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Introduction
This chapter addresses the crucial issue of the interplay between credit and business cycles in an economy by means of an enriched version of the agent-based
PRGHO DQG VLPXODWRU (XUDFH (XUDFH LV D IXOO\ VSHFL¿HG DJHQWEDVHG HFRQRPLF
model, which includes different types of agents and integrates different types of
markets (Cincotti et al., 2010, 2012; Raberto et al., 2012; Teglio et al., 2012,
 $JHQWVLQFOXGHKRXVHKROGVZKLFKDFWDVFRQVXPHUVZRUNHUVDQG¿QDQcial investors; consumption goods producers as well as a capital goods producers;
banks; a government; and a central bank. Agents interact in different types of
market, namely, markets for consumption goods and capital goods; a labor marNHW D FUHGLW
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and computational capabilities (Tesfatsion, 2003; Tesfatsion and Judd, 2006);
thus, agents’ behavior follows adaptive rules derived from the management litHUDWXUHDERXW¿UPVDQGEDQNVDQGIURPH[SHULPHQWDODQGEHKDYLRUDOHFRQRPLFV
RIFRQVXPHUVDQG¿QDQFLDOLQYHVWRUV)XUWKHUPRUHWKH(XUDFHPRGHOSUHVHQWHGLQ
this chapter has been enriched by a housing market where households are allowed
to buy and sell homogeneous housing units and can borrow mortgages from the
banking system.
The Eurace model is particularly suited to investigate the interplay between
credit and business cycles as it fully addresses the endogenous nature of credit
in modern economies (McLeay et al., 2014; Werner, 2014). The dynamics of
credit in the model depends on the supply side by the banking system, which is
constrained by Basel capital adequacy regulatory provisions (Blum and Hellwig,
6DQWRV ZKLOHRQWKHGHPDQGVLGHFUHGLWGHSHQGVRQ¿UPV¶OLTXLGLW\QHHGVWR¿QDQFHSURGXFWLRQDFWLYLW\DQGLQWKHHQULFKHGYHUVLRQRIWKHPRGHO
presented here, also on households’ mortgage demand for house purchases.
Previous results pointed out a dependence of real economic variables, such as
gross domestic product (GDP), unemployment rate, and aggregate capital stock,
on the amount of credit in the economy that was exogenously controlled by the
value of banks’ capital adequacy ratios (Raberto et al., 2012; Teglio et al., 2012).
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7KLVGHSHQGHQFHYDULHGVLJQL¿FDQWO\DFFRUGLQJWRWKHFKRVHQHYDOXDWLRQKRUL]RQ
In general, regulations allowing for a high leverage of the banking system, i.e.,
banks’ low capital ratios, tended to boost the economy in the short run, while
resulting in chains of bankruptcies and economic depression in the medium and
long run. On the contrary, a tighter regulatory framework of capital ratios was
shown to provide a slower growth rate in the short run but a higher and less
volatile medium- and long-term growth. In this study, we further investigate the
role of credit in the economy by considering the additional source of endogenous credit-money creation given by households’ mortgage demand for house
SXUFKDVH 7R WKLV SXUSRVH FRQVLGHULQJ DOVR WKHLU UHFRJQL]HG UHOHYDQFH IRU WKH
economy (Muellbauer and Murphy, 2008), we have designed a housing market
and a mortgaging mechanism in the Eurace agent-based macroeconomic model.
'HVSLWHLWVDFNQRZOHGJHGLPSRUWDQFHIRU¿QDQFLDOVWDELOLW\WKHOLWHUDWXUHSURYLGHVRQO\DIHZDJHQWEDVHGPRGHOVRIWKHKRXVLQJPDUNHW)XUWKHUPRUHLQPRVW
of these models, the main focus is the market mechanism and price formation,
while the housing market is standalone and does not interact with the rest of the
