiency target. The announcement was accompanied by an Impact Assessment Report 

(European Commission Staff 2014), which analyses the outcome of different scenarios for 

2030 and 2050. 

Against this background, the question arises whether and how these targets are able to 

trigger a transition towards sustainability. Such a transition requires major structural 

changes to the current fossil fuel based economic system, and changes have to go beyond 

the energy sector alone (e.g. Zysman and Huberty, 2012). Structural changes are beyond the 

horizon of standard climate policy analysis models, and thus are potential benefits from 

these changes. In fact, the possibility that climate policy offers economic opportunities has 

been largely neglected in previous macroeconomic modeling. The economic state of the 

European Union, characterized by low investment rates, low growth and high 

unemployment, however, suggests that there is an urgent need for new economic 

opportunities.  To explore such opportunities, new economic approaches are needed. 

 

2.1.2 Sustainability & Climate policy in an agent-based macroeconomic model   
The Symphony project uses such a new approach: agent-based modeling. To explore the use 

case of a sustainability transition, climate policy measures will be analyzed using the 

extensive agent-based model of the European economy, the Symphony AB model.  

Compared to standard climate policy analysis models, the agent-based modeling approach 

opens up the possibility of introducing many heterogeneous agents (instead of 

representative agents), that may have non-rational expectations. In particular, perceptions, 

preferences and behaviour concerning climate change, clean air etc. may be modeled based 

on information gathered via social media mining or similar techniques. For this purpose, the 

novel approach of SYMPHONY is to use social media mining and information markets to 

include information on actors’ expectations and dynamics emerging from that. Out-of-

equilibrium dynamics of the economic system can be portrayed and studied. In particular, 

structural transitions are possible. 

The Symphony AB model is based on the EURACE model. The EURACE model has mainly 

been used for fiscal and monetary policy evaluation, not for climate and energy 

policy. Therefore, the challenge is to introduce climate and energy issues into the new 

model. However, the model offers great possibilities to include aspects, which are 

underrepresented in current climate economic models, into the analysis of climate policy – 

for example, financial market dynamics, business cycles and persistent unemployment, 

which are crucial points in the European Union's current situation.  
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All in all, this approach will allow us to study the economic effects of climate policy in a more 

holistic way and thus this use case will add a new modeling approach to the climate and 

energy policy toolbox, by combining largely disconnected areas of research.   

 

2.2 Modeling a sustainability transition 
 

For modeling a sustainability transition, we have identified three necessary model 

components and two mechanisms. Resulting from their implementation, several policies can 

be analyzed. These will be described in more detail here.  

2.2.1 Three new modeling components  

Analyzing and assessing whether and how the EU emission reduction targets for 2030 stated 

above can trigger a sustainability transition implies the exploration of three main 

components, which are new elements within Symphony AB model: 

 1) a GHG emission target (e.g. 30, 40 or 50% by 2030, compared to 1990),  

2) a renewable energy target, and  

3) an energy efficiency target. 

Concerning 1), the targets were chosen because 30% is expected to be the Business-as-usual 

case, 40% is the target with the most consensus at EU level at the moment and 50% is 

considered more ambitious. Potential policies to be analyzed can combine these 

components or further specify one of them. The described policy questions, explained 

below, have been raised in the discussion process around the 2030 framework for climate 

and energy policy and have also been raised in our stakeholder dialogs. (European 

Commission Staff, 2014) 

For example, a worthwhile question is whether there should be one EU policy target or 

several from the above 3 components, based on the question whether different targets 

might reinforce or hinder each other. For each of the three components, the question arises 

which (range of) level(s) would be most conducive to a sustainability transition. Further 

detailed questions include:  

 What kinds of subsidies may be useful, for example a quota or a feed-in-tariff 

system? 

 Should there be binding rules on heat insulation and other efficiency rules (e.g. 

buildings refurbishments)? How tough should they be? 

 What kind of changes in industry exemptions for the purchase of carbon certificates 

might be necessary?  
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 Should subsidies on fossil fuels be abolished? 

 Can public procurement for renewable energies or energy efficiency measures play a 

beneficial role? 

 What is a useful structure of reform of the current carbon market (permanent set-

aside, additional sectors or gases, price floor, price management reserve, 30% 

mitigation target for 2020, early adjusted linear reduction factor, limiting access to 

international credits)? 

 How can auctions of carbon credits be implemented (how much and in which 

sectors, countries?)? Should there still be free allocations by 2020? 

 These topics have a high political relevance at EU level and are at the same time 

interesting for the relevant stakeholders of this project and potential users of the model, 

such as GCF, Germanwatch and their stakeholders in the policy sphere, such as the German 

Ministry for the Environment.  

 

2.2.2 Two Mechanisms 

When analyzing such a set of policy measures, it becomes interesting how a sustainability 

transition actually comes about. The mechanism leading to a transformation can be 

demand-driven or supply-driven, or a combination of both. In both cases, it can be 

decomposed into several steps. 

a) Demand-driven 

1. Credible political goal 

2. Shift in expectations of investors and consumers (increased demand expectations in 

the green sectors) 

3. Increase investment levels and redirect investments to green capital and goods 

4. Increased technological learning (and reduction of unit costs) 

b) Supply-driven 

1. Introduction of a new financial instrument (e.g. infrastructure bonds) 

2. Increased private investments into infrastructure and renewable energy projects 

3. Increased technological learning and resulting costs reduction 

4. Increased demand for green products 
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Both mechanisms can be described as a virtuous circle: compared to the current economic 

climate in the EU, investors' expectations are improved, whether via the demand (increased 

expected demand) or supply (confidence to invest in a new instrument) side, and thus 

investment levels rise. This then leads to increased learning-by-doing, which in turn spurs 

growth, that then again increases investors' expectations. This virtuous circle can shift the 

economy to a new growth pattern, achieving the sustainability transition.  

 

2.2.3 Policy Scenarios 

Resulting from the three main components and the two possible mechanisms of how a 

sustainability transition can come about, different policy scenarios can be investigated. One 

is the business as usual case without any policy. The others are a combination of the three 

components and related policies: 

1. Business as usual (no environmental targets, no energy taxes) - most studies assume 

a 30% GHG emission reduction under BAU 

2. Introduction of an energy tax (for use of energy) 

3. Ambitious GHG emission reduction target (e.g. 45 or 50%) 

4. Ambitious GHG target + additional Renewable Energy target 

5. Ambitious GHG target + additional Energy Efficiency target  

6. Ambitious GHG target + additional Energy Efficiency target + additional Renewable 

Energy target 

In order to be able to model these scenarios, the SYMPHONY AB model has to be refined 

accordingly. The next section describes elements that need to be included in the model 

regarding the three components: GHG emissions, renewable energy production and energy 

efficiency.  

 

2.3 Modeling requirements 
 

Investigating the potential for triggering a sustainability transition of the above climate 

policy scenarios with the help of the SYMPHONY AB model presupposes a representation of 

greenhouse gas emissions, renewable energy, and energy efficiency within the model. 

Further model elements may need to be introduced to represent policy options related to 

each of these issues.  

To give a short overview, these elements can be briefly characterized by the following 

modeling requirements: 
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 Emissions need to be tracked in agents' activities that produce emissions.  

 The energy sector needs to be represented with (at least) two kinds of energy being 

produced – fossil fuel based and renewable energy, that is, energy production with 

and without emissions.  

 Energy consumption needs to be represented to study energy efficiency and energy 

efficiency investments. Energy is consumed in the production process of firms and 

by households. As housing (and in particular heating) defines a big share of the 

households' demand for energy, the focus will be on representing more and less 

efficient houses on the households side. For firms, production processes need to be 

distinguished by energy intensity. Energy efficiency investments then improve these 

energy efficiency qualities.  

These underlying ideas are described in the following sections for the three components, 

respectively, before adding detail on the modeling requirements for policy options relating 

to each of the components.  

Not all elements have to be implemented at once, which provides more flexibility for the 

implementation phase. The implementation will be done in a step-by-step manner. The 

order of the necessary components in this report does not necessarily coincide with the 

order of implementation. E.g. energy efficiency can be implemented before GHG emissions.  

 

2.3.1 Modeling GHG emissions 

Carbon dioxide (CO2), and more generally, greenhouse gas emissions (GHG emissions) need 

to be accounted for in all of the agents' activities that produce emissions. GHG emissions are 

sometimes reported from the production side and sometimes from the consumption side. It 

is important to choose a consistent way of reporting GHG emissions, in order to avoid 

double counting.  

An important question is who produces the main shares of GHG emissions and should 

therefore be represented in the model? As displayed by the following figure, the lion's share 

of global emissions is related to energy generation and usage: electricity and heat 

generation for residential and commercial buildings as well as industry; other fuel 

combustion in residential and commercial buildings (e.g. oil and gas heating units); as well as 

industry (chemicals, cement, iron & steel etc.) and transport (largest share is road 

transportation). Other sources of emissions are from agriculture, land use change and waste. 
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Figure 1: World GHG Emissions Flow Chart. Source: World Resources Institute. 

Emissions from land use change come mainly from deforestation, which takes place in 

developing and emerging economies, and is therefore not the geographical focus of this 

project (although, indirectly industrialized countries “import” these emissions through 

agricultural products). Agriculture might be added at a later stage; for now, we will focus on 

emissions that are directly related to energy. This means that energy acts as the point where 

all emissions can be accounted for. Emissions have to be attached to the good energy 

throughout the model.  

 

2.3.2 Modeling  energy  

Due to the prominent role of energy in relation to emissions, we will consider the treatment 

of energy in the model in general before considering renewable energy in particular.  

Currently energy is (being) implemented in the SYMPHONY AB model as an input factor for 

production, which cannot be substituted. For details on how consumption good firms use 

energy in their production technology, see D3.1. For example, the efficiency of energy use 

depends on the machines (capital good) used in the production process, that is, it may vary 

between firms and within firms according to acquired vintage levels of capital endowments. 
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Again, details in the evolution of efficiency can be found in the deliverable on the model 

itself, D3.1. Energy costs are known to the firms and energy is not rationed.  

Capital good firms use energy as well, as energy and raw materials are the only factors of 

production. However, as this part of the model is still implemented according to a previous 

version, energy and raw materials are assumed to be imported from abroad. Their prices are 

exogenously given, and the costs of energy leave the modelled economic area. Construction 

firms do not, as yet, use energy (their production inputs being capital and labour), and 

neither do households.   

To model the sustainability transition use case, the representation of energy production and 

consumption will be refined. The level of disaggregation of energy within the model, on the 

demand as well as supply side, still has to be decided. The two extreme cases resulting from 

the analysis would be that either we have one energy market with one energy price (for all 

kinds of energy) or a large number of markets with independent prices. The level of 

disaggregation can be different on the demand and supply side. E.g. electricity can be 

differentiated on the supply side (into renewable and fossil energy) but not on the demand 

side. That means electricity is traded on one market at the same price (but the different 

energy technologies have different costs).  

Which actors are important here? 

From an energy consumption perspective the focus will be on buildings and industry 

processes that consume energy, hence households and firms are the important actors. Most 

energy efficiency policies will target households and firms. Both types of agents are already 

present in the model, however, they will in turn need to be refined.  

We can differentiate three main purposes/uses of energy: electricity, heat, and fuel for 

transport and industrial processes. Households consume electricity and heat, attached to 

their buildings. Firms may consume (as inputs to their production) electricity, heat, and fuel. 

