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Abstract

Due to recent developments in credit markets, the interdependencies among fixed rate mortgages (FRMs) and
adjustable rate mortgages (ARMs) markets are analysed in the study of the interactions within credit markets
since it appears very suitable and interesting. A meaningful and complete database of information on Financial
Institutions (FIs) in Italy (1997:q1 - 2011:q4) hold by the Banca d’Italia shows that the relative importance of these
markets recently displayed significant fluctuations since in 2005 fixed interest rate mortgage loans were about 10%
while in 2009 they raised up to 70%.
In the context of the FRMs and ARMs characteristics in Italian markets as well as the available database, among
the proposed models for the study of interconnected markets (see Brock and Hommes (1997, 1998), Dieci and
Westerhoff (2009, 2010) and related literature citetd therein), the models recently developed by Casellina et al.
(2011) is applied to test its capacity to capture the dynamics of the observed data. It is worth stressing that the
involved real data (volume of contracts and average interest rate in the FRMs and ARMs markets) are not sample
information but they are evaluated on the entire population. The obtained findings point out the good level to fit
the interest rates dynamics. Moreover, the model captures the switching mechanism and it catches the structural
breaks when they occurs.

Keywords:mortgage market, price fluctuations, market interactions, adjustable and fixed rate mortgage, Italian
markets

1 Introduction and motivation

The interdependencies among fixed rate mortgages (FRMs) and adjustable rate mortgages (ARMs) markets are
analyzed since the choice to involve the data of mortgage loans in the study of the interactions within credit markets
appears very suitable and interesting. A meaningful and complete database of information on Financial Institutions
(FIs) in Italy (1997:q1 - 2011:q4) hold by the Banca d’Italia (BI) shows that the relative importance of these markets
recently displayed significant fluctuations since in 2005 fixed interest rate mortgage loans were about 10% while in
2009 they raised up to 70%.

The database is hold by the BI and it is meaningful and complete for both the extension and the accuracy of the
available data, and it covers a period of 60 quarters.

The Italian anti-usury law provided that a maximum threshold was calculated for interest rates to apply for funding.
This threshold varied with the technical form of financing: mortgages, leasing, employee loans and more. Moreover,
the threshold varied each quarter and it was obtained for each technical form, increasing at most 50% the average
rate charged in the previous quarter. So, on a quarterly basis, all banks and FIs operating in Italy were obliged by
law to submit to the BI some information on their credit operations. In particular, for any technical form, they had
to report the number of transactions in the quarter and the average rate charged on such transactions. Therefore,
the FIs quarterly transmitted information as regarding their credit supply activities to BI that computed the average
interest rate for each kind of contract the i-th institute supplied through the t-th quarter for the k-th kind of contract.
Averaging over the whole population of FIs, the BI also computed the quarterly reference average interest rate ρk,t.

Within the credit market, the mortgage one is considered since it represents one of the most important financial
market, at least in Italy where banks are more oriented toward a traditional business and families plan to buy a house
as a primary investment option.

Over the past 25 years, the market for housing finance in industrial countries has changed and developed greatly
and the literature concentrates primarily on two countries: the US and UK. An interesting systematic presentation
of the state of research and the available literature is traceable in Leece (2004) (see also Bachofner and Lützkendorf
(2005) and, recently, for example, Koijen et al. (2009), Coulibaly and Li (2009), Coles and Hardt (2000)).

As regards the euro area, the analysis and comparison of statistics on EU mortgage and housing markets are
particularly interesting as well as data and information from several third countries such as the United States; these
extensive analysis are available in several publications, e.g. the report of the European Mortgage Market Federation
(EFM), the Working Papers of European Central Bank. The reactions of these markets to macroeconomic impulse as
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Figure 1: Interest rates and share of contracts spreads. Source: Bank of Italy

changes in monetary policy (see for example, Calza et al. (2009)). in terms of both prices and quantities (i.e. interest
rates level and numbers of new contracts) could have a large impact on the balance sheets of banks, families as well
as construction industrial sectors (see European Mortgage Federation (2012), Mori et al. (2009) and Coles and Hardt
(2000)).