economy. In particular, the model by Gilbert et al. (2009) consists only of sellers, buyers, and real-estate agents, while households’ income as well as other
variables are provided exogenously. The study by Ge (2014) shows that a loose
debt-to-income constraint for households leads to a high volatility of housing
prices; however shocks to the model are again exogenously given. The model by
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overview of the Eurace housing market model, followed by a presentation and
analysis of the computational experiment results, and lastly we outline the conclusions and the future directions of research.
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The Eurace model
In this study, we have enriched the original Eurace model by introducing homoJHQHRXVKRXVLQJDVVHWVPRUWJDJHOHQGLQJDQGDKRXVLQJPDUNHWLQWRWKHDUWL¿FLDO
economy. The new modeling features introduced in this study are described in the
following section.
The original Eurace model has been extensively described in the Appendix
of Teglio et al. (2015). It is worth remembering here that every agent in Eurace
is described by a double-entry balance sheet that reports agents’ assets and liabilities. Table 11.1 presents the balance sheet entries of the different agent types
populating the model, including the new entries introduced in this study, i.e.,
housing units and mortgages. Balance sheet entries can be regarded as the state
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variables of any agent and the state of the Eurace economy can be described as
the whole set of the balance sheet variables of any agent along with the prices
formed in the different markets. The dynamics of balance sheet variables is determined by agents’ plan and the resulting interaction among different agents in the
relevant markets (see Teglio et al., 2015, for further details). The balance sheet
approach to agents’ modeling allows us to check the consistency at any time step
EHWZHHQVWRFNVDQGÀRZVLQWKHPRGHOERWKDWWKHOHYHORIWKHVLQJOHDJHQWDQGDW
the aggregate one. We believe that this is a critical feature in particular in a model
where the creation/destruction of the endogenous money stock plays a crucial role
in determining economic activity.
$VLPXODWLRQWLPHVWHSFDQEHFRQVLGHUHGDVDEXVLQHVVGD\DQGLVFKDUDFWHUL]HG
E\¿QDQFLDOPDUNHWRSHUDWLRQVLHWKHWUDGLQJRIVWRFNVKDUHVDQGJRYHUQPHQW
bonds; however, agents’ economic planning and actions occur with a periodicity
set at multiples of the elementary time step, i.e., 5 business days (say a week),
EXVLQHVVGD\V VD\DPRQWK RUHYHQVWHSV VD\D\HDU )RULQVWDQFHWKH
housing market is active once a month, households set their consumption budget
RQDPRQWKO\EDVLVEXWPDNHSXUFKDVHVZLWKDZHHNO\SHULRGLFLW\¿UPV¶GHFLVLRQ DERXW SURGXFWLRQ KLULQJ SULFLQJ LQYHVWPHQWV DQG ¿QDQFLQJ DUH PDGH RQ
DPRQWKO\EDVLVEXWDUHDV\QFKURQRXVLHHDFK¿UPLVFKDUDFWHUL]HGE\DSDUWLFXODUGD\RIWKHPRQWKZKHQLWLVVXSSRVHGWRWDNHLWVGHFLVLRQV)LQDOO\DWWKH
beginning of every month, the Central Bank sets the policy rate and the government issues an amount of government bonds to cover its liquidity needs; tax rates
LQVWHDGDUHDGMXVWHGRQD\HDUO\EDVLVDFFRUGLQJWRWKHSUHGH¿QHG¿VFDOSROLF\
DUHDGMXVWHGRQD\HDU EDVLVDFFRUG
EDVLVDFFRU QJWRWKHSUHGH¿QHG¿VFD
QJWRWKHSUHGH¿QHG¿VF
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Table 11.1 Balance she
sh
sheets
ts of agent
agents populating the Eurace economy
Agent