Currently, the two main types of firms present in the model are capital goods firms and 

consumption goods firms, further, there are construction firms; all firms should use energy 

as an input to production. Depending on the degree of detail desired, firms may have to be 

further differentiated according to their energy consumption profiles (types of energy 

consumed and energy intensity per unit produced). This could be done by defining different 

types of firms  – for example, industry such as automobile companies as well as chemical, 

cement, iron & steel producers may be important industry actors – or by attaching "energy 

use quality" attributes to firms, that distinguish them according to levels or types of energy 

use. As energy consumption is mostly related to energy efficiency questions, it will be 

discussed below in the corresponding section.  

From an energy production or generation perspective, the energy producers will be 

important actors. Policies promoting renewable energy will target the energy sector to a 

large extent.  
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A new agent “energy company” (or “mining company”) is needed with the following 

characteristics: 

 This company produces energy domestically. 

 It extracts resources from the environment. 

 It releases waste into the environment (GHG emissions, air pollution, other waste 

including nuclear waste etc.). 

 It incurs costs for producing energy. 

We probably need to introduce several domestic energy producers, because it might be 

required to have different kinds of energy production, energy markets and costs for energy.   

Introducing costs for energy production is an important point when introducing more 

detailed energy companies. These costs comprise capital costs, or so called fixed costs (e.g., 

power plants of all types), and so called variable costs for operation and maintenance. The 

operation costs may include intermediate inputs/raw materials, such as coal for a coal fired 

power plant. In the case of wind energy, no raw materials are needed as intermediate 

inputs.  

The picture below displays the levelized cost of production for different kinds of renewable 

energy as well as fossil fuel based energy. It shows that costs of energy may be rather 

different depending on the production technology, and that costs vary over time for a given 

production technology.  
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Figure 2: Levelised costs of energy for different sources in 2011 and 2030. Source: The Carbon Brief. 

As model refinements for representing energy production and consumption will be 

introduced into the SYMPHONY AB model in a step by step manner, not all of this 

information can be captured at once. Nevertheless, it is useful to have the diversity of prices 

encountered in real world energy production and markets as a background information that 

one can work towards. Therefore, the following table summarizes types of energy prices: for 

each of the purposes of energy mentioned earlier (electricity, heat, and fuel), there are at 

least three different prices: a wholesale price, an industry price and a household price. For 

electricity from renewable energy there may be an additional price, the guaranteed price; 

the support mechanism for guaranteeing this price can for instance be a feed-in-tariff.  

Use of 

energy 

Guaranteed price Wholesale price Industry price 

(applies above a 

certain 

threshold) 

Household & 

SME price 

Electricity Under a feed-in-

tariff mechanism 

there is a 

guaranteed price 

for renewable 

Spot market 

with rather high 

volatility (base 

load vs. peak 

load) 

Slowly increasing 

but stable 

industry price  

Increasing but 

relatively 

stable HH 

prices 
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electricity 

Heat No guaranteed 

price, but often 

legal obligations to 

use RES 

(geothermal, 

ambient heat, solar 

irradiation energy, 

biomass) 

Gas, oil, RES 

wholesale prices 

 

Industry price for 

gas, oil and RES or 

district heating 

price 

HH gas, oil, 

RES price or 

district 

heating price 

Fuel  

(for 

transport 

and 

industrial 

processes) 

No guaranteed 

price, but often 

legal obligations to 

use RES (biodiesel, 

bioethanol, 

vegetable oil) 

Gas, oil, RES 

wholesale prices 

Industry gas, oil, 

RES price 

HH gas, oil, 

RES price 

Table 1: Prices by use of energy.  

For a comparison of household and industry prices see the following figure: 

 

Figure 3: Electricity Prices in Germany. Source: Agentur für Erneuerbare Energien (2013b). 
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2.3.3 Modeling renewable energy  

Given the representation of energy in the model produced by an energy company (or many 

of them) and consumed by households and used by firms as an input to production, fossil 

fuel based and renewable energy have to specified as different kinds of energy, in order to 

account for the difference in emissions being produced. There are several possibilities for 

distinguishing kinds of energy: renewable energy can be introduced as a new good, 

produced by new companies, or it can be differentiated via a new production technology 

used by existing energy sector firms. The latter way would result in one product with two 

quality attributes: green and brown energy. For brown energy, that produces CO2 as a waste 

product, these emissions have to be tracked, as discussed in Section 2.3.1. If one wants to 

consider nuclear energy explicitly, nuclear waste has to be taken into account as well (as an 

attribute one could label this yellow energy). The fact that the production of goods goes 

along with producing waste is included in the model as described in deliverable D3.1. For 

energy, emissions, as a waste product, have to be attached to the brown type, but not to the 

green one. 

However, we focus on green and brown energy here. The following table summarizes main 

characteristics of the two: 

Kind of energy 

technology  

Place of 

production 

Production input CO2 

intensity 

Capital utilization 

Renewable 

(wind, solar, 

hydro, biomass, 

geothermal) 

Domestic 

production (in 

the sense of 

produced in 

the EU) 

Capital intensive 

(only biomass 

uses raw 

material) 

low Low, (Solar: ca. 10 %, 

Wind Offshore: ca. 

27 %, Wind Onshore: 

ca. 17 %, Biomass: 

ca. 62 %, Hydro: ca. 

55 % 

Fossil fuel 

(lignite, coal, 

gas, oil)  

Domestic and 

foreign 

production 

Raw material 

intensive 

high High (Lignite: ca. 68 

%, Hard coal: ca. 42 

%, Gas: ca. 39 %) 

Table 2: Main Characteristics of green and brown energy. Source: Own representation, capital utilization from 
Agentur für Erneuerbare Energien (2013a). 

Here, capital utilization refers to the hours per year that a power plant runs and actually 

produces energy. Fossil fuel power plants have a higher utilization rates per year (39 – 68% 

of the year). Utilization rates for renewable energy plants are mostly lower (10 - 63% of the 

year) due to the fact that the sun is not always shining or the wind not always blowing. 

Considering the utilization of capital and the use of raw materials, the characteristics of 

biomass (renewable) are closer to those of fossil fuel based energy production than to the 

characteristics of solar PV or wind energy. In a first step it may be useful to model renewable 
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energy based on the characteristics of wind and solar, disregarding biomass as a first 

approximation.  

Having seen a large variety of prices in energy markets (from wholesale to household prices), 

the question arises whether renewable and fossil fuel based energy should also be 

differentiated in terms of price. As a first approximation, it seems useful not to model these 

with different prices, as for example, for electricity there is one market price for both. 

However, the costs of these two kinds of energy differ due to different requirements of 

investment and production input; hence, the margin will be different. In case prices are 

lower than costs for renewable energy, the difference can be financed through subsidies (as 

currently done in many countries with the feed-in-tariff system). 

 

2.3.4 Introduce energy efficiency investments  

The picture below shows the abatement costs of different investments that reduce CO2 

emissions (the costs per reduced ton of CO2). The investments on the left hand side are 

investments with a positive NPV (also called “at negative abatement costs”). On the x-axis 

you can see how many Gt of CO2 reductions can be realized at negative costs. Many of these 

negative cost investment opportunities relate to efficiency improvements: building 

insulation, lighting, air-conditioning, water heating, and more fuel-efficient vehicles are 

reported on the net negative abatement cost side.  

 

Figure 4: Global GHG abatement costs curve beyond BAU – 2030. Source: McKinsey (2011). 

 



 

 

 

PU 

© All Rights Reserved 

 

 

 

 

 

 

 

SYMPHONY Deliverable D6.1 

 

Page 22 of 60 

The research leading to these results has received funding from the European Community's Seventh Framework Programme 
[FP7/2007-2013] under grant agreement no. 611875 

What kind of capital do we have in the model and what is needed? 

Efficiency is a quality of energy consumption, and hence relates to the demand side. As 

briefly mentioned above, agents that consume energy are households (mostly via housing) 

and firms (via their production process). Both of these relate to the capital stock that is at 

the disposal of the agents. In fact, in the SYMPHONY AB model, there are two types of 

capital goods: machines (productive capital) and residential buildings (this has been the 

latest addition). 

Currently, only residential buildings (no commercial buildings) are considered. Households 

(only) own residential buildings, while machines are owned by consumption goods firms, 

henceforth firms, and then in turn by households again, because all firms are corporations 

whose shares are owned by households (and traded in the stock market). Construction firms 

build new houses which they sell at the housing market, and households exchange 

residential housing units among themselves.  

In order to constitute a transformation to a low-carbon economy, the building stock is an 

important element. It will be necessary to differentiate buildings by a new quality/attribute: 

their energy intensity (and via the amount and type of energy used, they are hence indirectly 

differentiated according to their emissions). As a first step, it seems useful to introduce two 

kinds of quality: green buildings (low level of energy consumption/m2 and thus lower 

emissions) and brown buildings (high level of energy use/m2). Green real estate will 

generally be more expensive, however, it uses less energy. 

Further differentiation is possible in later steps. It might also be necessary to introduce a 

new type of buildings, commercial buildings, owned by consumption and capital goods firms. 

The same energy efficiency quality/attribute should then be attached to this type of 

buildings.  

As mentioned, construction firms build houses in the model. According to building 

standards, all newly built houses should be green, but as buildings are rather long-lived 

elements in economic systems, the already existing stock of brown buildings needs to be 

represented. The exact shares of brown and green buildings at initialization of the model 

need to be determined from data according to the exact definition of green and brown 

chosen. That is, where the cut-off point between green and brown is fixed determines which 

houses in the present building stock in Europe count as green and brown, respectively. The 

same applies for refined classifications of buildings that might be included in the model at a 

later step.  

Similarly, production processes of firms need to be distinguished according to energy 

intensity, or, taking the opposite perspective, according to energy efficiency. Depending on 

how exactly the use of energy in the production process is represented, the amount of 

energy used to produce one unit of the firm's production good, may be more or less easily 

computed from the production function. 
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Having thus represented the efficiency of energy use for both groups of agents, energy 

efficiency investments need to be represented. This task comprises representing the 

mechanisms for carrying out the investments, the effects of such investments, as well as 

introducing the decision rules the agents need in order to choose whether to make energy 

efficiency investments or not.  

To represent the mechanisms, for buildings, a new technology of construction firms needs to 

be added: construction firms have to retrofit/renovate houses to a higher energy standard. 

Energy efficiency of machines depends on their vintage, and is thus already represented in 

the model.  

To represent the effects of investments, the energy efficiency quality of buildings, 

respectively production, has to increase with the investment made. In firms' production 

functions, it may be rather easy to increase efficiency according to the amount invested, 

while for buildings, initially a fixed amount may need to be invested (per m2) in order to 

transform a brown building into a green one. With a refined representation of efficiency 

classes in buildings, the efficiency improvement may also depend on the amount invested. 

As regards decision rules, energy efficiency investments, such as building insulation, more 

efficient heating systems, more efficient production processes etc., need to be taken into 

account in the investment function of firms and in household expenditures. That is, decision 

rules concerning energy efficiency investments need to be integrated into the agents' overall 

investment decisions. Firms’ investment decisions are based on NPV calculations. As energy 

costs often constitute a minor part of firms' costs (as revealed in some of our stakeholder 

interactions), NPV calculations may not be sufficient to represent serious energy efficiency 

investment shares coming about. However, if firms expect rising energy prices, or strong 

energy taxes etc., this may change. Therefore, expectations are an important aspect of firms' 

investment decisions. Alternative decision rules could be Internal Rate of Return (IRR) or 

Payback Period, which are often applied by companies.  

