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Abstract
Housing markets display several correlations to multiple economic sectors of an 
economy. Their enormous impact on economies’ health, wealth, and stability is 
uncontroversial. Interestingly, the forms of financing residential property vary 
widely between the different countries in terms of both, the available product types 
and the institutions offering them. This research examines the implications of dif-
ferent financial intermediaries on housing market cycles with special emphasis on 
two institutional types, conventional banks and building and loan associations. Intro-
ducing a heterogeneous agent-based model, the interactions of buyers, sellers, and 
the two types of credit institutions are assessed. Heterogeneous economic principles 
and expectations of agents create endogenous market conditions which are strongly 
influenced by the lending practices of financial intermediaries.
Focusing primarily on collateral values to decide about lending, conventional banks 
may contribute to volatile housing markets which are prone to recessions. Building 
and loan associations, on the other hand, rely to a greater extent on endogenously 
created borrower information. Thus, they are able to cushion the volatility of house 
prices caused by procyclical mortgage lending of conventional banks and increase 
the stability of the housing market. Simulations show that the most stable market 
conditions are attained if both types of financial intermediaries serve the mortgage 
lending market jointly. Furthermore, transaction and homeownership rates are the 
highest in this market setting. These findings advocate in favor of diversified finan-
cial markets.
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Introduction

Housing is one of the few commodities that significantly affects both, social and 
economic concerns. The functionality of the real estate market and the prediction 
of housing market cycles, therefore, are of tremendous importance. This, however, 
is highly challenging since housing is, above all, particularly individual. Dwellings 
must be fitted to external factors as geographical or political conditions. On top, they 
are strongly determined by individual circumstances, habits, and preferences. To 
meet all these individual needs, it is not surprising that different financial institu-
tions exist that offer real estate financing. Some financial systems mainly consist 
of privately organized establishments, focused on common banking business. Oth-
ers are rather diverse, characterized by public, cooperative, or specialized financial 
intermediaries. Lending activities, loan granting decisions, as well as terms and 
conditions are significantly aligned to the organizational form, the business model, 
and the strategic orientation of financial institutions. It seems reasonable to assume 
that these disparities affect housing markets differently. Therefore, it is important 
to examine the effects of particular institutional forms. Though, we find no studies 
that assess the impact of different institutional frameworks with respect to housing 
finance.

Our study examines the effect of different financial intermediaries on hous-
ing market cycles. We construct a housing market model with heterogeneous buy-
ers, sellers, and two institutional bank types, i.e., conventional banks and building 
and loan associations. Buyers are characterized by heterogeneous preferences of 
consumption and housing investment. According to their individual utilities and 
income constraints, they enter the market, state their reservation prices, and place 
bids. Sellers perceive current market conditions and form expectations about future 
housing prices based on the recent price history. They decide whether to offer their 
property in the current period or to keep it in the expectation of subsequent house 
price appreciations. Credit institutions finance residential property and, thus, mainly 
determine whether transactions take place. In order to minimize default risk, they 
restrict lending on credit constraints that are aligned to institutional specifications 
and business orientation.

The computational experiments show that conventional banks exercise procy-
clic lending practices. They base their mortgage granting decision on recent price 
trends thus exacerbating prevailing price movements to high peaks or low troughs. 
As a result, housing prices are unstable and volatile and face endogenously cre-
ated outbreaks. If, in addition to conventional banks, building and loan associations 
offer mortgage financing, housing market cycles are smoothened. Excessive price 
booms are prevented and sharp declines are dampened. Building and loan associa-
tions align their lending practices on their special business model of serving any 
demand of housing financing, need to comply with the institution-specific regula-
tions, and highly consider endogenously created customer information out of rela-
tionship lending to decide about mortgage financing. These features have stabilizing 
effects on housing prices, mitigate volatility and positively impact transactions and 
homeownership.
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By elaborating the implications of varying loan granting policies of financial 
institutions on the housing market, our study contributes to the question of a favora-
ble composition of the mortgage financing market with respect to stability concerns 
of the housing market. The model gives an implication which financial institutions 
should finance housing investment in order to create stable and at the same time 
efficient and competitive financial markets. In this context, the matter of diversity 
within financial systems is evaluated. We also contribute to the European Union’s 
consideration of creating a single European market for housing finance.1

The paper is organized as follows. In “Building and Loan Associations” sec-
tion, we introduce the specialized institutions of building and loan associations. The 
model setup and the features of the interacting economic agents are described in 
“The Model” section. Section “Results” presents the results of the model. On top, 
the basic model is extended by introducing an equity requirement. Section “Conclu-
sions” concludes.