Assets

Liabilities

Household

Liquidity
Stock shares portfolio
Government bonds
Housing units

Mortgages
Equity

Consumption goods
producers

Liquidity
Capital goods
Inventories

Debt
Equity

Liquidity

Equity

Liquidity
Loans
Mortgages

Deposits
Standing facility with
the Central Bank
Equity

Liquidity

Outstanding
government bonds

Liquidity
Loans to banks
Goverment bonds

2XWVWDQGLQJ¿DWPRQH\
Deposits
Equity

Capital goods
producers
Bank

Government
Central Bank
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The Eurace housing market
This extended version of the Eurace model integrates a housing-estate market
LQWRWKH(XUDFHDUWL¿FLDOHFRQRP\DQGHQDEOHVXVWRH[SORUHWKHUROHRIKRXVLQJ
market and mortgage lending within the economy and their impact on business
cycles. Households and banks are the players in the housing market; households
are endowed with homogeneous housing units that they can trade among themselves; banks can grant mortgages to households under their request to allow the
EX\LQJRIKRXVLQJXQLWVLQWKHFDVHWKDWKRXVHKROGV¶OLTXLGLW\LVQRWVXI¿FLHQW
7KH PDLQ IHDWXUHV FKDUDFWHUL]LQJ WKH (XUDFH KRXVLQJ PDUNHW WKDW KDYH EHHQ
introduced in this study concern: (i) households’ seller and buyer behaviors in
the housing market; (ii) house-pricing mechanism; (iii) households’ mortgage
requests and banks’ mortgage lending behavior; and (iv) households’ mortgage
¿UHVDOHDQGGHIDXOWFRQGLWLRQV)LJXUHSUHVHQWVDVFKHPHRI(XUDFHFRPSRnents, including the new one related to the housing market.
Households’ decision making in the housing market is mainly subject to random behavior, as we wanted to focus our attention more on the credit aspects
of the housing market, and their impact on the economy as a whole, than on
the behavioral ones. In particular, the parameter ) sets the probability for each
KRXVHKROG WR EH DFWLYH LQ WKH KRXVLQJ PDUNHW RQ WKH ¿UVW GD\ RI HDFK PRQWK
)XUWKHUPRUHDQ\KRXVHKROGLIUDQGRPO\VHOHFWHGWREHDFWLYHFDQDVVXPHWKH
role of buyer or seller with equal likelihood. However, we also consider the
FDVHZKHUHDKRXVHKROGLV¿QDQFLDOO\GLVWUHVVHGLHIDFLQJPRUWJDJHSD\PHQWV
(interests + principal) higher tha
than a given fract
fraction
frac
n T fsf of income1 (labor + capital),
where both mortgage payment
refer
quarter. In this
payments and
nd income rre
er to the last quarter
t case,
VD\¿UHVDOHFDVHZHVWLSXODWHWKDWWKHKRXVHKROGHQWHUVWKHKRXVLQJPDUNHWWR
HFDVHZH SXODWHWK WKHKRXVHKROGHQWHUVWKHKRXVLQJP
HFDVHZHV
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Figure 11.1 Overall components of the Eurace model with the housing market.
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sell one housing unit at a discounted price with respect to the last average market
price, in order to increase the likelihood of a transaction and then reduce the mortgage burden as well as the debt service.
The housing market is a posted-price market, where prices are set by suppliers
DQGH[FKDQJHLVGHFHQWUDOL]HG+RXVHKROGVFDQVHOORUEX\RQHKRXVLQJXQLWDWD
time. If a household is randomly selected to enter the housing market with a seller
role, then that household posts one housing unit for sale at a price higher than the
previous average market price by a percentage value which is a random draw uniformly distributed between 0 and Mup. The rationale behind this modeling feature is
that households which are randomly selected for the seller role do not have any particular necessity to liquidate their housing units and therefore are willing to sell only
LIWKH\FDQUHDOL]HDVPDOOUDQGRPJDLQZLWKUHVSHFWWRWKHODWHVWDYHUDJHKRXVLQJ
market price. Conversely, as anticipated in the previous paragraph, if a household
HQWHUVWKHPDUNHWZLWKDVHOOHUUROHEHFDXVH¿QDQFLDOO\GLVWUHVVHG ¿UHVDOHFDVH 
then in order to facilitate liquidation, we assume this household posts one housing
unit for sale at a price lower than the previous average market price by a percentage
value which is a random draw uniformly distributed between 0 and M down.
Households that have been randomly selected as buyers are randomly
queued and in turn select to purchase the cheapest available housing unit. A
transaction takes place at the posted sale price if the household is able to get
DPRUWJDJHIURPDEDQNWRFRYHUWKHHQWLUHYDOXHRIWKHKRXVH)RUWKHVDNHRI
VLPSOLFLW\ZHDVVXPHWKDWDOOJUDQWHGPRUWJDJHVDUHFKDUDFWHUL]HGE\DORDQ
to-value ratio equal to 1; the
therefore
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liquidity when
efore
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ds do not use their liqu
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justt money bor
borrowed
This modeling
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owed from a bank. Thi
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be cho
ch
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iinteractions
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investing decisions
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g behavior with saving and investin
LQWKH¿QDQFLDOPDUNHW
DQFLDO PDUN W
Where a transaction takes place, the selling agent repays to the bank the mortgage associated with the sold housing unit. The housing market session closes
when all buyers had their turn or there are no more houses for sale. A new housing
SULFHLVWKHQFRPSXWHGDVWKHDYHUDJHRIUHDOL]HGWUDQVDFWLRQSULFHV
%DQNV FDQ SURYLGH YDULDEOHUDWH PRUWJDJHV WR KRXVHKROGV WKH DQQXDOL]HG
mortgage rate is determined on a monthly basis as a mark-up on the rate set by the
Central Bank. Households are due to reimburse the mortgage over a period of 30
years through monthly mortgage payments which include both the interest and the
principal instalment. Principal instalments for each mortgage are constant over
the repayment period and are computed as a ratio between the initial mortgage
amount and 360, i.e., the mortgage duration in months. Monthly interest payments
DUHGHWHUPLQHGE\WKHRXWVWDQGLQJPRUWJDJHSULQFLSDODQGWKHDQQXDOL]HGPRUWgage rate divided by 12, i.e., the number of months in a year.
Banks, whenever they receive a mortgage request by a household, assess
the household capability to afford mortgage repayments by comparing the
household’s net income (both labor and capital) earned in the last quarter with
the household’s expected2 quarterly mortgage payments, including both old
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outstanding mortgages and the new requested mortgage. Banks grant the requested
mortgage only if the ratio between expected quarterly mortgage payments of the
household and latest net quarterly income is lower than or equal to a pre-determined threshold, which is called debt service-to-income ratio.