In the context of the characteristics of the FRMs and ARMs Italian markets as well as the available database,
among the proposed models for the study of interconnected markets, the models recently developed by Dieci and
Westerhoff (2009, 2010) and Casellina et al. (2011) are of particular interest due to their simplicity and adaptability
at least as a first explorative approach.

Starting from the findings of Brock and Hommes (1997, 1998), and related literature citetd therein, based on
a cobweb framework with linear demand and supply where producers (supply side) choose between rational and
näıve expectations and a switching mechanism is introduced, Dieci and Westerhoff (2009, 2010) explore markets
interdependences by enriching the cobweb framework. They introduce a switching mechanism depending on profit
differences between markets where the market interactions are considered from the supply side and a fixed number of
transactions through time is assumed. In a context of capital good Casellina et al. (2011) develop a model where the
demand is driven in a cobweb framework, the switching mechanism depends on markets’ profitability and the number
of transactions changes through time.

On the basis of the available real data on both interest rates and transactions volumes, in this paper a joint
mathematical-econometric model is setting up and developing to be able to capture the mechanisms of switching
between the two mortgages markets as simply as possible. For this reason, the choice is turned on a cobweb linear
model that, as rough and simple, it satisfies some interesting possibilities. For example, these markets are always
in balance as it is not possible to store mortgage contracts because the mortgage market operates only just-in-time.
This feature is easily implemented with a linear cobweb model type because it easy to solve it for the equilibrium
conditions with respect to the guide variables, i.e., the interest rates. Being able to consider the rates as prices and
the volumes of contract as quantities, their product interprets the market value, which is therefore equal to the value
of supply and demand in balance at any date. The dynamic is expressed in a system of two coupled equations linked
by an interaction factor, measured as the spread between the densities of the two kinds of contracts, which allows to
take into account the switching mechanisms observed in real data.

This paper is organized as follows. The database is described and analysed in section 2; a cobweb modelling
approach is outlined in section 3: after notation, in section 3.2 models of interaction between markets are explained
taking into account the peculiarities of FRMs and ARMs Italian market; section 4 shows the results and estimates
derived from the implementation of the proposed model by comparing also the real dynamics with those estimated
both for interest rates and for mortgage market values; section 5 presents the conclusions.

2 The database

The available database gathers the following variables communicated to BI by Italian FIs at any quarter t: the
number NX,t and NZ,t of transactions and the average interest rates ρX,t and ρZ ,t applied on the previous number
of transactions concerning the X FRMs market and the Z ARMs market, respectively. In recent years, for these
contracts interesting dynamics were observed in the difference of their prices and in the market shares nX,t = NX,t/Nt

and nZ,t = NZ,t/Nt, respectively, where Nt = NX,t +NZ,t is the number of new contracts at any date t.
The series of spreads (see Figure 1) regarding the interest rates Δρ,t = ρX,t − ρZ,t and the shares of transactions



Δt = nX,t − nZ,t as well as the market values VX,t = ρX,tNX,t and VZ,t = ρZ,tNZ,t of FRMs and ARMs contracts,
respectively, can be partitioned in some phases pointing out that, in general, a coordination exists between the series
of spreads: when one increases, the other one decreases where the degree of coordination may vary from period to
period.

If the coordination is measured by the correlation between the two spreads (Δρ,t and Δt for rates and shares,
respectively) then the following values are observed according to the three phases (see Table 1): 1997:1 – 2002:4
= −0.4946; 2003:1 – 2006:4 = −0.6457; 2007:1 – 2011:4 = −0.8578. While for the whole series 1997:1 - 2011:4, the
observed coordination is −035802. Therefore for the whole series, it can be concluded that the degree of coordination
is not high but it is consistent: as the two rates tend to approach, the difference between the volumes demanded
is smaller. Instead, with reference to the three outlined phases of the series, it can be observed that the degree of
coordination progressively increases, especially in the period that includes the beginning of the crisis.

