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Executive summary

This deliverable describes the theoretical agent-based economic model that has been devel-
oped during the first year of the project. The model will serve as the central engine for the
Symphony platform, and has been designed according to requirements and guide lines specified
in tasks 3.1, 3.2, and 3.3 of Work Package 1.

In particular, we designed a large-scale multi-country agent-based economic model with a
particular focus on modeling the interplay between financial and real sectors of the economy, in
order to study the problem of financial stability.

The model incorporates also several innovative features in order to account for the triggering
of a sustainability transition towards an economically and ecologically sustainable growth path.

The main effort has been to properly design the theoretical configuration of the foreseen com-
putational laboratory able to simulate different policy scenarios regarding the financial, eco-
nomic, social and environmental issues which will be under investigation during the symphony
project.
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1 Introduction

This document presents a detailed description of the agent-based economic model that will be
used as the central engine of the Symphony platform.

It has been recently emphasized that agent-based models can be used as an alternative tool
for economic modeling and policy making1, see e.g. Farmer and Foley (2009). Agent-based
models have shown promise of being able to take into account the complex interactions of dif-
ferent economic agents (see e.g. Tesfatsion and Judd (2006) for a review), the interplay between
credit supply and the real economy (see e.g. Delli Gatti (2010), Raberto et al. (2012) and Teglio
et al. (2012)) and reproducing multiple stylized facts of the economy (see e.g. Dosi et al. (2010)
and Dosi et al. (2013)). Unlike the traditional Dynamic Stochastic General Equilibrium mod-
els, agent-based models rule out the representative-agent paradigm, shown by Kirman (1992)
to be flawed in many respects. Furthermore, agent-based models do not assume that the econ-
omy will end up in an equilibrium state subject to exogenous shocks, but allow shocks to be
endogenously generated due to interactions between economic agents or sectors, i.e., firms and
banks, borrowers and lenders, that interact in decentralized markets with limited information
and foresight.

The theoretical design of the presented model is grounded on the experience of a previous
agent-based model, called Eurace, which has been under development since 2006 when the Eu-
race project started within a EU-funded research grant under the sixth framework programme.
The Eurace project proposed a new approach to macroeconomic modelling and economic pol-
icy design according to the new field of agent-based computational economics (Raberto et al.,
2006a,b, 2008).

We present here a new model, inspired by Eurace but completely innovative. A not exhaustive
list of the innovations with respect to Eurace comprehends a bimodal representation of European
multi-country contextual relations and environments, a stylized foreign economy representing
not European countries, an housing sector with construction firms and bank mortgages, an in-
terbank market, a very innovative set of financial instruments (like mutual and hedge funds,
asset backed securities and credit default swaps among others), securitization and defaulting
mechanisms for banks, and the design of a framework for studying economic sustainability.

The economic AB model presented in this deliverable is one of the largest and most complete
agent-based models developed in the world to date, representing a fully integrated macroecon-
omy including several economic spheres. A real economy consisting of consumption goods
markets, housing markets, capital goods markets with special attention to renewable invest-
ments, and labour markets. A financial economy fueled by credit and enriched with sophisti-
cated financial markets where a broad set of financial instruments will be traded. And finally,
public institutions and regulatory bodies, which has been designed to reflect the European Union
configuration, characterized by several governments and one central bank. An overview on the
main characteristics of the Symphony AB model is presented in the following paragraphs. The

1“Economics after the crisis. New model army”. The Economist, January 19th 2013, print edition.
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rest of the document describes in detail the functioning of each agent and each market within
the model.

Multi-country closure
The Symphony model is one of the very rare fully-specified agent-based models of a complete
economy. It is dynamically complete, that is, it specifies all real and financial stocks and flows
and will allow us to aggregate upward from the micro-specifications to the macroeconomic
variables of interest. The model represents a set of interconnected countries which represent
a closed economy (inspired by Europe). It also considers a stylized foreign sector in order to
study the impact of potential shocks to the economy coming from abroad (e.g., US, China, India,
Brazil...).

Decision processes
In modelling agent decision processes, the model follows the usual and realistic assumptions
of agent-based economics about bounded rationality, limited information gathering and storage
capacities, and limited computational capabilities of the economic agents. These assumptions
lead us to use simple heuristics to model the agents’ behaviour, derived from the management
literature for firms, and from experimental and behavioural economics for consumers/investors.
We also make use of experimental evidence from the psychological literature on decision mak-
ing. The rules used by the agents are simple but not necessarily fixed. Their parameters can be
subject to learning, and thus adapted to a changing economic environment. Here we can make a
distinction between adaptive agents and learning agents: the first use simple stimulus-response
behaviour to only adapt their response to their environment, while the last use a conscious effort
to learn about the underlying structure of their environment.

Market protocols
The modelling of the market protocols is empirically inspired by real-world markets. The con-
sumption goods market is decentralized and characterized by one-to-one interactions between
firms and consumes. This is a simple form to model localized markets with potential rationing
on both sides. Households go shopping on a weekly basis.
In particular, market protocols capture important market frictions based on problems of search,
matching and expectation formation in turbulent environments that are present in real world
labour and goods markets. The labour markets function by way of a local search-and-matching
protocol that likewise resembles a real world job search by unemployed workers. For the arti-
ficial financial market we model a real-world market protocol: the clearinghouse. Government
bonds are usually sold by auction. For the credit market we use a firm-bank network interaction
mechanism. This reflects how real-world firms appear to manage their credit lines as comes out
from the empirical data that have been examined concerning firm-bank network interactions.

Use of a balance sheet approach as a modelling paradigm
In the Symphony model, a double-entry balance sheet with a detailed account of all monetary
and real assets as well as monetary liabilities is defined for each agent. Monetary and real flows,
given by agents’ behaviors and interactions, e.g. market transactions, determine the period
by period balance sheet dynamics. Stock-flow consistency checks have then been done at the
aggregate level to verify that all monetary and real flows are accounted for, and that all changes
to stock variables are consistent with these flows. This provides us with a solid and economically
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well-founded methodology to test the consistency of the model. See Teglio et al. (2010) for
further details.

Timing of decisions
The choice of time scales for the agents’ decision making has been made in order to reflect the
real time scales in economic activities. The agents’ financial decisions are made on a shorter
time scale (day) than the economic decision making, e.g., consumption and production, where
the proper time horizon can be a week, a month, or a quarter.

Asynchronous interactions
In reality, most human decision-making and interaction is asynchronous, due to the autonomous
decisions of the agents. We model this asynchronous decision making by letting agents have
different activation days. This means that on a single market different agents are active on
different days. Thus, who interacts with whom changes from day to day. Some activities,
however, are synchronized. This is in particular the case when they are institutionally initiated
as, for instance, yearly tax payments, or monthly wage payments. We use synchronous decision
making/interactions whenever it reflects the reality.

Scalable number of agents
In order to analyze how far qualitative properties of the phenomena arising in economies with
interacting heterogeneous agents change as the number of involved agents goes up. A research
topic that has been to a large extent ignored in previous work in agent-based computational
economics. Based on this goal, the implementation of the Symphony platform is designed to be
scalable to a large number of agents.

Innovative software framework and parallelization
The Symphony model, like the previous Eurace model, has been implemented in FLAME2

(Flexible Large-scale Agent-based Modelling Environment). The FLAME framework is specif-
ically designed to provide a formal and very flexible approach to agent-based modelling and
enables the creation of agent-based models that can be run on high performance computers.
The framework is based on the logical communicating extended finite state machine theory
(Xmachine) which gives the agents more power to enable writing of complex models for large
complex systems. The agents are modelled as communicating X-machines allowing them to
communicate through messages being sent to each other as per designed by the modeller. This
information is automatically read by the FLAME framework and generates a simulation pro-
gram which enables these models to be parallelized efficiently over parallel computers.

2http://www.flame.ac.uk/
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2 New Relevant Modeling Features

The whole document provides the extension of current Eurace model in terms of new eco-
nomic features and modeling assumptions. In order to address the two main research question
of the project, i.e. the issue of financial stability and the one related to the transition to a sustain-
able energy sector, we are primarily developing the financial and banking sectors, the energy
sector and the multi country environment. Therefore we introduce new features such as: se-
curitization, asset-backed securities (ABS), the housing market, the interbank market, banks’
bankruptcy procedure, energy markets and pollution, as well as related policies on the side of
policy makers. On the top of that, two relevant model design enrichments have been consid-
ered that deeply affect the whole structure of the model as well as the design of the agents.
The first feature regards the multi-country model perspective, conceived to study the setting of
many strongly interconnected national economies of different size, characterized by different
fiscal policies, i.e. different governments, but one single monetary policy, i.e. one central bank,
like the situation of the European monetary union. The second feature, still under development,
regards the development of a coherent framework to model the adaptive expectations and the
related learning process of Symphony agents. This new feature is very relevant non only for the
economics of the model but also for the integration with the the other relevant ICT tools devel-
oped within the Symphony project, namely the information markets and the social data mining
tools, which are aimed to initialize and calibrate the expectations of Symphony agents.

2.1 The Multi-Country Model Design

The extension to a multi-country setting has required an important enrichment in the model
design. There are certain contextual aspects of a multi-country model of economy that may bet-
ter be addressed while designing the agents’ environments. For instance, geographical distance
in between two country is a clear environmental factor that may be a constraint at agents’ de-
cision taking process. Firms may need to consider physical distances while calculating logistic
costs of shipment of consumption goods to a target foreign market. Such set of geographical dis-
tances may also be used by households while calculating moving cost to a foreign country upon
a distant job offer. In general, flow of goods, capital and labour from one country to another
country may subject to certain bilateral conditions.

From a simulation modeling perspective a graph representation is instrumental at represen-
tation of proximity and accessibility relevant flows in between countries. A multiplicity of
structurally stimulated flows can be represented via a multiplicity of links in between countries.
For instance, Figure 1 displays a rough and an aggregated representation of labour mobility,
on the right side of the panel; and a simplified representation of flow of goods, on the left
side of the panel. In this hypothetical representation, countries are grouped according to their
EU accession waves. EU8 stands for 2004 eastern Europe enlargement; EU2 stands for 2007
enlargement, which covers Romania and Bulgaria; EU15 represents pre 2004 member states.
Figure 1 is, indeed, a visual representation of bimodal and asymmetric matrices. A bimodal
and asymmetric distance measure can be calibrated for simulations. As it can be seen from the
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Figure 1: A graph representation of bi-modal relations in between EU regions with respect to
labour mobility and circulation of goods.

graph in Figure 1, labour mobility from EU8 to EU15 is higher than the other way around. This
is due to fact that, EU enlargement process has experienced restrictions on labour mobility from
certain new member countries to some other older members. It is seen that restrictions have
created such asymmetric flow of labour in between countries (Fic et al. (2011)).

In general, EU wide regulations, country level policies and particularities underline major pat-
terns and stimulate individual level decisions. Such structural environmental level contingencies
are represented by bimodal relations in between countries and are captured by bimodal matrices.
Policies, regulations and some other bilateral factors in between countries may not necessarily
be symmetric. Hence in graph theoretic terms, directed and weighted graphs may best fit to
represent such macro level bimodal structural factors. The links, i.e. the entries in correspond-
ing bilateral matrices, can be coded as proxies for certain factors. For example, while λ

i j
distance

refers to an entry in, Λdistance, the multi-country geographical distance matrix, λ
i j
culture refers to

cultural distance in between two countries in the model represented by a cultural differences
matrix Λculture. Cultural differences matrix is to be formed deriving upon relevant emprical
studies. The matrix, for instance, can be used as a proxy to represent barriers due to differences
in language, education systems, work habits etc. Section 3.3.3 demonstrates a specific use of
such bimodal approach at designing labour mobility within a multi-country context.

2.2 Expectations’ Design

Agent-based models like Symphony are now at an high level of refinement, but still they are
criticized for the implementation of agents’ expectation processes not forward looking that may
generate bias in the expectation error subjecting the analysis to the Lucas’ critics (Lucas Jr,
1976). In standard macro models such criticism is avoided using the very strong rational ex-
pectation assumption (that is not possible to implement even in medium agent-based model).
Actually, the only empirical justification is the well-known Galton’s result. In 1906 the statisti-
cian Francis Galton discovered - during a competition to guess the weight of an ox - that people
are able (collectively) at guessing averages of unknown quantities (Surowiecki, 2005). In fact,
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the average guess was extremely close to the actual weight of the ox. Such result was the foun-
dation of the Muth’s rational expectation hypothesis (Muth, 1961) assuming that errors made
by agents are not systematic. Using the law of iterated expectations, it is simple to show that
Galton’s result is consistent with this notion of rationality. In a sense, we may say that is only a
necessary condition for the Lucas’ rationality requirements.

From experimental economics it is now clear that even the Galton’s weak condition of ratio-
nality is often not satisfied (Hommes, 2013). What they found instead is that agents’ expectation
process seems to be well approximated by heterogeneous adaptive processes. Similarly, in the
econometrics literature adaptive schemes seem to be a good description of agents’ behavior
(Chow, 2011).

In Symphony the agents’ expectation process implemented will be analyzed with respect to
the:

1. Stylized facts in empirical data regarding distribution of expectational errors, cross section
and time series.

2. Results coming from experimental economics.

This allow us to use the expectation formation as a part of the agent-based model validation
process to add to the common calibration procedure; i.e., expectation formation has to be consis-
tent with what we find in real data and economics experiments. In this way it may be possible to
solve, at least empirically, the Lucas’ critique. Once we have expectation formation consistent
with the empirics, we can analyze how agents react to different economic policy rules.

In the first year of the project we have analyzed the error distribution of the Symphony plan-
ning of production section inherited from the Eurace project (Cincotti et al., 2012).

2.3 The Agents

The economy is populated by main and intermediary agents. The main agents are consump-
tion goods producers (CGP, also named as firms), capital goods producers (KGP), construction
firms, households, banks, funds, financial vehicle corporations, the central bank, the govern-
ment, and a foreign sector (also called foreign economy). Two further main agents are under
development, namely the mining company and power producers, in order to address the mod-
elling of a transition to a sustainable energy sector. The intermediary agents are a real estate
agency, malls, and clearing house. Each agent in the economy demands and/or supplies the
certain type of real assets, financial claims and monetary flows in order to fulfill its economic
activities. Table 1 shows the interaction between the main agents since they are initial and
ending point in any transaction. However the intermediary agents have a supporting role, they
enable and carry out the transactions between the main agents, therefore they are not included
in the Interaction Matrix table. Figure 28 in Deliverable D1.1 “SYMPHONY Conceptual Ar-
chitecture” present an overview scheme of different agents and markets in the case of a single
country.
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Table 1: Interaction matrix.

CGP KGP
Construction

Firm
Household Bank CB GOV Fund FVC

Foreign
Economy

Mining
Company

Power
Producer

CGP K GOOD LABOR
deposits ,

loans
transfers,
subsidies

liquidity
RAW

MATERIAL,
ELECTRICITY

RAW
MATERIAL

ELECTRICITY

KGP
capital-bill
(money)

liquidity
RAW

MATERIAL,
ELECTRICITY

RAW
MATERIAL

ELECTRICITY

Construction Firm
RAW

MATERIAL
RAW

MATERIAL

Household
vacancies, wage,
shares, dividends

shares,
dividends

money
(housing
market)

deposits,
shares,

dividends

unemploy- ment
benefits,
transfers,

subsidies, bonds,
bond coupons

shares

FOSSIL FUEL,
ELECTRICITY,
foreign economy
shares, dividends

FOSSIL FUEL ELECTRICITY

Bank
loans interests,
loans principals

mortgages
interests

principals

interbank
loans interests,

interbank
loans

principals,
shares,

dividends

loans,
deposits

liquidity, loans
interests, loans

principals
liquidity

CB debt interests
bonds, bond

coupons
abs, mbs

GOV tax tax tax tax, liquidity
shares,

dividends
deposits liquidity

Fund shares, dividends
shares,

dividends
liquidity

loans interests,
loans

principals,
shares,

dividends

bonds, bond
coupons

assets abs, mbs
foreign economy
assets, dividends

FVC
loans,

mortgages
liquidity

Foreign Economy
liquidity, shares,

dividends
liquidity liquidity liquidity

shares,
dividends

Bonds, bond
coupons

shares

Mining Company liquidity
K GOOD,
liquidity

liquidity liquidity liquidity

Power Producer liquidity liquidity liquidity FOSSIL FUEL FOSSIL FUEL

Table 1.*Note: The matrix should be read as follows: row agents are the ones demanding or receiving real assets (denoted in capital letters), financial assets (denoted in bolded style) and their
related monetary payment commitments over time (denoted in italics), and money and data flows (denoted in small caps); column agents are the ones supplying the corresponding real assets,
financial assets and their related monetary flows as well as money and data flows.
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In what follows we will provide of brief outline of some of the main agents. Next sections
will present the detailed description of the model of the agents considered.

Firms employ a labor force and a capital in order to produce and supply homogeneous con-
sumption goods. They either demand loans from the banks or sell shares on the financial market
in order to provide necessarily financial funds. Once they produced the consumption goods they
sell them to malls and then pay taxes, dividends and interests.They also receive transfers and
subsidies from the government and public policy announcements about the interest rate, the tax
rate, etc. In each activation period firms exchange the data with the Eurostat by sending their
summarized data and receiving the aggregated macro data.

Households can be either public employees or employed by a private company. They receive
labor income, if employed, and an unemployment benefits from the government, if unemployed.
They spend their disposable income on consumption and housing units or they have savings.
Households can invest their savings on the asset market and buy either stocks or bonds. They
can also use part of their savings to buy new housing units at housing market. They receive
dividends and payment coupons by holding stocks and bonds, therefore they pay the capital
and labor tax to the government and also receive transfer payments and subsidies from the
government. On the beginning they are equally endowed with the assets, payment accounts,
housing units and specific skills. However they are endowed with different general skill levels.

Capital Good Producers employ only energy and row materials and supply a single type of
time varying technology. They pay the price of energy and raw materials. Profits are distributed
among all shareholders.

Banks provide necessary financial funds to firms, households and other banks in terms of
loans, mortgages and interbank lending respectively. They collect the interests and principals
and pay the interests on its borrowing from the central bank and other banks, as well as pay
the dividends to shareholders and tax to the government. In addition banks hold firms and
households deposits and on the end of each day, they send their data to the Eurostat and receive
macro data from the Eurostat.

The Central Bank has several important roles in the Eurace economy. It holds the govern-
ments deposits and determines the reference interest rate in the economy. In addition it provides
other banks with the financial funds in terms of the Lender Of Last Resort and also buy the
government bonds on the financial market which is defined as the quantitative easing activity.

The Governments’ main function is to collect taxes in the economy and do the redistribution
of the income. However governments also take a crucial part in the liquidation process of the
banks. Therefore they collect the taxes and pays the unemployment benefits and transfers. They
take a burden due to the bankruptcies in the banking sector and take a part in the ownership

SYMPHONY Deliverable D3.1
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Table 2: Balance sheets
Agent Assets Liabilities

Household Liquidity, Mh Mortgages, Uh

abbrev.: Hous Equity Shares, nh
E Equity, Eh

index: h = 1, . . . ,NHous Gov Bonds, nh
Gg

Housing units Xh

Fund’s Shares
Consumption Goods Producers Liquidity, M f Debt, D f

abbrev.: CGP Capital goods, K f Equity, E f

index: f = 1, . . . ,NFirm Inventories, I f

Capital Goods Producers Liquidity, Mk Equity, Ek

abbrev.: KGP
index: k = 1, . . . ,NKGP

Construction firm Liquidity, Ms Debt, Ds

abbrev.: TFirm Capital goods, Ks Equity, Es

index: s = 1, . . . ,NT Firm Inventories, Is

Power Producers Liquidity, Mu Debt, Du

abbrev.: PP Capital goods, Ku Equity, Eu

index: u = 1, . . . ,NPP

Bank Liquidity, Mb Deposits (Liquidity of Hous. CGP and
KGP), Db = ∑h, f ,s Mh, f ,s

b

index: b = 1, . . . ,NBank Interbank lending, L bi
IBM = ∑ j 6=i Bb j

bi

Borrowing (Short term borrowing on
the interbank market), Bb

Loans, L b = ∑ f ,s D f ,s
b

Standing facility with the central bank,
Db

Mortgages, Ub = ∑h Ub
h Equity, Eb

Government Liquidity Mg Bonds, Dg

abbrev.: Gov Equity, Eg

index: g
Central Bank Liquidity, Mc Outstanding fiat money, Mc

abbrev.: CB Loans to banks, L c
b = ∑b Db banks liquidity, ∑b Mb

index: c Gov Bonds, nc
G government liquidity, Mg

Equity, Ec

Funds Liquidity, Me Debt, De

abbrev.: Fund Gov Bonds, Oe Equity, Ee

index: e Equity Shares, ne
E

Derivatives,Re

Mining Company Liquidity, Mz Equity, Ez

abbrev.: MC Capital goods, Kz

index: z = 1, . . . ,NMC

Financial Vehicle Corporations Liquidity, M j Assets-backed debt securities, V j

abbrev.: FVC Loans, L j Equity, E j

index: j = 1, . . . ,NFVC Mortgages, U j

Foreign Agents Liquidity, Ma

abbrev.: FA Equity Shares, na
E

index: a = 1, . . . ,NFA Gov Bond, na
G

Derivatives, Ra

Table 2. Balance sheets of agents populating the Eurace economy. Balance sheet entries in the table are generally named with capital letters and a superscript character that is the index of the
agent the variable refers to. In some cases, we can find also subscript characters that refers to other agents’ balance sheets where we have the counterparts. For instance, Uh refers to the total
mortgages of household h, i.e. a liability, and Ub refers to the total mortgages of bank b, i.e. an asset, while Uh

b (Ub
h ) refers to the mortgage that household h (bank b) has with bank b (household

h). Of course, we have the identities Uh = ∑b Uh
b and Ub = ∑h Ub

h .
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structure in the banking sector when it is necessary in order to stabilize the economy. In addition
the governments can issue the government bonds in order to finance the government deficit.