So far, households’ decisions to buy or sell assets are mostly random in the tradition of zero-

intelligence traders. Here, investment decision rules concerning energy efficiency constitute 

substantial changes that have to be made carefully and in a step by step manner. Again, 

expectations will play an important role, and are a point where strong, clear and credible 

climate policies can make a difference. 

 

2.4 Policies to be implemented 
 

As has been done for the modeling requirements for representing the three elements of a 

sustainability transition triggered by climate policy, further requirements for modeling 

policies that relate to each element will be described in separate subsections. 
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2.4.1 Introduce a price on emissions 

In the SYMPHONY AB model, a carbon price can be implemented without modeling an 

emission trading system. It will be a price attributed to the production of one unit of GHG 

emissions (usually tons). As these should be tracked as described earlier in Section 2.3.1, 

attaching a price to them will mean that each agent who produces emissions will need to 

pay the respective amount to the government.  

Policy question: apart from setting a carbon price in this way (like a tax), a complementary 

policy would be to limit the quantity of carbon (like in a cap-and-trade system). If one sets 

the price, the quantity effect can be analyzed, and vice versa, when setting the quantity, the 

result will be an implicit CO2 price. As the latter variant would imply the introduction of a 

new market into the SYMPHONY AB model, it seems useful to first consider the carbon price 

variant for modeling prices on emissions. 

The next question is, how these additional taxes revenues should be used. According to the 

Impact Assessment report of the EU Commission (European Commission Staff 2014), using 

the tax revenue to reduce labor taxes is the most beneficial in terms of economic growth. 

Another possibility is to use it for subsidies for energy efficiency or renewable energy 

investments. It can also be used for subsidies in the energy sector (covering the costs-price 

difference for renewable energy). The modeling requirements for representing the use of 

these additional revenues depend on which option should be analyzed. As quite a lot of 

work will have to go into the model before arriving at this level of detail, a decision on this 

question will not be taken at this point. 

 

2.4.2 Policy measures related to renewable energy 

Three policy options can lead to an increased share of renewable energy: 

 Government regulation: Introduce an exogenous minimum share of renewable 

energy in the market. Then we do not need a new agent or good. The energy 

producer has two cost components, one for renewable (cost of renewable energy) 

and one for fossil energy production (cost of fossil fuel imports plus the cost of 

carbon). The question then arises, how the multitude of agents coordinates to 

actually arrive at the exogenous share determined by the regulator. One possibility 

would be to create renewable energy certificates that can be traded among energy 

producers. As this amounts to the introduction of a new market in the model, like in 

the case of a carbon market, it may be useful to assume that each energy company 

has to arrive at the minimum share on its own as a first approximation. The idea 

behind certificates is of course, that renewable energy can be produced by those 

agents for whom it is most easy, that is, less costly. However, an analysis with a fixed 

share at the firm level might serve as a lower bound.  
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 Carbon tax: As described above, a carbon tax would be collected for all production 

of CO2. As this would increase the relative price of brown energy with respect to 

green energy, it should be an incentive for energy producers to switch (part of) their 

production to renewables. Whether and how this occurs (i.e. for which tax levels 

effects can be seen) at the macro level is then the question under study for the 

model runs. 

 Feed-in-tariff: This means that the producer receives a guaranteed price for a fixed 

amount of units of energy produced or for a certain amount of years. In some 

European countries there is a feed-in tariff for renewable energy. The electricity 

consumer pays an extra levy (also called surcharge/reallocation charge) for each unit 

of electricity consumed (paid by all or some consumers, there are industry 

exemptions). The levy is then used to subsidize the producer, by covering the 

difference between the wholesale price of energy and the guaranteed price. The 

guaranteed price is set by the government and only applies to renewable energy 

sources. (However, the price is different for the different renewable technologies.) 

Further possibilities might be considered, for example, product differentiation: Can 

renewable energy be sold at a premium, due to product differentiation (higher quality due 

to lower externalities etc.)? Since options of this kind are not as immediate as the three 

policy options discussed above, modeling requirements will not be detailed here. However, 

to underline the flexibility of agent-based approaches in what should or should not be 

included in the model, let us just state that modeling such an option would require careful 

consideration of the type of consumption decisions needed. For agents that optimize utility 

based on consumption amounts, the question arises, why one should consume renewable 

energy if it costs more than conventional energy. In agent-based models, altruistic decision 

rules etc. could be included. 

 

2.4.3 Differentiate energy tax by type of energy 

As described in the model deliverable D3.1, an energy tax has been implemented in the 

model already. Once renewable energy is introduced, the question arises, if the energy tax is 

applied to all kinds of energy or differentiated between renewable and fossil energy. This 

will be important to analyze renewable energy policy.  

If the energy tax would be applied only to brown, i.e. fossil fuel based, energy production, 

this tax then corresponds to the tax on emissions discussed above. 

The implementation of the described model components and mechanisms will be the focus 

of the second project year. Furthermore, the different policy options will be analysed using 

the model and discussed with the stakeholders of the project. 
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3 Financial Stability Use Case 
 

3.1 Motivations and policy relevance 
 

Financial stability is a broad concept, encompassing the different aspects of finance (and the 

financial system)—infrastructure, institutions, and markets. Both private and public persons 

participate in markets and in vital components of the financial infrastructure (including the 

legal system and official frameworks for financial regulation, supervision, and surveillance). 

A definition of financial stability can be “a condition in which the financial system – 

comprising financial intermediaries, markets and market infrastructure – is capable of 

withstanding shocks and the unravelling of financial imbalances, thereby mitigating the 

likelihood of disruptions in the financial intermediation process which are severe enough to 

significantly impair the allocation  of savings to profitable investment opportunities” (ECB 

(2007)). 

Nowadays, one of the main objectives of central banks and policy makers is to promote and 

maintain monetary and financial stability as it contributes to a healthy economy and 

sustainable growth. Despite its importance, for the most of post-war period financial factors 

have in general progressively disappeared from the macro economy. The financial cycle has 

been accounted only by economists outside the mainstream (Minsky 1982; Kindleberger and 

Aliber 2000). They mainly pointed out how supply of credit shows pro-cyclical changes, 

increasing when the economy is booming and decreasing during economic slowdowns.  This 

led to fragility in financial system, thus increasing the arising of financial crisis (Minsky 1982). 

Current macroeconomic models typically used for quantitative and empirical investigations 

are not well designed to account for important financial sector influences on the aggregate 

economy and for long time, finance has been considered a factor that, as a first 

approximation, could be ignored when seeking to understand business fluctuations. 

After the financial crisis, economists are trying to incorporate financial factors into standard 

macroeconomic models, in order to investigate the links between macroeconomics and 

finance, i.e. between business cycles and financial cycles. 

The capability of bank lending to alter the level of aggregate demand means that banks, debt 

and money must be included in any adequate model of macroeconomics. For instance, 

Minsky monetary model, shows how change in debt plays an integral role in 

macroeconomics by dynamically varying the level of aggregate demand (Keen 2014).  

There is no consensus on the definition of financial cycle and financial stability. Regarding 

the financial cycle, it can be denoted as self-reinforcing interactions between perceptions of 

value and risk, attitudes towards risk and financing constraints. (Borio et al. 2001, Danielsson 

et al. 2004, Kashyap and Stein 2004). The economic fluctuations that may result from those 
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interactions can lead to financial distress and economic dislocation (Brunnermeier et al. 

2009, Adrian and Song Shin 2010). 

The financial stability can be approximated through the analysis of variables and relations. In 

particular some variables, like credit and property prices (Drehmann et al. 2012) can 

replicate adequately the mutually reinforcing interaction between financing constraints 

(credit) and perceptions of value and risks (property prices). The relation with business cycle 

shows that financial cycle is longer and has a much lower frequency than the traditional 

business cycle. Furthermore recessions are much shorter than contraction phases in the 

financial cycle (Drehmann et al. 2012). Moreover, the relation between financial cycle and 

financial crises shows that peaks in the financial cycle are closely associated with systemic 

banking crises. Some promising indicators of financial crises are based on simultaneous 

positive deviations (or “gaps”) of the ratio of (private sector) credit-to- GDP and asset prices, 

especially property prices, from historical norms (Borio and Drehmann 2009, Alessi and 

Detken 2009). 

Periods of economic growth are usually associated with significant increases in the ratio of 

credit to GDP and recessions with declines in this ratio. Furthermore episodes of strong 

credit growth tend to go together with large increases in equity and property prices, and 

these prices tend to decline as credit contracts in the downswing (Borio 2001). Concerning 

the length and amplitude of the financial cycle, both of them depend on the policy regimes, 

in particular on the financial, monetary and real-economy regime (Borio and Lowe 2002).  

In order to address the financial instability, it is worth noting the importance of the stylized 

facts. On the macroeconomic point of view, we observe a self-sustained growth with 

endogenous business cycles. Another relevant stylized fact is that investment shows more 

volatility than GDP, while consumption are less volatile. Moreover, the co-movement with 

output that can be pro-cyclical, for instance consumption, net investment, productivity, 

employment, inflation, wage, or countercyclical, like prices and unemployment. 

Regarding the relation between business cycle and financial factor, i.e. credit and money, 

the ECB (ECB monthly bulletin, October 2013) show through a correlation analysis, that real 

private sector loans lead the real GDP, and the monetary aggregate M1 lags the GDP. One of 

the explanations of the lagging pattern of loans to non-financial corporations over the 

business cycle is that, during recoveries periods, firms usually finance investment 

expenditures using their internal funds and only later turn to external financing. 

Furthermore larger firms may prefer to finance themselves by issuing corporate bonds when 

capital market conditions are favourable, preferring bank borrowing, to limit their exposure 

to the banking sector. The cross correlation analysis shows how financial and business cycle 

tend to have a relation over the cycle. 

Some relevant stylized facts also involve the microeconomic domain, see for details (Bottazzi 

et al. 2007; Dosi and Marengo 2007). For instance, we can observe the presence of large 

dispersion of productivity among firms and the persistence in productivity differential 
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among firms. They also show a right-skewed size distribution. Moreover, profit rate 

distribution of large companies follow a Laplace distribution (Erlingsson et al. 2013a; 

Alfarano et al. 2012) and firm growth rate has a fat-tailed distribution and interest rates are 

lumpy (Gourio and Kashyap 2007). 

On the bank domain, some relevant stylized facts can be observed (Bikker and Metzemakers 

2005). The boom-bust credit cycles (Mendoza and Terrones 2012), generated by credit 

market imperfections, explain why the financial liberalization that allows countries to 

overcome imperfections impeding rapid growth generates the financial fragility that leads to 

greater volatility and occasional crises. Furthermore, firm debt, credit supply, bank profits 

and bank equity show pro-cyclicality, and the duration of banking crises have fat-tailed 

distribution (Reinhart and Rogoff 2009). 

One of the main concerns of financial cycles and therefore relevant for financial stability, 

include the asset bubbles in real estate market. Some stylized facts in the housing market 

are pointed out by Capozza et al. (2002), that argue that factors such as growth rates, area 

size, and construction costs influence the way of house prices reactions to economic shocks. 

According to Hott (2009), house price fluctuations are more likely to be influenced by 

behavioural aspects like herding behaviour, speculation and momentum trading. In line with 

the statement, Shiller (2007) argues that a significant factor in house price boom was a 

widespread perception that houses are a great investment, and the boom psychology that 

helped spread such thinking. Those factors cause the average house price to increase and 

produce some bubble in the housing market.  

The stylized facts cited above, require some essential features, in order to be reproduced. 