For this reason, it can be useful to detail the discussion on the data where the three phases are determined with a
typical Chartist approach (see Figure 1).

Phase 1 1997:1-2002:4.
The spread between the rates is always positive with higher fixed rate to floating rate, with the exception of

1998:1. The dynamics of this differential show wide fluctuations - for the most part over 100 basis points - reaching
the maximum in 2002:2 to which approached in 2000:1. Between the shares of contracts the differential is always
negative, because more and more ARM contracts are subscribed. This differential is of the order of −50%, i.e. the
volumes of ARM contracts have been about double with respect to FRM ones. However, also the dynamics of this
differential show fluctuations, although smaller in adjacent periods. However, in the period 1997:1-2002:4 the minimum
differential was equal to −28.11% (1999:2) while the maximum one was of −58.64% (2002:3). In the period considered,
between the interest rates spread and the shares spread the coordination - measured by the correlation - is equal to
−0.5802. This points out that the more the two rates tend to approach, the smaller is the difference between the
demanded volumes.

Phase 2 2003:1-2006:4.
In this phase, shorter than the first one, a more coordination (-0.6457) is found. In fact it is clearly seen that when

the spread between the interest rates increases, the spread between the shares decreases and vice versa. The inversion
point is get in 2004:3, which corresponds to the maximum spread between FRM and ARM (+1.7066: ρZ = ρX+1.7066).
The maximum spread between the share of FRMs and ARMs is reached in 2004:4 with the value −0.8060, i.e. the
share of FRM contracts is nX = nZ − 80.60%. Therefore, set 100 the share of the FRM contracts, the one of ARM
contracts is equal to its 20%: this means that a FRM contract is signed on average every five ARM contracts.

Phase 3 2007:1-2011:4.
This phase contains the year before the crisis and it starts from 2007:1, but it shows the trends as a continuation

of the previous phase. In fact, the spread between the shares is growing and, for the first time since 2007:2, it becomes
positive: more FRMs are proportionately signed than ARMs. In this phase, the spread between the rates slows down
and the fixed rate is only 50 basis points higher than the adjustable rate which appears as a weak incentive to take
more risks with the adjustable rates. In fact, the spread between the shares remains positive throughout 2008, but
since 2008:3 - that is the maximum point - the inversion begins that will lead this spread back negative in 2009:2.

The beginning of the financial crisis has changed the attitude in demand returned to prefer FRM also because it
was granted the renegotiation on the margins of mortgages1. On the contrary, the spread between the interest rates
becomes negative in 2008:2 and remains there until 2008:4 whereupon it takes a series of increments with wide jumps
in growth that bring the spread between interest rates at historic maximum of 2009:4 with +2.5392 when the shares
of FRMs contracts react with a negative spread of −0.3971. After 2009:4, the series of rate spreads begin to decay
with some bounce and the spread series on the shares start to grow again, but in both cases, the levels of 2003 recur,
when the crisis is still far away. So, 2010 is a phase of readjustment, perhaps obtained also thanks to the intervention
of the supervisory authorities, after a period of dizziness concerning 2008 and 2009.

With particular reference to market value, it is interesting to highlight the interaction mechanism involving the
switching, i.e. the intersections observed between the two trajectories (see Figure 2). Here, what is meant by switching
and interaction can be anticipated: this is not to comply a FRM subscriber that passes to ARM market. There is no
migration as occurs for the models in Brock and Hommes (1997, 1998) or Dieci and Westerhoff (2009, 2010) but a
change in preferences is noticed, even though in this case, the profitability (the spread of rate respect to EURIBOR
rate) drives the dynamics of the shares.