Agents exchange their real and financial assets through market mechanisms at the price that
is endogenously determined. Thus the model includes the consumption good market, the capital
goods market, the labor market, the credit market, the financial market, the housing market
and the interbank market. The labor market enables the exchange of the labor force which
is demanded by firms and supplied by households. On the capital goods market the capital
goods producers sell the technology to the firms. The firms sell their products to malls and
households buy the products by visiting malls within the consumption good market. The credit
market enables firms to ask for loans which are provided by banks. On the financial market
the government sells bonds and firms sell shares to households. The housing market enables
the exchange of housing units between the households, in addition it provides the mechanism
that enables households to obtain the mortgages from the banks. Finally on the interbank market
banks borrow the financial funds from the other banks in order to cover their short-term liquidity
need.

In the following chapters we provide a detailed description of the agents in the Symphony
model.

SYMPHONY Deliverable D3.1
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3 Consumption Good Producers (Firms)

3.1 Production Planing

Firms employ physical capital K f ,A and labor force n f ,gen in order to produce an amount of
homogeneous consumption good q f . Subscripts A and gen imply that firms are using hetero-
geneous inputs. Therefore the capital used in the production process has the different levels
of productivity A as well as the labor force has different general education levels gen which
determine its productivity as well3. The firms’ production function follows Cobb-Douglas tech-
nology which is given as

q f = γ
f (n f ,gen)α(K f ,A )β , (1)

where γ f is a positive productivity factor, and constant returns to scale is assumed, i.e. α and
β are positive constants with the constraint α +β = 1. Nevertheless in the future modification
of the model, we will consider the implementation of the Leontief technology or in more gen-
eral case a CES production function which is more in the spirit of the Agent Based Modeling
approach.

Production, investment and financing decisions are taken, processed and completed by firms
once a month at their assigned activation day t. Activation days are different and specific to
any firms and they are randomly assigned to each firm in the initialization process. On the
activation day firms start their business month which is composed by twenty business days.
Since the business month is triggered by a firm’s activation day its beginning is different than
the beginning of the calendar month. In addition firms perform the financial accounting on the
last day of their business month.

Firms invest in a workforce if the production volume requires additional number of workers,
and in new capital goods in order to replace capital depreciation and to expand the production
capacity. Hence the investment decision depends on the depreciation rate of capital4 ξ , and
the production volume that a firm is going to deliver to malls. The production volume is the
difference between a planed production quantity and the current inventory level of a firm. Since
the actual demand for the products of the firms in a given month is stochastic (see the section
6.3) and there are stock-out costs, because if a firm does not supply enough products consumers
will buy them from different producers, the firms face a production planing problem with a
stochastic demand and stock-out costs. Once firms produce consumption goods, they send them
to malls. We assume that there is only one mall per country, and firms can sell their products
to different countries. In addition firms can enter or exit different markets over time, which is
endogenously determined by firms (see the entry and exit mechanisms below).

On the beginning of the day firms receive information about policy announcement provided
by governments, as well as they receive macro data which are provided by the eurostat. Hence
all firms have the perfect information about macroeconomic statistics and policy announcements
in all countries. Once they receive the information they start their production rule in order to
determine the production volume for the next month since the amount of the investment i f of

3See the household section for the explanation of the general and specific skills of workers
4The capital depreciation rate is set in the initialization according to previous empirical findings.
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new capital goods is delivered with one month delay (t + 20). In order to define their planed
production quantity, firms first estimate the expected demand q̂ f

g of consumption goods in each
country (market or mall)5 g for the next month. If a firm enters a new market it follows the
entry mechanism which is explained below, otherwise firms estimate the expected demand with
the linear interpolation technique using the data about sold quantities in previous months, which
is provided by malls. Since the estimated firms’ demand is uncertain and is covered with a
probability χ , firms calculate the replenishment level or critical inventory stock Î f

g using χ as the
service level of the firm. Therefore the firms assume that demands follow a normal distribution
and then the critical inventory stock in country g can be expressed as

Î f
g = q̂ f

g︸︷︷︸
Expected demand in country g

+qχ
f
g ∗
√

σ̂2
q̂ f

g︸ ︷︷ ︸
Buffer

(2)

where q̂ f
g is the expected demand in country g, σ̂2

q̂ f
g

is the estimated variance of the demand

distribution and qχ
f
g is the χ-quantile of the standard Gaissian distribution with mean 0 and

variance 1.

Then based on the estimated critical value Î f
g and on the inventories amount I f

g in mall g, firms
compute their production needs q̄ f

g for each country g as:

q̄ f
g =

{
0 I f

g ≥ Î f
g

Î f
g − I f

g I f
g < Î f

g .
(3)

Since the expected demand q̂ f
g is estimated using a linear interpolation based on previous sales,

to avoid the excessive oscillations of the production quantity from one month to the other, the
production needs q̄ f

g is smoothed and the planned production quantity is given as:

q̃ f
g = λ

q q̄ f
g +(1−λ

q)
1
tm

t−1

∑
k=t−tm

q f
g,k, (4)

where the sum of q f
g,k is the quantity produced for country g in previous tm months6, and λ q is

a parameter which sets a different weights between the production needs q̄ f
g and the quantity

produced in previous tm months, such that λ ∈ [0,1]. On this account, the consumption goods
producer shows some inertia in adapting the actual production quantity to the desired quantity.
As discussed in more details below, the realized production volume q f

gt+20 can deviate from the
planned output q̃ f

gt due to rationing on the factor markets.

Entry mechanism. Firms are able to sell their products on foreign markets. Therefore period-
ically (either quarterly or yearly) they are assigned to consider the opportunity to enter a foreign
market. The assignment is done with a probability which depends on firms’ financial strength,
thus the higher financial strength is, the bigger is the probability of assignment. We assume
that a firm can consider at most one new market per attempt. Those firms who are assigned to
start the entry process are also randomly endowed with particular country g out of the countries

5Market, mall, and country are used as synonyms because there is only one mall per country.
6tm is the number that is used to determine the time span of previous months.
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where they do not export yet. Firm f first compute the present unit cost of production ċ f
g (see

equation 30) for new market g and calculate the price of consumption good p f
g for that market

(see Eq. 28). Then the firm considers the average price p̄g in country g and if p f
g ≤ p̄g then

firm f decides to enter new market g. The planed production quantity q̃ f
g for new market g is

determined as the percentage of the current total production quantity of the firm. Then the firm
sums up all planed production quantities q̃ f

g , including the quantity for the new market as well,
and starts its factor demand role which is explained below (see the factor demand section).

Exit mechanism. Firms also can exit non-profitable markets. Hence, if the realized net profit
ïnet

f
g ≤ 0 repeatedly for a certain period of time, then the firm decides to exit the market and

remover all of its inventories from the corresponding foreign mall.

3.2 Financing

Firms compute their financial liquidity needs7 and total dividend payments on the last day of
their business month, time t. They take into account all activities that have been done in the
month that just ended, and then execute their financial payments next day at time t + 1 after
they check their financial availability. Firms finance their total financial needs8 ` f following the
pecking order theory. The financing comes from three sources: internal funds, debt and new
equity. The firms prioritize their sources of financing, first preferring internal financing by using
its internal liquid resources M f , i.e., the cash account deposited at a given bank, then debt and
lastly raising equity by issuing new shares. Firm f first checks whether its payment account M f

is less then its total financial need ` f . Therefore if M f < ` f , the firm asks for a loan of amount
˜̀f = ` f −M f to banks in order to be able to entirely cover its foreseen payments (see credit
market for details). If the firm ends up denied on the credit market, it issues new shares trough
the financial market mechanism (see financial market for details).

3.2.1 Credit Market

Firm f enters the credit market by sanding the loan request to banks. Each firm randomly
links with a limited number of banks9 due to assumptions that a firm faces search costs as well
as incomplete information on the market. A firm reveals to the linked banks information about
their current equity E f and debt level D f , along with the amount of the loan requested ˜̀f . Using
this information, each contacted bank b communicates the amount of money L b

f it is willing to
lend to firm f , where L b

f ≤ ˜̀f . The amount of loan L b
f as well as the interest rate rb

f associated
to the loan offer, are determined according to the banks’ decision rules outlined in the next
section. Firm f agrees to get the loan from a bank applying the lowest interest rate role. On
the banks’ side, they receive demands by firms sequentially and deal with them in a “first come,
first served” basis. As explained with more detail in the following section, the firm can be credit

7Financial liquidity needs=total interest payment + total debt installment + tax
8`

f
t = ( f inancial liquidity needs)t +(total dividend payment)t +(planed production liquidity needs)t−19

9In the current model each firms apply to two banks every time

SYMPHONY Deliverable D3.1

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

Page 19 of 97



PU
c© All Rights Reserved

projectsymphony.eu

rationed. If a firm cannot obtain the all amount of credit from the bank that is offering the best
interest rate, the firm will go for the remainder of the amount to the bank offering the second
best interest rate, until the last connected bank of the list is reached. Although the individual
firm asks loans from the bank with the lowest lending rate, the total demand for loans does not
depend directly on the interest rates of loans. When firm f receives a loan from bank b, its cash
account M f is increased by the corresponding amount L b

f . If the firm is not able to collect the
needed credit amount, i.e., if M f is still lower than ` f , the firm has still the possibility to issue
new equity shares and sell them on the financial market.

3.2.2 Financial Market

Firms enter the financial market in order to provide necessary financial needs which could
not obtain on the credit market. Hence if M f is still lower than ` f , firm f goes for issuing new
equity shares and sell them on the financial market through the clearing house mechanism.

The issuing of new shares. Firm f first computes limit share price p̃S
f , depending on the

current share price10 pS
f , and then decide about the quantity of the shares to be sold q̃S

f by
dividing the total external financial needs with limit price p̃S

f . After selling the shares on the
financial market, firm f finishes its financial role and updates its number of shares and payment
account M f .

3.2.3 Financing Outcomes

If the new shares are not sold out, firm f enters a state called financial crisis. When the firm
is in financial crisis, we mainly distinguish two cases: if the firm’s available internal liquidity
is still sufficient to meet its committed financial payments, i.e., taxes, the debt installment and
interests on debt, then these financial payments are executed and the dividend payout and the
production schedule are rearranged to take into account the reduced available liquidity; other-
wise, if the firm is unable to pay its financial commitments, it goes into bankruptcy.

The model designs two types of bankruptcies, called insolvency and illiquidity bankruptcies.
The first type is when firm’s equity goes negative. The second type is when the firm is unable
to pay its financial commitments but still owns a positive equity. The significant difference
between the two types of bankruptcies is the following: in case of insolvency bankruptcy, firm’s
debt is restructured according to a new target level of debt that has to be a fraction of firm’s
total assets. The exceeding part of the debt is written-off, i.e., the value of firm’s loans has to be
reduced.

When a firm goes into bankruptcy, it fires all its employees, stopping production for a period
t f
B . During this period, the firm tries to raise new capital in the financial market in order to

increase its liquidity.

10 p̃S
f = pS

f ∗n, such that n ∈ (0,1).
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3.3 Factor Demand

Based on the planed production quantities q̃ f
g for all markets g, including the quantity for the

new market as well, firms compute the total planed production quantity as q̃ f = ∑g q̃ f
g and then

calculate desired workforce ñ f as well as the desired amount of physical capital K̃ f using the
Net Present Value (NPV) approach.

3.3.1 Labor Demand

Firms first compute necessary workforce ñ f in order to meet planned output q̃ f . They use
Coob-Douglas production function, which is given in equation (1) and obtain:

ñ f =

(
q̃ f

γ f (K f )β

) 1
α

, (5)

where γ f is the productivity parameter and is calculated as:

γ
f = min[s̄ f , A f ], (6)

where A f is the productivity of physical capital and s̄ f denotes the average specific skill level
in firm f . Thus the productivity factor follows the complementarity assumption between the
quality of physical capital and worker skills.

Considering the present workforce n f , a firm opens new vacancies, if ñ f > n f , or decides
layoffs if ñ f < n f (see the labor market section below).

3.3.2 Capital Demand

In order to determine the desired amount of physical capital K̃ f and make an investment
decision, firms check the profitability of the investments. Thus they check whether the increase
of the stock of physical capital, which is needed to meet the production goal for a given present
workforce, is profitable. Therefore, if q̃ f > γ f (n f )α(K f )β firms compute the desired endowment
of physical capital K̃ f as follows:

K̃ f =

(
q̃ f

γ f (n f )α

) 1
β

. (7)

The difference ∆K̃ f = K̃ f −K f is a reference point for investments. Therefore firms compute
the NPV using a grid of investment values i f ,ã in the range between i f

max
10 and i f

max
11. The value

of i f
max is given as the minimum between the reference point for the investment ∆K̃ f and the

ratio of the last month revenue12 and the actual capital price, if this value is greater than zero,
otherwise i f

max is set equal to zero.

11i f ,ã = ã

10 ∗ I f
max where ã ∈ {1,2...,10}

12The last month revenue is considered as a proxy for cash flow.

SYMPHONY Deliverable D3.1

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

Page 21 of 97



PU
c© All Rights Reserved

projectsymphony.eu

The NPV is computed considering the present cost of investments, i.e., pK i f and the dis-
counted values of the future cash flow (revenue corrected by the amount of tax) given by the
augmented productive capacity.
In particular, we consider

NPV (i f ,ã) =−pK i f ,ã+(1− τ
ct)

m∗

∑
m=1

p̄C
f ,m∆q f ,m

(1+ rK f

12 )
m(1+ τ̄vat)

, (8)

where pK is the actual capital price, rK
f is the weighted average yearly cost of capital for firm f ,

τct is the corporate tax rate, τ̄vat is the weighted average Value-added tax rate across countries,
p̄C

f ,m is the weighted average of the expected consumption goods price level across countries,
and ∆q f ,m is the additional amount of monthly production given by the capital investment i f ,ã,
after properly taking into account the depreciation rate ξ , i.e.,

∆q f ,m = γ
f (n f )α

(
K f +(1−ξ )m i f ,ã

)β

− γ
f (n f )α(K f )β . (9)

The Net Present Value technique includes firm specific and country specific variables. Con-
sequently an exporter who considers the investment in a new capital in order to expand its
production volume and sell the products abroad must take into account the Value-added tax rate
τvat as well as the expected consumption good price level p̂C

f ,m in a foreign country. Moreover
if the exporter sells the products in more than one country, it calculates the weighted average
values for those variables, such that it puts the different weights according to the exported pro-
duction volume. Therefore the firm first calculates the difference between current production
q f

gt and planed production q̃ f
gt+20 for next month in each country g as:

∆q̃ f
g = q̃ f

gt+20
−q f

gt
. (10)

Further the firm takes into account only positive ∆q̃ f
g values which stand for the exceeding

demands on particular market g and are the reference points for calculating the wights. Then
the firm computes weights λg for each country as the share of the exceeding demand of country
g to total exceeding demand which is given as:

λg =
∆q̃ f

g

∑g ∆q̃ f
g
. (11)

Therefore, weighted average Value-added tax rate is given as:

τ̄
vat = ∑

g
λgτ

vat
g , (12)

and the weighted average expected consumption goods price level is given as:

p̄C
f ,m = ∑

g
λg p̂C

f ,m
g , (13)

where p̂C
f ,m
g is the expected consumption good price level at month m in country g given as:

p̂C
f ,m
g = PIg

(
1+

m p̂G
g

12

)
, (14)
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where PIg is the price index in the current year, and p̂G
g is the expected price growth which is

calculated by setting the different weights between the inflation target announced by the central
bank and the price growth in the last month (t−20) in country g, i.e.

p̂G
g = θ

g
π̃

g
t +(1−θ

g)pG
g
t−20 (15)

where π̃
g
t is the inflation target announced by the central bank in country g at time t, pG

g
t−20 is

the price growth in country g in the previous period, and θ g is the trust factor in country g which
shows how much trust does a firm have regarding the central bank’s announcements, such that
θ ∈ [0,1].

The end value m∗ of the sum is given by the number of months when investment is still
higher than a given threshold after considering monthly depreciation rate ξ . Firm f demands
the amount i f ,ã of capital goods that maximizes the NPV (i f ,ã). If NPV (i f ,ã) < 0 for all i f in
the grid, no investment should be done. Finally, it is worth remembering that firms are never
rationed in the demand for capital goods; however, they may be obliged to reduce the investment
schedule because rationed in the credit market or in the financial market. Therefore if firm f
enters financial crisis state, it first reduces the dividend payment and then the planed production
quantity if needed. In the later case the firm is decrementing its production quantity by 2% until
it meets the possible production volume. The reduced production volume corresponds to the
reduced labor and capital demand as well.

3.3.3 Labor Market

After firms determine their final production volume as well as their workforce and capital
needs, they start with the labor role activities. They can hire workers from all countries. Hence
firm f first calculates the average specific skill for each general skill group13 and than calculate
the wage offer for each general skill group as:

w̃ f , gen = w̄ min[A f , s̄ f , gen], (16)

where w̄ is a basic wage offer per unit of specific skills, s̄ f , gen is the average specific skill of
general skill group gen and A f is the productivity of physical capital.

Firms check if ñ f < n f then they randomly fire the exceeded number of workers. In addition,
they randomly fire certain number of workers14 in order to mimic the real fluctuation of workers
in the economy. Firms open vacancies and send the wage offers for each general skill level to
all households in all countries and regions. Households observe available positions and makes
list of positions that they would become better-off if they are hired for. Households send their
job applications to firms where they reveal their information regarding the country, the region,
general and specific skills. Firms count all applications and if the number of vacancies is equal
or higher than the number of applications then each applicant gets a job offer, otherwise firms
chose the applicants using a logit model and send them a job offer, while to the others send a
job rejection. The logit model is used due to asymmetric information on the labor market. Firms

13See the explanation of the households’ specific and general skill groups in the household section below.
14The number of workers to be fired = k

100 n f , where k is a random number from the interval [0,10].
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observe workers’ general and specific skill levels, however they are not sure if the observed level
reflects the real abilities of workers. Therefore they use the logit model and estimate workers’
abilities and then decide with the certain probability who they are going to hire. Then the firms
read the job responses of the workers and update their number of employees and vacancies. If
the number of vacancies is greater then a minimum number of vacancies µv then firms update
their wage offers by increasing the wage offer for each general skill level by µw and repeat the
hiring process once again.

On the other side of the labor market, households are able to work not only in their homelands,
but also they consider job opportunities from abroad. Each household has a reservation wage
ẅh, gen which is set equal to the latest received wage and it decreases by a constant rate δ w,
every time when a household updates her reservation wage, down to the lower bound equal to
the unemployment benefit. Households also face additional costs and are subjected to certain
frictions, if they move to another country. Thus, cost function reflects an overall frictions against
households move to another country. Therefore we assume that each household has a disutility
of moving away from home.

A number of mainly survey studies have been conducted elsewhere to understand reasons and
volume of labour mobility in between EU countries. It is seen that, mobility decisions are not
isolated decisions and they are taken within a predefined geographical and relational context
(See Krissman (2005); Vandenbrande (2006); Gáková and Dijkstra (2008); EUROBAROME-
TER (2010); Fic et al. (2011); Gattia et al. (2012); OECD (2012)). That is, incentives to move
to another country varies from country to country. A number of cost factors have been identi-
fied. At household level, cost of moving is found to increase mainly by structural factors such
as policy-induced barriers against mobility. EU wide surveys have shown that housing market
frictions, the loss of pension entitlements, lack of recognition of qualifications, language barri-
ers, inaccessibility of some public sector jobs are common hindrances against labour mobility
(OECD (2012)).

Among all those cost factors, restrictions on labour market access seems to be the most di-
rectly observable policy barrier at labour mobility choices. For example, during transitional pro-
cesses of recent of EU enlargements, Germany has put limitation to immigration to her labour
market. This has directed labour from Romania and Bulgaria (EU2) towards the less restrictive
EU15 countries, such as, Spain and Italy ( See Fic et al. (2011)).

In brief, it is seen that the complexity of labour mobility entails following dimensions. These
dimensions can impose varying weights on overall labour mobility and hence the distribution of
labour supply within EU:

• Regulations and restrictions at access to host country labour market

• Average wage offer and unemployment rates at home and at prospectus host country

• Social and unemployment benefits at home and at prospectus host country

• Existence of support networks at host country

• Language and cultural barriers at host country
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• Recognition of qualifications at host country

• Housing market frictions both at home and host country

• Loss of pension entitlements at home country

• Household’s total income at home country

From a multi-country modeling perspective, labour mobility is addressed at macro level as
well as at micro level. Micro level factors such as wage, housing ownership, employment status
and duration represent household level heterogeneity.

A closer examination of macro level mobility factors, in general, hints that labour mobility
has a strong structural aspect. EU wide regulations, country level policies and particularities
underline the major patterns and stimulate individual level decisions. Such structural factors are
represented by bimodal relations. Policies and regulations regarding mobility flows in between
countries may not be symmetric. For instance, i.e. while studying dynamics of EU enlargement
period, restrictions on households from a new member state A to an old member B may be
different than restrictions on households from the old member country B to new member country
A. Deriving upon surveys and other relevant studies a set of bimodal distance measures can
be formed and calibrated to represent cross border mobility factors. In graph theoretic terms,
directed and weighted graphs may best fit to represent such macro level bimodal structural
factors. The links can be coded as proxies for certain factors.