First of all, as pointed out by Raberto et. al. (2012), the financial boom should cause the bust 

and not just precede it. In particular a credit-fuelled economic boom may turn out in a 

depression. Moreover, the presence of debt and capital stock overhangs (disequilibrium 

excess stocks) must be considered (Eggertsson and Krugman 2012). Eventually we have to 

distinguish between potential output as non-inflationary output and as sustainable output 

(Borio 2012b). 

In order to reproduce the financial stylized facts, key elements of the actual monetary and 

economic systems need to be explained (Wolf 2013). First of all, monetary and financial 

system is a complex public-private partnership. On the bank side it is relevant to figure out 

that deposits are not endowments that precede loan formation. The endogenous theory of 

money explains how Commercial banks create money, in the form of bank deposits, by 

making new loans (BoE, quarterly bulletin 2014, Q1). The banking system does not simply 

transfer real resources, more or less efficiently, from one sector to another; it generates 

(nominal) purchasing power. The new purchasing power will add to actual spending in the 

economy, creating booms in consumption or investment. By creating new purchasing power 

ex nihilo banks also creates debt. The new credit introduced in the economy may also 

leverage up existing assets. The endogenous money theory is a relevant aspect to include in 
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a macroeconomic model with the aim of the analysis of financial stability. In fact, the 

generation of purchasing power acts as oil for the economic machine, but it can also, in the 

process, open the door to instability, through an increasing of private debt. 

Working with better representations of monetary economies should help cast further light 

on the aggregate and sectorial distortions that arise in the real economy when credit 

creation becomes unanchored, poorly pinned down by loose perceptions of value and risks 

(Theory of endogenous credit money). Only then will it be possible to fully understand the 

role that monetary policy plays in the macro economy (Baxa et al. 2013). And in all 

probability, this will require us to move away from the heavy focus on equilibrium concepts 

and methods to analyse business fluctuations and to rediscover the merits of disequilibrium 

analysis, such as that stressed by Borio and Disyatat (2011); Teglio et al. (2012). 

 

3.1.1 Potential users 

Central banks are the natural final users of the Symphony framework to investigate policy 

issues related to the financial stability use case. In particular we foresee the interaction with, 

at least, the Bank of England and the Bank of Spain (Banco de España). In the case of the 

Bank of England, a group of researchers of the project already presented in May the 

Symphony platform to the current Chief Economist and Executive Director, Andy Haldane, 

and to a group of economists at the headquarters of the Bank of England, in London. The 

result of the meeting has been an expression of interest for the use of the platform, 

especially concerning the housing bubble and the macro-prudential regulation. The link 

between the Symphony project and the Bank of Spain is mainly represented by the 

collaboration of the central Bank with several members of the UJI unit in Castellon. In 

particular, the Bank of Spain directly financed the chair of Professor Thomas Lux (called: 

Cátedra de excelencia del Banco de España) at University Jaume I. Thus, there is an ongoing 

relationship and a sure interest of the Bank of Spain for the outcomes of the Symphony 

project. 

3.1.2 Metrics and methods to assess financial instability 

In order to monitor financial stability, the analytic framework is mostly represented by 

macro-prudential surveillance and is complemented by surveillance on financial markets, 

analysis of macro-financial linkages, and surveillance of macroeconomic conditions. Four key 

elements play a crucial role in the financial stability analysis (IMF, 2005). 

1. Surveillance of financial markets helps to assess the risk that a particular shock or a 

combination of shocks will hit the financial sector. Models used in this area 

surveillance include early warning systems (EWSs). Indicators used in the analysis 

include financial market data and macro-data, as well as other variables that can be 

used for constructing early warning indicators. 
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2. Macro-prudential surveillance tries to assess the health of the financial system and 

its vulnerability to potential shocks. The key quantitative analytical tools used for 

macro-prudential surveillance are the monitoring of financial soundness indicators 

(FSIs) and the conducting of stress tests. Those tools are used to map the conditions 

of non-financial sectors into financial sector vulnerabilities. 

 

3. Analysis of macro-financial linkages attempts to understand the exposures that can 

cause shocks to be transmitted through the financial system to the macro economy. 

This analysis looks at data such as (a) balance sheets of the various sectors in the 

economy and (b) indicators of access to financing by the private sector. 

 

4. Surveillance of macroeconomic conditions then monitors the effect of the financial 
system on macroeconomic conditions in general and on debt sustainability in 
particular. 

 

The main indicators used to assess the financial instability in a macro-prudential surveillance 

perspective are Financial Soundness Indicators (FSIs), a statistical measures designed to 

monitor the financial health and soundness of a country's financial sector, and its corporate 

and household counterparts. The development of these experimental indicators is 

coordinated by the International Monetary Fund, with the support of other international 

organizations and IMF member countries. 

The core FSIs relate to five basic areas relevant from the point of view of banking business 

and are compatible with the so-called CAMELS methodology for the assessment of the 

soundness of individual financial institutions (Capital adequacy, Asset quality, Management 

soundness, Earnings, Liquidity, Sensitivity to market risk). 

The capital adequacy indicators measure the banking sector's ability to absorb sudden losses 

and are thus closest to the "resilience to shocks" concept, whereas the asset quality 

indicators are directly associated with potential risks to banks' solvency. The profitability 

indicators measure the ability to absorb losses without any impact on capital, while the 

liquidity indicators measure banks' resilience to cash flow shocks.  Besides banks, some 

indicators are used to monitor other economic agents, i.e. other financial corporation, no 

financial corporations, households and the housing market. It is important to look to the 

financial aspects of the market, such as housing prices, mortgage payments, household debt, 

the fragility of the banking sector, in order to see the effect of the housing market dynamics 

on the real economy (Geanakoplos et al. 2012; Teglio et al. 2013; Erlingsson et al. 2013b). 

 

Category Indicator 

Core Set  
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Deposit Takers (DTs)  

   Capital adequacy Regulatory Capital to risk-weighted assets 

 Regulatory Tier I capital to risk weighted assets 

 Nonperforming loans net of provision to capital  

  Asset quality Nonperforming loans to total gross loans 

 Sectoral distribution of loans to total loans 

  Earning and profitability  Return on assets 

 Return on equity 

 Interest margin to gross income 

 Noninterest expenses to gross income 

  Liquidity Liquid assets to total assets 

 Liquid assets to short-term liabilities 

  Exposure to FX risk  Net open position in foreign exchange to capital 

Encouraged set  

Deposit Takers (DTs) Capital to assets 

 Large exposures 

  (i) total number of large exposures 

  (ii) total exposure of 5 largest DTs to 5 largest resident 

entities to capital 

  (iii) total exposures of DTs to affil, entities & connected 

parties to capital 

 Geographical distribution of loans to total loans 

 Gross asset position in financial derivatives to capital 

 Gross liability position in financial derivatives to capital 

 Trading income to total income 
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 Personnel expenses to noninterest expenses 

 Spread between reference lending and deposit rates (in basis 

points) 

 Spread between highest and lowest interbank rate (in basis 

point) 

 Customer deposits to total (non-interbank) loans 

 Foreign currency-denominated loans to total loans 

 Foreign currency-denominated liabilities to total liabilities 

 Net open position in equities to capital 

Other financial corporations 

(OFCs) 

OFCs assets to total financial system assets 

 OFCs assets to Gross Domestic Product (GDP) 

Nonfinancial Corporations 

(NFCs) 

Total debt to equity 

 Return on equity 

 Earnings to interest and principal expenses 

 Net foreign exchange exposure to equity 

 Number of applications for protection from creditors 

Households (HHs) Household debt to GDP 

 Household debt service and principal payment to income 

Market liquidity Average bid-ask spread in the securities market (percentage 

of mid point price) 

 Average daily turnover ratio to securities market 

Real estate markets Residential and commercial real estate prices (annual 

percentage increase) 

 Residential real estate loans to total loans 

 Commercial real estate loans to total loans 

Table 3: Core and encouraged financial soundness indicators according to IMF. 
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In parallel with the work on the FSIs, the European System of Central Banks (ESCB) in 1999 

launched a project to prepare an EU Banking Sector Stability Report (ECB 2006a). To this 

end, the European Central Bank (ECB) in cooperation with national central banks and 

banking supervisors started working on a methodology for and collection of so-called macro-

prudential indicators (MPIs) for monitoring the financial soundness of the banking sector. 

The motive, i.e. to identify risky developments in the financial sector, and especially the 

banking sector, is similar as in the case of the IMF Financial Soundness Indicators. There are, 

however, two major differences. First, the set of MPIs contains far more indicators. It is clear 

from the overview of the areas and categories monitored that the MPIs try to identify and 

measure quite a large number of factors affecting the financial soundness of the European 

banking sector. Second, within the ESCB most bank-related MPIs are compiled and published 

on a consolidated basis, i.e. the indicators for banks in one country also include their 

branches and subsidiaries in other EU countries, as well as other financial institutions 

controlled by them. A comparison of the structure of the IMF and ECB indicators reveals that 

they overlap. Nonetheless, they display some methodological differences (e.g. as regards 

consolidation) and overlap only partially or differ in terms of the coverage of the data 

monitored. Although the MPI set includes far more indicators than the FSI set, Mörttinen et 

al. (2005, pp. 54−57) demonstrate that some FSIs (particularly in the set of encouraged 

indicators) have no equivalent MPIs within the ESCB. When monitoring financial stability, it 

is therefore appropriate to combine the two sets of relevant indicators. 

 

Categories of indicators Areas and number of indicators 

I. INTERNAL FACTORS  

1. Profitability, balance sheet quality 

and capital adequacy 

38 indicators (income and cost developments and 

composition, efficiency, profitability, income and 

costs as percent of total assets) 

 18 indicators (balance sheet - coverage as share per 

the banking sector, asset and liability composition; 

off-balance sheet items) 

 18 indicators (capital adequacy, asset quality, 

provisions) 

2. Demand and supply (competitive) 

conditions 

7 indicators (interest receivable and interest 

payable, average margins and overall margin) 

3. Risk concentrations 25 indicators (credit growth and sectorial 

concentration, aggregate lending, aggregate new 

lending, lending to non-MFI private sectors, 
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industry exposures) 

 18 indicators (composition of other assets - 

aggregate fixed income securities holdings, 

aggregate equity holdings, aggregate balance 

sheet, currency and maturity structure of domestic 

lending, global credit exposures) 

 14 indicators (liquidity risk, exposure of EU-15 to 

new EU member countries, exposures towards 

emerging and developing countries, market risk 

exposures) 

4. Market assessment of risks 8 indicators (all bank share price index, yield 

spread, bank rating, distance to default of major EU 

banks) 

II. EXTERNAL FACTOR  

5. Financial Fragility 15 indicators (total debt corporate sector, 

household total debt, household saving ratio, 

median expected default frequencies for key 

industries) 

6. Asset price developments 5 indicators (stock indices, real estate prices) 

7. Cyclical and monetary conditions 10 indicators (rate of growth of GDP and its 

components, developments in unemployment, 

interest rates exchange rates, consumer price 

index) 

III. CONTAGION FACTOR  

8. Interbank markets 3 indicators (interbank liabilities, share of assets of 

3 and 5 banks with the largest interbank exposures) 

Table 4: Categories of macro prudential indicators monitored by the ECB. 

 

In order to assess the financial stability in SYMPHONY, we use a set of metrics and methods 

inspired both to FSIs and MPIs. Thus the indicators will not cover only the banking system, 

even if it still remain the most important part, but also other economic agents, such as 

households, firms and other financial corporations and housing market. The macroeconomic 

perspective let the analysis of those indicators trends and linkages, in order to check the 

stability of the financial system. 
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Banks indicators Description 

Regulatory capital to risk-

weighted assets 

It is calculated using total regulatory capital as the 

numerator and risk-weighted assets as the denominator. It 

measures the capital adequacy of deposit takers. Capital 

adequacy and availability ultimately determine the degree 

of robustness of financial institutions to withstand shocks 

in their balance sheet. 