The interaction is therefore indirect and without migration of subscribers between the two markets. The market
value is therefore influenced by two components: the volume of demands and the rate of the previous period because
these lead the demand side preferences as well as the supply-side ones owing to the reference rate. Demand always
coincides with supply, because these markets are always in equilibrium: in fact, it is not possible to have an excess
of demand or supply. The contract is signed when needed and for that serves, if it is needed a home mortgage for
100.000 euro and the bank does not grant it but the bank offers a loan of 25.000 euro to buy a car, this contract is
not signed because the house is need, not the car.

Moreover, it is interesting to note (see Figure 2) that the two sequences of market values are very well coordinated
with each other. But, if the correlations are analysed: 1997:1-2011:4 = −0, 2851; 1997:1-2002:4 = 0, 3157; 2003:1-
2006:4 = 0, 3725; 2007:1-2011: 4 = 0, 1621, throughout the series the correlation is negative although in the three

1For a microeconomic analysis of the Italian mortgage contracts and on the decrease in mortgage disbursements in Italy from 2008-2011,
see the Bank of Italy report Felici et al. (2012). From this study, it appears that borrowers younger and those not belonging to non-EU
countries were most affected by the worsening of economic cycle as well as by the more selective policies from banks.



Table 1: Correlations of the model variables with respect to the three phases. Each panel refers to separate phases:
top panel for the whole period. In each panel four groups of variables are identified: interest rates and their spreads;
volumes or number of subscribed contracts; shares of contracts and their spreads; market values as the product of the
interest rate with the volume of contracts in each market. (∗) In case of correlation with the EURIBOR interest rate,
time series begin on 1999 : 1.

97 : 1− 11 : 4 ρX ρZ Δρ NX NZ N nX nZ Δn VX VZ

ρX 1.00
ρZ 0.94 1.00
Δρ −0.47 −0.74 1.00

NX −0.16 0.04 −0.41 1.00
NZ −0.69 −0.76 0.62 −0.30 1.00
N −0.78 −0.71 0.31 0.39 0.76 1.00

nX 0.07 0.27 −0.57 0.92 −0.55 0.10 1.00
nZ −0.17 −0.36 0.60 −0.90 0.67 0.03 −0.96 1.00
Δn 0.09 0.29 −0.58 0.92 −0.58 0.06 1.00 −0.98 1.00

VX 0.04 0.23 −0.53 0.98 −0.45 0.23 0.95 −0.94 0.95 1.00
VZ −0.03 0.00 −0.05 −0.30 0.57 0.35 −0.44 0.50 −0.46 −0.29 1.00

EURIBOR∗ 0.84 0.98 −0.79 0.33 −0.59 −0.36 0.42 −0.43 0.43 0.45 0.25

97 : 1− 02 : 4 ρX ρZ Δρ NX NZ N nX nZ Δn VX VZ

ρX 1.00
ρZ 0.96 1.00
Δρ −0.37 −0.62 1.00

NX −0.73 −0.73 0.36 1.00
NZ −0.70 −0.82 0.74 0.64 1.00
N −0.77 −0.85 0.69 0.80 0.97 1.00

nX 0.02 0.16 −0.49 0.36 −0.47 −0.26 1.00
nZ −0.05 −0.19 0.50 −0.34 0.49 0.28 −1.00 1.00
Δn 0.03 0.17 −0.49 0.36 −0.48 −0.27 1.00 −1.00 1.00