In the current model, there are two categories of mobility frictions: individual and structural.
A household’s (i) number of active years at labour market and (ii) number of housing units she
owns are factors at the individual household agents level. Macro level structural factors are
composed of (i) geographical distances, (ii) restrictions due to policy regulations to access a
host labour market, and (iii) cultural differences in between countries.

Mobility cost, CM for an household, h, from her home country, i, to a host country, j, is
computed as follows:

ch
Mi j

= l j
M

(
λ

h, i
pension +λ

h, i
housing +λ

i j
distance +λ

i j
policy +λ

i j
culture

)
. (17)

The magnitude of moving cost, cMi j
h, is calibrated in terms of an average monthly mortgage

payment for one housing unit at the target country l j
M, which is the reference point at calculating

the moving cost. As such, the monthly mortgage payment is used as a proxy for all costs that a
household faces if she moves. Each λ on the second part of the equation accounts for a different
cost factors. Each λ value is computed via a corresponding cost function, however they sum
up to 1 for an average household. The set of cost factors can be extended or narrowed at the
simulation set-up for different scenarios and policy experiments.

The pension cost, λ
h, i
pension, represents friction against mobility due to longevity of an house-

hold, h, in a labour market at home country i. The longer she has been working, the closer she
is to the retirement. Hence, she is less inclined to move for a new job in another country. The
cost is a function of total number of years that the household has been working:

λ
h, i
pension = f (x) = a(xh)b; x ∈ [0,maxWorkYear], (18)
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where a and b are the coefficients that determine the convexity of the function. The convex
function, see upper graph in Figure 2, captures the likelihood of the exit of the household from
the workforce at all after certain number of years.

The housing cost, λ
h, i
housing, represents the friction due to housing ownership at home country.

The cost is a function of number of housing units that the household owns at the moment of
decision:

λ
h, i
housing = f (x) =

(
xh, i

a

)b

; x ∈ [0,maxHousingUnit]. (19)

where a and b are the coefficients that determine the concavity of the function. See bottom graph
in Figure 2. The housing market frictions have two ends. At one end, it is seen that housing
ownership has a significant impact at reducing incentives to move to another country to work
(EUROBAROMETER (2010)). At the other end, housing market regulations and transaction
overhead costs and mortgage policies at prospectus host country has played a factor at long
term labour mobility decisions (Vandenbrande (2006)).

The distance cost, λ
i j
distance, represents mobility friction due to geographic distance in between

home country i and host country j. The cost is a concave function of a distance given as:

λ
i j
distance = f (x) =

(
xi j

a

)b

; x ∈ [0,maxDistance], (20)

where x is a distance between two countries in km that goes from 0 to the maximum distance
between two countries, and a and b are the coefficients that determine the concavity of the
function. See Figure 3,

The policy cost, λ
i j
policy, represents the mobility restrictions by country j against the house-

holds at country i. The cost is a discrete function of the policy barrier level. The policy barriers
in between countries are represented by a calibrated discrete scale:

λ
i j
policy = f (x) = a(xi, j)b; x ∈ [0,maxPolicyRestrictionLevel], (21)

where a and b are the coefficients that determine the convexity of the function. See upper graph
in Figure 4. The convexity of the function captures increasing impact of restrictions by tightened
regulations.

The culture cost, λ
i j
culture, represents the mobility restrictions due to cultural differences in

between countries. The cost is a discrete function of cultural difference level. The cultural
differences are represented by a calibrated scale of discrete integer values:

λ
i j
culture = f (x) =

(
xi j

a

)b

; x ∈ [0,maxCulturalDi f f erenceLevel]. (22)

where a and b are the coefficients that determine the concavity of the function. The concavity
of the function represents a diminishing impact of cultural differences beyond a certain average
point. See lower graph in Figure 4. From a computational perspective, this cost function can
used as a quantified proxy for language barriers, lack of support networks, and any cultural
differences at labour practices in between two countries.
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Each cost function will be calibrated during the implementation stage based on the results
from the surveys and other relevant empirical researches. However for the sake of the illustra-
tion, we present an example of the calibration and plot the calibrated functions. For instance,
at addressing impact of geographic distance against mobility, actual distances in between EU
countries can be used. Since the biggest distance between two capital cities in the European
Union is between Madrid and Helsinki and it is around 4000km we set this value as a maximum
distance. The function is calibrated such that b = 0.5 and a = 12500 which set the λ

i j
distance = 0.2

for a distance of 500km form a country i. In this setting, it is assumed that moving to a country j
at a distance of 500km increases the overall moving cost due to geographic distance with a ratio
of 0.20, while moving to another country with the distance of 2000km increase the moving cost
with a ratio of 0.40. See Figure 3.

In all cost functions, Equation 18 to Equation 22, parameterb is designed to calibrate impact
of the corresponding mobility hindrance factor, and parameter a is designed to be used as an
adjustment parameter. For instance, let’s assume that average number of years for a household
in workforce is years = 15; and mobility hindrance factor, b, to account for the impact of years
of work in workforce is determined to be b= 1.257. Let’s further assume that for a certain policy
scenario, it is provisioned that number of years in workforce explains 20% of mobility costs.
Then the model automatically sets the adjustment parameter a = 0.006666667 to account for
mobility cost of a household due to duration of her employment at home country. In that case,
cost of mobility for an household who is below or above the average is determined with respect
to that reference household. The adjustment parameter, a, enables to update cost function at
simulation runtime according to the reference average household.

Figure 2 to 4 displays adjusted cost functions. In that exemplary adjustment scenario, impact
of pensions, housing ownership, geographic distance, regulations and culture each account for
20% mobility cost for the average household. That is, the λ values on the second part of the
Equation 17 sum up to 1.0 for the average household. In other words, in this particular scenario,
the utility of having a new housing unit in a foreign country will be as large as the disutility of
leaving a homeland for an average household.

Households calculate their reservation wage with respect to a country they are planing to
move. Therefore the reservation wage is given as:

ẅh =

{
ẅh, gen i f homeland
ẅh, gen + ch

Mi j
i f abroad

(23)

Once they determine their reservation wages, households enter the labor market. In the first
stage they receive the announcements for all open vacancies (including all regions and all coun-
tries). Then they select all companies that offer vacancies addressed to their general skill group
gen and with wages above their reservation wage and randomly sample five domestic and five
foreign companies. The random sampling has two points: (1) they randomly sample certain
number of companies in order to mimic searching costs as well as imperfect information, (2)
they make a list of five domestic companies and five companies from all other countries in order
to give an advantage to the domestic ones since they are much better informed about domestic
job offers. Since households know that they can send only one job application per period (day)
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Figure 2: Impact of household’s years in pension system and housing ownership on mobility.
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Figure 3: Impact of geographic distance on mobility.

they put an effort to discover on which job they will have the highest chances to be hired. The
probability of being hired depends on the number of workers that apply for the particular job at
particular time. Therefore they use the unemployment rate (employment rate) and calculate the
value of coefficient ρh

g which stands as a proxy for the probability of getting a job in particular
country g. Hence households use coefficient ρh

g and calculate the expected wage offers in order
to decide for which job they are going to apply. The expected wage offer is given as:

ŵ f =

{
ρh

g w̃ f i f homeland
ρh

g (w̃
f − ch

Mi j
) i f abroad,

(24)

where ρh
g is a proxy for the probability of being hired, subscript g stands for a country, and w̃ f

is the wage offer.

Therefore households use those ten companies that they previously selected and rank them
according to the expected wage offers. Further they send the job applications to the highest
ranked company where they reveal their country, region ID, general skill level and specific skill
level. Firms then select the workers they are going to hire (see above the explanation) and send
back the job offers responses. Those households who are not hired update their reservation
wage15 by decreasing wage rate δ w. However if the new reservation wage is smaller than the
unemployment benefit than they set the new reservation wage to be equal to the unemployment
benefit. Thus there is a role that the reservation wage cannot be less than the unemployment
benefit. Households repeat the selection process and send again their job applications with
updated reservation wage and if they are not hired again, they update their reservation wage and
stay unemployed until the next day (next iteration) when they go on the labor market again.

15ẅh
new = ẅh

old(1−δ w)

SYMPHONY Deliverable D3.1

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

Page 29 of 97



PU
c© All Rights Reserved

projectsymphony.eu

Figure 4: Impact of policy restrictions and cultural distances on mobility.
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3.3.4 Capital Goods Market

According to the investment decision, firms demand the capital from the capital producer
firms, which will be used in the next period production process. Then firms first compute the
productivity parameter (equation 6) and than execute their production functions (equation 1).
After the production process has occurred at time t, firms receive desired capital goods that
was planed for the production in the next month t + 20. They update the current value of the
capital stock, the total units capital stock, the capital costs and determine the weighted average
productivity (technology) of the total capital stock as:

A f =
K f

old

K f
old +K f

new
A f

old +
K f

new

K f
old +K f

new
A f

new, (25)

where Kold is the total units capital stock, Knew is the capital good delivery volume, Aold is the
productivity of the current capital stock and Anew is the technological frontier or the productivity
level of new capital.

Firms compute and pay their labor cost cn
f in terms of wage bills and the costs for the pur-

chased investment goods. Thus labor cost is calculated as:

cn
f =

k

∑
gen=1

w f , genn f ,gen, (26)

where wage w f , gen is specific for each general skill group, and there are k general skill groups.

In addition the cost for new capital goods is given as:

cKnew
f = pkKnew

f , (27)

where pk is the actual capital price.

3.3.5 Pricing Decision

Consumption good producers employ a standard mark-up pricing rule in setting prices. In
particular, the new sale price p f

g in country g is set considering a fixed markup µ on average unit
costs ¯̇c f

g as follows:
p f

g = (1+µ) ¯̇c f
g , (28)

where the average unit costs ¯̇c f
g are calculated as a weighted average of the unit costs ċ f

gt which
are country specific due to logistic costs and related to production q f

gt that takes place in period
t, and the weighted average unit costs in previous period ¯̇c f

gt−20 which are related to the costs of
producing old goods (in previous periods) that are still unsold and stocked in inventories I f

t , i.e.,

¯̇c f
g =

ċ f
gt q f

gt + ¯̇c f
t−20 I f

t

q f
t + I f

t
. (29)

Present unit costs ċ f
g are given as:

ċ f
g =

cn
f
g +mr

f
g + cK

f
g + cL

f
g

q f
g

, (30)
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where labor costs cn
f
g , capital costs cK

f
g and interest payments mr

f
g are computed proportionally

to the production quantity q f
g that firm f produce for country g and are given as:

cn
f
g = cn

f q f
g

q f , (31)

where cn
f is the total labor cost (see equation 26) and q f is the total production volume in the

current period;

mr
f
g = mr

f q f
g

q f , (32)

where mr
f is the total interest payment;

cK
f
g = cK

f q f
g

q f , (33)

where cK
f is the total capital cost given as the cost of capital depreciation16 ξ pKtK

f
t−20. Finally

cL
f
g are the logistic costs that are country specific and are composed by fixed and variable costs.

Fixed costs stand for the administration costs in a country, however the variable costs are related
to the transportation of goods and they are increasing in the distance between two countries.

3.4 Consumption Good Supply

The produced quantity of the firms can differ from the planed quantity volume due to the
fluctuation of workers. Hence if the produced quantity is greater or less than the planed quantity
volume then the malls are delivered with a proportional share of their planned delivery volumes
which is given as:

q f
g =

q f

q̃ f q̃ f
g , (34)

where q f
g is the delivery volume of firm f to the mall in country g, q f is the total produced

quantity of firm f , q̃ f
g is the planed delivery volume of firm f to the mall in country g and q̃ f is

the total planed delivery volume of firm f which is given as:

q̃ f =
k

∑
g=1

q̃ f
g , (35)

where k is the number of countries where firm f is going to deliver the products.

Firms deliver monthly produced quantity to malls and update their specific skills of workers;
however they update the current malls stocks and calculate the sold quantity and the revenue on
a daily basis.

16K f
t−20 is the amount of the capital stock that had been used to produce the amount of goods q f

t at time t before
the new capital volume has been delivered.
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3.5 Financial Accounting

Firms run their financial management role once a month. If the activation day for production,
investment and financing decisions of firm f is day t, the activation day for financial manage-
ment activities is the last day of its business month t + 19. Firms first compute sales statistics
which is a necessary input for their production planing activities in next business month t +20
(see the estimation of the expected demand, section 3.1). Then firms send the subsidy and
transfers notifications to the government and update their payment accounts for the amount
of subsidies and transfers if they receive them. The subsidy is calculated as a percentage of the
firm’s capital costs. Moreover firm f which receives the technology abatement subsidy payment
that is higher than the cumulated environmental tax, receives also the refund of the cumulated
environmental tax. The amount of transfer is in terms of a fixed amount received from the
government.

3.5.1 Income Statement

Firms calculate their total interest payment mr
f and total debt installment payment mD

f and
then compute the income statement. The monthly realized profit (earnings) of firm f is given
as:

ï
f = rev f −mr

f − cq
f −∑

g
cL

f
g , (36)

where rev f is the monthly cumulative sales revenue, mr
f is the total interest payment, cq

f is the
monthly production cost for the period that just ended17, and ∑g cL

f
g is the sum of all logistic

costs for firm f .

Taxable profit is calculated as a profit corrected by Value-added tax τvat
g (VAT) that is specific

for each country g:

ïτ
f = ∑

g

rev f
g

1+ τvat
g
−mr

f − cq
f . (37)

EBIT (earnings before interest and taxes) is a difference between cumulated revenue and
production costs:

EBIT f = rev f − cq
f −∑

g
cL

f
g . (38)

Value-added tax payment mτvat f is calculated as:

mτvat
f = ∑

g

rev f
gτvat

g

1+ τvat
g

. (39)

Therefore the tax payment mτ
f of firm f is given as:

mτ
f =

{
τct

ïτ
f +mτvat f

ï
f > 0

mτvat f otherwise,
(40)

17cq
f = cn

f + cK
f .
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where τct is the corporate tax rate. Hence firms calculate net profit (net earnings) ïnet
f as:

ïnet
f = ï

f −mτ
f . (41)

3.5.2 Dividend Decision

The dividend payment is determined by the realized net profit. Hence if the net profit in
current month ïnet

f
t and the net profit in previous month ïnet

f
t−20 are positive and ïnet

f
t >

ïnet
f
t−20, than firms increase their total dividend payment by the net earnings rate η

f
t which is

given as:

η
f

t =
ïnet

f
t −ïnet

f
t−20

ïnet
f
t−20

, (42)

thus the total dividend payment md
f
t is calculated as:

md
f
t = (1+η

f
t )md

f
t−20. (43)

On the other hand, if previous net profit ïnet
f
t−20 < 0, then firms calculate the dividend payment

as:
md

f
t = εd ïnet

f
t , (44)

where εd is the constant dividend earnings ratio.

In the case where ïnet
f
t > 0, ïnet

f
t < ïnet

f
t−20, and ïnet

f
t ≥ md

f
t−20, the total dividend

payment is equal to the total dividend payment from previous period:

md
f
t = md

f
t−20, (45)

otherwise, if ïnet
f
t < md

f
t−20, then the total dividend payment is given by equation (44) above.

Nevertheless, if firms do not have a positive net profit i.e. ïnet
f
t ≤ 0, then the total dividend

payment is set to zero.

3.5.3 Balance Sheet

Firms sum up their total financial payments (total expenditure) mF
f and compute monthly

balance sheet. Therefore the total financial payment is given as:

mF
f = mr

f +mD
f +md

f +mτ
f + cq

f , (46)

where mr
f is the total interest payment, mD

f is the total debt installment payment, md
f is the

total dividend payment, mτ
f is the total tax payment and cq

f is the production cost.

Balance sheet (see table 2 above) contains the information about total units local inventory I f ,
total value local inventory, total assets A f which is calculated as a sum of payment account M f

plus total value capital stock plus total value local inventory. Then equity E f is calculated as:

E f = A f −D f , (47)

where A f is the total assets of firm f , and D f is the total debt of firm f . In addition the debt to
equity ratio is given as D f

E f and the debt to earnings ratio is calculated as D f

ïnet
f .
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3.5.4 Insolvency Bankruptcies

On the last day in their business month, firms also check for bankruptcy insolvency, i.e.
whether the total equity is negative. Therefore if E f

t̃ < 0, then firms set the flag for bankruptcy
insolvency as well as set their total value local inventory and current mall stocks to zero.

3.6 Bankruptcies Management

On the beginning of each day (iteration) each firm first checks its status, whether it is active
or not. Non active firms are either in the bankruptcy illiquidity or in the bankruptcy insolvency
state where they stay idle without economic activities for at least 6 months. On the first day of
their idle bankruptcy period those firms which are in the bankruptcy insolvency state calculate
their target debt D̃ f as:

D̃ f = λ
dĀ f , (48)

where λ d is the debt rescaling factor18 which is set exogenously and it is constant, Ā f is the total
asset of the firm in the bankruptcy insolvency state and it is calculate as:

Ā f = pK K f +M f , (49)

where pK K f is the total value capital stock, and M f is the payment account. And then they
calculate write of ratio WoR f as a total debt minus target debt, divided by total debt:

WoR f =
D f − D̃ f

D f . (50)

Firms then first inform banks about their financial situation by sanding them the message with
the information about the amount of bad debt19 that will not be paid, and the residual of VaR
(value at risk) adjusted by the write of ratio which is given as:

¯VaRr
f =WoR f VaRr

f , (51)

where VaRr
f is the residual of the value at risk which is calculated as:

VaRr
f =VaRi

f ki
f , (52)

where VaRi
f is the value at risk per installment i and ki

f is the number of periods before repay-
ment.

Firms calculate their equity Ē f as a total assets minus target debt:

Ē f = Ā f − D̃ f , (53)

and compute a new total interest payment and a total installment payment according to the loan
value which is corrected by the write of ratio. Then they reset their previous net earnings and
dividend payments to zero and calculate their external financial needs as:

¯̀f = Ẽ f + D̃ f − Ā f , (54)

18The debt rescaling factor of 0.8 means that firms will be able to obtain only 80% of their total assets value.
19The product of WoR f and loan value.
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where target equity Ẽ f is exogenously set to be the half of the target debt through the entire
simulation. The negative value of ¯̀f means that firm f does not need external financing and it
is set to zero. In addition firms wipe out present shareholders, set current share outstanding to
zero and fire all employees.

If firms are in the bankruptcy illiquidity state, they fire all employees and calculate their
external financial needs ¯̀f as:

¯̀f = λ
l(` f −M f ), (55)

where λ l is the coefficient of the target liquidity ratio, it is exogenously determined constant
and λ l > 1; and ` f is the financial liquidity needs (see financing section). The negative value of
¯̀f means that firm f does not need external financing and it is set to zero.

If the external financial needs ¯̀f > 0, firms send information to the financial market about
their profit, dividend per share, total dividend payment, equity and stocks, in order to obtain
external funds. Therefore firms in the bankruptcy illiquidity state set their limit share price p̃S

f

as the 99 percents of the current share price and determine the quantity of the shares to be sold
by dividing the amount of the external financial needs ¯̀f with the limit share price p̃S

f . On
the other hand, firms in the bankruptcy insolvency state set their limit share price p̃S

f as it is
explained above and determine the quantity of the shares to be sold as:

q̃S
f =

Ē f + ¯̀f

p̃S
f . (56)

Firms exit their idle bankruptcy state and became active when the idle period t f
B ends and if

they managed to obtain enough funds to cover their external financial needs, e.i. if ¯̀f > 0. At
that point firms set their wage offers to the average wage offer in the country and the last planed
production quantities to the average monthly sold quantities of the consumption goods in the
country. Therefore they start their activity as new firms by setting their status "active", a new
activation day t, and age = 0.

On the end of the activation day t, firms send their data to the Eurostat, receive information
from the stock market as well as send their information about payment account to the banks.

3.7 Modelling the Transition to a Sustainable Energy Sector

In order to address the modelling the transition to a sustainable energy sector20„ we are
considering the following changes/enrichments to the model of consumption goods producers
(firms). It is worth remarking however that these new modelling features are still preliminary
and that further changes/improvements may be considered, in particular during the implemen-
tation/testing phase of the model.

20See Deliverable D6.1 “Design of the use cases” for further details.
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3.7.1 Additional Production Factors: Electricity and Raw Materials

Beside labor and capital, two additional production inputs are considered, namely raw ma-
terials qM and electricity qE . In particular, we consider a coupled Cobb-Douglas and Leontief
technology, where both labor and capital are characterized by some degree of substitution and
produce output according to a Cobb-Douglas technology, as depicted in Eq. 1, while electricity
and raw materials can not be substituted by any other factor. Therefore, to achieve the produc-
tion level q f , any firm f needs to employ a number of employees and an endowment of capital
as determined by Eq. 1, as well as an amount of raw material qM and electricity qE , as follows:

qM
f = ε

f
M q f (57)

qE
f = ε

f
E q f (58)

where both ε
f

M and ε
f

E are firm specific and can be considered as the inverse of resource (raw
materials) efficiency and electricity efficiency, respectively. In particular, we stipulate that both
depend on the average vintage levels of capital endowments, such that any unit of capital K
is characterized by an attained value of resource efficiency εM and electricity efficiency εE in
reference to the time of production and delivery. Firms’ resource and electricity efficiency can
then change over time according to their investment decisions. If firm f makes an investment i f

at time t, then its resource and electricity efficiency improves as they are the inverse of both ε
f

M

and ε
f

E that decrease according to the following rule:

εM
f
t =

εM
f
t−20 K f

t−20 + εMt i f
t

K f
t−20 + i f

t
, (59)

where εM
f
t−20 was the firm specific efficiency of material used in the production process in

previous month (t−20), while εMt is the resource efficiency of the capital machines produced
and delivered at time t. The same hold for the electricity efficiency εEt . As εMt and εEt are
supposed to decrease over time according to an exogenously given technological progress (see
Sec. 4.2 for further details), firm specific efficiency εM

f
t and εE

f
t can be increased thanks to new

investments; therefore efficiency improvements should be taken into account in the investment
decision making by firms. Furthermore, heterogeneity of capital with respect to both resource
and electricity efficiency is therefore another additional feature included in the model to address
the modeling of sustainability transition.