Building and Loan Associations

Building and loan associations (BLs) are financial institutions specialized in sat-
isfying any needs related to real estate financing. Driven by the overarching aim 
to overcome capital-market imperfections and loosen credit rationing, they are 
comparable to rotating savings and credit associations (Scholten, 2000) and share 
similarities to co-operative banks, with respect to the idea of collecting deposits 
from savers and lending them to borrowers. Their emergence dates back to the 
foundation of Ketley’s Building Society in 1775 in Birmingham, United Kingdom. 
Members were attracted by the idea of saving collectively in order to afford resi-
dential property. Although the former business model was unviable, the British 
innovation inspired the development of enduring, competitive institutions in sev-
eral countries (Proettel, 2017). This also holds for Germany, where BLs evolved in 
the 1920s as a response to a housing shortage and hyperinflation due to World War 
I (Müller, 1999). Since existing institutions were unable to meet financial needs, 
BLs arose as demand-driven financial innovations to overcome loan-shortage. 
After the establishment of the first BLs in 1924,2 the new financial intermediaries 
flourished over the centuries and established themselves as an integral part of the 
German financial market.3

1 In order to complete the European Single Market, the European Commission arguments in favor of 
cross-border housing financing. This is intended to decrease financing costs, facilitate access to differing 
financial products, and intensify competition. However, due to huge differences within the member states 
according to conditions and products, harmonization has not yet been achieved. For more information see 
Voigtländer (2010).
2 The first BL, Gemeinschaft der Freunde (Society of Friends), was founded by Georg Kropp in Wüsten-
rot.
3 For a detailed description of the history of German BLs, see for instance Lehmann (1983) and Müller 
(1999).
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Similar to conventional banks, BLs are usually organized as public4 or private 
institutions, hold by banks or insurance companies. They are regulated by the Ger-
man Banking Act and overseen by the Federal Financial Supervisory Authority. 
Their specificity is revealed, among others, by the separate law, they are addition-
ally subject to. The Building Society Act (Bausparkassengesetz) and the Building 
Society Decree (Bausparkassenverordnung) align their business model to collect 
deposits and grant loans for purposes of building, buying, or modernizing residen-
tial property to those who are part of their enclosed system (sect. 1 (1) to (3) BauS-
parkG). To ensure this business approach and to protect customers from poten-
tial misuse of deposits (Müller, 1999), BLs are restricted in funding and investment 
opportunities (sect. 4 and sect. 6 BauSparkG). By allowing collateral values without 
risk discount in case of financing owner-occupied property, national law encourages 
lending and relaxes credit rationing which is further promoted by BLs, that subordi-
nate granted mortgages (sect. 7 (1) BauSparkG, Diamond & Lea, 1992).