VX −0.14 −0.18 0.21 0.75 0.36 0.51 0.43 −0.43 0.43 1.00
VZ 0.06 −0.03 0.28 0.07 0.57 0.47 −0.61 0.60 −0.61 0.32 1.00

EURIBOR∗ 0.82 0.98 −0.42 −0.60 −0.14 −0.40 −0.50 0.48 −0.50 −0.33 0.61

03 : 1− 06 : 4 ρX ρZ Δρ NX NZ N nX nZ Δn VX VZ

ρX 1.00
ρZ 0.49 1.00
Δρ 0.26 −0.71 1.00

NX 0.18 0.85 −0.79 1.00
NZ −0.77 −0.39 −0.18 −0.09 1.00
N −0.64 0.01 −0.53 0.36 0.90 1.00

nX 0.44 0.91 −0.65 0.93 −0.44 0.01 1.00
nZ −0.46 −0.90 0.63 −0.92 0.46 0.02 −1.00 1.00
Δn 0.45 0.91 −0.65 0.92 −0.45 0.00 1.00 −1.00 1.00

VX 0.28 0.88 −0.75 0.99 −0.17 0.28 0.96 −0.94 0.95 1.00
VZ −0.53 0.19 −0.64 0.44 0.83 0.97 0.11 −0.07 0.09 0.37 1.00

EURIBOR 0.46 0.99 −0.73 0.83 −0.38 0.01 0.89 −0.89 0.89 0.86 0.19

07 : 1− 11 : 4 ρX ρZ Δρ NX NZ N nX nZ Δn VX VZ

ρX 1.00
ρZ 0.90 1.00
Δρ −0.76 −0.96 1.00

NX 0.90 0.93 −0.85 1.00
NZ −0.81 −0.84 0.78 −0.80 1.00
N 0.07 0.06 −0.05 0.24 0.39 1.00

nX 0.87 0.91 −0.85 0.93 −0.90 −0.02 1.00
nZ −0.90 −0.93 0.86 −0.96 0.93 0.03 −0.98 1.00
Δn 0.88 0.92 −0.86 0.94 −0.91 −0.02 1.00 −0.99 1.00

VX 0.92 0.94 −0.86 1.00 −0.81 0.23 0.94 −0.96 0.95 1.00
VZ 0.14 0.24 −0.28 0.16 0.27 0.69 −0.11 0.05 −0.10 0.16 1.00

EURIBOR 0.89 0.99 −0.95 0.92 −0.77 0.16 0.89 −0.90 0.89 0.93 0.31
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sub-periods it is always positive and with an intensity that in the third phase is reduced by half. This suggests that
there is an underlying trend that induces the market value of ARM to decrease whereas the FRM one tends to drive
growth. This trend can not be generalized because, depending on the period, the propensity of customers changes and
this determines the interaction between the two markets that leads to the switching of the two series. In particular,
the two series intersect at two specific dates, 2007:1 and 2009:2, one year before and one after the outbreak of the
crisis. But, above all, in 2011 it is noted that the two series both grow even if the spreads of the rates and the ones of
the shares had hinted that rates and shares are approaching. Furthermore, in both series a sequence of ...+/− /+ /−
can be observed: there are but a few of two consecutive periods in which market values increase or decrease, but they
are always ups and downs. This is due to the interaction between price and volume where today’s price is a function
of past price but also of today’s volume.

3 A cobweb modelling approach

3.1 Notation

Notation and some basic assumptions of the proposed interacting mortgage market model are briefly introduced,
referring to the paper of Casellina et al (2011) also for further detailed explanations and insights on the theoretical
framework.

Let X and Z be then the two sub-markets where X and Z refer to FRMs and ARMs, respectively.
The quantities are given by the equilibrium level of transactions NX,t and NZ,t closed by the FIs in the t-th quarter.

One segment of the market is considered that it is split into two sub-markets of FRM contracts and ARMs contracts
consistently to Dieci and Westerhoff (2009, 2010) cobweb model.

Markets clear at every time, that is every demand level is satisfied at each time and each customer can buy only
one credit good at time so that Nt = NX,t +NZ,t is the total number of transactions. The model manages to mimic
the shares dynamics of contracts, nX,t = NX,t/Nt and nZ,t = 1 − nX,t, but, differently from the model in Dieci and
Westerhoff (2009, 2010), the total number of transactions is not fixed, rather it changes through time. According to
this assumption, the representative FI taxonomy can be substituted with a credit contract taxonomy.