3.7.2 Waste Production

According to the first and second law of thermodynamics, no production activity can result to
a 100% output without emitting waste as a by-product (see Ayres 1998), therefore if we suppose
that values of q f and qM are also proportional to the weights of both the produced good and the
raw materials employed in the production process, we should have that the constraint ε

f
M > 1

for any firm and at any time and consider the following definition of waste:

Waste f
t = (ε f

M−1)q f . (60)
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3.7.3 Electricity and Raw Materials Markets

To meet ongoing demand from CGPs of both raw materials and electricity, two new types of
agents are introduced: a mining company and power producers. CGPs are never rationed in the
raw material market and buy raw materials at an exogenously given price pM. CGPs are also
never rationed on the electricity market. There is however a domestic production of electricity by
power producer agents that may use fossil fuels or renewable energy and if domestic production
of electricity falls short of demand, electricity is imported from abroad. There is a domestic
price pE of electricity which is endogenous and depends on power producers costs as well as
governmental energy policy.

3.7.4 Production Costs

Given the two new production inputs, production costs must be updated accordingly. In par-
ticular, total production costs shall be increased by (1+ τM)pMqM +(1+ τE)pEqE , where τM

and τE are the environmental tax rates21 on raw materials and electricity consumption. These
new additional production costs affects unit costs and price at the country level in the same way
as stipulated in Sec. 3.3.5.

3.7.5 Capital Demand

The changing resource and energy efficiency of capital goods must be taken into account
in the investment decision making by firms. In particular, firms still compute the amount of
physical capital needed to meet the production goal according to Eq.7, but they need to consider
also additional cash flows in the net present value calculation that has to be maximized in order
to find the optimal level of investment i f . The new formulation of the net present value of future
cash flow NPV new due to investments is then given by:

NPV new = NPV old +PV 1 +PV 2−PV 3 . (61)

where the term NPV old is the same as given by Eq. 3.3.2, and then is given simply by the ad-
ditional revenues due to the increased production minus the cost of investment, while the terms
PV 1 and PV 2 account the present value of additional cash flows given by the lower average ε

f
M

and ε
f

E , and then higher resource and electricity efficiency, because of the investment made. In
particular, PV 1 accounts the savings in raw material and electricity expenses to get the same
level of production as before the investment, while PV 2 takes into account the savings in envi-
ronmental taxes, if any, because a lower use of raw materials and electricity to get the same level
of production as before the investment. Finally, PV 3 accounts the increase of the environmental
tax burden incurred for the additional use of raw materials and electricity necessary to produce
the additional amount, as determined by Eq. 9, due to investments. PV 1, PV 2, PV 3 are given

21Note that, differently from standard corporate taxation, environmental taxes are paid on consumption, irrespec-
tive of the realization of profits by firms.
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by:

PV 1 =
m∗

∑
m=1

(
epE (εE

f
m− εE

f
m+1)+ epM(εM

f
m− εM

f
m+1)

)
q f ,m(

1+ rK
12

)m , (62)

PV 2 =
m∗

∑
m=1

(
τEepE (εE

f
m− εE

f
m+1)+ τMepM(εM

f
m− εM

f
m+1)

)
q f ,m(

1+ rK
12

)m , (63)

PV 3 =
m∗

∑
m=1

(
τEepE εE

f
m+1 + τMepM εM

f
m+1

)
∆q f ,m(

1+ rK
12

)m , (64)

where m counts for the number of months and the end value of the sum m∗ is given by the
number of months when an investment is still higher than a given threshold after considering
monthly depreciation rate ξ and innovation rate parameters ξM and ξE (see equations 9 and
67); rK stands for the capital cost, τE and τM are respective environmental tax rates, εE

f
m+1 and

εM
f
m+1 are the expected efficiency savings and epE and epM are the exponential for intermediate

input prices (electricity and material respectively). Note that expected efficiency savings εE
f
m+1

and εM
f
m+1 differs from actual efficiency savings by considering temporary investment î f rather

than executed investment i f . The expected change in monthly production ∆q f ,m is given by Eq.
9 and q f ,m is computed as:

q f ,m = γ
f (n f )α

(
K f +(1−ξ )m i f ,ã

)β

, (65)

where i f ,ã is a grid of investment values (see section 3.3.2).
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4 Capital Good Producers

Capital goods producers have the role to produce homogeneous investment goods which are
used by firms (consumption goods producers, construction firms and power producers) in order
to implement their production plan. KGP constructs machinery according to the current techno-
logical level, which is subject to occasional changes. As explained later in more detail, there is
an exogenous probability of a technical innovation.

Households own shares of capital goods producers which are not exchanged in the financial
market. Profits of investment good producers are distributed among all those households that
are KGP shareholders.

KGP have a stylized design in model, with respect to CGP which are designed in much more
detail. In principle there will be just one KGP for each country and its production follows a build
to order approach, i.e., the produced quantity will adjust according to the aggregate demand of
investment goods by other producers in the economy.

The factors of production employed by KGP are electric energy and raw materials. We don’t
introduce labour as a factor of production in order to have a more agile representation; because
we considered that the added value given by allowing households to work for KGP does not
compensate for the resulting increase in complexity of the model.

Once the KGP received the orders from other producers, it schedules its production plan and
asks for bank loans to finance it entirely. The mechanism that regulates the credit market is the
same one described in 3.2.1 for regular firms (and of course, it is also the same on bank’s side).
KGP can be rationed in the credit market and in this case they won’t be able to satisfy all the
demand of investment goods.

The price of capital goods is computed applying a mark-up to unit costs.

4.1 Innovation process

The technology innovation follows a stochastic process. Namely periodically monthly each
KGP firm updates its productivity and the price of technology with a certain probability. There-
fore if the technology shock occurs for particular firm, the firm calculates a new productivity
level for the machinery as:

Anew = Aold(1+αp), (66)

where αp is the productivity progress parameter which is exogenously determined.

The positive technology shock is spread into economy through consumption good producers
(CGP). Once a CGP receive the new technology, it updates the productivity of capital stock
(Eq.25) and hence households update their specific skills according to a new technology level
(Eq.76). This update of households skills of course requires time and converges to the new
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technology in a time span determined by the general skill of the household (which is a proxy of
its level of education).

4.2 Modelling the Transition to a Sustainable Energy Sector

In order to address the modelling of the transition to a sustainable energy sector22, additional
modelling features are also considered for capital goods producers. Raw materials and electric-
ity are already considered as production input in the standard version of the model, according
to the same mechanism described for CGPs in Sec. 3.7.1, i.e. raw materials and electricity are
not substitutable in the production process of capital goods. However, while in the standard
version, we stipulate that resource and electricity efficiency are constant over time and homoge-
neous across different KGPs, here we consider that both values of efficiency increase over time
according to an exogenous deterministic process regulated by two innovation rate parameters,
i.e. ξM and ξE , respectively. Let εM and εE be the inverse of the values of resource and electric-
ity efficiency, then we assume that they decrease exponentially over time at the monthly rate ξM

and ξE , as follows:

εMt = (1−ξM)εMt−20 , (67)

εEt = (1−ξE)εEt−20 . (68)

In further developments of the model for the sustainability transition, we plan to consider en-
dogenous dynamics for both εM and εE , subject to technological investment decisions of any
KGP. In that case, we will have that resource and energy efficiency will also be heterogeneous
across different KGPs.

Finally, as anticipated in Sec. 3.7.1, we assume that any capital good produced by KGPs
will be characterized by a given value of both resource and electricity efficiency. which will
increase over time. We assume that both εM and εE , which are related to the efficiency of the
production process of KGPs, determine also the inverse of the resource and electricity efficiency,
respectively, of the capital goods produced.

22See Deliverable D6.1 “Design of the use cases” for further details.
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5 Construction Firms

5.1 Production Function

Construction firms produce houses by means of Leontief production function. We consider
two variable inputs for construction firms, indexed by s, to produce housing unit, labor units n
and capital goods K, given by Equation 69. Construction firms start with an initial endowment
of physical capital, Ks(0). Their production capacity is limited by this physical capital and they
cannot invest in new physical capital. In that way we have a constant upper limit to the growth
of the housing stock in the model.

qs = min(ψn ns,ψK Ks) (69)

5.2 Production Process and Production Planning

The construction of each housing unit takes a certain amount of time until completion. The
initialization rate of new projects is guided by firm’s performance as well as by housing market
conditions. In that sense Little’s law on queuing new housing units into production line is
adopted. Little’s law in construction building is introduced by Koskela (1999) and recently
revalidated by Gharaie et al. (2012). According to the Little’s law, the average number of items
under construction ῡs equals the average initiation rate of new housing units µs multiplied by
the average processing time W s:

ῡs = µ
sW s. (70)

In our model it takes twelve months, W s = 12, to finish one housing unit. Each housing unit
can only be advanced by one month at a time. The construction firm can be forced to halt a
particular construction project. This can happen for two reasons. First, if the construction firm
is rationed in the labor market. Second, if the construction firm is rationed in the credit market
and is not able to get funding via financial markets. When a particular housing unit has been
worked on for twelve months the housing unit is complete and is then counted as inventory of
the construction firm.

The planning activity of construction firms determines the number of housing units to be
initiated, that is µs in Equation 70, in the following month. It is decided by looking into the
evolution of housing prices, current sales and inventories as well as number of projects under
construction. We define ∆PH as the monthly change in the housing price. It is used a proxy
variable by the constructor firms at watching housing market trends. As law of demand and
supply, that when the average house price is increasing, the construction firms tries to produce
more housing units. Meanwhile, if the average housing price is decreasing, the construction
firms tend to decrease the production of housing units stochastically. The higher the price drop
the higher chance at decreasing the number of new projects to be initiated. The rate of number
of new housing units, µ̃s to be initiated is given by Equation 71.
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µ̃s = µ
se−

∣∣∣ ∆PH
PH

∣∣∣φ−HM , (71)

where φ
−
HM is speed adjustment parameter for the observed rate of |∆PH

PH
| drop in housing

market prices. The current number of projects under construction for a firm s is given as υs.
When there is no price difference, monthly addition of new housing units into construction
process remains the same: µ̃s = µs = υs

W s . In case of a price drop, the rate of new housing units
is decreased stochastically according to Equation 71.

If the price of housing is increasing, ∆PH > 0, the construction firms are inclined to increase
production of new housing units depending on their inventory as well as their sales level:

µ̃s =

{
max(µs, rupsales × Sales) : Is = 0 & Sales > 0
max(µs, Sales) : otherwise

(72)

where Is stands for inventory or unsold number of completed housing units for construction
firm s and rupsales is production increase margin. The increase is determined endogenously via
an increase in the average market price:

rupsales = 1+ e
∆PH
PH

φ
+
HM , (73)

where φ
+
HM is a speed adjustment parameter against price increases in the housing market.

Equations 71 - 72 computes an estimate of new housing units to be added to the production line.
Thus the estimate of number of housing units to be progressed in the next month is computed as
follows:

q̃s = υ
s + µ̃s, (74)

where υs is number of unfinished housing units and µ̃s is the estimation of new housing units
to be added to the production line.Based on the production plan, the construction firm will form
its demand for labor, ns

d , according to Equation 75 and try to fill vacant positions in the labor
market (see section 3.3.3), or fire workers if the construction firm is currently employing more
workers than needed to fill the production plan.

ns
d =

q̃s

ψn
. (75)

It should be noted that an eventual upper limit for the production, that is number of housing
units to be progressed is checked at actual production time. That is, eventual quantity to be
produced is limited by labor units n and capital goods K as it is given in Equation 69.
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5.3 Pricing and Entry to Housing Market

Construction firms will post their finished housing units, inventory, for sale on the housing
market, where they compete with used housing units offered for sale by the households them-
selves. The pricing mechanism in the housing market is described in Section 6.5. The construc-
tor takes over a regular seller role in the market, where they may impose a price over the average
market price.

5.4 Financial Management

In the current model, construction firms’ access to credits, financial, and labour market ac-
tivities as well as their financial management are akin to regular consumption good producers.
For details see Section 3. Construction firms request loans from the banks to finance the con-
struction projects. When they are rationed by banks, they enter the financial market in order to
provide necessary financial needs. If they are not able to fulfill their financial commitments they
will be under illiquidity bankruptcy regime. When they have a negative equity they are declared
insolvent. In insolvency and illiquidity cases they are declared bankrupt and they are subject to
bankruptcy procedure as it is explained in Section 3.
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6 Households

Households are simultaneously taking the roles of workers, consumers, and market traders.
They are active once a month on the housing market, at their monthly activation day t which
sets the start of the households’ trading month. At the same time they also receive policy an-
nouncements, payment coupons as well as send and receive data from the Eurostat. Nevertheless
households have monthly activities23 which are processed and completed on the day that is de-
termined by the firm’s activation day where they were employed last time, and it is called “the
last employment day". Hence households change the activation day for those activities every
time they find a new job. In addition households participate on the consumption good market
once a week, according to the weekly activation day t, which sets the start of households’ con-
sumption week. The consumption week is composed by five business days and there are four
weeks in each month since each month contains twenty business days. Households are active on
the labor market every day, when they are unemployed and they also receive the dividend pay-
ments every day if any. They can participate on the financial market every day as well, however
it depends on their own strategy which is determined with a certain probability. Households are
randomly endowed with their monthly and weekly activation days which stay unchanged during
the entire simulation process, however “the last employment day" is determined endogenously
during the simulation.

The main heterogeneity of households is coming from their different general and specific
skill levels. Each household is endowed with a general skill level gen, such that gen∈ {1, ....,k},
where k stands for the highest general skill level. The value of gen reflects a household’s general
education level and she cannot change it during the work process. Moreover each household is
endowed with the same specific skill level regardless its general skill level. However a household
can improve its specific skill level. The speed of improvement depends on its general skill
level, thus the higher general skill level is, the faster is improvement of its specific skill level.
Therefore a household’s specific skill level is given as:

sh,gen
t+20 = sh,gen

t +(A f
t − sh,gen

t )λ gen, (76)

where sh,gen
t is a current household’s specific skill level, A f

t is a current productivity of employer
f , and λ gen is the parameter which depend on the general skill level gen and it increases with
the general skill level of households.

6.1 Labor Supply

Each household can offer one unit of labor per month. The supply of labor is inelastic, pro-
vided that the expected wage offer ŵ f , gen is equal or higher than the reservation wage ẅh, gen

t .
The reservation wage is heterogeneous among households and is set to the latest received wage.
However the reservation wage decreases by a constant rate δ w every time when a household
updates her reservation wage. Those households who are considering job offers abroad also

23Such as: receiving the wage or the unemployment benefit, updating specific skills, tax payments and the con-
sumption budget planing.
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include moving costs in their reservation wage. The moving cost depends upon several model
parameters, such as (i) household’s pension status, which is referred by number of active years
in work force, (ii) number of housing units the household owns, (iii) geographic distance to a
foreign country where the household is going to move, (iv) any regularity restrictions imposed
by the foreign country, (v) cultural difference at the foreign country. The labor market is decen-
tralized and demand and supply are matched on a pairwise basis (see the labor market section
for details).

6.2 Income and Payments

The total household’s income yh is determined by: (1) the total dividend payment yd =

∑e nh
ede, where e stands for the equity share issuer, ne is the number of equities held by a house-

hold h, and de is the dividend per equity paid by the equity share issuer; (2) total bond coupons
payments ybc = ∑B nh

BcB, where B is a bond issuer (government or firm), nB is the number of
bonds held by a household h, and cB is a bond coupon paid by a bond issuer B; (3) unem-
ployment benefit wub

h; (4) government transfer ygt
h; and (5) wage wh. Households are able to

receive the dividend payments every day, if there is any. They receive bond coupons from the
governments once a month at their monthly activation day. On “the last employment day"24,
they receive the government transfers which are the 50% of the average wage in the country25

w̄g. At the same time they receive the unemployment benefit, if they are unemployed which is
given as a minimum between the 50% of the average wage in a country and 70% of the last
received household’s wage. The minimum of those two values gives an incentive to households
to accept a job in the shorter period of time since the unemployment benefit is used as a thresh-
old for the households’ reservation wage. Therefore the lower threshold enables households to
accept a job offer with a lower offered wage (see the labor market for details).

Households who are employed in the public sector receive public wage wh
g from the govern-

ment g which is equal to the average wage w̄g in country g in the last 12 months. While those
who are employed in private companies receive wage wh

f according to their contract with firm f
which is determined in the bargaining process on the labor market (see the labor market section
for details.).

Since the unemployment benefit is paid for a month in advance, once a household finds a
job she calculates the exact number of days she was unemployed. Hence she keeps the amount
of the unemployment benefit for the number of days she was unemployed, and the rest of the
amount she returns back to the government in terms of the restitution payment mR

h.

Then households compute their gross total income yh as:

yh =


wh + ygt

h + ybc
h +

t
∑

i=t−k
yd

h
i −mR

h i f employed

yub
h + ygt

h + ybc
h +

t
∑

i=t−k
yd

h
i i f unemployed

, (77)

24See the explanation above.
25The average wage is calculated for the last 12 months.
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where wh is a wage, yub
h is the unemployment benefit, ygt

h is the government transfer, ybc
h are

the total bond coupons payments, and
t
∑

i=t−k
yd

h
i is the sum of the total dividends received in

previous period, where k counts for the number of days in previous period, and it is determined
as:

k =

{
20− (last hiring day−new hiring day) last hiring day > new hiring day
new hiring day− last hiring day last hiring day < new hiring day

, (78)

if t 6= 1 and k = 1 for t = 1 (first iteration). The number of days k should stand for 20 days,
however it changes due to the change of the activation day. Namely, in a month when house-
holds find a new job they change the activation day for receiving the income and tax payments,
according to the last employment day. Therefore in this month k can account for less than 20
days which depends on the difference between the last and new hiring days.

The tax payment mτ
h of the households is given as:

mτ
h = τ

d
t

∑
i=t−k

yd
h
i + τ

wwh + τ
bcybc

h + τ
at

∑
a

t

∑
i=t−k

nh
a,i pa,i, (79)

where τd is the tax rate on the received dividend payments, τw is the tax labor rate, τbc is the tax
rate on the received bond coupons, and τat is the tax rate for the asset transactions on the buyer
side, where a stands for an asset (housing unit, bonds or share), pa is the price of asset a, nh

a

is the number of asset a bought by household h, and the second sum counts for all transactions
that are made in previous period k due to the fact that households can have transactions on the
financial market every day.

Therefore households’ net income ynet
h is given as:

ynet
h = yh−mτ

h. (80)

6.3 Budget and Consumption Choice

Once households receive their labor income or unemployment benefit, they set the consump-
tion budget for the entire duration of the month. Saving-consumption decision is modeled ac-
cording to the theory of buffer-stock saving behavior (Carroll, 2001; Deaton, 1992), which states
that households consumption depends on a precautionary saving motive, determined by a target
level of wealth to income ratio ω̄ 26. Consider household h receiving a gross money wage wh.
Consider the total net income of the household ynet

h which includes the after tax money wage
as well as the net capital income earned during the previous month. Consider also the financial
wealth W h of household h which includes its assets portfolio, valued at the most recent market
prices, as well as liquidity (payment account Mh). Following the buffer stock theory of con-
sumption, if Mh > 0 then the household sets the consumption budget C h in the following month
as:

C h = ¯ynet
h +φ

c(W h− ω̄ ¯ynet
h), (81)

26The wealth to income ratio is given as ωh =
W h

¯ynet
h , where W h is the total wealth of household h, and ¯ynet

h is the
average net income of household h, however the target level of wealth to income ratio ω̄ is set in the initialization
process as the ratio of the initialized wealth value to the initialized wage reservation value and it is constant.
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where ¯ynet
h is the net average total income in the last three months, φ c is the carrol consumption

parameter which set the adjustment of speed and it is constant, and ω̄ is the target wealth to
income ratio. However the planed consumption budget cannot go below the floor limit which is
the 50% of the net income. Moreover if Mh < 0 then households sets the consumption budget
to the floor limit which is given as:

C h = 0.5 ynet
h. (82)

The rationale of the rule is that if, for instance, the present wealth to average income ratio is
higher then the target one, i.e., W h/ ¯ynet

h > ω̄ , then the household spends more on his consump-
tion in order to decrease his wealth in the next period and return his wealth to average income
ratio to the target value. Therefore households tend to smooth their consumption to the level
that is defined by the target wealth to average income ratio.

Modelling the Transition to a Sustainable Energy Sector In order to address the modelling
of the transition to a sustainable energy sector27, additional modelling features are also under
development concerning their consumption choices. In particular, we plan to foresee a fixed or
variable share of their budget to be spent on buying electricity for domestic usage and on fossil
fuels for transports.

The marginal propensity of consumption. The marginal propensity of consumption should
decrease at higher income.