BLs are further characterized by their core product, contractual saving for hous-
ing (CSH) (Bausparvertrag), which establishes the underlying idea of saving unit-
edly to enable access to mortgages and shorten the waiting period until investment. 
This enables participants to achieve Pareto-improvement and satisfy their positive 
time preference for homeownership. The concept is based on an overlapping genera-
tion model which consists out of savers and borrowers who build a self-enclosed, 
collective system (Scholten, 2000). To get a part of this system, a saver contractually 
obliges to save a specified amount for a certain period of time and, simultaneously, 
receives a commitment to be granted a residential loan at a later date. During the 
savings period, the customer earns an interest that is lower than prevailing market 
interest rates. The resulting opportunity costs shall be offset by a loan interest rate 
which is also below market conditions. Since both, savings and debt interest rates, 
are locked in for the whole contract period, the customer is protected from unfavora-
ble market developments, which is especially attractive for risk-averse borrowers. 
Debts are granted from the pool of savings done by all customers collectively during 
different generations. The length of the qualifying savings period, therefore, depends 
on the customer’s individual savings effort and the total volume of collected depos-
its. As soon as both criteria are fulfilled, the customer obtains the legal right of loan 
disbursement, which, according to his individual request, can be exercised imme-
diately or at a later stage. This option grants the customer additional flexibility. At 
the time he decides to draw on the loan, his position changes from being a creditor 
to being a debtor. Instead of saving regularly, he is now required to service his loan. 
Following this concept, the BLs’ lending business is endogenously driven and inde-
pendent from capital markets.

BLs’ business practices, as well as its core product, characterize BLs as spe-
cial-purpose savings companies. In many legislations, financial intermediaries 
that accept deposits and in return commit to grant loans for specific purposes are 

4 Public building societies, called Landesbausparkassen (LBS), are part of the German Savings Banks 
Association (Deutscher Sparkassen- und Giroverband) and are limited in competition by regional segre-
gation according to the federal states in which they operate.
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prohibited in order to protect depositors. BLs, however, are explicitly exempt from 
this prohibition.5 They promote residential property and thus contribute to overall 
economic prosperity. Following the underlying idea of saving collectively to realize 
housing investment and at the same time, being an economic institution that aims 
at profit maximization are, however, somewhat contradictory principles. In order to 
achieve positive effects on the real estate market and simultaneously protect custom-
ers, the regulator set up a particular framework to regulate the specialized finan-
cial institutions. This framework clearly defines their business model, their business 
operations as well as their organizational form. In return for the regulatory restric-
tions, the CSH business is reserved for BLs only.6 This exclusivity generates a good 
reputation and creates customer confidence.

Although the regulatory framework significantly restricts the flexibility and 
the business activities of BLs, the special regulations seem to be a precondition 
for BLs to exist. Examples from the past have shown that financial liberalization 
and deregulation abandoned institutions from the market that were founded on the 
principles of BLs. When building societies in the U.K. and savings and loan insti-
tutions in the U.S. started to refinance loans on the capital market, their market 
share in housing finance significantly decreased and finally, they were forced out 
of the market (Diamond & Lea, 1992; Scholten, 2000). This indicates that dereg-
ulation increases the incentives for specialized financial institutions to expand 
business activities, resulting in a convergence of specialized institutions with con-
ventional banks. In both nations, the elasticity of the supply of funds for hous-
ing increased, thus, the amplitude of housing cycles rose and the housing market 
got more volatile as a result of deregulated market environments and the disap-
pearance of BLs (Scholten, 2000). For reasons such as different legal systems, 
deregulation had another scale in European countries. In Germany and Austria, for 
example, BLs experienced market declines but successfully defended their raison 
d’être.At the time of its development, CSH and the innovative financial interme-
diaries distributing it were important to support housing investment. Just as then, 
the housing and the mortgage lending market are of high economic relevance and 
among the most important markets in Europe. In the EU, real estate loans account 
for about 74% of total adjusted bank lending which is equivalent to 40% of the 
euro area’s GDP (Euro Area Statistics, 2020). German conditions are quite similar 
where housing finance makes up around 70% of total lending (German Central 
Bank, 2020). Nowadays, however, financing conditions have changed. Especially 
in developed countries with highly competitive and easily accessible financial 
markets, plenty of products and financial institutions are available to finance res-
idential property. This might be one reason for BLs to loosen their focus from 
their former main product and expand their product range to further real estate 