Return on asset  It is calculated by dividing net income before extraordinary 

items and taxes by the average value of total assets over 

the same period. This indicator is used to measure deposit 

takers' efficiency in using their assets. 

Nonperforming loans to total 

loans 

This indicator is calculated by using the value of 

nonperforming loans, i.e. loans issued to firms that now are 

insolvent, as the numerators and the total value of loan 

portfolio as the denominator. This indicator is used as a 

proxy for asset quality and is intended to identify problems 

with asset quality in loans portfolio. 

Return on equity It is calculated by dividing net income before extraordinary 

items and taxes by the average value of the capital over the 

same period. This indicator measures deposit takers' 

efficiency in using their capital.  

Interest margin to gross 

income 

It is calculated by using net interest income as the 

numerator and gross income as denominator. It is a 

profitability ratio, which measures the relative share of the 

net interest earnings within gross income. In the case of 

bank with low average, the indicator tend to be higher. 

 

Other Financial Institution 

Indicators 

Description 

Assets to total financial system 

assets 

It is calculated using other financial corporation assets as 

the numerator and total financial system assets as 

denominator. The latter is the total of financial assets of 

deposit takers, OFCs, non-financial corporations, 

households, the government and the central bank. This 

indicator measures the importance of OFCs in the financial 
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system. 

Assets to GDPs This indicator is calculated using OFCs' financial assets as 

the numerator and gross domestic product as the 

denominator. It measures the importance of OFCs 

compared to the size of the economy. 

 

Non financial institutions 

indicators 

Description 

Total debt to equity It is calculated by using debt as the numerator and capital 

and reserves as the denominator. It is a measure of 

corporate leverage. 

Return on equity It is calculated by using earnings  before interest and tax 

as the numerator and the average value of capital and 

reserves over the same period as the denominator. It is a 

profitability ratio, which is commonly used to capture 

nonfinancial corporation efficiency in using their capital. 

Earning to interest and principal 

expenses 

It is calculated by using earnings (net income) before 

interest and tax plus interest receivable from other 

nonfinancial corporations as numerator and debt service 

payments over the same period as the denominator. It 

measures nonfinancial corporations' capacity to cover 

their debt service payments (interest and principal). It 

serves as an indicator of the risk that a firm may not be 

able to make the required payments on its debt. 

 

Households' indicators Description 

Household debt to GDP This indicator measures the overall level of household 

indebtedness (commonly related to consumer loans and 

mortgages) as share of GDP 

Household debt service and 

principal payments to income 

It is calculated by using household debt service 

payments as the numerator and gross disposable 

income over the same period as the denominator. It 

measures the capacity of households to cover their debt 

payments. 
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Housing markets' indicators Description 

Residential real estate price  This indicator covers residential real estate price indices. 

A rapid increase in real estate price, followed by a sharp 

economic downturn, can have a detrimental effect on 

financial sector soundness by affecting credit quality and 

the value of collateral 

Residential real estate loans to 

total loans 

This indicator is an asset quality ratio, which is intended 

to identify deposit takers' exposure to the residential 

real estate sector, with the focus on household 

borrowers. A high concentration of the loan portfolio in 

real estate signals the potential existence of an 

important vulnerability in the financial system. 

 

3.2 Monetary policy 

3.2.1 Monetary policy in normal time 

Prior to crisis monetary policy was conducted in a relatively predictable and systematic way, 

and its transmission mechanism was reasonably well understood. The key policy tool was a 

short-term interest rate, while monetary aggregates and the exchange rate were by and 

large free to adjust. A transparent central bank reaction function (Taylor rule) guided market 

expectations of future interest rates. Well-functioning arbitrage ensured that actual and 

expected changes to short-term rates would be transmitted along the yield curve of 

sovereign bonds and across private asset classes, including bank loans. In the presence of 

nominal rigidities, these changes in nominal returns affected real interest rates and hence, 

real economic decisions such as consumption and investment (IMF 2013). 

 In a "normal" scenario, It is necessary to adopt strategies that allow central banks to tighten 

so as to lean against the build-up of financial imbalances even if near-term inflation remains 

subdued (e.g., Caruana (2011); Borio (2011a); Eichengreen et al. (2011)) what might be 

called the lean option. Operationally, this calls for extending policy horizons beyond the 

roughly 2-year ones typical of inflation targeting regimes and for giving greater prominence 

to the balance of risks in the outlook (Borio and Lowe 2002; Bean 2003), fully taking into 

account the slow build-up of vulnerabilities associated with the financial cycle. As the timing 

of the unwinding of financial imbalances is highly uncertain, extending the horizon should 

not be interpreted as extending point forecasts mechanically.  
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Rather, it is a device to help assess the balance of risks facing the economy and the costs of 

policy action and inaction in a more meaningful and structured way. Increasingly, central 

banks have been shifting in this direction, albeit quite cautiously (Borio 2011a). 

Eventually under nominal GDP targeting, monetary policy would adjust to offset 

disturbances to aggregate demand. Nominal GDP targeting helps the balance of stable 

growth and inflation in responding to aggregate supply disturbances. 

 

3.2.2 Unconventional policy in time of crisis 

After the financial crisis of 2008, widespread financial disruptions weakened arbitrage 

conditions, hindering the transmission of policy rate changes along the yield curve, across 

asset classes, and to credit spreads. (Adrian and Shin, 2009) Moreover the severity of the 

recession pushed the optimal policy rate below the zero lower bound (ZLB) on nominal 

interest rates. This situation required the use of unconventional monetary policy. 

Actually, the crisis has shown that non-standard tools might be needed even before policy 

rates have been cut to their lower bound. When the turmoil started in summer 2007 and 

central banks worldwide stepped in to provide additional liquidity to financial markets, it 

appeared that conventional measures could still work. Under these circumstances, easing 

monetary policy by simply lowering official interest rates would not have been enough. 

Whenever the transmission channel of monetary policy is severely impaired conventional 

monetary policy actions are largely ineffective. 

The unconventional tools include a broad range of measures aimed at easing financing 

conditions.  The objective of the monetary policy can range from providing additional central 

bank liquidity to banks to directly targeting liquidity shortages and credit spreads in certain 

market segments. The policy-makers then have to select measures that best suit those 

objectives. 

The main way that the central bank can use to influence the cost of credit is by affecting 

market conditions of assets at various maturities – for instance, government bonds, 

corporate debt, commercial paper or foreign assets. Two different types of policies can be 

considered. The first aims at affecting the level of the longer term interest rate of financial 

assets across the board, independently of their risk. Such type of policy would operate 

mainly by affecting the market for risk free assets, typically government bonds. This policy is 

typically known as ‘quantitative easing’. The second policy is to affect the risk spread across 

assets, between those whose markets are particularly impaired and those that are more 

functioning. Such a policy would be usually referred as ‘credit easing’, that operates through 

the purchase of commercial paper, corporate bonds and asset-backed securities. The two 

types of policies affect differently the composition of the central bank’s balance sheet. 

Another difference is that ‘credit easing’ can generally be conducted also at above-zero 

levels of the short-term nominal interest rate, while quantitative easing should make sense 
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only when the interest rate is at zero or very close to zero. However, both operations aim at 

increasing the size of the central bank balance sheet and therefore expanding its monetary 

liabilities. 

Quantitative easing programs through bond purchases were mostly made in U.S, U.K. and 

Japan. In the U.S. the first Large Scale Asset program (LSAP1), from November 2008 to 

November 2009, saw purchases of Treasuries (US$300 billion), as well as Agency debt 

(US$175 billion) and Mortgage Backed Securities (US$1.25 trillion). The program was 

followed by LSAP2 (US$600 billion) from November 2010 to June 2011, and LSAP3, the first 

open-ended program, from September 2012 to December 2012, focused on Agency MBSs 

and Treasury purchases. In United Kingdom, the first Asset Purchase Program (£200 billion) 

ran from January 2009 and was replaced with the second Asset Purchase Program (£175 

billion) starting from October 2011. Both saw purchases of longer-term bonds. Finally the 

BOJ started its Comprehensive Monetary Easing (CME) policy in October 2010 to purchase 

government bonds and private assets, for a total of ¥76 trillion. In April 2013, the BOJ 

announced the Quantitative and Qualitative Monetary Easing (QQME) program, which aims 

at increasing the monetary base by  ¥60 to ¥70 trillion annually, mostly through purchases of 

government bonds. 

Regarding the ECB responses to the crisis, it has not been yet announced a Quantitative 

easing program. The first relevant unconventional monetary measure of the European 

Central Bank was the announcement of the purchase program of covered bonds, in order to 

revive a market segment that is very important for the banks refinancing. In May 2010 ECB 

introduced the Security Market Program (SMP), to ensure liquidity in dysfunctional market 

segment (sovereign papers). About €220 billion of bonds (par value, excluding redemptions) 

were acquired from 2010 to early 2012. In December 2011, ECB announced two three-year 

LTROs (long term refinancing operation) with a maturity of 36 months and at a fixed rate, 

reduced reserve ration from two to one percent and expanded collateral availability. In 

August 2012 ECB announced Outright Monetary Transactions in the secondary sovereign 

bond markets, aimed at safeguarding an appropriate monetary policy transmission.  In June 

2014 ECB introduced a negative deposit facility interest rate and a targeted Long Term 

Refinancing Operations, designed to support bank lending to the real economy. Eventually, 

in September 2014, ECB announced asset-backed securities (ABSs) and covered bond 

purchase programs, with the aim to enhance transmission of monetary policy, support 

provision of credit to euro area economy and provide further monetary policy 

accommodation. 

 

3.2.3 Monetary policy scenarios 

 

SYMPHONY provides a set of monetary policy tools aimed to respond to the financial crisis. It 

is worth to remind that the model is able to generate endogenous business cycles and 
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endogenous crisis. Thus we are able to analyse the financial and economic reactions to the 

crisis using different monetary policy scenarios, trying to replicate the monetary policies that 

the main central banks used to tighten the effects of the crisis and to overcome the 

economic recession. Among others, the main unconventional monetary policies considered 

are quantitative easing and credit easing. 

 Quantitative easing (QE): it consists in the purchase of assets by the central bank 

with the effect of its balance sheet expansion. In particular, when the central bank 

decides to expand the size of its balance sheet, it has to choose which assets to buy. 

In theory, it could purchase any asset from anybody. In practice, however, 

quantitative easing has traditionally focused on buying longer-term government 

bonds from banks. The idea is twofold: first, sovereign yields serve as a benchmark 

for pricing riskier privately issued securities. When long-term government bonds are 

purchased, the yields on privately issued securities are expected to decline in 

parallel with those on government bonds. Second, if long-term interest rates were 

to fall, this would stimulate longer-term investments and hence aggregate demand, 

thereby supporting price stability. 

 

 Credit easing (CE): It is a policy that directly addresses liquidity shortages and 

spreads in certain (wholesale) market segments through the purchase of commercial 

paper, corporate bonds and asset-backed securities. The effectiveness of measures 

which are aimed at wholesale financial markets depends on their importance in the 

financing of households and firms. It is a more attractive strategy in times of acute 

bank distress. Buying privately issued securities is not fundamentally different from 

buying government bonds in terms of the impact on the money supply or the 

monetary base.  Moreover, buying privately issued securities implies that the central 

bank interacts directly with the private sector and is thus stepping into the realm of 

credit risk – just as any normal commercial bank would do. Outright purchases of 

privately issued securities affect the risk profile of the central bank’s balance sheet. 