Since households buy products every week, they make the weekly planed consumption
budged by dividing the planed consumption budget C h on four equal parts. Households’ de-
cision which product to buy is random, where purchasing probabilities are based on the values
they attach to the different choices they are aware of. In this setup there are no quality differences
between consumption goods, thus choice probabilities depend solely on prices. Households can
buy only in the domestic malls, and since there is only one mall per country they always visit
the same mall. Therefore they go to the mall and select products that are offered by firms and
that are available in this moment. Then based on products’ prices, households use a logit model
and calculate purchasing probability where the probability of choosing a product is higher if the
price is lower. Consequently the intensity of competition of the market is determined by prices.
Once the household has selected a good, he tends to spend his entire weekly budget for that
good. However if the desired quantity is not available he spends as much as possible on that
good and then remove the good from his list and update the logit value again. Then he choose
another product and buy as much as possible, however if he is rationed again then he rolls over
the remaining budget to the following weeks and finish his purchase. If it was the last week in a
month he leaves the remaining amount of money on his payment account Mh.

On the end of each week households send account update to their banks. On the end of their
monthly activation day households send their data to the Eurostat and receive data from the
Eurostat.

27See Deliverable D6.1 “Design of the use cases” for further details.
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6.4 Financial Assets Allocation

Households invest their savings in the asset market, by buying stocks or bonds. Households
portfolio allocation is then modeled according to a preference structure based on a key prospect
theory insight, i.e., the myopic loss aversion, which depends on the limited foresight capabil-
ities characterizing humans when forming beliefs about financial returns. Benartzi and Thaler
(1995) showed that loss aversion combined with mental accounting, i.e., frequent evaluation
of portfolio, is able to explain the equity premium puzzle. That combination has been dubbed
myopic loss aversion. Therefore households form beliefs about assets future returns considering
forward horizon ωF and backward horizon28ωB which are exogenously assigned and can differ
across households. The implied idea is that households are able to foresee assets trends only
for short periods of time, also if they plan to hold their assets for a longer period. Beliefs re-
garding stocks and bonds are formed according to three stylized behavior, i.e., random, chartist
and fundamental. In particular, expected stock returns for each stock f , issued by the f -th firm,
are given by a linear combination of three terms: a random return ρR

h
f , an average past return

computed in a backward time window and multiplied by a forward time window ρ̄C
h
f , and an

expected fundamental return ρ̂F
h
f . In order to compute the expected fundamental return of stock

f , each household estimates its future fundamental price as:

p̂F
h
f = 3

(
E f + ï̂

h
f

N f

)
, (83)

where E f is the equity capital of firm f , ï̂h
f is the expected retained earnings in the household’s

forward horizon, and N f is the number of the outstanding stocks of firm f . Thus the expected
fundamental return of stock f is given as:

ρ̂F
h
f =

p̂F
h
f − pS

f

pS
f , (84)

where pS
f is the current stock price.

Composing the three terms and adding the expected stock cash flow yields ŷS
h
f , households

determines the set of total expected returns ρ̂h
f for each stock f as:

ρ̂
h
f = λA

h(αR
h
ρR

h
f +αC

h
ρ̄C

h
f +αF

h p̂F
h
f + ŷS

h
f ), (85)

where the expected stock cash flow yields ŷS
h
f is given as:

ŷS
h
f =

( f orward months)h yd
f

pS
f , (86)

and λA
h is the annual coefficient given as:

λA
h =

No o f days in a year
( f orward months)h , (87)

28The forward window ωF (forward horizon) as well as backward window ωB (backward horizon) are random
numbers between 20 and 90 days that are assigned to each household on the beginning of the experiment.
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where ( f orward months)h is a forward window ωF
h divided by the number of days in a months

(20), and the coefficients29 αR, αC, αF are weights that households put on the random stock
return, the average past stock return and the expected fundamental stock return respectively.

The households determine their utility of buying stocks by taking into account the loss aver-
sion coefficient αL. Thus the households’ utility functions are given as:

uS
h
t =

ωB
h

∑
i=1

(
(αRρR

h
f ,i +αCωF

hρC
h
f ,t−i +αF p̂F

h
f + ŷS

h
f )λA

h
)

αLi

ωB
h , (88)

where ρC
h
f ,t−i is the past return at time t− i and the loss aversion coefficient αL is given as:

αLi =

{
2 (αRρR

h
f ,i +αCωF

hρC
h
f ,t−i +αF p̂F

h
f + ŷS

h
f )λA

h < 0
1 otherwise.

(89)

Regarding the households’ bonds belief formation, the expected bond returns for each bond
g, issued by the g-th government, are calculated on the same way as presented above, thus by
a linear combination of three terms: a random return ρR

h
g, an average past return computed in a

backward time window and multiplied by a holding period ρ̄C
h
g, and an expected fundamental

return ρ̂F
h
g. In order to compute the expected fundamental return of bond g, each household

estimates its future fundamental price as:

p̂F
h
g = (1−χDbond

g
ςB

g)
rB

gvB
g

rcb , (90)

where χDbond
g is the probability of default, ςB

g is the haircut percents of bonds, rB
g is the nominal

yield of bond g, vB
g is the face value of bond g and rcb is the current European Central Bank

interest rate. Therefore the expected fundamental return of bond g is given as:

ρ̂F
h
g =

p̂F
h
g− pB

g

pB
g , (91)

where pB
g is the last bond market price.

Composing the three terms and adding the coupon yields ŷB
h
g, households determines a set of

total expected returns ρ̂h
g for each bond g as:

ρ̂
h
g = λA

h(αRρR
h
g +αCρ̄C

h
g +αF p̂F

h
g + ŷB

h
g), (92)

where the coupon yields ŷB
h
g is given as:

ŷB
h
g =

rB
gvB

g coupon periodicity Noo f month
12

ωF
h−issue day

coupon day period

pB
f
t

, (93)

where rB
g is the nominal yield of bond g, vB

g is the face value of bond g, and λA
h is the annual

coefficient given in equation (57) above.

The coefficients αR, αC, αF are weights that households put on the random bond return, the
average past bond return and the expected fundamental bond return respectively and they are
endogenously determined30.

29They are exogenously determined on the beginning of experiments as: αR = 0.9, αC = 0.05, αF = 0.05.
30If the forward window is greater or equal to the number of days to maturity then households put all weights on

the expected fundamental bond return, otherwise they set equal weights on the expected fundamental bond return
and on the random bond return.
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The households determine their utility of buying bonds by taking into account the loss aver-
sion coefficient αL. Thus the households’ utility functions are given as:

uB
h =

ωB
h

∑
i=1

(
(αRρR

h
g,i +αCωF

hρC
h
g,t−i +αF p̂F

h
g + ŷB

h
g)λA

h
)

αLi

ωB
h , (94)

where the loss aversion coefficient αL is given as:

αLi =

{
2 (αRρR

h
g,i +αCωF

hρC
h
g,t−i +αF p̂F

h
g + ŷB

h
g)λA

h < 0
1 otherwise.

(95)

This utilities are then normalized together with the risk free bank’s interest rate and mapped
into assets weights by means of a linear transformation. Once the assets weights are available,
the household can build its desired portfolio and emit orders consequently. Orders are therefore
submitted to a clearing house that determines assets new prices.

6.5 Housing Assets Allocation

Households are active on the housing market once per month on their monthly activation day.
Households can sell or buy one housing housing unit at a time. They may skip entering housing
market by staying idle. Households may use their cash to buy housing units. If they don’t have
enough cash they apply banks for mortgages. Their financial status is evaluated by bank. For
details, see Section 9.4. If their mortgage request is fulfilled, they receive a mortgage from the
bank. Repayment of mortgage debt is spread over a certain number of years, which is currently
set as 40 years. The interest and principal installments are paid monthly. The mortgage interests
are adjusted according to central bank interest rates.

Households with financial distress at mortgage repayments are forced to sell their houses at
the market at a lower price. The mechanism decreases financial burden on the bank sides. In
that respect, households first check if their quarterly total mortgage cost is greater than the 60%
of their average quarterly total income. If so, then they take over the role of “fire" seller. They
sell their housing unit as soon as possible for a price which is rescaled by the housing price
down rate31 ϕdown. A fire seller attempts to sell as many housing units as possible to exit from
his financial stress state.

A financially healthy household either stays idle at an activation day or decides to enter the
housing market. If he enters the market, he stochastically takes over either a buyer role or a
regular seller role. Regular sellers offer one housing unit per month for a price that is increased
by the housing price up rate32 ϕup, while the buyers first check their equity to wealth ratio and
then decide whether to send an order or not. Hence if the equity to wealth ratio is greater than the
minimum equity ratio33 εmin, i.e. a threshold value, then the households send the order for one
housing unit, otherwise they do not participate on the housing market. The matching mechanism
between sellers, buyers and banks is determined by the housing market mechanism34. Those

31It is exogenously determined parameter and it is multiplied by the random number between 0 and 1.
32It is exogenously determined parameter and it is multiplied by the random number between 0 and 1.
33It is the exogenously determined parameter on the beginning of experiments.
34See Section 9.4
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households who made transactions on the housing market update their housing units, mortgages
and payment accounts.

At the end of the day all households that were active at time t update their housing unit price,
pay mortgages, and check if the part of the debt should be written off. Thus if their quarterly
total mortgage cost (principals + interests) is greater than the 70% of their average quarterly
total income then the part of the total mortgage is written off and the new amount of the total
mortgage is given as:

`M
h
b

new
= `M

h
b

old− ¯yM
hλMl

h

rM
h
b

12 + 1
Number o f months le f t f or the mortgage

, (96)

where `M
h
b

old
is the amount of mortgage to be corrected, ¯yM

h is households’ monthly income,
λMl

h is the “household mortgage write Off low" parameter, and rM
h
b is the yearly interest rate of

the mortgage issued by bank b. In current version of the model all mortgages are issued on 40
years period, the number of months left for the mortgage is equal to 480.

As part of mortgage write-off process, housing assets of an household is compared to the new
mortgage debt. The value of housing assets of an household is evaluated with respect to the
current average housing unit price in the market. When the value of total housing units owned
by an household exceeds the newly restructured debt, then the bank claims ownership of the
housing units up to the amount of the debt write-off. That is, part of banks’ mortgage write-off
costs are compensated by the excessive housing units owned by the defaulted household, if there
is any. Banks attempt to sell such real estate assets back in the housing market to compensate
their losses.
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7 Funds

The role of funds in SYMPHONY is to invest in government bonds, producers and bank
stocks and ABSs(Asset Backed Securities) or MBSs(Mortgage Backed Securities) in order to
create and sell fund shares to the households. The funds should link the financial and derivative
market with the investment market. Funds enter in the financial market buying and selling assets
in order to achieve an investment strategy, that can be different for each funds. In SYMPHONY,
two types of fund are implemented: mutual funds and hedge funds.

7.1 Mutual Funds

Mutual funds pool money from many investors to purchase securities. Stockholders can buy
or sell shares of the funds at any time by redeeming them from the fund itself, rather than on
an exchange (Lemke and Lins, 1989). They play an important role in household finances, most
notably in retirement planning. In the SYMPHONY we only implement open-end mutual funds.
The open-end mutual funds must be willing to buy back their shares from their investors at the
end of every business day at the net asset value computed that day. Most open-end funds also
sell shares to the public every business day.
The mutual funds can invest both in government bonds and stocks. The fee concerning the
management of the mutual funds is not considered because we are interested to the possible
systemic stability that the funds could bring to the economy and not to the dynamics among the
funds. In SYMPHONY the allocation of the mutual funds is automatic.

Mutual funds have advantages compared to direct investing in individual securities. In fact
a fund holds many securities and the diversification reduces risks compared to holding a single
stock, bond, or other available instruments. Another important characteristic of the open-end
funds is their high liqudity, due to the fact that shareholders may trade their holdings with the
fund manager at the close of a trading day based on the closing net asset value of the fund’s
holdings.

7.2 Hedge Funds

The hedge fund, such as the mutual fund, is an investment vehicle that pools capital from a
number of investors and invests in securities and other instruments. But hedge funds differ from
mutual funds either because their use of leverage is not capped by regulators and because they
can invest in asset backed securities and motgage backed securities.

Hedge funds are modeled as closed funds. They can buy government bonds, stocks, ABSs
and MBSs and can assume a long or short position in the financial market.

The main objective of the investments in hedge funds is the diversification which can reduce
the overall risk of an investor’s portfolio (Fung and Hsieh, 2001). Hedge funds use particular
trading strategies and instruments with the specific aim of reducing market risks to produce risk-
adjusted returns, which are consistent with investors’ desired level of risk. While “hedging” can
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be a way of reducing the risk of an investment, hedge funds, like all other investment types, are
not immune to risk. A variety of measuring techniques and models may be used to calculate the
risk incurred by a hedge fund’s activities (Lo, 2001; Jaeger and Wagner, 2005).

Finally, if the funds’ equity become smaller than zero the funds are considered bankrupt
(Ohlson, 1980). This means that the assets owned by the hedge funds are liquidated. In the case
of short selling the owner that borrows the assets looses the asset, who have borrowed the assets
keep it. The owner is then repayed by the failure procedure with the value of the assets lose in
cash.

As shown in Table 2.3 the balance sheet of funds presents in the assets part the Liquidity, Me,
the Gov Bonds, Oe, the Equity Shares, ne

E and the Derivatives, Re, whereas in the Liabilities
part the Debt, De and the Equity, Ee. The accounting of a short sale lead to a liability in the
amount of the asset’s value on the borrower’s balance sheet and an equal cash position on the
asset side. The balance sheet of the borrower is thus expanded. For the lender, the short sale
means an accounting exchange on the asset side of his balance sheet. The asset is exchanged
for a receivable of equal amount. The purchase and return of the asset by the borrower would
reduce cash and cancel the liability. The balance sheet of the borrower thus shrinks. For the
lender, the accounting exchange on the asset side would be reversed. Fees and the cash deposit
would be separate accounting entries.

7.3 Expectation Formation Mechanism

Mututal and hedge funds can invest in firm shares and government bonds, while only hedge
funds can invest in ABSs and MBSs. Funds form beliefs about assets future returns considering
forward horizon ωe

F and backward horizon, ωe
B which are exogenously assigned and decided

according to the capability of funds to analyze the financial markets. One of the main character-
istics of the funds is that they have technical tools, due to their specialized role of investors, that
let them analyze the financial market better than the other investors, for instance households.
Therefore the value of funds’ forward and backword horizon will take into account this charac-
teristic. The way the funds create their beliefs on the future returns of government bonds, stocks
and ABSs replicates three stylized behavior, i.e., random, chartist and fundamental. Thus, con-
sidering a stock f , issued by the f -th firm, the expected stock return will be computed as a
combination of a random return ρR

e
f , an average past return computed in a backward time win-

dow and multiplied by a forward time window ρ̄C
e
f , and an expected fundamental return ρ̂F

e
f .

In order to compute the expected fundamental return of stock f , the funds estimate the future
fundamental price as

p̂F
e
f = ι

e
(

E f + ï̂
e
f

N f

)
, (97)

where E f is the equity capital of firm f , ï̂e
f is the expected retained earnings, ιe is a fundamental

parameter and N f is the number of the outstanding stocks of firm f . The expected fundamental
return of stock f is given as:

ρ̂F
e
f =

p̂F
e
f − pS

f

pS
f , (98)
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where pS
f is the current stock price.

Composing the three terms and adding the expected stock cash flow yields ŷS
e
f , funds deter-

mine the set of total expected returns ρ̂e
f for each stock f as:

ρ̂
e
f = λA

e(αR
e
ρR

e
f +αC

e
ρ̄C

e
f +αF

e p̂F
e
f + ŷS

e
f ), (99)

where the expected stock cash flow yields ŷS
e
f is given as:

ŷS
e
f =

( f orward months)e y f
d

pS
f , (100)

with y f
d equal to the total divident payment ∑s ne

sds, with s representing the equity shares issuer,
ne

s is the number of equities held by fund e and ds is the dividend per equity paid by the equity
share issuer. λA

e is the annual coefficient and is given as:

λA
e =

No o f days in a year
( f orward months)e , (101)

where ( f orward months)e is a forward window ωF
e divided by the number of days in a months

(20), and the coefficients, αe
R, αe

C, αe
F are weights that funds put on the random stock return,

the average past stock return and the expected fundamental stock return respectively. Due to the
high capability of the funds to analyze a big set of data, the fundamental and chartist part will
be greater than the random one.

Regarding the funds bonds belief formation, the expected bond returns for each bond g, issued
by the government, are calculated on the same way as presented above, thus by a linear com-
bination of three terms: a random return ρR

e
g, an average past return computed in a backward

time window and multiplied by a holding period ρ̄C
e
g, and an expected fundamental return ρ̂F

e
g.

In order to compute the expected fundamental return of bond g, each household estimates its
future fundamental price as:

p̂F
e
g = (1−χDbond

g
ςB

g)
rB

gvB
g

rcb , (102)

where χDbond
g is the probability of default, ςB

g is the haircut percents of bonds, rB
g is the nominal

yield of bond g, vB
g is the face value of bond g and rcb is the current European Central Bank

interest rate. Therefore the expected fundamental return of bond g is given as:

ρ̂F
f
g =

p̂F
e
g− pB

g

pB
g , (103)

where pB
g is the last bond market price.

Composing the three terms and adding the coupon yields ŷB
e
g, funds determine a set of total

expected returns ρ̂e
g for each bond g as:

ρ̂
e
g = λA

e(αe
RρR

e
g +α

e
Cρ̄C

e
g +α

e
F p̂F

e
g + ŷB

e
g), (104)

where the coupon yields ŷB
e
g is given as:

ŷB
e
g =

rB
gvB

g coupon periodicity Noo f month
12

ωF
f−issue day

coupon day period

pB
g , (105)
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where rB
g is the nominal yield of bond g, vB

g is the face value of bond g, and λA
e is the annual

coefficient computed as in equation 101. The coefficients αe
R, αe

C, αe
F are weights that funds put

on the random bond return, the average past bond return and the expected fundamental bond
return respectively.

The belief formation regarding Asset backed security(or mortgage backed security) j issued
by the j-th financial vehicle corporation, also considers three expectations terms: ρR

e
j, ρ̄C

e
j and

ρ̂F
e
j.

ABSs and MBSs are bonds, thus their present value at time T is

PV e
j =

T

∑
t=1

r j
Av j

A
(1+ rcb)t +

v j
A

(1+ rcb)T (106)

Therefore, the expected fundamental price is computed as follow

p̂F
e
j = (1−χDabs

j)
PV e

j

rcb , (107)

with χDabs
j being the probabiliy that the loans or mortgages in the pool of assets associated with

the ABSs or MBSs will be not payed back, rA
j is the nominal yield and v j

A the face value of
asset backed security j. Alike government bonds, the expected fundamental price of ABSs is
given by

ρ̂F
e
j =

p̂F
e
j− pA

j

pA
j , (108)

where pA j is the last ABS market price.

The total expected return of ρ̂m
a for each ABS j will then be

ρ̂
e
j = λA

e(αe
RρR

e
j +α

e
Cρ̄C

e
j +α

e
F p̂F

e
j + ŷA

e
j), (109)

where the coupon yields ŷA
e
j is given as:

ŷA
e
j =

rA j vA j
coupon periodicity Noo f month

12
ωF

e−issue day
coupon day period

p j
A

, (110)

where rA
j is the nominal yield of ABS j, vA

j is the face value and λA
j is the annual coefficient

as computed in equation 101.

7.4 Investment Strategies

The expected returns of stocks, bonds, asset backed securities and mortgage backed securities
together with the investment strategies chosen by the funds will drive the decisions to buy or
sell those assets. Having the funds return expectactions (ρ̂e

f , ρ̂e
g , ρ̂e

j ), the investment decision of
mutual and hedge funds will be influenced by their strategies.

Regarding the mutual funds, there is a wide variety of them in the market, each of which with
different characteristics. The most common are:
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• Equity Funds: they invest in equities and make money for the investors in three different
way: Dividends, capital gain distributions and share price appreciation (Mobius, 2007).

• Fixed Income Funds: They buy investments that pay a fixed rate of return like government
bonds, investment-grade corporate bonds and high-yield corporate bonds. They aim is to
have money coming into the fund on a regular basis, mostly through interest that the fund
earns.

In SYMPHONY mutual funds replicate the structure of a balanced mutual fund, that invest
in a mix of equities and fixed income securities, thus being a middle way between equity funds
and fixed income funds. They try to balance the aim of achieving higher returns against the risk
of losing money and tend to have more risk than fixed income funds, but less risk than pure
equity funds. Aggressive funds hold more equities and fewer bonds, while conservative funds
hold fewer equities relative to bonds. In SYMPHONY, we can implement both conservative and
aggressive funds. This decision affects the percentage of bonds and stocks to be held by mutual
funds in their portfolio, for instance an aggressive fund can have 70 percent of stocks and 30
percent of bonds, while a conservative fund can have 50 percent of stocks and 50 percent of
bonds in its portfolio. Regarding the investment decisions among assets, they will be driven by
return expectation and associated risk. As pointed out before, mutual funds can only have long
position, thus their investment strategy, among the high number of strategies followed by the
different asset managers, see for instance Stulz (2007), will be buy and hold. Buy and hold is
an investment strategy that is applied by buying investment securities and holding them for long
periods of time because the investors believe that long-term returns can be reasonable despite
the volatility characteristic of short-term periods.

Concerning hedge funds, they have the possibility to invest in all the assets available in SYM-
PHONY, i.e. stocks, bonds, asset backed securities and mortgage backed securities. The main
characteristics that differ hedge funds from mutual funds are:

• The possibility to have short positions in assets, borrowing them from the households.
In the short selling the short seller borrows the assets from household or mutual funds,
who are likely to charge a fee and requires a cash deposit (collateral) equivalent to the
current value (or slightly more) of the asset. The short seller can purchase and return the
borrowed assets to the owner at any time. When the owner needs to sell the borrowed
assets, he may call for the return of the assets before the short seller actually wants to
return the assets. The short seller, does not need to find a specific lender of the asset, as
in the real world, but each agent that has in his portfolio that asset can decide to borrow.
Furthermore, a short sale has no effect on the size of a balance sheet in our model. It is
simply an accounting exchange on the asset side of the borrower.