5 For more information see for instance Boos, Fischer, Schulte-Mattler, and Schäfer KWG § 3 Rn. 
14–18; Drescher, Fleischer, and Schmidt KWG § 3 Rn. 168–179; Erbs, Kohlhaas, and Häberle KWG § 3 
Rn. 8.
6 For more information about the development of the German regulatory requirements of BLs see 
Schäfer et al. 1999.
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financing products (Burghof & Gehrung, 2019), which is apparently successful. In 
Germany, BLs account for approximately 14,2% of today’s total financing volume 
for housing and, therefore, constitute an essential real estate financier. Since BLs 
serve any demand of housing financing, which, in addition to housing purchase 
also includes renovation, modernization or investments in sustainable housing, 
BLs are involved in one out of three private housing financings. The market pen-
etration of CSH in Germany reaches 30% and almost every second household is 
CSH customer. Similar or even higher market penetration rates can be observed in 
other European countries. Austria records the highest market penetration of 43%. 
This means that almost every second citizen uses CSH. The market penetration of 
the Czech Republic reaches 33%, Slovakia 16%, and Hungary 8%. Smaller but sta-
ble rates can be observed in Hungary and Romania.7 The high popularity the spe-
cial institutions enjoy in these countries is also evident in Luxembourg. German 
BLs even service customers in China and India (Kirsch & Burghof, 2018). Similar 
concepts of BLs exist in UK and Ireland and even in Australia and New Zealand.8 
The continued successful existence on financial markets indicates that BLs serve a 
purpose beyond the distribution of CSH contracts. This purpose is to be explored 
within this research.

The Model

Overall Model Structure

As stated previously, housing and real estate financing markets are strongly char-
acterized by heterogeneity. For this reason, a generally applicable, globally trans-
ferable market setting must be examined, to address the research question. In the 
following, a heterogeneous agent-based model is developed in which agents with 
deviating beliefs about future housing prices interact with each other and thus 
create endogenous housing market cycles. The model incorporates four types 
of agents: buyers, sellers, and two types of credit institutions. Buyers determine 
whether to buy a dwelling and therefore, state the demand in the housing market. 
Sellers, in contrast, provide housing units on the market. Credit institutions grant 
mortgages to buyers who decided to invest in housing. Those are differentiated by 
two types of financial institutions. On the one hand, a conventional mortgage can 
be granted by a conventional bank.9 On the other hand, housing investment can be 
financed by a BL, using CSH. By distinguishing loan granting financial interme-
diaries, the model reveals the effects of different product types and institutions on 
the housing market.

9 The terms conventional mortgage and conventional bank are used for standardized mortgages, granted 
by financial institutions, others than BLs, at the time of request, characterized by a fixed term and a fixed 
interest rate.

7 Data is available from the Verband der deutschen Bausparkassen, EFBS and Eurostat.
8 For more information, see: https:// www. rba. gov. au/ publi catio ns/ fsr/ 2006/ mar/ struct- aus- fin- sys. html, 
https:// www. compa nieso ffice. govt. nz/ all- regis ters/ build ing- socie ties/ about- build ing- socie ties/.

https://www.rba.gov.au/publications/fsr/2006/mar/struct-aus-fin-sys.html
https://www.companiesoffice.govt.nz/all-registers/building-societies/about-building-societies/
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The model incorporates the important feature of heterogeneity persistent in the 
housing market by considering the individual penchants of households according to 
consumption and housing investment. Furthermore, all agents align their actions to 
individual expectations about future housing prices. Since the model is set up in 
a multi-period framework, not only market interactions, but also the feedbacks of 
those are displayed.

Types and Characteristics of Economic Agents

Buyers

Buyers are assumed to be households and represent potential customers of residen-
tial property. They can enter the housing market at the beginning of each period and 
are restricted to buy one unit of housing each. Their individual demand is formed 
out of the utility they receive from owning one housing unit h and from consum-
ing any other consumption goods c . The investment choice of a buyer b is based 
on his preferences expressed in the form of a Cobb–Douglas utility function. Every 
agent has a disposal period income Yt which is fully spent in each period. Investment 
choices are therefore constrained by Yt = Pctc + Pth.