3.2 Two-factor interacting market models

Aggregate supply is defined as a linear function on the previous period interest rate{
SX,t = −αX + βXρX,t−1

SZ,t = −γZ + δZρZ,t−1
(1)

while aggregate demand is {
DX,t = NtnX,tdX,t : dX,t = aX − bXρX,t

DZ,t = NtnZ,tdZ,t : dZ,t = cZ − dZρZ,t
(2)

where the coefficients αX , βX , γZ , δZ , aX , bX , cZ and dZ are positive real numbers.
Referring to the model in Casellina et al. (2011) to infer how the distribution of profits and transactions looks

like, without having at hands real data, the fraction of clients in each segment - i.e. nk,t = Nk,t/Nt - was assumed to
maximize the entropy at the system level by solving the following problem

⎧⎨
⎩

max−∑
k=X,Z nk,t log nk,t s.t.∑
k=X,Z nk,t = 1∑

k=X,Z Ntnk,tπk,t = πt

(3)

where πk,t = (1 + ϑk) (ρk,t−1− ιt−1) was the average profit estimate that can be defined as a market specific mark-
up on the previous period spread between the price ρk,t−1 and the interest rate ιt−1 that represented an EURIBOR-like
interbank interest rate assumed to follow an AR(1) process. Therefore

n̂k,t =
e−βNtπk,t

Z(β)
: k = X,Z (4)

where Z(β) =
∑

k e
−βNtπk,t was the partition function.

Since, by assumption, the volume of transactions changes over time, the following logistic curve was involved as a
variable to modulate the dynamics of interest rates ρX,t and ρZ,t

Nt = Nt−1(P −QNt−1) (5)

where P = 1 + r, being r the growth rate of transactions, and Q = r/M , being M the capacity of the system.
According to Dieci and Westerhoff (2009, 2010) DW model, the difference of the two state cardinalities was defined

by

Δt = nX,t − nZ,t =
e−βNtπX,t − e−βNtπZ,t

Z(β)
= 2nX,t − 1 ⇒

{
nX,t =

1+Δt

2

nZ,t =
1−Δt

2

(6)

and then from the equilibrium conditions Dk,t = Sk,t, for k = X, Z, it followed that
⎧⎨
⎩

ρX,t =
aX

bX
−

(
βX

bX
ρX,t−1 − αX

bX

)
2

Nt(1+Δt)

ρZ,t =
cZ
dZ

−
(

δZ
dZ

ρZ,t−1 − γZ

dZ

)
2

Nt(1−Δt)

(7)



Ak

ρk,t 1
*  =  Ak / Ck > 0

ρk,t 1

Vk,t
Hp: Nk,t=0 => Vk,t = 0 => ρk,t 1 =  Ak / Ck > 0

Figure 4: Interpretation of ρ∗k,t−1 as a threshold of the constant term in the econometric models.

Table 2: OLS estimates of equation (8).

Fixed Param. Std. Adjustable Param. Std.
Int. Rate Err Int. Rate Err.

ρX,t−1 19, 647.00 8, 009.47 ρZ,t−1 55, 994.96 62, 007.93
NX,t 5.99 1, 163.67 NZ,t 4.10 6, 464.05
const. −122, 224.72 0.07 const. −242, 740.77 0.35

ρ∗X,t−1 6.22 ρ∗Z,t−1 4.34

R2adj. 0, 9929 R2adj. 0, 7020

Ons. 59 Obs. 59

from which it appears that the two equations were still coupled and the difference term Δt was an interaction term: in
the long run it vanished if transactions’ distribution polarized on equal probabilities of 1/2 for each market. Moreover,
Δt depended on one of the nk,t (i.e. nX,t in our case) which was a function of the estimate πk,t defined to be
proportional to the spread ρk,t−1 − ιt−1. Therefore, the stochastic dynamics involved into (7) was only due to the
exogenous interest rate ιt.