In order not to compromise the financial independence of the central bank, policy-

makers need to carefully assess the eligibility of all assets on account of the 

implications they could have for the risk exposure of the central bank’s balance 

sheet. 

In order to study the effects of monetary policies during crisis, we implement in the model 

the main characteristics of quantitative easing. The application of this unconventional 

monetary policy coupled with a loose fiscal policy has been shown to generally provide 

better macroeconomic performance with respect to a tight fiscal policy and no central bank 

intervention in the bond market (Cincotti et al. 2010). Moreover, including the new 

SYMPHONY feature of securitization mechanism, consisting on the issuing of Asset Backed 

Securities and Mortgage Backed Securities by the Financial Vehicle Corporations (FVCs) (see 

deliverable D3.1 for details), we also want to experiment credit easing scenario. 
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 In SYMPHONY model, quantitative easing scenario allows the central bank to buy 

government bonds in order to increase the amount of fiat money in circulation. Under 

quantitative easing, we set that the government budget deficit is funded just by the issue 

and sale of bonds on the market. In this case, the intervention of the central bank is finalized 

to sustain bond prices, acting as a bond buyer in secondary market and thus to facilitate the 

financing of government debt. According with the introduction of securitized assets (see 

deliverable D3.1 for details), another possible central bank unconventional monetary policy 

in SYMPHONY model can be the purchase of Asset backed Securities and Mortgage backed 

securities, in order to enhance the credit provision to the economy. The credit easing policy 

has the same characteristic of quantitative easing in terms of impact in the money supply 

and central bank balance sheet expansion.  

The analysis of policy scenarios under crisis and recession does not only involve monetary 

policies. An increasing attention has been paid to the importance of an expansionary fiscal 

policy to sustain a monetary accommodation. Some fiscal and monetary scenarios that we 

want to investigate are presented in the Table 5. 

 

3.3 Fiscal policy 
 

3.3.1 Current debate on fiscal policy (austerity vs. stimulus) 
Mario Draghi, president of the ECB, gave emphasis to the importance of fiscal policy in his 

recent speech at the annual central bank symposium in Jackson Hole, on 22 August 2014. Let 

us recall one crucial excerpt1: 

“Since 2010 the euro area has suffered from fiscal policy being less available and effective, 

especially compared with other large advanced economies. This is not so much a 

consequence of high initial debt ratios – public debt is in aggregate not higher in the euro 

area than in the US or Japan. It reflects the fact that the central bank in those countries 

could act and has acted as a backstop for government funding. This is an important reason 

why markets spared their fiscal authorities the loss of confidence that constrained many 

euro area governments’ market access. This has in turn allowed fiscal consolidation in the US 

and Japan to be more backloaded. Thus, it would be helpful for the overall stance of policy if 

fiscal policy could play a greater role alongside monetary policy, and I believe there is scope 

for this, while taking into account our specific initial conditions and legal constraints.” 

Apart from the needed caution, requested by his office, what clearly emerges from the 

speech by Mario Draghi is the need for a more active and expansionary fiscal policy, 

                                                           
1 Unemployment in the euro area. Speech by Mario Draghi, President of the ECB, Annual central bank 
symposium in Jackson Hole, 22 August 2014. 
http://www.ecb.europa.eu/press/key/date/2014/html/sp140822.en.html 
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alongside monetary policy. Draghi suggests a “more growth friendly composition of fiscal 

policies” stating that “as a start, it should be possible to lower the tax burden in a budget-

neutral way”. 

Draghi’s speech was centred on responding to the high unemployment rates which grip 

many countries of the EU. In his vision, aggregate demand policies are an essential piece in 

order to take the route which leads out of the crisis. 

However, Draghi’s moderate vision about combining growth friendly fiscal policies with an 

accommodative monetary policy is not always shared by other central bankers, and a 

political and economic debate flourished in the last years. Dr Jens Weidmann, the current 

president of the Deutsche Bundesbank, gave recently a speech at the École des Hautes 

Études Commerciales in Paris2, with a self explaining title: “Fiscal and Monetary Policy - 

Dancing too Close?”. Weidmann’s answer is yes and he states that “if we care about stable 

prices and if we care about purchasing power then we should be worried. We should be 

worried because on the European dance floor monetary and fiscal policy are moving toward 

each other”. 

Within the SYMPHONY project we feel the urgent requirement to explore this crucial and 

controversial issue by designing a proper framework for running computational policy 

experiments which could hopefully shed some new light on the subject. 

A commonly accepted hypothesis, elaborated by R. Barro (1974) and known as “Ricardian 

equivalence”, is that consumers are forward looking and so internalize the government's 

budget constraint when making their consumption decisions. This leads to the result that, 

for a given pattern of government spending, the method of financing that spending does not 

affect agents' consumption decisions, and thus, it does not change aggregate demand. This 

idea is used as an argument against tax cuts aimed to boost aggregate demand. Under this 

perspective, fiscal austerity might also have expansionary effects, because the expectations 

that today’s sacrifices will translate into tax reductions and higher disposable income in the 

future might induce economic agents to increase consumption and investment in the short 

term. 

Another common explanation of austerity programs is the risk that bond markets, whenever 

a government is not sufficiently committed to budget balance, may demand huge spreads 

for sovereign debt and possibly push a nation into default. 

On the other hand, someone argues that expansionary effects of austerity measures are 

rarely observed (Guajardo et al. 2011). In particular, they occurred only when austerity 

measures were implemented in an international setting where trade partners were 

flourishing. Following the asset bubble burst, most of European economies (as well as UK 

                                                           
2 Paris | 2013-02-25 Dr Jens Weidmann, President of the Deutsche Bundesbank. Fiscal and Monetary 
Policy - Dancing too Close?  Speech at the École des Hautes Études Commerciales 
http://www.bundesbank.de/Redaktion/EN/Reden/2013/2013_02_25_weidmann_paris.html 
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and US) have shown an economic scenario where the over-indebted private sector was 

trying to deleverage its balance sheets, and financial institutions were unwilling to lend, 

because they needed too to strengthen their balance sheets, facing in turn a shortage 

borrowers. This deleveraging of the private sector reduces aggregate demand, due to lower 

consumption and investments, and throws the economy into a very special type of recession 

which has been named as balance-sheet recession (Koo 2009, 2011).  

Recent studies (see e.g. DeLong et al. 2012) provided theoretical and empirical evidence 

about the efficacy of temporary expansionary fiscal policy in severely depressed economies. 

First, the absence of supply constraints and low interest rates makes the fiscal multiplier 

substantially greater than in normal times. Second, preventing prolonged output shortfalls 

though a deficit-financed fiscal stimulus may ease rather than jeopardize the long-run 

government budget constraint because of hysteresis effects of present output drops on the 

economy’s future potential, through the decrease of investments and the increase of 

structural unemployment. In a balance-sheet recession as well as in a severe depression 

scenario, like the one faced by most Western economies, fiscal stimulus could actually turn 

out to be expansionary and self-financing while fiscal austerity may turn out to be 

depressive and self-defeating. 

In this context of academic and political discussion, we plan to design several policy 

scenarios to be tested and compared within the SYMPHONY framework. In particular we 

would like to compare different fiscal policy strategies (possibly accompanied by monetary 

accommodations), being inspired by the current discussion. In the next paragraph we show 

our main ideas, focusing on the modelling requirements. 

 

3.3.2 Fiscal policy scenarios and modeling requirements 
The main idea is to ground our study on the current political and economic debate, 

proposing different scenarios, which could be valuable to European policy makers. 

Moreover, we want to analyse mainly scenarios of economic crisis, in order to embed our 

study into the current European condition. In this respect, the agent-based approach has a 

crucial advantage because it allows for endogenous crises. Some members of the 

SYMPHONY project, i.e., Cincotti et al. 2010, Raberto et al. 2012 and Teglio et al. 2012, have 

shown AB models that can generate both endogenous business cycles and endogenous 

crises. The nature of these crises is generally financial and often consists in a first leveraging 

phase when prices of financial assets grow, generally driven by credit expansion, followed by 

a deleveraging phase when the bubble burst with negative consequences for the real 

economy. In agent-based models, as in the real world, we can’t predict the next crisis but we 

can identify a set of policy strategies in order to dampen the impact of the crisis. 

As stated when discussing the current European debate, we want to replicate to some 

extent the existing (and often contradictory) policy proposals and possibly to suggest some 

innovative solution. The main battleground is of course fiscal austerity vs. more 



 

 

 

PU 

© All Rights Reserved 

 

 

 

 

 

 

 

SYMPHONY Deliverable D6.1 

 

Page 44 of 60 

The research leading to these results has received funding from the European Community's Seventh Framework Programme 
[FP7/2007-2013] under grant agreement no. 611875 

expansionary policies, but we will also analyse more composite policy scenarios, combining 

fiscal policy with (conventional and unconventional) monetary policy.  

Before proceeding with the presentation of the envisaged policy proposals, we should spend 

some words to remind the simple computational approach that will be used. Let’s say that 

we will consider a set of N policies. Therefore, we will run a set of N simulation clusters, and 

each cluster will represent a specific policy, ceteris paribus. In turn, each simulation cluster 

will consist of M runs for M different random seeds. The final outcome will be a set of MN 

simulation runs, which will be analysed and compared using the most appropriate statistical 

tools. 

 

 

The two main fiscal policy settings that will be considered will be the followings: 

 Stability and Growth Pact (SGP). It is an agreement, among the 28 Member states of 

the European Union, to facilitate and maintain the stability of the Economic and 

Monetary Union. The fiscal discipline is ensured by the SGP by requiring each 

Member State, to implement a fiscal policy aiming for the country to stay within the 

limits on government deficit (3% of GDP) and debt (60% of GDP) 

 Fiscal compact (FC). It is an intergovernmental treaty introduced as a new stricter 

version of the previous Stability and Growth Pact, signed on 2 March 2012 by the 

great majority of the member states of the European Union. The treaty defines a 

balanced budget as a general budget deficit less than 3.0% of the gross domestic 

product (GDP), and a structural deficit of less than 1.0% of GDP if the debt-to-GDP 

ratio is significantly below 60% -or else it shall be below 0.5% of GDP. The treaty also 

contains a direct copy of the "debt brake" criteria outlined in the Stability and 

Growth Pact, which defines the rate at which debt levels above the limit of 60% of 

GDP shall decrease. 

We will consider several characteristic of these two policies, especially focusing on the limits 

on government deficit (3% of GDP) and debt (60% of GDP). In principle we will consider an 

incremental degree of tightness of fiscal policy, trying to condense the implication of the two 

treaties (SGP and FC) in some simpler rule. For instance we could study a milder policy 

where only the limits on government deficit (3% of GDP) are considered, and a stricter policy 

including the constraint on debt (60% of GDP). 

Fiscal consolidation can be pursued by raising taxes or reducing spending. The model 

incorporates several types of taxes, e.g., income taxes, corporate taxes, VAT, while from the 

spending side, the model takes into account transfers and unemployment benefits. 

However, in order to consider all the necessary implications of the foreseen policy scenarios, 

we need some specific modelling requirements. In particular, we should include in the 
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Symphony ABM model the following additional features (see deliverable D3.1 for more 

details). 

 Bonds repurchasing by the government. 

 Goods purchasing by the government. 

 Housing market and mortgaging mechanism. 

 Defaulting mechanism for banks. 