Utilizing Lagrangian function and solving for Pt gives the highest possible peri-
odical expenditure for housing purposes a buyer can afford under his given budget 
constraint. This price can be stated to be the reservation price Pres,b,t of a buyer b 
who maximizes the utility of his preferences. Pres,b,t is:

It is assumed, that an investment in residential property is fully mortgage 
financed. Housing expenditure, therefore, includes interest cost rt on the mortgage 
volume ( Pt ) as well as a redemption on the principal rp . The sum of interest cost and 
redemption r = rt + rp

10 lowers the highest possible purchase price. This assumption 
creates a base scenario that serves as a benchmark. In chapter 4.3, the assumption of 
a fully mortgage financed dwelling is relaxed by introducing an equity constraint. As 
financiers usually demand a minimum level of equity to finance residential property, 
this scenario mimics reality.

Formulating a reservation price as stated in (1) follows an equilibrium approach 
in which all agents make optimal decisions and the market clears up completely. 
However, markets are dynamic systems following the interactions of market partici-
pants. The equilibrium approach serves as a good starting point for the model. To 
display market dynamics and set up realistic market conditions, further periods fol-
low a disequilibrium approach.

(1)Pres,b,t =

⎛⎜⎜⎜⎝

Yt�
�

�
+ 1

�
⎞⎟⎟⎟⎠
−
�
rPt

�
.

10  If a redemption period of 10 is considered and 10 payments on the principal are made, rp = 0.1.
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A disequilibrium approach as formulated by Filatova et al. (2007) assumes that 
prices for residential properties are built by bilateral bidding. This model applies a 
price formation that evolves out of bilateral transaction. The reservation price in (1) 
represents a threshold above which a household is not able to buy a dwelling. This 
price level, however, must not equal the price a buyer is willing to bid when enter-
ing the market. The bid price is specified by taking current and expectations about 
future market conditions into account. The expected market price of an upcoming 
period is based on the available price information and an individual market assess-
ment and is formed as:

where eb indicates an agent’s belief of future market performance, Pt−1 indicates the 
price level of the previous period, and ΔPt−1 the change of the price level which has 
happened during this period. By considering recent price changes when determining 
future prices, the prevailing market condition is included. A buyer’s demand conse-
quently depends on both, Pres,b,t and Pexpected,t , whereas he only places a bid, if

If (3) holds, the price a buyer bids is:

Sellers

Whereas buyers are assumed to be households, sellers can either be households, 
too, or they are residential developing firms. In the following, the term ‘seller’ des-
ignates households who sell already established properties, whereas ‘residential 
property firms’ produce and sell new dwellings. In both cases, they aim at profit 
maximization. At the beginning of each period, a potential seller decides whether 
to keep a house or to sell it. This decision is based on the expected profit out of the 
given options. By keeping a property, the earliest possible profit Z can be achieved 
in period t+1 , which would be the observed price level of t . The price a seller expects 
in period t is Pexpected,s,t and follows those of buyers (see (2)). The expected profit in 
period t out of keeping a dwelling consequently is11:

It is assumed that a seller leaves the housing market as soon as a sale has been 
conducted and the quantity of sales is restricted to 1 . Furthermore, a seller can-
not be a buyer in the same period, whereas a former seller can become a buyer 

(2)Pexpected,b,t =
(
1 + eb

)
∗ (Pt−1 + ΔPt−1),

(3)Pexpected,b,t ≤ Pres,b,t.

(4)Bidb = min
(
Pexpected,b,t,Pres,b,t

)

(5)Zkeep,t =

(
1 + es

)
∗ (Pt−1 + ΔPt−1)

(1 + rf )
.

11 Since a cash flow would not occur until period t+1 , it is discounted with the risk-free interest rate rf .
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in subsequent periods. Freed up liquidity out of a sale is entirely invested in 
an alternative investment which bears interest at the risk-free interest rate rf  . 
A seller would only offer his property for sale if Zsell,t ≥ Zkeep,t , respectively, if 
Zsell,t − Zkeep,t ≥ 0 . The expected profit out of selling a property equals the sum of 
the observed price level in the previous period, Pt−1 , and the return of the alterna-
tive investment12:

Since a seller uses the previously observed price level in order to decide between 
keeping and selling, Pt−1 determines the seller’s reservation price:

However, a seller can be optimistic to achieve more than his reservation price and 
mark it up by � . To determine a markup ratio, the agent consults the previous ratio 
of buyers and sellers in the housing market. For this purpose, he calculates:

where NB means the number of buyers and NS means the number of sellers. By 
doing this, he figures out whether a buyer or a seller market exists. For 𝜑 > 0 , the 
price is adjusted upwards while for 𝜑 < 0 , Poffer,t = Pres,s,t since Pres,s,t.is the lower 
limit of Poffer,t Accordingly, the offered market price is:

If a property is not sold during t , it remains on the market and can be bought in 
t+1. In this case, the seller must admit that his price offer was not in line with the 
market and thus, he reduces it by a markdown ratio of � . For �, 0 < 𝜎 < 1 applies. In 
the case that the dwelling is not sold in t+1 , despite the granted markdown, it remains 
on the market to be bought in t+2. This approach applies for all further periods until 
the dwelling is sold. A seller’s reservation price of a housing unit available for sale 
thus is:

where n denotes the number of periods a house remains on the market. This implies 
that an agent only accepts bids from potential buyers equal to or above his prevailing 
reservation price. Since the bid price formation of buyers is not directly dependent 
on sellers’ behavior, bids may exceed a reservation price.

(6)Zsell,t = Pt−1 +
(rf AI)

(1 + rf )
.

(7)Pres,s,t = Pt−1.

(8)� =
(NB − NS)

(NB + NS)
,

(9)Poffer,t =

{
Pt−1(1 + 𝜑) f or 𝜑t > 0

Pt−1 f or 𝜑t < 0
.

(10)Pres,s,n =

{(
Pt−1(1 + 𝜑)

)
𝜎n f or 𝜑t > 0

Pt−1𝜎
n f or 𝜑t < 0

,

12 Note: Because of great variations in transaction costs, they are not considered in the model.
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Housing Price

After evaluating the market situation and considering individual conditions, agents 
place their bids and offers at the market. As soon as a bid equals or exceeds a poten-
tial seller’s reservation price, a sale takes place. Prices of conducted transactions 
are thus formed by agents’ valuation and interaction. The transaction price is regis-
tered as the actual price of the traded property. For building the price level of one 
period, we follow the approach of Sommervoll et al. (2010) and calculate the mean 
of all transaction prices during this period. The price level as well as its change are 
observable for every market participant and serve as reference points for expecta-
tions about price developments. The price index is:

where Ntransactions represents the number of all transactions in one period, and Pi rep-
resents the price of the sold unit i . The market closes when demand is satisfied, sup-
ply is exhausted, or when remaining bids and offers cannot be matched. After that, 
a new price index is calculated. Correspondingly, actual transaction prices affect 
agents’ future bids and offers.

Number of Properties

The housing stock available for sale is composed of offers from sellers and those 
from residential property firms.13 In each period, potential sellers decide anew 
whether to keep or to sell their dwelling out of which the number of first-time 
sales, Nnew sellings , is made up of. In addition, not sold offers of the previous period, 
Nleft over , may remain on the market. On top, at the beginning of each period, con-
struction firms decide whether, and if yes, how many houses to construct. This is 
done by consulting � and, thus, by considering whether the market lacks or exceeds 
supply. Since residential property firms are assumed to maximize profit, the con-
struction volume also depends on recent price developments. Accordingly, a volume 
of newly constructed houses, Nconstructions, enter the market in the course of:

where Nremainingbuyers,t−2 is the number of buyers who were not satisfied two periods 
before, �t−2 is the ratio of buyers and sellers at the market in the period t−2 , and �t−2 
is the change rate of the price level in the same period and is calculated by: 
�t−2 =

(
Pt−2+ΔPt−2

Pt−2

)
.