Computational results
A number of preliminary simulations have been performed with the Eurace
DUWL¿FLDO HFRQRP\ SRSXODWHG E\  KRXVHKROGV  FRQVXPSWLRQ JRRGV
producers, one capital good producer, one government, three banks, and one
Central Bank. The economy has been simulated for 30 years and 20 different
seeds of the pseudo-random number generator have been considered. Due to
the necessity for high computational power, the experiments are performed on
a 64-node Linux cluster. The values of the main parameters related to the housing market are reported in Table 11.2. Concerning the values of the parameters
used in the whole model, we refer to the same value used and reported in Teglio
et al. (2015).
We show in this section some preliminary results which give insight into the
UROHRIPRUWJDJHORDQVLQWKH(XUDFHDUWL¿FLDOHFRQRP\,QRUGHUWRFRQVROLGDWH
RXU¿QGLQJVIXUWKHUDQGGHHSHULQYHVWLJDWLRQLVQHHGHG
(PSLULFDOHYLGHQFHSRLQWVRXWWKDWJURZWKLQORDQVWRQRQ¿QDQFLDOFRUSRUDWLRQVWHQGVWRODJEHKLQGUHDO*'3ÀXFWXDWLRQVZKLOHORDQVWRKRXVHKROGVWHQGWR
lead GDP growth (ECB Bulletin,
Occasionally
Bulletin 2013).
013). Occas
Occa
nally they are observed to
t follow
a coincident
GDP
Wee observed similar patterns
nt pattern relative to G
DP growth. W
patter in our
H[SHULPHQWV)LJXUHGLVSOD\VDVDPSOHJURZWKSDWWHUQRYHUWLPH*'3YV
V )LJXUHH 
V)LJXUH
V)LJXUH
 GLVSOD\V
GLVSOD
G
DVDPSOHJURZWKSDWWHUQRYHUWLPH
DPSOHJURZWKSDWWHUQRY
loan growthh rates are sshown
the upper panel and GDP vs. mortgag
mortgage growth
own in th
rates are plotted
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panel.
otted on th
ower ppan
l The time series plots suggest that
tha growth
in mortgages in the economy leads to a growth in GDP which is followed by a
JURZWKLQORDQVWR¿UPV
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Table 11.2 Values and description of parameters used in the housing market model
Symbol/acronym

Description

Value

)

0%, 50%

T fs

Probability for each household of being
active in the housing market
Sale price offers: maximum price
percentage increase
)LUHVDOHSULFHRIIHUVPD[LPXPSULFH
percentage decrease
)LUHVDOHWKUHVKROG