 Securitization (ABS and MBS) 

An important aspect of the current discussion on European policy does not concern fiscal 

policy in general but fiscal policy in times of crisis. Several accredited economists, like Nobel 

laureates P. Krugman and S. Stiglitz3, suggested the use of expansionary fiscal policies along 

with monetary accommodation in order to fight the current crisis. In order to tackle this 

question we will adopt a slightly different simulation technique, consisting in designing 

simulations, which diverge only on the edge of a crisis. The idea is to have a common 

trajectory for the N different policies until a crisis appears and therefore switching-on the 

divergent policies. This will provide us the opportunity to analyse how different policies can 

affect a specific crisis, measuring some key indicators like the average duration, average 

unemployment, inflation or GDP, among others. These computational experiments will be 

replicated for many random seeds in order to achieve a more robust set of conclusions. 

In particular, during the crisis, specific emergency policies will be activated and tested. This 

means that the background SGP and FC policies could be replaced in time of crisis by new 

policy combinations that should be studied and compared. In order to identify a crisis, we 

will define some endogenous measures derived by the most common ones which are 

currently used. Of course all this measures are mainly practical rules of thumb that have 

been suggested for defining recessions (e.g., two down consecutive quarters of GDP) or 

depressions (e.g., a decline in real GDP exceeding 10%, or a recession lasting 2 or more 

years). Once a crisis is identified (or when some danger indicators trigger, depending on the 

experiment), the considered policies are activated and we will compare ex-post the different 

performances. We provide a table with short and not exhaustive list of the policy 

combinations we will explore: 

POLICIES NAME DESCRIPTION 

Fiscal Compact FC Fiscal Compact policy targets a 60 percent of 

DEBT/GDP ratio 

                                                           
3 There are many articles around. See for example Stiglitz’s “Agenda to save the Euro” 
http://www.project-syndicate.org/commentary/joseph-e--stiglitz-says-that-the-europe-will-not-
recover-unless-and-until-the-eurozone-is-fundamentally-reformed and Krugman’s “The Depressed 
Economy Is All About Austerity” http://krugman.blogs.nytimes.com/2013/09/24/the-depressed-
economy-is-all-about-austerity/?_php=true&_type=blogs&_r=0 
 

http://www.project-syndicate.org/commentary/joseph-e--stiglitz-says-that-the-europe-will-not-recover-unless-and-until-the-eurozone-is-fundamentally-reformed
http://www.project-syndicate.org/commentary/joseph-e--stiglitz-says-that-the-europe-will-not-recover-unless-and-until-the-eurozone-is-fundamentally-reformed
http://krugman.blogs.nytimes.com/2013/09/24/the-depressed-economy-is-all-about-austerity/?_php=true&_type=blogs&_r
http://krugman.blogs.nytimes.com/2013/09/24/the-depressed-economy-is-all-about-austerity/?_php=true&_type=blogs&_r
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Stability and growth pact SGP Stability and growth pact policy targets a 3 

percent of DEFICIT/GDP ratio 

SGP with unemployment 

escape clause 

SGPU Besides stability and growth pact, SGPU involves 

an escape clause, i.e. when unemployment 

grown more than 10 percent in the last year 

taxes are not increased 

SGP with unemployment 

escape clause and 

quantitative easing 

SGPUQE This scenario replicated SGPU, introducing 

quantitative easing, when unemployment is 

higher than 10 percent 

SGP with unemployment 

escape clause, quantitative 

easing and fiscal 

accommodation 

SGPQEFA This scenario adds to SGPUQE a fiscal 

accommodation (i.e. a monthly decrease of 

taxes), when unemployment rate is higher than 

10 percent 

Fiscal compact with 

quantitative easing 

FCQE This scenario adds to fiscal compact a monetary 

accommodation through quantitative easing 

when unemployment rate is higher than 10 

percent 

Fiscal compact with 

quantitative easing and fiscal 

accommodation 

FCQEFA This scenario adds to FCQE a fiscal 

accommodation (i.e. a monthly decrease of 

taxes), when unemployment rate is higher than 

10 percent 

Table 5:  Fiscal and monetary scenarios. 

 

When unemployment rate is higher than 10%, alongside the basis scenarios, an escape 

clause is introduced, so that tax rates do not increase despite a growing level of deficit/GDP 

or debt/GDP ratio. 

For both scenarios (FC and SGP), two different cases are considered. 

The first one introduces a monetary accommodation. In particular, quantitative easing is 

activated. This operation allows the government to finance its spending by selling the bonds 

in the secondary market where the central bank act as a buyer. 

Moreover, an expansionary fiscal policy can be activated during the crisis (by decreasing 

taxes or raising public spending) and combined with some of the previous policies. 

Of course these are preliminary examples which show the potential of our approach and its 

flexibility for the design of computational experiments related with different policy 
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scenarios. The aim of our study is to find some new evidence for the most favourable design 

of fiscal policy depending on the economic context. 

 

3.4 Financial and banking regulation 

Generally speaking, bank regulation has the twofold target to reduce risk and to support the 

correct allocation of financial resources to the proper sectors. The level of risk should be 

considered both at individual and systemic level. This means that bank creditors should be 

protected but also that the risk of collapse of an entire financial system should be actively 

and explicitly targeted by the regulation framework. 

The regulation of the banking sector is based on a set of instruments that are obviously 

evolving in order to be effective in a quickly evolving configuration of financial markets.  

Some aspects of bank regulation concern the structure and management of banking 

institutions, with the target to guarantee a higher level of operation. Other aspects concern 

the level of transparency, through rules which set conditions for banks financial reporting 

and disclosure. Other aspects aim at avoiding conflicts of interests concerning the affiliation 

among financial institutions or between financial institutions and non-financial firms. These 

aspects are difficult to analyze within the Symphony framework because banks internal 

structure is not explicitly designed in the model, and because, in order to analyze the effects 

of disclosure requirements, we should have a model where banks are able to make extra 

profits from undisclosed information, and this has not been considered yet in the Symphony. 

Moreover, policies restraining affiliation would not be pertinent because we don’t have 

investment banks or insurance companies, or other potential conflicts of interest. See 

deliverable D3.1 for more details on the banking system in the Symphony economic model. 

However, the most studied and used instruments for banking regulation are capital 

requirements and, to a lesser extent, reserve requirements. These requirements are related 

to another important instrument used for bank regulation: the credit rating service. In this 

respect, the Symphony platform will be used in order to design and test different regulation 

patterns, according to the most recent proposals (e.g., Basel III accords). 

3.4.1 The challenge of regulatory policies 
The recent economic and financial crisis has cast serious doubt on the idea of efficient self-

regulating financial and credit markets, and consequently the need for a more effective 

regulation of these markets unquestionably has arisen. The analysis of the Bank for 

International Settlements (see BIS, 2011) states that one of the main reasons why the 

economic crisis became so severe was that the banking sectors of many countries had built 

up excessive balance sheet leverage. The erosion of the level and quality of the capital base 

determined that the banking system was not able to absorb systemic trading and credit 
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losses nor could it cope with the large off-balance sheet exposures. The crisis was further 

amplified by the pro-cyclical deleveraging process; the weaknesses in the banking sector 

were rapidly transmitted to the rest of the financial system and the real economy, resulting 

in a massive contraction of liquidity and credit availability. 

Previous works by some members of this consortium managed to endogenously reproduce 

these economic mechanisms by means of the agent-based model and simulator Eurace 

(Cincotti et. al., 2012). In particular, Raberto et. al. (2011) and Teglio et. al. (2012) show that 

excessive bank leverage, while heating the economy in the short run, can drive it into a 

severe recession in the medium and long run. It has been studied how different capital 

adequacy ratios can affect the macroeconomic performance, showing that when capital 

requirements are too low, a credit-fueled economic boom may turn out in a depression. 

However, tightening capital requirements may not be sufficient. It has been claimed that 

one of the most destabilizing elements of the crisis has been the pro-cyclical amplification of 

financial shocks throughout the banking system (BIS, 2011). Blum and Hellwig (1995) already 

observed that a “rigid link between bank equity and bank lending may act as an automatic 

amplifier for economic fluctuations, inducing banks to lend more when times are good and 

to lend less when times are bad, thus reinforcing underlying shocks”. In the last years, the 

issue of pro-cyclicality in regulatory policy has been widely studied and confirmed (see for 

instance Repullo at. al., 2010). 

For these reasons, the institutional response after the crisis strengthened the systemic 

orientation of regulatory and supervisory frameworks, and began to question the premise 

that financial stability can be secured without a more active support of macroeconomic 

policies (Borio, 2011). The reforms introduced in Basel III provide a macro-prudential 

approach to regulation and supervision that has a system-wide focus, with the goal to limit 

the risk of episodes of financial distress with serious consequences for the real economy 

(systemic risk). 

The methodologies used to study this problem are mainly restricted to macro-econometric 

models (Andersen, 2011; Antão and Lacerda, 2011) or general equilibrium models (Heid, 

2007; Acharya, 2009). These approaches show some limitations (see e.g. Caballero, 2010) 

and we argue that investigating the impact of macro-prudential regulations in an 

endogenous dynamic setting, as provided by an agent-based artificial economy, can 

contribute to shed some light on an issue that is still scarcely understood. 

Beside macro-prudential banking regulation policy, fiscal policy has been subject of new 

interest in recent times as an important stabilizing tool available to policy makers in a 

scenario where conventional monetary policy has shown to lose its traditional efficacy in 

dealing with recessions. In particular, as a consequence of the deterioration of public 

finances following the economic crisis and the needed bailout of part of the banking system, 
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most of European economies are now subject to fiscal consolidation policy measures, 

despite still poor economic conditions after the great recession of years 2008/2009. 

 

3.4.2 Case studies 
For a better understanding of effects and implications of different regulatory frameworks, 

we will calibrate the Symphony platform in order to represent specific economies, 

considering a set of case studies. These case studies can be represented by one country or 

by a set of countries (a European region) that share similar characteristics, or (the most 

ambitious case) by the whole European Union, composed by heterogeneous countries. 

As example of interesting case study we can mention Spain, and we think that Spain and the 

Spanish banking system can have a particular relevance. Apart from some obvious reasons 

related to the specific financial fragility of the Spanish banking system, which emerged 

during the crisis, the Spanish setting is of interest to the Symphony project because, in mid-

2000, the Bank of Spain set up the so-called dynamic loan loss provisioning system, by virtue 

of which all banks had to build up loan loss reserves during expansionary periods. From an 

accounting perspective, the system was aimed at increasing the timeliness of write-offs, 

therefore mitigating the pro-cyclical nature of the incurred-loss provisioning method 

(Suarez, 2010, Saurina, 2009). On average, dynamic provisions accounted for about 10% of 

the net operating income of banks, so that at the end of 2007, they amounted up to 17% of 

the total capital and reserves of the whole Spanish banking industry. Because it was a 

homogeneous, rule-based system, relying on historical data from the Bank of Spain's Credit 

Register, the increase in loan loss provisions that followed the inception of the new 

provisioning rules was strictly exogenous for banks, making the Spanish context an ideal 

setting to test the effects of accounting conservatism in the banking industry. 

Furthermore, the Spanish setting is particularly rich in terms of variance in the corporate 

governance characteristics of banks, which allows us to study the interplay between 

governance, accounting conservatism and risk taking. Listed commercial banks and savings 

banks hold roughly 50% of lending and deposit markets, respectively. While commercial 

banks have standard corporate governance mechanisms similar to listed U.S. banks, savings 

banks (the so-called caja banks) are usually under control of local and regional politicians. 