• The possibility to use leverage, defined as money or assets contractually borrowed for a
fee. The main types of explicit leverage include shorting, prime broker(usually invest-
ment banks) financing and repurchase agreements. In SYMPHONY hedge funds can use
shorting and bank financing as a way to increase their leverage. In the first case the hedge
fund shorts a security, thus it receives cash for selling a borrowed security, which the fund
must purchase back from the bank in the future. The borrowed cash can then be used
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to purchase more securities, giving the hedge fund the ability to buy more assets than
the value of the fund. Regarding banks financing, the concept in SYMPHONY is that a
bank will extend credit to a fund in exchange of securities as collateral. The amount of
collateral needed from the fund is determined on a security-by-security basis.

The use of short selling and leverage gives to the hedge funds the opportunity to create a wide
variety of investment strategies, see Agarwal (2009) for insights. Among those strategies, two
possible applications in SYMPOHY can be:

• Long-Short strategy: Is an investing strategy, used primarily by hedge funds, that involves
taking long positions in stocks that are expected to increase in value and short positions
in stocks that are expected to decrease in value.

• Macro Funds: Global macro strategies generally focus on financial instruments that are
broad in scope and move based on systemic risk. Systemic risk or market risk is not
security specific. In general, portfolio managers who trade within the context of global
macro strategies focus on interest rates strategies, and stock index strategies.

Hedge funds can be specialized in different assets or strategies or use a mix of them.
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8 Financial Vehicles Corporations

FVCs take the role of intermediate between banks and hedge funds. Every quarter they create
ABSs and MBSs, through the loans and mortgages that they collect between quarters and send
payments to ABSs and MBSs holders. They can participate in the financial market every day as
well, selling ABSs and MBSs products to funds that demand for them.

More in detail the role of financial Vehicle Corporations is the transformation of banks loans
and mortgages in Asset Backed Securities (ABSs) and Morgtgage Backed Securities (MBSs).
Those financial instruments are sold to hedge funds. FVCs are insulated from the risk of
bankruptcy or any other default of the originator, that in the model is represented by banks.
Asset Backed securities are financial instruments that incorporate a pool of loans or mortgages.
The pool can be sliced and diced by type of credit (for example SMEs loans or mortgage loans).
This features underlie the portfolio risk profile. The interest received on the underlying loans
(whether fixed or variable rate) will be swapped to pay the variable interest rate on the ABS and
MBS note.

The ABS market peaked in Europe before the crisis, with a total of e1.2 trillion in new ABS
issuance in 2008. By 2013, total new issuance was only e239 billion. Demand for these assets
plummeted after 2008 because of the deterioration in the rating of the collateral behind the vari-
ous types of ABS, leading to a major market price correction of ABS products. The outstanding
amount of European securitisation, at the end of 2013, was approximately e1 trillion, of which
roughly half was placed on the market. For comparison, at its peak in 2008, the overall out-
standing amount of the ABS market reached more than e2.2 trillion. About 60% of the market
(e637 billion) is made up of mortgage-backed securities (residential and commercial), followed
by standard ABS (car loans, leases, etc) with a volume ofe150 billion, and SME ABS fore102
billion. CDOs stood at e113 billion. In SYMPHONY we will implement both MBSs and SME
ABSs.

To finance the purchase of MBSs and ABSs, FVCs sell a series of notes (senior, mezzanine or
equity tranche), with different subordinations: each of them will have higher risk profile accord-
ing to the probability of not being repaid in case of asset quality deterioration. In EURACE,
we will implement only one tranche, thus using the securization process based on a previous
control on the quality of the bank loans or mortgages. This decision is made to design a secur-
ization market that aim to expand credit to the economy and not for speculative purposes. Thus
a control on the quality of the securized assets is a way to avoid speculative bubbles, especially
concerning mortgages. The quality of the securized loans is a key point that also the ECB and
BoE are trying to involve in the securization market. In a recent conjuncted paper, they pointed
out that "a market for prudently designed ABS has the potential to allow for better risk sharing.
It does so by transforming relatively illiquid assets into more liquid securities. These can then
be sold to investors thereby allowing originators to obtain funding and, potentially, transfer part
of the underlying risk, while investors in such securities can diversify their portfolios in terms of
risk and return. This can lead to lower costs of capital, higher economic growth and a broader
distribution of risk (Bank of England, 2014)".
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Regarding FVCs balance sheet, the mortgages U j and loans L j sold by the banks are inserted
in the asset side, together with the liquidity M j that FVCs will use to buy banks loans when the
funding process is not enough. In the liabilities side there are the securities issued, i.e. Asset-
backed securies (ABSs) and Mortgage backed securitites (MBSs) that the FVCs issue to finance
their activity and the equity (E j).

8.1 Mortgages and Loans Valuation

The valuation of mortgage is necessary to set the price that the FVCs will pay for them. The
implemented approach replicates the banks valuation process of mortgages of agency MBSs,
in particular for Fixed-Rate Mortgages, see Stone (2005) for details. A fixed-rate mortgage is
a loan made by bank b to an individual household h. The mortgage tipically amortizes over a
period of fourty years. The household makes fixed monthly payment FP until the loan is fully
amortized (end of the year fourthy). The mortgage payment has two components: the principal
component and the interest component.

For greater clarity, we consider here that the payments are made at the end of every year,
rather than at the end of every month. Consider the mortgage Ub

h with initial balance of B0, a
rate rb

h over a period of n years. Its fixed yearly payment, FPb
h , will be

FPb
h = B0/[1/rb

h−1/rb
h(1+ rb

h)
n] (111)

Therefore the households make n equal payments of FPb
h each year. The mortgage amortizes

over time, thus the outstanding balance decreases over time. We compute the balance, Bt , at
time t, as the present value of the remaining payments (n− t).

Bt = B0/[1/rb
h−1/rb

h(1+ rb
h)

n−t ] (112)

The valuation of a fixed-rate mortgage V (Uh
b ) is obtained by taking the present value of each

fixed payment, using a market rate rm, that can be the market mortgage rate computed in different
way, i.e. considering an average of the mortgage rates during a period, or the risk-free rate plus
a spread. The valuation of the mortgage will then be

V (Uh
b ) = FPb

h [1/rm−1/(rm(1+ rm)n)] (113)

Thus, if rb
h > rm the bank could sell it at a premium, in order to compensate the difference

between rates. V (Ub
h ) is the price that FVCs will pay to the banks for the mortgage. The same

process can be implemented for the loans to the firms if they have fixed-rate.

8.2 ABSs and MBSs

The purchaser of the mortgages (or loans), i.e. FVC, pools them together and sells shares to
the hedge funds. FVCs pool mortgages and loans every quarter. Before that period, they collect
the mortgages and loans that the banks want to sell. The pool will be computed as follows:
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Poolt =
K

∑
k=1

Bt,k (114)

where k is the number of mortgages to include in the pool. The outstanding pool principal at
time t is equal to the number of outstanding mortgages multiplied by their outstanding balance
at time t. Bt,k is the outstanding balance of individual mortgage at time t. The cash flow CFt of
the owners of the MBSs or ABSs (Hedge Funds) at time t, is:

CFt =
K

∑
k=1

FPt,k (115)

The MBSs and ABSs will be a fraction of Poolt and will pay a coupon that is computed as the
original weighted average coupon (WAC) minus a term that represent the fees of the FVCs.

In order to compare the investment in MBSs or ABSs we shall consider their yield. There are
a number of ways to calculate the yield on a mortgage-backed bond. One of the most common
methods employs the static cash flow model.

The conventional yield measure for a bond is the discount rate at which the sum of the present
values of all the bond expected cash flows will be equal to the price of the bond. The convention
is usually to compute the yield from the clean price, that is, excluding any accrued interest. This
yield measure is known as the bonds redemption yield or yield-to-maturity. Once the projected
cash flows have been calculated, it is possible to calculate the cash flow yield. The formula is
given as:

ABSPrice =
T

∑
t=1

CFA
t /(1+ ri)t−1 (116)

where ri is the yield of the ABS and CFA
t is the cash flow of the single asset. The cash

flow yield calculated for a mortgage-backed bond in this way is essentially the redemption
yield, using an assumption to derive the cash flows. It is common for market practitioners to
use the cash flow yield measure and compare this with the redemption yield of the equivalent
government bond. The usual convention is to quote the spread over the government bond as the
main measure of value. When measuring the spread, the mortgage backed bond is compared
with the government security that has a similar duration, or a term to maturity similar to its
average life. It is possible to calculate the price of a mortgage-backed bond once its yield is
known (or vice versa). The price is the sum of the present values of all the projected cash
flows.
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9 The Banking Sector

The purpose of the banking sector is to finance consumption goods producers by means of
bank loans and to provide the mortgages required by households. However banks can also take
a part on the interbank market as a borrower or a lender.

In order to better visualize the stock-flow accounts for banks, a typical balance sheet of a bank
is reported in table 2.3. For any bank b, the stocks of total deposits Db, interbank lending L b

IBM,
loans L b as well as mortgages, Ub are updated daily following changes in their stock levels. The
changes are related to the private sector (households and firms) deposits due to payments (i.e.
flows of money among private sector agents) and to the interbank lending, loan and mortgage
portfolio due to the granting of new lending, loans and mortgages and their repayments. The
stock of liquidity Mb of bank b is then updated accordingly, following the standard accounting
rule Mb =Db+Bb+Db+Eb−L b

IBM−L b−Ub. If Mb becomes negative, a bank either goes on
the interbank market and borrow the liquidity needs from other banks (see the interbank market
below) or increase Db, i.e., the standing facility with the Central Bank, to set Mb = 0. The
interbank interest rate rIBM is always less then the central bank interest rate rcb which reflects
the higher costs of requesting the loan from the Central Bank in terms of the interest rate as
well as the time. If Mb is positive and the bank has a debt with central bank, i.e. Db > 0, Db is
partially or totally repaid for a maximum amount equal to Mb.

Finally, at the end of the trading day, both liquidity Mb and equity Eb are updated in order
to take into account money flows which regard bank b, i.e., interest revenues and expenses,
taxes and dividends. The bank can choose if paying or not dividends to shareholders, and this
choice is crucial for driving its equity dynamics. In particular, if a bank is subject to credit
supply restriction due to a low net worth compared to the risk-weighted assets portfolio, then
it stops paying dividends so to raise its equity capital and to increase the chance to match in
the future the unmet credit demand. Finally, loans and interbank lending are extinguished in a
predetermined and fixed number of constant installments, n`.

9.1 Loans Supply

Any bank meets the demand for a loan from a firm, provided that the risk-reward profile of
the loan is considered acceptable by the bank. The reward is given by the interest rate which
is charged and the risk is defined by the likelihood that the loan will default. Given the loan
request amount ˆ̀f by firm f , bank b calculates the probability χD

f that the firm will not be able
to repay its debts as:

χD
f = 2.5

(
− D f + ˆ̀f

D f + ˆ̀f +E f

)3

. (117)

The borrower’s default probability is computed along the lines of the Moody’s KMV model
(Saunders and Allen, 2010), where the rationale is that the lower is the capital base of the bor-
rower with respect to its debt, the higher is the likelihood of default, because of possible equity
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losses due to negative earnings. The particular cubic function has to be seen as an approximation
of the so-called Basel II internal ratings approach, as it is shown in Yeh et al. (2009).

The default probability χD
f correctly increases with the firm’s leverage and is used as a risk

weight in computing the risk-weighted loan portfolio of banks, henceforth W b
L = ∑ f χD

f L b
f

where L b
f is the amount of loan that bank b gave to firm f . The total risk-weighted assets W b

of bank b is given as the sum of the risk-weighted loan portfolio W b
L and the total risk-weighted

mortgage portfolio W b
M (see Eq.124). D f and E f are firm’s debt and equity, respectively. Ac-

cording to the computed credit worthiness of the firm, the bank informs firm f about the interest
rate that would be applied to the requested loan:

rb
f = rcb + γ

b
χD

f , (118)

where rcb is the base interest rate set by the central bank and γbχD
f is the risk spread depending

on the firm’s credit risk χD
f . The parameter γb sets the spread sensitivity to the credit worthiness

of the firm. The central bank acts as the “lender of last resort”, providing liquidity to the banking
sector at the base interest rate rcb. A bank can also obtain short term liquidity needs on the
interbank market from other banks at the rate rb

IBM (see the interbank market below). It is worth
noting that banks lending rate does not depend on the expected demand for loans but only on
the evaluation of firm’s credit risk.

Banks can then lend money, provided that firms wish to take out new loans, and that their
regulatory capital requirement are fulfilled. Let us remark that granting new loans inflates the
balance sheet of the banking system because it generates also new deposits35.

The regulatory capital requirement of the model is inspired by Basel II accords and state that
a minimum percentage of the risk-weighted assets portfolio W b must be held by the bank in the
form of equity capital Eb as a buffer for possible loan write-offs and equity losses. We denote
this minimum percentage as ψ = 1

al f a and we call it capital requirement. Hence, if firm f asks
for a loan ˆ̀f , bank b supplies a credit amount L b

f determined as follows:

L b
f =


ˆ̀f if Eb ≥ ψ(W b +χD

f ˆ̀f ) ,
Eb
ψ
−W b

χD f if ψW b < Eb < ψ(W b +χD
f ˆ̀f ) ,

0 if Eb ≤ ψW b .

(119)

Equations 119 states that bank b is available to satisfy entirely the loan demand ˆ̀f if it does
not push W b above the Basel II threshold, otherwise the bank can satisfy the loan demand only
partially or even is not allowed to lend any money at all, and firm f is rationed in the credit
market. Thus, it can be argued that banks are quantity takers and price setters in the loans
market, with the policy constraint of a fixed capital adequacy ratio.

35When a loan is taken and spent, it creates a deposits in the bank account of the agent to whom the payment is
made. In particular, firms pay wages to workers and pay new physical capital to investment firms, that are owned by
households and redistribute net earnings to them.
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9.2 Basel III Policy Experimentation

Basel III regulations is designed to reduce systemic risk within banking sector. One of the
provisional instrument of Basel III is to reduce pro-cyclicality of banking regulation and pro-
mote countercyclical capital buffers for banks. The mechanism encourages banks to build up
and release capital buffers according to the overall economic conditions of the economy. In case
of positive economic conditions banks build up a precautionary capital buffer and release it in
case of negative economic conditions when credit is scarcely available.

For the implementation of the mechanism several possible indicators have been suggested.
Drehmann et al. (2010) suggests three typologies of conditioning variables. The first one
includes measures of the aggregate macroeconomic conditions such as GDP growth, credit
growth, or their ratio; the second one focuses on the banking sector activity such as banks
aggregate profits and losses, banks credit growth; the last one is related to the cost of funding
for banks such as spreads and cost of liquidity. The Eurace model can be employed to test
regulatory policies at providing such time varying capital requirements for banks. Unemploy-
ment rate and the aggregate credit growth in the system are considered as conditioning variables
for each of the first two typologies. The unemployment rate is used as a measure of aggre-
gate macroeconomic conditions and aggregate banks’ loans as a measure of the banking sector
activity.

Within the first policy experimentation the minimum capital requirement ψ(υ , t) is deter-
mined as a function of unemployment rate υ and time t. The rationale is that the capital require-
ment should be tighter when the economy is in "good times" (low unemployment rate) while the
requirement should be more relaxed when the economy is in "bad times" (high unemployment
rate)36. The capital requirement ψ(υ , t) is given as:

ψ(υ , t) =

{
ψmax− (ψmax−ψmin)

υt
ϋ

if υt < ϋ ,

ψmin, otherwise,
(120)

where the values of ψ(υ , t) lies in the interval between a minimum level ψmin, reached when the
unemployment is higher than a given threshold ϋ , and a maximum value ψmax that is assumed
at full employment.

The second policy experimentation uses the aggregate loan portfolio L = ∑b L b, as the
conditional variable in determining the minimum capital requirement ψ(L , t). Therefore if
Lt is the sum of all outstanding bank loans at month t, the decision making about the capital
requirement is made according to:

ψ(L , t) =

{
ψmin− (ψmax−ψmin)

∆Lt
ϕL if ∆Lt

L < ϕ ,

ψmax, otherwise,
(121)

where ∆Lt/ϕL is the percentage increase (or decrease) of aggregate credit L from month
t− 1 to month t. The parameter ϕ represents in this case the threshold monthly credit growth
above which ψ(L , t) is set to ψmax. Contrary the capital requirement can never drop under the
minimum level of ψmin.

36The concept of good and bad times is related with expansion and contraction of the economic cycle.
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The rationale behind the rule is again to force banks to build up buffers in good times, which
are usually characterized by a rapid growth of credit, that can be drawn down in bad ones.
Buffers should be understood as capital in excess that is available to absorb losses in bad times.

9.3 Interbank Market

Following the collapse of banking systems there has been a growing interest at studying sys-
temic risk in financial networks (Acemoglu et al. (2013); Markose (2013); Montagna and Lux
(2013)). In that respect, modeling interbank markets have been the focus at understanding and
modeling systematic risk of financial markets (Poledna et al. (2014); Georg (2011)). The addi-
tion of interbank market to the Eurace model aims to fill in a gap which has been addressed by
previous studies (Thurner (2011); Gatti et al. (2011)). The mechanism enables us to link ABM
models of financial markets to real economy. The framework, i.e., allows us to experiment and
observe pre-conditions of endogenous shocks from real economy to inter-bank loan networks,
as well as, topological response and evolution of the network over time.

A healthy bank, a bank with a positive equity, goes to the interbank market at a daily basis.
A bank has either a seller or a buyer role at the market: a seller when it has excess liquidity, a
buyer when in need of liquidity. Interbank market serves to cover short term liquidity of banks
by extending loans one another for a specified period. It also serves as an additional income
for banks with excess liquidity. The maturity date of a desired interbank loan, ˜̀b, in the current
model is 5 working days. However, it is designed as a model parameter. As such, it can be set at
the initialization phase or/and can be used as a matter of negotiation while determining amount
and/or interest rate of a loan that is being requested.

A borrower pays interest on the loan at a daily basis. At the day of maturity principal amount
is paid back in one installment. A seller decides on the interest rate before entering the market.
Central bank base interest rate, rcb, is used as the reference level. The seller bank, b, sets its
interbank interest rate, rb

IBM, at the time point, t, via following equation:

rb
IBM =

(
1−ψ

b
IBM

)
rcb where 0 < ψ

b
IBM < 1, (122)

and ψb
IBM is set stochastically. The higher the supply L̃ b

IBM is, the closer the ψb
IBM is to 1. Within

this schema the central bank remains as the last resort for the liquidity needs. Besides, while
well performing banks have the opportunity to increase their incomes further more, borrowers
have the chance to access cheaper credit for their short term liquidity needs.

At the market buyers are queued randomly. The buyer at the top of the queue has a higher
chance to fulfill its liquidity need with a lower interest rate. Partial loans are allowed. The
overnight interbank closes when there is no more available supply or when all demands are
matched.
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9.4 Mortgaging Mechanism

The extended Eurace model addresses importance of housing markets on the economy. In that
respect, in addition to banks’ leverage, their financial links to the other banks and firms, also,
their mortgage loans are considered among the list of factors at observing reaction of banking
sector to real economy (Gallegati et al. (2008)). However, empirical studies on how to measure
risk implications of mortgage loans are lacking. Nevertheless, the impact of households’ hous-
ing wealth on their general consumption behavior has been a focus of recent studies following
the financial crises triggered by housing bubbles (Carroll et al. (2011)). Some of these studies
point the necessity to consider the portion of mortgages within the household wealth (Calomiris
et al. (2013)). These studies have lead new discussions at identifying relevant measures in order
to evaluate the risk of individual household’s mortgage debts (Svensson (2014)).

In our model, in contrast to a household debt ratio, where mortgage debt to household’s
disposable income is compared (Skingsley (2007)), the ratio of her mortgage payment to her
disposable income is used (Svensson (2014)) to check her credibility. The approach we take
enables us to relate a flow, the mortgage payment, to another flow, the disposable income. For
details, see Equation 123 and Equation 124.

A bank’s equity and volume of its risky assets is used to compute its leverage. The maximum
leverage for the bank is regulated by central bank. In the model a bank needs to satisfy Basel II
accords as it has been sated above. It is typically a capital adequacy ratio of 8%. That is, with
that specific value, ratio of risk valued assets of a bank to equity of a bank should be less than
12.5. However, this value can be adjusted dynamically by the central bank during a simulation
run time. The adjustment can be tailored according to an experimentation policy. For instance,
status of total private debt in the economy or unemployment level can be used to adjust the
maximum allowed leverage. An additional safety buffer ratio such as 0.75% can be further
added to have a tighter capital control.

A given out mortgage is assumed to increase financial risk of a bank. The risk associated
with a given mortgage is household specific. Upon a mortgage request there are two criteria
to be fulfilled before the requested mortgage is released. First, the household needs to fulfill
household budget constraint before placing the request; and second, the bank should still be
able to preserve its capital adequacy after the delivery of the requested amount.

An household’s quarterly mortgage payment, mh
M, and her quarterly income, yh

Q, is used to
check her credibility. The credibility of an household is checked against a housing budget
constraint parameter, β , as follows:

mh
M

yh
Q

< β . (123)

The β value is a model parameter.