Finally, equilibrium conditions lead to the mathematical model (7) which entails the following equations that can
be econometrically estimated

{
VX,t = ρX,tNX,t = AX +BXNX,t + CXρX,t−1

VZ,t = ρZ,tNZ,t = AZ +BZNZ,t + CZρZ,t−1
(8)

where AX = αX

bX
, BX = aX

bX
and CX = −βX

bX
; AZ =

γ
Z

dZ
, BZ = cZ

dZ
and CZ = − δZ

dZ

If there is not any demand or signed mortgage contracts, the market value would be zero. So the constant
ρk,t = −Ak/Ck > 0, k = X,Y , can be interpreted as the rate threshold for formulating a supply of contracts (see
Figure 4).

4 Results and estimates

Considering Nk,t as quantities and ρk,t as prices in both FRM (k = X) and ARM (k = Z) markets, respectively, it
follows that Vk,t of (8) can be read as the value of the k market at date t. In fact, from the equilibrium conditions
of the cobweb model, it results that these markets are always in equilibrium because goods are not storable. By the
equations (8), it is possible to estimate the effect current of the volume of contracts and the rate past on the current
value of the single market. The estimate results are collected in the Table 2.

As regards the market value dynamics, Figure 5 shows the overlapping of the real data series with those obtained
from the analytical model, whose parameters have been estimated econometrically. The model’s ability to capture the
background dynamics - particularly in times of switches and at the points of structural break - it is due to the fact that
the model is not an econometric standard model but it is an hybrid one: mathematical as regards the implementation
of the theory described by the cobweb setting, and econometric as regards the econometric estimators used to calibrate
the parameters.
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The estimated curves consider only the initial conditions and then prognostically replicate the dynamics by using
the proposed analytical model on the basis of parameters econometrically calibrated (7) where the only exogenous
variable is the EURIBOR rate, as introduced in (3). In fact, the EURIBOR rate is used to calculate the profit that
is the driving variable in the maximum entropy model for the density of the contracts, whose spread is given by the
Δt quantity.

Just thanks to this Δt variable, it is possible to refer to interaction between the two markets - although not as
a direct interaction - and this makes coupled the two equations, thus allowing to catch the switch between the two
series. However it should be noted that switching must not to mean the transition of some customers from one market
to another one. In fact, only rarely signed contracts are renegotiated in order to change the nature, on the other hand
the mortgage contracts considered here are ”all possible” mortgage contracts, therefore similar migrations can not be
isolated. Instead, the change in the customer preferences in the market (in this case the Italian one) is considered as
a switch.

For example, between 2007 and 2009 the market value of FRMs has exceeded that of ARMs showing a better
preference for the former at the expense of the latter: thus the 2007q2 and 2009q3 are the change points of this
preference.

The good model performance is remarkable by the ability to well replicate the dynamics of interest rates. Indeed,
by dividing the estimated market value for the actual number of contracts, an indirect estimation of the interest rates
is given to be compared with their actual values.

The Figure 6 shows the overlap between real and reproduced series, where as a proxy of interest rate estimates it
has been used the ration of the estimated market value on the real volume of contracts. In both cases the character
of the dynamics is captured, although there are some points where the overlap is not precise, which is also detectable
in the dynamics of market values. For example, in the case of fixed rates, in the last part of the series, a mismatch is
observed particularly in 2010q2. This phase shift is due to the fact that the theoretical model is based on the solution
of the logistics used to interpret the dynamics of the volumes.