They do not have tradable shares, so there is no market for corporate control for these 

institutions. As a result, they exhibited higher ex-ante risk prior to the financial crisis and 

higher ex-post risk after the burst of the housing bubble in comparison to privately owned 

commercial banks (Illueca, Norden and Udell, 2011). Indeed, the majority of those banks 

that failed in the European bank stress tests in 2010 and 2011 were Spanish savings banks. 

We therefore plan to: 

 Investigate from an empirical perspective the impact of the dynamic loan loss 
provisioning on the risk taking behavior of Spanish banks. 
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 Embed and calibrate the agent-based artificial economy on the Spanish economy, in 
particular considering the peculiarities of the Spanish banking industry. 

 Perform computational experiments, looking for two objectives. First, to replicate 
the Spanish situation. Second, to take into consideration alternative macro 
prudential policies (in terms of type and extent) in order to simulate and analyze 
their impact on the Spanish economy. 

 Study the impact of securitization  
 

We will base our analysis on a large and unique micro-dataset that comprises matched bank-

firm-year observations from a period surrounding the change in loan loss provisioning rules. 

Our sample includes all savings banks, commercial banks, credit cooperatives, and foreign 

banks in Spain, as well as non-financial firms. The bank data set comprises the financial 

statements of all deposit institutions, and some corporate governance and ownership 

variables from 1992 to 20124. The firm data set comes from the SABI database (from 

Informa D&B - Bureau Van Dijk), which is based on the public commercial registry in Spain. It 

includes detailed accounting information (balance sheets and income statements), the 

number of employees, name and type of the auditors, province, and information on the 

number and identity of bank relationships (Bank of Spain Code) for 33,122 firms during 

1997-2011. The information on the firms’ bank relationships allows us to match the firm 

data with the extensive bank data over a period of eleven calendar years. 

Moreover, the Spanish case study raises research questions concerning the role of fiscal 

policy in a depressed economy characterized by a so-called balance-sheet recession after a 

credit-induced asset-bubble burst (see the previous section on fiscal policy for more details). 

In such economic scenario, where conventional monetary policy is scarcely effective because 

constrained by the zero bound, fiscal policy may play an important role. In this respect, the 

Symphony project aims to address the following research questions: 

 Is the narrative about expansionary austerity justifiable on the grounds of economic 
theory and present empirical evidence? 

 Is deficit-financed expansionary fiscal policy helpful to foster economic recovery? If 
yes, which kind of expansionary fiscal policy is more effective, tax cuts or 
government benefits and expenses increase? 

 Is expansionary fiscal policy self-financing in the long-run? 
 

The agent-based artificial economy will allow us to understand key issues about the 

effectiveness of deficit-financed expansionary fiscal policies on the gross domestic product 

in the case of balance sheet recessions. First, being the proposed modeling framework 

appropriate to take into account the impact of the agents’ interaction and coordination 

process on aggregate outcomes, we will be able to avoid the so-called fallacy of composition 

                                                           
4 The Spanish Association of Private Banks (AEB) provides the data on commercial banks, whereas 
information on savings banks was collected from the Spanish Confederation of Savings Banks (CECA). 
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which is very common in the narratives about fiscal austerity based on the standard 

representative agent paradigm, where the government budget is considered at the same 

level of any single household budget, therefore neglecting the importance that the level of 

government expenses has on aggregate income.  Second, the proposed approach will allow 

us to better understand the micro-structural origin of the two key phenomena which are 

considered important in explaining the positive effects of expansionary fiscal policy, i.e., the 

fiscal multiplier and the long-run hysteresis effects of capital goods investments and 

structural unemployment. In particular, we expect to be able to properly evaluate and assess 

the size and importance of the fiscal multiplier and of hysteresis effects in different 

economic scenarios, and in particular in balance-sheet recessions, as well as to devise and 

validate in a controlled simulated environment policy measures aimed to enhance these 

effects. 

The calibration of the agent-based artificial economy on Spanish economic data will provide 

a realistic environment characterized by a severe balance-sheet recession, a strong 

interconnection between banking solvency and public finances issues, and an exchange rate 

constraint due to the European monetary union, which forbids the policy choice of external 

devaluations. 

The Spanish case study shows how economic policies are strictly interconnected, and shows 

the importance of studying the policy issue from a broad perspective which should include 

fiscal and monetary policy along with the main regulation principles of the financial and 

banking system. 

4 Users and roles 
 

The proposed policies which will be implemented in SYMPHONY, will be accessible by all 

interested stakeholders, for example, policy makers, citizens, academia & researchers as 

well as business organizations, who wish to investigate the impact and effects of different 

policy choices on the economy before they are implemented. 

SYMPHONY offers a novel dashboard of services, in particular to policy modellers and policy 

makers in order to properly model policies. Policy modellers and makers obtain the ability to 

test concepts, directions, thoughts and drafts as soon as possible and at the minimum cost, 

with the use of artificial economies where agents’ expectations are driven by social media 

mining and information markets outcomes whereas citizens and stakeholder participate 

through the serious game. 

Policy makers can run “in vitro” trial runs of a policy concept and obtain not only reactions 

and overall sentiment, but actual input and feedback both in terms of anticipated impact, 

scrutiny and even new ideas and expressed suggested alternatives. 

SYMPHONY will help decision-makers through:  
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o releasing data, linking them and producing models able to reveal 

unanticipated insights; 

o using serious games and collective intelligence approaches to promote 

engagement and citizens’ inclusion in policy decision and exploit the power 

of ICT in mining and understanding the opinions and expectations they 

express; 

o analysing policies and producing models that can be visualised and run to 

produce simulations able to show the effects and impacts from different 

perspectives (such as political, economic, social, environmental) as soon as 

possible and at the minimum cost. 

 

Using the SYMPHONY toolset, policy makers and policy modellers are able, for example, to 

investigate financial policies and climate & energy policies. In particular, monetary and fiscal 

policies, the interplay between the financial and real sectors of the economy, the 

financialization phenomenon, the financial stability and the sustainability issues can be 

studied. 

Policy makers and policy modellers can use the SYMPHONY gamified ABM in order to run 

simulations that reveal the impact of the policy alternatives they have in mind. Using insights 

gained through the interaction with the ABM, policy makers can then proceed into taking 

informed decisions. 

SYMPHONY will provide a novel, advanced instrument to perform computational 

experiments in order to forecast the potential outcomes and impacts of proposed policy 

measures. The artificial economy and associated agent based models will incorporate input 

from social media mining, information markets and strategies of stakeholders and citizens as 

expressed in a serious game setting. 

Social media mining, information markets able to solicit and aggregate stakeholders’ and 

citizens’ expectations on specific issues; agent-based modelling & simulation and serious 

gaming can help policy analysts and policy makers to understand, visualize and be 

accountable for the long-term impact of their actions. This is very important in the view of 

the strong need for long-term reflection and evidence-based policy decisions to address 

grand societal and economic challenges such as aging, climate change, and poverty 

reduction. 

The SYMPHONY ABM is a simulator of a large-scale multi-country macro economy able to 

explain the functioning of a financial economy from the bottom-up. It is a fully specified 

agent-based model of a complete economy that includes different types of agents and 

integrates different types of markets. Agents include households, which act as consumers, 

workers and financial investors, consumption goods producers as well as capital goods 

producers, banks, a government and a central bank. Agents interact in different types of 
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markets, namely markets for consumption goods and capital goods, a labour market, a 

credit market and a financial market for stocks and government bonds. 

A gamified interface and usage process helps experts to explore and understand the effects 

of alternative policies in a user friendly and engaging manner. 

The SYMPHONY Gamification environment provides dynamic data-driven games that lets 

policy makers and citizens, interested in economics and monetary policies, come together to 

interact with SYMPHONY’s agent-based artificial economic world where all players’ decisions 

impact the in-game virtual economy, and every player is made to feel the repercussions of 

financial decisions made by everyone taking part. 

Before starting the ABM simulation, policy makers have to configure the economy. They 

have to set a number of elements in the artificial economy as the real estate market durable 

goods, the construction firms and mortgages, the derivatives market investment firms and 

hedge funds, the shadow banking and derivatives securities, the foreign sector, the funds, 

the mining companies, and the raw materials and waste. 

In order to simulate the economy, policy makers and policy modellers can use the 

SYMPHONY Social Media Mining and Information markets to monitor expectations on key 

policy variables in near real time. These expectations reflect the beliefs of citizens about the 

real world economy. 

More specifically they have access to near real time expectations on variables such as 

unemployment rates or trends of energy prices. The platform analyses the text and 

sentiment of the social media information and derives beliefs, expectations and trend 

regarding key variables of the economy such as employment rates, inflation rates, interest 

rates and expected growth rates. 

In particular, by selecting different keywords, policy modellers can view how the beliefs of 

social media users varied in time, by selecting different social media mining features 

(sentiment, frequency etc.) the policy maker can visualize social media data in different 

perspectives. Moreover they can also visualize different features of social media data related 

to future events connected to key variables of economy. 

Moreover policy makers can create a new information market and places some questions on 

which they would like to have the opinion of other stakeholders, for example, the state of 

households liquidity, the state of bank loans and mortgages, the capital goods of mining 

companies and the government debts and GDP in the next quarter. 

They invite participants such as co-workers and executives from other organizations. The 

participants of the Information Market login and buy or sell contracts according to their 

expectations. The SYMPHONY Information Market will run and the financial policy experts 

provide insights and expectations by trading information contracts. Contract prices 

represent the current expectations on the setted questions. 
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The policy modeller regularly visits the IM and from a graphical representation of the IM 

contracts they acquire an overview of the expectations of the participants 

Within the simulator there are many roles, such as household, firm (CGP - Consumer goods 

producers), commercial bank, central bank, government and Investment goods producers 

(IGP). The policies modeller and maker can choose the central bank or the government in 

order to investigate for example how to keep interest rates down and to ensure the correct 

policies are enacted. Decisions made by government and central bank can have dramatic 

effects on households and firms, vice-versa if households and firms aren’t making enough 

output they can affect central bank and government. 

Variables and related actions of the role of central bank are to set the monetary policy (e.g. 

interest rates in %), set capital requirements for banks (the maximum ratio between total 

weighted assets of a bank and its equity capital), decide to perform unconventional policies 

(as quantitative easing by buying government bonds) set new regulation frameworks 

(including the acquisition of bonds from the government). 

Example of fiscal policies decision of the role of a Prime Minister are setting tax rates on 

corporate profits, household labour and capital income, setting public expenditure, e.g.: 

unemployment benefits, household’s transfers, and public wages and issuing government 

bonds to finance public deficit. 

Form an operative point of view, the main step of the policy modeller or maker are to collect 

expectations, adopt an economic policy strategy, verify the effect of economic policy on the 

artificial economy and verify how the chosen policy modifies expectation. 

They log in the SYMPHONY gamified ABM and configure a new simulation with the policies 

they want to test. They start the simulation and after some time steps they suspend it in 

order to access the SYMPHONY Information Market and create a set of contracts that deal 

with certain variables of the simulation. They want to find out what are the expectations of 

their colleagues on the evolution of these variables within the simulation and invite them in 

the Information Market. Their colleagues accept the invitation. They log in the game and 

check what has happened in the simulation so far. Then they submit their expectations on 

the evolution of the selected variables. The policy modellers and makers understand the 

expectations of their colleagues. Then the policy makers resume the simulation to set these 

expectations in the simulation. 

At the end of the computational experiments, they can delve into the available data 

produced by the simulation and understand why the economy evolved as it did; as well as 

scrutinize the impact of the set policies. 
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