A bank checks the added value at risk, W h
M̂

, associated with a requested mortgage, ˆ̀h
M to be

delivered to an household, h. It is calculated as follows:
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W h
M̂ = ˆ̀h

M

(
1− exp

(
mh

M

yh
Q

))
. (124)

If addition of that risk degrades capital adequacy of a bank beyond the maximum allowed
ratio, then the bank is not allowed to deliver the mortgage irrespective to credibility of the
demander. Let’s assume that budget constraint for an household is β = 0.5. That is, she is
allowed to spend up to half of its income on mortgage payments. The highest risk rate for a
bank by giving a mortgage to that particular household is around 0.40.

9.5 Securitization

In order to avoid regulatory constraints on their on-balance sheet activities, banks find it ad-
vantageous to shift increasing amounts of these activities off their balance sheets in order to
conserve capital and boost profits. In Eurace design, through the securization process, banks
have the opportunity to sell loans and mortgages to Financial Vehicle Corporations (FVCs),
thus freeing their balance sheets and increasing their liquity, transforming relatively illiquid as-
sets (loans and mortgage) in more liquid ones (ABSs and MBSs). This can lead to an increase
of credit in the economy and more investment opportunities for the investors.

Banks can be subject to supply restriction due to a low net worth compared to the risk-
weighted assets portfolio. Through the securization process, banks can increase their equity
by means of loans and mortgages sales, instead of stopping the payment of dividends. As spec-
ified above, the capital ratio of the banks has to be higher than a given threshold, 1

ψ
, i.e.

Eb

W b ≥
1
ψ

(125)

When the capital ratio is lower than the threshold, banks can sell their loans or mortgages,
increasing Eb and decreasing W b. This double effect let the banks to comply the capital require-
ments without renuincing to lend loans and pay dividends.

To decide the amount of loans or mortgages to sell, we can set a parameter, ϑ , that represent
the capital ratio that the bank want to reach

ϑ
b =

Eb

W b (126)

Thus, when the securization market is active, the banks can choose their leverage and accord-
ingly increase the credit supply. The value of loans or mortgages to sell to financial vehicles
corporations(FVCs) will then be the difference between the loans or mortgages supplied using
the bank parameter, ϑ , and the loans computed with the policy parameter, ψ .
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9.6 Defaulting Mechanism

The extended Eurace model develops a defaulting mechanism for the banks with negative
equity. The framework enables us to examine role of central bank and the government under
certain regularity and monetary interventions. Recent global financial crises has experienced
a quite many number of bank failures. For instance, Dubel (2013) analyses bank defaulting
processes of the eurozone economy. It is seen that the eurozone cases experience a varying
degree of government involvement in the defaulting processes. In some cases, cost of failures
are largely covered by government subsidies, namely by bail-out schemes, while in some other
cases, shareholders and creditors are forced to carry the burden (Klimeka et al. (2014)), by a
so called bail-in scheme. The bail-in scheme is intended to minimize the burden on tax-payers.
The costs of bank failures are shifted from tax-payers to banks’ shareholders and their creditors
replacing the public subsidy with private penalty (Goodhart and Avgouleas (2014)). These
experiences have lead the development of a new european framework for managing bank crises
(Micossi et al. (2013)). So called Single Banking Resolution Regulation aims to establish a
centralized mechanism for participating countries. The resolution mainly puts government at a
last resort position while interfering with a failing bank.

The liquidation procedure of banks in our model is created in the line with the Single Reso-
lution Mechanism (SRM). Namely in response to the financial crisis the European Commission
pursued a number of initiatives to create a safer and sounder financial sector for the single mar-
ket. These initiatives, which include stronger prudential requirements for banks, improved de-
positor protection and rules for managing failing banks, form a single rule book for all financial
actors in the 28 Member States of the European Union. The single rule book is the foundation
on which the Banking Union sits. Therefore on the basis of the European Commission road-map
for the creation of the Banking Union, the EU institutions agreed to establish a Single Supervi-
sory Mechanism (SSM) and a Single Resolution Mechanism (SRM) for banks. The SSM places
the European Central Bank (ECB) as the central prudential supervisor of financial institutions in
the euro area and in those non-euro EU countries that choose to join the SSM. On the other hand
the purpose of SRM is to ensure an orderly resolution of failing banks with minimal costs for
taxpayers and to the real economy. In the cases when banks fail despite stronger supervision, the
mechanism will allow bank resolution to be managed effectively through a Single Resolution
Board and a Single Resolution Fund, financed by the banking sector37.

Therefore we propose the liquidation mechanism which puts minimum burden on taxpayers
and depositors, however the most of the burden is taken by the creditors i.e., commercial banks.
Thus the majority of losses are financed by the banking sector.

Every day each bank computes its equity Eb as a difference between the total assets and the
total liabilities. If the equity of bank b is negative, the bank goes into the bankruptcy and starts
its liquidation procedure. On the beginning of the liquidation procedure the bank deletes its
shareholders and pays all depositors h, f ,s (households, firms and construction firms) up to the
insured amount of deposits M̄L

h, f ,s. This amount is guaranteed by the government and it is paid
from the current liquidity of the bank Mb and the minimum reserve requirement (or cash reserve

37http://ec.europa.eu/interna_market/finances/banking-union/index_en.htm
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ratio) Mmin
b, that each commercial bank must hold as reserves in the central bank in terms of

the fraction of customer deposits. The rest of the amount mg
b = ∑h, f ,s ML

h, f ,s
b −Mb−Mmin

b

is financed by the government budget (taxpayers) if needed. If the total available liquidity
of the bank is enough to cover the guaranteed deposits (Mb +Mmin > ∑h, f ,s ML

h, f ,s
b ) then the

government does not have any expenses (mg
b = 0) and the rest of the available liquidity is used

to cover the part of the bank’s debt. However this is less likely to happen because the minimum
reserve requirement of banks is usually very low, for instance it is 1% for the banks in the
Europen Union (EU).

In order to finish its liquidation and enable the entry of a new bank, bankrupt bank b calculates
the minimum equity level as:

Emin
b =

W b

ψb , (127)

where the parameter ψ defines the minimum capital ratio requirement which is given by Basel
II accords (see the loans supply section above for details). Then the bank computes the target
equity for the new bank as:

Ẽb = (1+λ
b
E)Emin

b, (128)

where the parameter λ b
E determines the equity level of the new bank and can be either endoge-

nously determined or subject to the government policy issue. Based on the target equity the
bank calculates the target debt B̃b and consequently the part of the current debt that will be paid
by the creditors. Therefore the target debt is given as:

B̃b = L b
IBM +L b +Ub− Ẽb. (129)

The burden taken by the creditors is given as:

∆Bb = Bb− B̃b. (130)

The standing facility with the central bank Db is either paid by the government or written
off (taken by the central bank) which is the government policy issue. The impact of different
policies should be considered in a further research since it impacts the money supply as well as
the amount of burden borne by taxpayers which can further affects the aggregate demand and
economics growth.

The bankrupt bank b is deleted and a new bank is born at the same time. The new bank’s
balance sheet is composed by the interbank lending, loans, and mortgages (L b

IBM,L b,Ub, re-
spectively) of the old bank. The depositors from the old bank and their deposits which are paid in
the liquidation process are taken, and the liquidity of the new bank is given as Mb =∑h, f ,s ML

h, f ,s
b

which is equal to the total deposit amount Db. The amount of the bank’s debt Bb is given by the
target debt B̃b (see Eq. 129), the standing facility with the central bank Db is set to zero and the
equity Eb is given by the target equity Ẽb (see Eq. 128).

The owners of the new bank are the government, depositors and creditors and their shares
depend on the burden that is taken in the liquidation process of the old bank. Therefore the loss
of each creditor b is given as:

Lossb =
Bold

b

∑b Bold
b ∆Bb. (131)
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The loss of each depositor h, f ,s is given as:

Lossh, f ,s =
Mold

h, f ,s

∑h, f ,s Bold
h, f ,s ∆M , (132)

if Mold
h, f ,s > M̄h, f ,s

L , where ∆M is the total depositors’ loss and is given as:

∆M = ∑
h, f ,s

Mold
h, f ,s− M̄h, f ,s

L , (133)

if Mold
h, f ,s > M̄h, f ,s

L . Finally the total government loss is given by mg
b. Consequently the share

of each owner is given as:

shareg,b,h, f ,s =
Lossg,b,h, f ,s

∑g,b,h, f ,s Lossg,b,h, f ,s Eb. (134)

We suppose that when a bank defaults the economy is in the recession and the government
nationalizes the part of the banking sector in order to provide the better supervision of financial
institutions. However in the expansion the government sells its shares on the financial market
in order to denationalize financial sector. In addition we assume that the number of the banks in
the economy is always constant, therefore each defaulting bank is replaced with a new bank.

The further research should include the pure bail-in and bail-out mechanisms where the bur-
den is taken only by the creditors or only by the government respectively, as well as the dynamic
number of banks, where a new bank enters the market in particular period which can be either
endogenously determined or be the subject to different policy analysis.
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10 The Central Bank

10.1 Lender of Last Resort and Policy Making

The Central Bank plays several important roles in the Eurace economy. It provides a standing
facility to grant liquidity in infinite supply to commercial banks, when they are in short supply,
and sets the base interest rate (or policy rate), which is the cost of liquidity provided to banks
and the lowest reference value considered by banks when setting interest rates of loans to firms.
Furthermore, the Central Bank may purse an unconventional monetary policy, named quantity
easing, consisting in buying Government bonds directly in the market, easing the funding con-
ditions for the budgetary authorities. Table 2.3 shows the typical balance sheet of a Central
Bank.

10.2 Monetary Policy

The monetary policy of the Central Bank follows a Taylor rule (see Taylor (1993) for a dis-
cussion), and the short-term nominal interest rate is set as:

rcb = π+aπ(π− π̃)+aυ(ῡ−υ) (135)

where π is the yearly inflation rate for a current month, π̃ is the desired rate of inflation, υ is
the unemployment rate for a current month, and ῡ mimics the natural rate of unemployment, or
the full-employment rate (that we exogenously set to 0 for simplicity).

This version of the Taylor rule departs from the standard one for its use of the unemployment
rate instead of the output, and therefore for measuring an unemployment gap instead of the
more classic output gap. It is plain that the two measures are strongly interconnected and the
unemployment gap is certainly a satisfactory indicator of economic recession.

The rule for policymakers is to raise interest rates when inflation is above target or when
unemployment is very low and therefore output is close its potential level. The Central Bank
should lower rates when inflation is below the target level or when the unemployment rate is
high and output is below potential. When inflation is on target and output is growing at its
potential, rates are said to be neutral. This rule aims to stabilize the economy in the short term
and to stabilize inflation over the long term.

10.3 Quantitative Easing

In case the policy rate set by the Central Bank is very low, i.e., rcb < rl , (below a threshold
value rl), quantitative easing will be activated by letting the Central Bank purchasing govern-
ment bonds in the financial market. The money creation channel through quantitative easing is
intended to facilitate the funding of the government budget deficit in a situation of depressed
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economy. The rational behind the triggering mechanism activating QE states that when the in-
terest rate is already low, the Central Bank is no more able to pursue an expansionary monetary
policy by lowering rates, and it has to do it by purchasing bonds in the market.

The model is able to contain many central banks which depends on countries that are analyzed.
Therefore if we consider countries that do not belong to the same monetary union then the
central bank is considered as a country specific agent.
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11 The Government

11.1 Fiscal and Welfare Policies

Governments are responsible for the fiscal and welfare policies. They define government
budgets as well as all incomes and expenditures that will face during a period. A government
defines incomes by setting the tax rates for corporate tax, Value-added tax, environmental tax
(e.g. energy tax, carbon tax or other), capital income (dividends and bond coupons) tax, wage
tax and asset transaction tax. The tax payments are done by agents (firms, capital producers,
banks and households) and the government budget income is calculated as the sum of all tax
payments. The government also defines the total expenditures in terms of total wages for those
households who are employed in the public sector, unemployment benefits, subsidies, transfers,
green incentives to companies (in terms of subsidies for investments in renewable energy, or in
terms of tax incentives or soft loans), public spending and the repayment of the government debt
(bond coupons).

11.2 Deficit Management

The government observes its budget balance (payment account Mg) every month and if Mg < 0
the government has a budget deficit which can be financed either by fiat money from the central
bank or by issuing new government bonds. Therefore the total liquidity needs for financing the
budget deficit is given as:

`g = λB|Mg|+(1−λB)|Mg|, (136)

where λB is the parameter that determines the proportion of the budget deficit that is financed by
the fiat money. Hence for λB = 1, the 100% of the deficit is financed by the fiat money, and Mg

is the absolute value of the government’s payment account which represents the budget deficit.

Based on λB parameter the government determines the fraction of the deficit that should be
financed by a new debt. Therefore the government sets the price of the bonds pB

g as the last
market price and determines the limit bond price p̃B by rescaling the last market price for the
decreasing price rate δB. The government then computes the total amount of the bonds to be
sold by dividing the amount of the budget deficit by the limit bond price and send the order to
the financial market.

11.3 Fiscal Policy Scenarios Within a Multi-country Monetary Union Model

In order to simulate the european economy we create the model with many countries with one
monetary authority i.e., the European Central Bank (ECB).

One of the main objective of the Symphony project, as stated in D6.1, is to explore policy set-
ting that could trigger a sustainability transition and improve the economic and financial stability
of the system. Of course, we want to ground our study on the current political and economic
debate, proposing different scenarios which could be valuable to European policy makers. And,
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in particular, we want to analyze scenarios of economic crisis, in order to embed our study into
the current European condition. Furthermore, we want to investigate if the concept of green
growth is a viable option for solving two problems at the same time: the sluggish economic
state of the EU with low investment and low growth levels, as well as the climate problem. Can
investments into clean technology and clean/green assets trigger a shift to a more prosperous
and low-emission economy at the same time? This is explained in more detail in D.6.1 as well.

One of the main controversial issues that have been largely discussed in the last years in Eu-
rope is about fiscal policy; the so called “Austerity vs. stimulus” debate divided economists and
policy makers. We will use the Symphony economic simulator to replicate to some extent the
existing (and often contradictory) policy proposals and possibly to suggest some innovative so-
lution. The main battleground will be of course fiscal austerity vs. more expansionary policies,
but we will also try to combine fiscal policies with some proper monetary accommodation.

The two main fiscal policy settings that will be designed in the model will be the following:

• 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 includ-
ing the constraint on debt (60% of GDP). In order to fullfil the debt constraint the governments
should decrease public spending and/or increase taxes, but we should also consider bond’s re-
purchasing by the governments which becomes an important additional model requirement.

Fiscal consolidation can be pursued by raising taxes or reducing spending. The model in-
corporates several types of taxes, e.g., income taxes, corporate taxes, VAT and environmental
tax. From the spending side, the model takes into account transfers and unemployment benefits,
along with goods purchasing and green investments.

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
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POLICIES NAME DESCRIPTION

Fiscal Compact FC Fiscal Compact policy targets a 60 percent of
DEBT/GDP ratio.

Stability and Growth Pact SGP Stability and growth pact policy target 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 taxes are not increased

SGP with unemployment escape clause
and quantitative easing

SGPUQE This scenario replicated SGPU, introducing quantita-
tive easing, when unemployment rate is higher than 10
percent.

SGP with unemployment escape
clause, quantitative easing and fiscal
accommodation

SGPUQEFA This scenario adds to SGPQE a fiscal accommodation
(i.e. a monthly decrease of taxes), when unemploy-
ment rate is higher than 10 percent

Fiscal Compact with quantitative eas-
ing

FCQE This scenario adds to fiscal compact a monetary ac-
commodation through quantitative easing when unem-
ployment rate is higher than 10 percent

Fiscal Compact with quantitative eas-
ing an fiscal accommodation

FCQEFA This scenario adds to FCQE a fiscal accommodation
(i.e. a monthly decrease of taxes), when unemploy-
ment rate is higher than 10 percent

Table 3: Overview of policy scenario

laureates Paul Krugman and Joseph Stiglitz, suggested the use of expansionary fiscal policies
along with monetary accommodation in order to fight the current crisis. Therefore, specific
emergency policies will be activated and tested during financial crises. This means that the
background SGP and FC policies could be replaced in time of crisis by new policy combina-
tions 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 reasonable 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. Table 3 tabulates a short and
not exhaustive list of the policy combinations we will explore.
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12 Foreign Economy (FE)

The foreign economy is populated by one representative Consumption Good Producer
(CGPFE), one representative Capital Good Producer (KGPFE), one representative Household
(HousFE) and one representative Bank(BFE). Each representative agent in the foreign economy
demands and/or supplies the real and financial asset of the FE and/or those of Eurace in order to
fulfill its economic activities.
The price of energy pFE

e and the price of raw materials pFE
m are exogenous.

It is worth noting that the foreign economy and Eurace have different currencies. The exchange
rate is defined as follows,

1cFE =
DEFE

DFEE
1cE (137)

where cFE and cE are the currency of the foreign economy and of Eurace economy, respectively,
DEFE and DFEE are the total demand that Eurace makes to the foreign economy and the total
demand that the foreign economy makes to Eurace, respectively. It is worth noting that the total
demand is the sum of current account and capital account.

12.1 Producers

Two different types of producers (or firms) will be considered, namely representative con-
sumption goods producer (CGPFE) and representative capital goods producer (KGPFE).

12.1.1 Consumption Good Producer (CGPFE)

The representative CGPFE employs labour, capital goods, electricity and raw materials to
produce a homogeneous consumption good according to its production plan. As for the Eurace
firms, the representative CGPFE employs physical capital KFE , labor NFE , electricity EFE and
raw materials RMFE in order to produce an amount of homogeneous consumption good qFE .
The firm’ production function is an enrichment of the Cobb-Douglas model:

qFE = γ
FE(NFE)α(KFE)β (EFE)δ (RMFE)ξ , (138)

where γFE is a positive productivity factor, and constant returns to scale is assumed, i.e. α , β ,
δ and ξ are positive constants with the constraint α +β +δ +ξ = 1.

Production, investment and financing decisions are taken, processed and completed by CGPFE

once a month at its activation day t is defined in the initialization process. The representative
consumption good producer, CGPFE , starts its business month, composed by twenty business
days, the activation day and performs the financial accounting the last day of its business month.

The representative CGPFE invests in workforce if the production volume requires additional
workforce and in new capital goods in order to replace capital depreciation and to expand the
production capacity. The CGPFE’s workforce is represented by the representative household
HFE , that supplies the necessary workforce.
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The investment decision depends on the depreciation rate of capital, and on the production
volume that CGPFE is going to deliver to Eurace’s malls. The production volume is the differ-
ence between a planned production quantity and the current inventory level. Since the actual
demand for the product of the CGPFE in a given month is stochastic and there are stock-out
costs, the representative CGPFE faces a production planning problem with a stochastic demand
and stock-out costs. The consumption good produced by the representative CGPFE is sent to
Eurace malls. Moreover, the CGPFE can enter or exit different markets over time.

In order to define its planned production quantity, CGPFE estimates the expected demand
of consumption goods in each country (market or mall) for the next month using the linear
interpolation technique with the sold quantities in previous months by the malls.

The representative CGPFE computes its financial liquidity needs and total dividend payments
on the last day of its business month. All activities, done in the month, are taken into account,
and the next day, after checking its financial availability, the representative CGPFE executes
its financial payments. The representative CGPFE finances its total financial needs following
the pecking order theory. The financing comes from internal liquid resources, i.e., the cash
account deposited at the BFE and debt. CGPFE either demands loans from the representative
bank BFE or sells shares on the financial market in order to provide necessarily financial funds.
The CGPFE can buy or sell Eurace assets or the foreign economy asset. CGPFE pays dividends
and interests. The representative firm invests both in Eurace capital goods and in the foreign
economy capital good. CGPFE can also borrow money from the representative bank BFE in
order to pay production factors and make investments. The representative CGPFE is modelled
as a corporation whose share are public and traded in the global stock market. Based on the
planned production quantities for all markets, CGPFE computes the total planned production
quantity as the sum and then calculate the desired workforce as well as the desired amount of
physical capital using the Net Present Value (NPV) approach.

Representative consumption good producer employs a standard mark-up pricing rule in setting
prices. In particular, the new sale price is set considering a fixed markup on average unit costs.

The balance sheet of the representative CGPFE is summarized in Table 12.3.

12.1.2 Capital goods producer (KGPFE)

The representative Capital goods producer KGPFE employs labour, electricity and raw mate-
rials to produce a new investment good for the CGPFE and the Eurace’s CGP. The production
function is the same of CGPFE expressed in Eq. 138.

In the foreign economy there is a single type of technology for investment goods. The in-
vestment good is offered with infinite supply by investment good producer KGPFE which is
produced on request and have no inventories and financing needs.

Electricity and raw materials are factors of production and they are exogenously. The price of
capital goods pK is a mark-up on electricity prices. The representative KGPFE , as the represen-
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tative CGPFE is modelled as a corporation whose share are public and traded in the global stock
market. Profits of KGPFE are distributed in equal shares among all investor.

KGPFE act as price setters in the sale market and supply its output following a short-term
profit maximizing behaviour.

The representative KGPFE can also borrow money from the representative bank BFE in order
to pay production factors and make investments. Moreover, it pays dividends and interests.

The balance sheet of the representative firm is summarized in Table 12.3.

12.2 Household (HousFE)

The representative household HousFE acts as a consumer, a worker and a market trader.
HousFE buys homogeneous consumption goods from the representative consumption goods
producer CGPFE or from the Eurace consumption goods producer CGPs according to its con-
sumption budget and provide an homogeneous labour force to consumption goods producers
(CGPFE) and capital goods producers (KGPFE).
The total household’s income is determined by the total dividend payment, the total bond
coupons payments and wage.
The representative household HousFE receives the dividend payments every month; he receives
bond coupons from the Eurace government once a month at his monthly activation day.