Td

Mortgage default/write-off threshold

0.7

DSTI

Debt service-to-income ratio

0.5

Mup
M down

2.5%
5%
0.6
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Figure 11.2 Growth in gross domestic product (GDP), loans, and mortgages within the
(XUDFHDUWL¿FLDOHFRQRP\

In the current simulations, as discussed in previous sections, loan-to-value
ratio is 1,, which means that an
any
transaction
y housing tra
tran
action causes an injection
injectio of money
LQWKHHFRQRP\ZKRVHVL]HLVHTXLYDOHQWWRWKHQRPLQDOYDOXHRIWKHKRXVLQJXQLW
RQRP\ZKRVHVL]HLV
QRP\ZKRVHVL]HL TXLYDOHQWWRW
TXLYDOHQWWR HQRPLQDOYDOXHRIWKHKR
+RZHYHULWVKRXOGDOVREHQRWHGWKDWKRXVHKROGV¶¿QDQFLDOFUHGLELOLW\LVFKHFNHG
ULWVKRXOGD
LWVKRXOG
LW VKRXOG
XOG DOVR
REEH QR WKDWKRXVHKROGV
REHQRWH
DWKRXVHKROGV ¿QDQFLDOFUHGLELOLW\
¿QDQFLDOFU
according
different eligibility criteria prior to the release of the mortgage
loan.
g to differen
mor
In a way, the amount off mortg
mortgage in the current model follows empiri
empirical patterns
mortgag
RIPRQH\VXSSO\LQDQHFRQRP\7KHODJJLQJSDWWHUQRIORDQVWR¿UPVRYHUWKH
EXVLQHVVF\FOHPD\VXJJHVWWKDWGXULQJUHFRYHULHV¿UPV¿UVW¿QDQFHLQYHVWPHQW
H[SHQGLWXUHXVLQJWKHLULQWHUQDOIXQGVDVFDVKÀRZVLPSURYHGXULQJDUHFRYHU\
DQG RQO\ ODWHU GR WKH\ VHHN H[WHUQDO ¿QDQFLQJ 2Q WKH RWKHU KDQG LW PD\ DOVR
suggest that during recessions the reduction of their equity capital prevents banks
IURPJUDQWLQJFUHGLWWR¿UPV7KHOHDGRIPRUWJDJHVVXJJHVWVWKDWPRUWJDJHVIXQFtion as injection of liquidity to households’ consumption budget, and hence an
increase in demand, production, and GDP growth in the system. This, in turn,
increases demand for investment by producers, which leads them to request more
loans from the banking sector. Overall, what we observe is a pattern of systematic
responses, where money creation via mortgages is answered by a growth in GDP
and later an increase in loan requests for further investment in productions.
The impact of money injection into the system via mortgages is further depicted
LQ)LJXUHVWRZKHUHZHFRPSDUHWKHGLIIHUHQWSDWKVREVHUYHGIRUWKH
main monetary and real economic variables in the cases of both absence and presence of a housing market and mortgage lending. The two cases are controlled by
the value of the parameter ) which sets the probability for households to be active
in the housing market; where ) 0.0, we have no transactions in the market and
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therefore no mortgage requests and then lending to households by banks, while in
the case of ) 0.5, where on average half of households are active as buyers or
sellers in the market, we have a relevant transaction and mortgage-lending activLW\)XUWKHUPRUHLQ7DEOHZHSUHVHQWRXUUHVXOWVDYHUDJHGRYHUVHHGVRI
the pseudo-random number generator.
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Figure 11.4 5HDOFRQVXPSWLRQDQGUHDOLQYHVWPHQWLQ(XUDFHDUWL¿FLDOHFRQRP\ZLWKRXW
mortgages (solid blue line ––) and with mortgages (dashed red line - -)
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Figure 11.5 %DQNGHSRVLWVDQGEDQNHTXLW\RI(XUDFHDUWL¿FLDOHFRQRP\ZLWKRXW
mortgages (solid blue line ––) and with mortgages (dashed red line - -).