5 Conclusions

This paper involves an aggregate demand driven model to analyse some features on the dynamics of fixed and ad-
justable interest rates market emerging from real data in Italy since the first quarter of 1997 up to the last quarter of
2011. The database is hold by the BI and it is meaningful and complete for both the extension and the accuracy of
the available data, and it covers a period of 60 quarters.
In this market two broad kinds of mortgages contracts are offered: fixed-rate and adjustable-rate and the database
of the BI collects the relative information distinguishing between these two operations. In recent years, interesting
dynamics were observed in the market share for these contracts and in the difference of their prices, (see Figure 1).
In fact, it is important to point out that the relative importance of such contracts displayed modifications (also in
Italy): for instance, in 2005 fixed interest rate mortgage loans were about 10% while in 2008 they raised up to 70%.
Moreover, large deviations were observed over time in the relative share of fixed rate mortgages such that the choice
to involve the data of mortgage loans in the study of the interactions within credit markets appears very suitable
and interesting. The observed specular dynamics of fixed vs. adjustable interest rate suggest that the structure of an
aggregate cobweb model type could be easy to handle for the analysis of interconnected markets, at least as a first
approach.
Therefore, in this paper, starting from a recent interconnected cobweb market model in Dieci and Westerhoff (2009,
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Figure 6: Real and estimated interest rates time series. Estimated interest rates are ratios of estimated market values
over real number of contracts in each market.

2010), and the findings of Brock and Hommes (1997, 1998), in Casellina et al. (2011) is applied to test its capacity to
capture the dynamics of the observed data. It is worth stressing that the involved real data (volume of contracts and
average interest rate in the two mortgage markets) are not sample information but they are evaluated on the entire
population.
Up to now, the obtained findings point out the good level of fit of the equations in Casellina et al. (2011) for the
interest rates dynamics. The model captures the switching mechanism and it catches the structural breaks when they
occurs. It must be considered that the evolution of the estimated series (see Figure 5 and Figure 6) considers only the
initial data, the estimated parameters and the EURIBOR (the only exogenous variable).
Generally, the model shows a good overlap between the dynamics of real and reproduced series. It is noted, however,
that at the end of the series there is not a precise overlapping owing to the fact that the logistics on Nt is used as a
driver of the tendency to interpret the dynamics of the volumes.
Although the obtained results are satisfactory, the simplicity of the model does not allow a precise overlapping of
the estimated values with the real ones, therefore for purposes of prediction its use does not seem appropriate to the
current level of specification.
However, it can be considered as a methodological approach improving on this satisfactory starting point. In fact,
there are some points that are worthy to be treated further, like the logistic equation that drives the volumes dynamics
in the simulation to estimate the indirect interest rates to compare with the real ones.
The ambition of the proposed model is therefore purely methodological: to evaluate the possibility for an analytical
model - resulting from a basic theory implemented with the cobweb approach - to interpret the dynamics between
interacting markets, even beyond an econometric approach. Therefore, the explanation is traced in the theoretical
starting framework, namely the experimental results obtained should be read in the cobweb models setting.
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Appendix: Characteristics of main references

Author(s) Title Characteristics

Brock W.A.,
Hommes C. H.
(1997)

A rational route to
randomness

heterogeneous beliefs;
adaptive learning; busi-
ness cycles; cobweb
model; homoclinic bifur-
cations; strange attractors

Brock W.A.,
Hommes C. H.
(1998)

Heterogeneous be-
liefs and routes to
chaos in a simple
asset pricing model

asset pricing; heteroge-
neous beliefs; bifurcation

Casellina S., Lan-
dini S., Uberti M.
(2011)

Credit market dy-
namics: a cobweb
model

credit market; price fluc-
tuations; market interac-
tions; interest rate dy-
namics; nonlinear dynam-
ics

Dieci R., Wester-
hoff F. (2009)

Stability analy-
sis of a cobweb
model with market
interactions

cobweb model; interacting
markets; bounded ratio-
nality; stability; bifurca-
tion analysis

Dieci R., Wester-
hoff F. (2010)

Interacting cobweb
markets

price fluctuations; market
interactions; risk aversion;
nonlinear dynamics; bifur-
cation analysis
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