Saving-consumption decision of the representative household HousFE is modeled according
to the theory of buffer-stock saving behavior (Carroll, 2001; Deaton, 1992), which states that
household consumption depends on a precautionary saving motive, determined by a target level
of wealth to income ratio.

The representative household HousFE can invest in the stock markets, where both foreign
economy and Eurace assets are traded. Moreover, the representative household can invest in
Eurace mutual and hedge funds. Generally speaking, HousFE acts according to rules that use
backward looking expectations. In particular, in the financial market, the decisions can be based
on prospect theory. Finally the purchasing decisions of HousFE are modelled using multidi-
mentional logit-models from the marketing literature. The balance sheet of the representative
household is summarized in Table 12.3.

12.3 Bank (BFE)

The representative bank supplies loans to the representative producers to finance their oper-
ations and collects private sector deposits (i.e., the liquidity of the representative household).
Lending activity by the representative Bank BFE is constrained by a minimum capital require-
ment and depends also on the evaluation of the balance sheet of the borrower.
In the market for loans,the representative producers apply for credit to the representative bank
BFE .
At the end of the trading day, both liquidity and equity are updated in order to take into account
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Table 4: Balance sheets of representative agents populating the foreign economy. Balance sheet
entries in the table are generally named with capital letters and a superscript character that is the
index of the agent the variable refers to. In some cases, we can find also subscript characters
that refers to other agents’ balance sheets where we have the counterparts.

Agent Assets Liabilities

Representative Household Liquidity, MFE,h Equity, EFE,h

abbrev.: HousFE Equity Shares, nFE,h
E

Fund’s Shares
Representative Consumption Goods Producer Liquidity, MFE, f Debt, DFE, f

abbrev.: CGPFE Capital goods, KFE, f Equity, EFE, f

Inventories, IFE, f

Representative Capital Goods Producer Liquidity, MFE,k Equity, Ek

abbrev.: KGPFE

Representative Bank Liquidity, MFE,b Deposits (Liquidity of
abbrev.: BFE HousFE CGPFE and KGPFE ),

Db = ∑h, f ,s MFE,h, f ,s
b

Loans

its money flows, i.e. interest revenues and expenses and dividends. The representative bank BFE

can choose if paying or not dividends to shareholders.
The behavior or representative bank BFE is similar to the one of Eurace banks. For further de-
tails see Section 9.
The balance sheet of the representative bank is summarized in Table 12.3.

The RiskFreeRate is exogenous and could be constant.
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13 New Agent Models Under Development

In order to address to investigate the possible transition to a low carbon energy sector, which
represents one of the two main policy use case of the project38, two further agent types are
considered, namely the mining company and power producers. The model of the two agents is
still preliminary and what follows is a short description of the stylized model of the two agents.
The whole model shall be completed by the 15th month of duration of the project.

13.1 The Mining Company

The Mining Company is a stylized agent whose purpose is to extract fossil fuels and raw
materials from the environment and to sell them in the relevant markets to households and pro-
ducers. It also produces waste.
We assume that capital is the only factor of production for the mining company and that the level
of capital set the pace of extraction of raw materials and fossil fuels, given the particular mining
features of the environment. The mining company has access to credit to increase the capital
stock. As capital is the only production factor, production costs depend only on the cost of capi-
tal and its depreciation rate. We stipulate however that the selling prices of both fossil fuels and
raw materials is exogenously given by a stochastic process as it would be fixed in an interna-
tional perfectly competitive market. Consumers of fossil fuels and raw materials buy them first
from the domestic mining company, but if rationed, they can get both raw materials and fossil
fuels from the foreign economy. Shares of the mining company are owned by households and
funds and traded in the stock market. Profits are distributed to shareholders or retained to keep
a constant leverage ration in the financial structure of the agent.

13.2 Power Producers

Power producers are stylized agents that provides electricity to consumption and capital goods
producer as well as households. Power producers can be distinguished in two categories: non-
renewable energy power producers and renewable energy power producers. The former ones
employ both capital goods and fossil fuels as production factors, while the latter ones use only
capital goods as production factor. Non-renewable energy power producers are heterogenous
with respect to energy efficiency, which is determined by the vintages of capital goods. Power
producers can get loans from banks and may undertake capital investment to increase energy
efficiency or production capacity. Production costs of electricity are given by the cost of capital
and its depreciation rate as well as the price of fossil fuels that is exogenously given in interna-
tional markets. Power producers set the price of electricity based on a fixed mark-up on their
costs. Consumption and capital goods producers as well as households buy electricity first from
domestic power producers and, due to dispatchment constraints, but, if rationed, they can get
electricity from the foreign economy at an exogenously given price. Shares of power producers
are owned by households and funds and traded in the stock market. Profits are distributed to

38See Deliverable D6.1 “Design of the use cases” for further details.
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shareholders or retained to keep a constant leverage ration in the financial structure of the agent.
Power producers release waste as well as carbon dioxide in the environment.
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Appendix

Table 5: The description of parameters and symbols - Firms

FIRMS

Symbol Name Description

n f ,gen Labor force
The number of workers used in the production

process.

K f ,A Capital The capital stock of firm f .

γ f Productivity parameter
Productivity parameter used in a Cobb-Douglas

production function.

gen General skill level
The general education level of households

(workers).

A The productivity of physical capital
Weighted average productivity (technology) of

the total capital stock.

q f Consumption good quantity
The amount of homogeneous consumption

good that is produced by firm f .

t Time
The counter of the basic time unit in the model
which is day or iteration.

ξ The depreciation rate of capital

The capital depreciation rate is set in the
initialization according to previous empirical

findings.

i f Investment
The amount of money that firms invest in buy-

ing new capital goods.

q̂ f Expected demand
The quantity of goods that a firm expects to be

demanded next month.

χ Probability The probability of the expected demand.

Î f Critical inventory stock
The expected demand corrected by the proba-

bility χ .

σ̂2
q̂ f Variance

The estimated variance of the demand
distribution.

q f
χ Quantile

The χ-quantile of the standard Gaissian distri-

bution with mean 0 and variance 1.

I f Inventories The quantity of the current inventory of firm f .

q̄ f Production needs
The quantity of goods to be produced after tak-

ing into account the quantity of inventories.

q̃ f Planned production quantity
Smoothed production needs in order to avoid

the excessive oscillations of previous sells.

tm The number of months
The number that is used to determine the time
span of previous months.

λ q Weighting parameter

The parameter which sets different weights be-
tween the production needs q̄ f and the quantity

produced in the previous tm months.

Continued on next page
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Table 5 – Continued from previous page

Symbol Name Description

` f Total financial needs

The total financial needs of firm f , calculated as
the sum of financial liquidity needs, total divi-
dend payment and planed production liquidity

needs.

˜̀f Desired loan amount

The difference between the total financial
needs and internal liquid recourses (payment

account).

L b
f Loan

The amount of loan that bank b gives to the firm

f .

rb
f Interest rate Interest rate associated to the loan L b

f .

p f
S Share price The current share price of firm. f

p̃S
f Limit share price The 99% of the current share price.

q̃S
f Quantity of the shares to be sold

The quantity of the shares that firm f wants to
sell. It is calculated by dividing the total exter-

nal financial needs with the limit share price.

t f
B Bankruptcy time Period when firm f is in a bankruptcy state.

ñ f Desired workforce
The number of workers that firm f needs to be

able to produce the planed production quantity.

K̃ f Desired physical capital

The amount of the physical capital that firm f
needs to be able to produce the planed produc-

tion quantity.

s̄ f Average specific skill level The average specific skill level of firm f .

ã Grid

The number determines the grid of investment
values when firms calculate the net present val-

ues of investments.

pK Capital price The price of the one unit of physical capital.

rK
f The cost of capital

The weighted average yearly cost of capital for

firm f .

τct Corporate tax The corporate tax rate.

τvat Value-added tax The Value-added tax rate.

∆q f ,m Additional monthly production
The additional amount of monthly production

given by the capital investment i f ,ã.

p̂ f ,m
C Expected consumption goods price

The expected consumption goods price level at

month m.

PI Price index The price index in the current year.

p̂G The expected price growth

The expected price growth is calculated by set-
ting the different weights between the inflation
target announced by the central bank and the

price growth in the last month.

π̃t Target inflation
The inflation target announced by the central

bank at time t.

pG Price growth Price growth.

θ The trust factor
It shows how much trust does a firm have re-
garding the central bank’s announcements.

Continued on next page
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Table 5 – Continued from previous page

Symbol Name Description

p̄g Average price
The average price of consumption good in

country g.

w̃ f , gen Wage offer The wage offer for each general skill group gen.

w̄ Wage offer A basic wage offer per unit of specific skills.

µv The minimum number of vacancies

The parameter is used to determine the thresh-
old for sending the job offers again. If the num-
ber of vacancies is still higher than the thresh-

old, firms send job offers one more time.

µw Wage offer updating rate
Firms update their wage offers by increasing the

wage offer for each general skill level by µw.

ẅh, gen Reservation wage
The threshold for accepting or rejecting a wage

offer.

δ w Decreasing wage rate
Households update their reservation wages by

the decreasing wage rate.

cM Moving costs

The costs that households consider when they
look for job opportunities abroad, expressed in
terms of total monthly mortgage payment for

one housing unit.

lM Total monthly mortgage payment
The total monthly mortgage payment for one

housing unit.

χJ
h
g Probability coefficient The proxy for the probability of getting a job.

cn
f Labor costs Wage bills.

cKnew
f Capital costs The cost for new capital goods.

µ Markup Markup rate.

ċ f Unit costs The costs per unit of the consumption good.

¯̇c f Weighted average unit costs

The costs per unit of consumption good that are
calculated as the weighted average of previous

and current production costs.

mr
f Total interest payment

Sum of all interests payments in a particular

month.

q f
mall Delivery volume

The delivery volume of firm f to the particular

mall.

q̃ f
mall Planed delivery volume

The planed delivery volume of firm f to the par-

ticular mall.

q̃ f Total planed delivery volume The total planed delivery volume of firm f .

mD
f Total debt installments payment

Sum of all debt installments in a particular

month.

ï
f Profit The monthly realized profit.

rev f Revenue The monthly cumulative sales revenue.

ïτ
f Taxable profit Profit corrected by V.A.T.

cq
f Production costs

Monthly production costs for the period that

just ended.

Continued on next page
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Table 5 – Continued from previous page

Symbol Name Description

mτvat f Value-added tax payment
The amount of money that firm f pays as Value-

added tax.

mτ
f Tax payment

Total tax payment (Value-added tax payment

plus corporative tax payment).

ïnet
f Net profit

The profit of the firm corrected by the total tax

payment.

η
f

t Net earning rate
The net earning rate is used by firms to update

the amount of dividend payments.

md
f Total dividend payment

Sum of all dividends that firm f pays in current

month.

εd The constant dividend earnings ratio
The coefficient determines the total dividend
payment.

mF
f Total financial payment The sum of all costs in one business month.

λ d Debt rescaling factor

The percentage of the asset value that firms are
able to obtain after they went to the bankruptcy

insolvency state.

D̃ f Target debt Debt corrected for the debt rescaling factor.

Ā f Total asset
The total asset of the firm in the bankruptcy in-

solvency state.

Ē f Equity
The equity of firm f in the bankruptcy insol-

vency state.

¯̀f External financial needs External financial needs in bankruptcy states.

Ẽ f Target equity The percentage of the target debt.

λ l Target liquidity ratio
The target liquidity ratio is exogenously deter-

mined constant.

∆K̃ f Reference point for investments

The difference between the desired amount of
physical capital and the current amount of phys-

ical capital.

τ̄vat Weighted average Value-added tax
rate

Weighted average Value-added tax rate across

countries.

p̄C
f ,m Weighted average expected con-

sumption goods price level

The weighted average of the expected con-

sumption goods price level across countries.

λg Country weights

The weights that a firm uses to compute
the weighted averages for country specific

variables.

cL
f
g Logistic costs

Export costs that are country specific and are

composed by fixed and variable costs.

Table 6: The description of parameters and symbols - Households

HOUSEHOLDS

Symbol Name Description

sh,gen Specific skill level The specific skill level of households.
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Table 6 – Continued from previous page

Symbol Name Description

λ gen General skill level parameter

The parameter determines the speed of the im-
provement of specific skill level. It depend on
the general skill level such that it increases with

the general skill level of households.

ŵ f , gen Expected wage offer
Wage offer multiply by the probability of find-

ing a job.

yh Total household’s income

The sum of total dividend payments, total bond
coupons payments, the unemployment benefit,

the government transfer and a wage.

yd The total dividend payment
The sum of all dividend payments during the

period.

ybc Total bond coupons payments
The sum of all bond coupon payments during

the period.

wub
h Unemployment benefit Monthly payment of the unemployment benefit.

ygt
h Government transfer Monthly payment of the government transfer.

wh Wage Monthly wage payment.

w̄g Average wage
The average wage in country g in last 12

months.

mR
h Restitution payment

The amount of money which is a part of the re-
ceived unemployment benefit that a household
sends back to the government for the days that

he was not unemployed.

mτ
h Total tax payment The sum of all wax payments.

τd Dividend tax rate The tax rate on the received dividend payments.

τw Labor tax rate The tax rate on the received wage.

τbc Bond coupon tax rate The tax rate on the received bond coupons.

τat Transaction tax rate
The tax rate for the asset transactions on the
buyer side.

pa Price of asset The price of asset a.

ynet
h Net income Household’s total net income.

ω̄ Target wealth to income ratio

It is set in the initialization process as the ratio
of the initialized wealth value to the initialized
wage reservation value and it is constant.

W h Financial wealth Household’s financial wealth.

C h Consumption budget Household’s monthly consumption budget.

¯ynet
h Average total net income

Household’s average total net income in the last

three months.

φ c Carrol consumption parameter It sets the adjustment of speed and it is constant.

ωh Present wealth to income ratio
It is the ratio of present household’s wealth to

average total net income.

ωF Forward horizon

The future time span that households consider
in order to form beliefs about assets future
returns.
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Table 6 – Continued from previous page

Symbol Name Description

ωB Backward horizon
The past time span that households consider in

order to form beliefs about assets future returns.

ρR
h
f Random return The random return of stock f .

ρ̄C
h
f Average past return

An average past return computed in a backward
time window and multiplied by a forward time

window.

ρ̂F
h
f Expected fundamental return

The expected fundamental return of household

h.

p̂F
h
f Future fundamental price The future fundamental price of household f .

ï̂
h
f Expected retained earnings

The expected retained earnings of firm f in the

household’s forward horizon.

N f Number of the outstanding stocks The number of the outstanding stocks of firm f .

pS
f Stock price The current stock price issued by firm f .

ŷS
h
f Expected stock cash flow yields

The expected stock cash flow yields of house-

hold h for stock f .

ρ̂h
f Total expected returns Weighted sum of all returns.

λA
h Annual coefficient

The annual coefficient is given as the ratio of the
number of days per year to the forward months

of household h .

αR, αC,
αF

Weighting coefficients

Weights that households put on the random
stock return, the average past stock return
and the expected fundamental stock return

respectively.

uS
h Utility The household’s utility of buying stocks.

αL Loss aversion coefficient Set the double value of negative returns.

χDbond
g The probability of default The probability of the default of bond g.

ςB
g Haircut The haircut percents of bond g.

rB
g The nominal yield of bond g The interest rate of bond.

vB
g The face value of bond g

The nominal value of a bond stated by the

issuer.

rcb Interest rate
The current European Central Bank interest

rate.

pB
g Bond price The last bond market price.

ŷB
h
g Bond coupon yields

The expected bond coupon yields of household

h for bond g.

uB
h Utility The household’s utility of buying bonds..

ϕdown Housing price down rate
Rescaling parameter that decrease housing

price.

ϕup Housing price up rate Parameter which increase housing price.

εmin Minimum equity ratio
Threshold value which determine the selling of

housing units.

`M
h Total mortgage The total mortgage of household h.

Continued on next page

SYMPHONY Deliverable D3.1

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

Page 93 of 97



PU
c© All Rights Reserved

projectsymphony.eu

Table 6 – Continued from previous page

Symbol Name Description

ȳQ
h Average quarterly income The average quarterly income of household h.

λMl
h Write off parameter

The "household mortgage write Off low"

parameter.

rM
h
b Mortgage interest rate

The yearly interest rate of the mortgage issued

by bank b.

Table 7: The description of parameters and symbols - Households

FUNDS

Symbol Name Description

ωe
F Forward horizon

The future time span that funds consider in or-

der to form beliefs about assets future returns.

ωe
B Backward horizon

The past time span that funds consider in order

to form beliefs about assets future returns.

ρR
e
f Random return The random return of stock f .

ρ̄C
e
f Average past return

An average past return of stock f computed in
a backward time window and multiplied by a

forward time window.

ρ̂F
e
f Expected fundamental return The expected fundamental return of funds e.

p̂F
e
f Future fundamental price The future fundamental price of funds e

ï̂
e
f Expected retained earnings

The expected retained earnings of firm f in the

fund’s forward horizon.

N f Number of the outstanding stocks The number of the outstanding stocks of firm f .

pS
f Stock price The current stock price issued by firm f .

ŷS
e
f Expected stock cash flow yields

The expected stock cash flow yields of fund e

for stock f .

ρ̂e
f Total expected returns Weighted sum of all returns.

λA
e Annual coefficient

The annual coefficient is given as the ratio of the
number of days per year to the forward months

of fund e .

αe
R, αe

C,
αe

F
Weighting coefficients

Weights that funds put on the random stock re-
turn, the average past stock return and the ex-

pected fundamental stock return respectively.

χDbond
g The probability of default The probability of the default of bond g.

ςB
g Haircut The haircut percents of bond g.

rB
g The nominal yield of bond g The interest rate of bond.

vB
g The face value of bond g

The nominal value of a bond stated by the

issuer.

rcb Interest rate
The current European Central Bank interest

rate.

pB
g Bond price The last bond market price.
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Table 7 – Continued from previous page

Symbol Name Description

ŷB
h
g Bond coupon yields

The expected bond coupon yields of household

h for bond g.

PV j Present value The present value of asset backed security j.

χDabs
j The probability of default

The probability of the default of asset backed

security j.

rA
j The nominal yield of asset backed se-

curity j
The interest rate of asset backed security.

vA
j The face value of asset backed secu-

rity j

The nominal value of a asset backed security

stated by the issuer.

pA
j Asset backed security price The last asset backed security market price.

ŷA
j
g Asset backed security coupon yields

The expected asset backed security coupon

yields of fund e for asset backed security j.

Table 8: The description of parameters and symbols - Households

FINANCIAL VEHICLE CORPORATIONS

Symbol Name Description

F pb
h Fixed yearly payment

The fixed payment that household h pays to the

bank b.

B0 Initial Balance The initial balance of mortgage.

rb
h Mortgage Rate

Rate associated with mortgage issued by bank b

to household h.

Bt Morgtgage Balance Residual balance of mortgage at time t.

V (Uh
b ) Mortgage valuation

Value of the mortgage issued by bank b to the

household h.

rm Mortgage market rate The current market rate of the mortgage.

Poolt Asset pool
Sum of asset composing a pool of loans or

mortgages.

CFt ABS cash flow
The cash flow of asset backed security or mort-

gage backed security.

ABSPrice Price of ABS
The price of asset backed securities or mortgage

backed securities.

ri ABS yield
The yield of asset backed securities or mortgage

backed securities.

Table 9: The description of parameters and symbols - Banks

BANKS

Symbol Name Description

χD
f The default probability of firms

The probability that the firm will not be able to

repay its debts.
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Table 9 – Continued from previous page

Symbol Name Description

W b The risk-weighted loan portfolio of
banks

The sum of all loans of bank b weighted by the

probability of default χD
f .

γb Spread sensitivity parameter
Sets the spread sensitivity to the credit worthi-

ness of the firm.

ψ Capital requirement

The equity capital Eb must be at least as large
as the percentage ψ of the risk-weighted assets

portfolio W b.

n` The number of loans installments
Predetermined and fixed number of constant
installments.

M̄L
h, f ,s The insured amount of deposits

This amount is guaranteed by the government

in the case of the bank’s liquidation.

Mmin
b Minimum reserves

The minimum reserve required by the central

bank (or cash reserve ratio).

mg
b Government’s loss

The amount of money paid by the government

due to the bank’s liquidation.

λ b
E Equity parameter

It determines the equity level of the new bank
and can be either endogenously determined or

subject to the government policy issue.

∆Bb Creditors’ loss
The total loss of the creditors due to the liqui-

dation of the bank.

∆M Depositors’ loss
The total loss of the depositors due to the liqui-

dation of the bank.

ϕ Threshold credit growth rate

The threshold monthly credit growth above
which the capital requirement is set to the min-

imum value.

Table 10: The description of parameters and symbols - The Central Bank

THE CENTRAL BANK

Symbol Name Description

π Inflation The yearly inflation rate for a current month.

π̃ Desired (target) inflation The desired rate of inflation.

υ The unemployment rate The unemployment rate for a current month.

ῡ The natural rate of unemployment
The natural rate of unemployment for a current

month.

Table 11: The description of parameters and symbols - Governments

GOVERNMENTS

Symbol Name Description

`g Liquidity needs
The total liquidity needs for financing the bud-

get deficit.
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Table 11 – Continued from previous page

Symbol Name Description

λB
Government policy money financing
fraction

The parameter determines the proportion of the

budget deficit that is financed by the fiat money.

pB
g Bond price The last market bond price.

p̃B Limit bond price
The last market bond price rescaled by the de-

creasing price rate.

δB Decreasing price rate parameter It rescales the last market bond price.
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