Table 11.3 6LPXODWLRQUHVXOWVIRUWKH(XUDFHDUWL¿FLDOHFRQRP\ZLWKDQGZLWKRXW
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the housing market. T
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ove 20
0 different seeds (simulatio
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Real GDP growth
Real consumption growth
Real investment growth
Total credit stock growth
Unemployment rate
Money wage growth
Bank equity growth

Without
h
mortgages
() 0.0)

h mortgages
With
() 0.0)

3.38 (0.08)
2.93 (0.19)
6.09 (1.29)
6.95 (1.22)
7.07 (1.00)
6.51 (0.44)
7.13 (0.67)

3.85 (0.10)
3.07 (0.08)
9.74 (0.29)
9.93 (0.08)
6.52 (0.01)
7.28 (0.06)
9.87 (0.17)

In the simulation scenario where mortgaging is active () 0.5), it is shown
that the additional mortgages create new money, raising households’ consumpWLRQ DQG ¿UPV¶ LQYHVWPHQWV )LJXUH   7KH LPSDFW RI PRQH\ FUHDWLRQ YLD
mortgages can be observed by higher growth rates of wages and bank deposits as
well as at banks’ equity. Each one of these indicators has grown faster after havLQJH[WHQGHGWKHDUWL¿FLDOHFRQRP\ZLWKDUHDOHVWDWHPDUNHW&RPSDUDWLYHWUHQGV
LQFRQVXPSWLRQDQGLQYHVWPHQWDUHIXUWKHUVKRZQLQ)LJXUH$FOHDULQFUHDVH
in consumption as well as in investment is observed.
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These results should be attributed to the higher endogenous money creation via
KRXVHKROGV¶PRUWJDJHV )LJXUH )XUWKHUPRUHZKHQWKHPRUWJDJLQJPHFKanism is activated, the model produces a lower unemployment rate and higher
wage, as presented in Table 11.3.
The presence of mortgage lending gives advantages to the banks through an
LQFUHDVHRIEDQNHTXLW\DQGEDQNGHSRVLWVDVVKRZQLQ)LJXUHZKLFKLQWXUQ
HDVHVWKHDFFHVVWRFUHGLWIRU¿UPV¶LQYHVWPHQWDVVKRZQLQ)LJXUH2YHUDOO
results suggest that introduction of mortgages contributes to the macroeconomic
system by increasing real consumption, real investment, wages, bank equity, bank
deposits, and reducing the unemployment rate. This result is coherent with empirLFDOIDFWVRQWKHJOREDOHFRQRP\ZKHUHUHDOHVWDWHPDUNHWVSOD\DVLJQL¿FDQWUROH
in driving an economic booms (Catte et al., 2004).

Concluding remarks
We have presented a preliminary study on the effects of the addition of a housing
market along with mortgage lending in the Eurace model. Mortgages are intended
WR ¿QDQFH KRXVHKROGV¶ SXUFKDVH RI KRXVLQJ XQLWV DQG UHSUHVHQW D QHZ HQGRJHQRXV PRQH\ FUHDWLRQ GHYLFH DORQJ ZLWK ORDQV WR ¿UPV :H KDYH VKRZQ WKDW
WKHPRGHOLVDEOHWRUHSURGXFHWKHEDVLFVW\OL]HGIDFWVWKDWGHVFULEHWKHUHODWLRQ
between loans, mortgages, and GDP. We have also shown that the introduction
of mortgages into the economic system tends to amplify the business cycle and to
improve thee performance of the economy.
However,
conomy.
onomy. Ho
ever, these generic results
result
resu should
be tested using
economic
scenarios and, in particular, they sshould be
sing
ng more varied econ
mic scenari
scenario
tested underr different
schemes.
nt rregulation
gulation
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sc
emes.
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th is a trade-off
between higher
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gher growth and
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ic stability, depending on the amount of mortJDJHVWKDWDUHDOORZHGWREHFKDQQHOHGLQWRWKHHFRQRPLFV\VWHP)XUWKHUVWXGLHV
DUH DOORZHG EH FKDQ
FKDQQ OHG
HG LQWR WKH HFRQRPLF V\VWHP )XUWKH
will focus on these aspects.
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Notes
1 Where the ratio between quarterly mortgage payments and income is higher than the
threshold T d , then the household undergoes a mortgage-restructuring process with a
consequent loss on the equity of the crediting bank.
2 In estimating expected mortgage payments, banks make the parsimonious assumption
to consider constant interest rates in the future.
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