The construction time for new houses is assumed to be one period. Newly con-
structed houses available on the market in t are based on the number of houses, and 

(11)Pt =

(
1

Ntransactions

) N∑
h=1

Pi,

(12)Nconstructions,t = Nremaining buyers,t−2 ∗ �t−2 ∗ �t−2,

13 Note: Residential property firms are not further divided into individual companies. Instead, the entire 
industry is represented.
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the market and price situation two periods ago, since the decision how many houses 
to build, must be made at the beginning of t−1. At this time, however, the most recent 
data available is this of the period t−2. Construction starts at the beginning of t−1 and is 
finished in t . By following this approach, supply is adjusted to market conditions, and 
the delay of supply, resulting out of the long construction period of residential prop-
erty, is considered. To determine the number of constructions, Nconstructions,t ≥ 0 holds. 
The total number of houses available for sale in a prevailing period consequently is:

The prices for which residential construction firms offer their houses at the mar-
ket follow the Eqs. (7), (9), and (10).

Credit Institutions

Unlike other markets, the real estate market is strongly influenced by financial insti-
tutions. By approving or rejecting mortgages, they affect whether and to whom 
properties are sold. This model lays focus on two types of credit institutions. Type 
one represents a bank, herein referred to as conventional bank (CB), granting a 
mortgage after evaluating the financial circumstances of a potential borrower, with 
a fixed term and a fixed interest rate. Type two is a building and loan association 
(BL) as introduced in chapter two. Given their displayed specialties, the loan grant-
ing behavior of BLs differs from that of CBs.

As banks are economic enterprises, the maxim of profit maximization applies to 
both types of credit institutions. Since borrowing applicants are budget constraint, a 
bank limits a potential borrower’s mortgage volume to the amount of his highest 
possible expenditure for housing purposes, which is Y(

�

�
+1

) (Eq.  (3)), and can be 

stated as a first mortgage constraint for borrowers:

Following the lines of Heuson et al. (2001), credit institutions are assumed to be 
risk-neutral and only approve a mortgage if the expected profit Zmortgage,t exceeds this 
of investing the same amount in an alternative investment, which bears interest of 
rAI . The decision of mortgage granting, therefore, involves determining:

where q indicates a potential borrower’s probability of not defaulting, rt indicates the 
mortgage interest rate, rd indicates the rate of return if the borrower defaults and M 
indicates the mortgage sum and determining:

A bank only grants a mortgage if Zmortgage,t ≥ Z
no mortgage,t

 , which means:

(13)Nh,t = Nnew sellings,t + Nleft over + Nconstructions,t.

(14)
C1 ∶ Mmax,i,1 =

Y(
�

�
+ 1

) .

(15)Zmortgage,t = (qrt + (1 − q)rd)M,

(16)Zno mortgage,t = rAIM.
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Whereas Heuson et al. (2001) assume rAI > rd , to restrict lenders from benefiting 
from mortgage default, we follow the approach of Sommervoll et  al. (2010), who 
allow for rAI = rd . If this sets in, the potential lender can consider other information, 
too, when deciding about lending, as expected house prices or the composition of 
its individual investment portfolio. Solving (17) for rt , the lowest mortgage inter-
est rate a lender would accept as a function of a potential borrower’s probability of 
not defaulting is obtained. Those indifference rates are unequal for CBs and BLs. 
BLs are by law quantitatively restricted in investment opportunities. The return out 
of their alternative investment shall therefore be calculated as a discrete one in the 
sense of:

where w states the investment volume in percent of the respective investment, rf  
states the risk-free interest rate, and rM the capital market return. CBs, however, 
are not governed by any restrictions. Considering capital market theory, rAI,CB can 
be stated to be rM . The indifference rates for mortgage granting of CBs and BLs 
accordingly are:

Solving (17) for q reveals the lowest probability of not defaulting of potential 
lenders the respective bank would accept for a given rt:

The lower the value of q , the higher the return of lending must be in order to be 
advantageous for the bank. Since rmin,CB > rmin,BL , the customers with lower proba-
bilities of not defaulting will be those of BLs. Consequently, for a given rt borrowers 
can be assigned to the two institutional types according to their values of q . All cus-
tomers with q in the interval 

[
0, qmin,BL

]
 are rejected by both banks. Those in the 

range of 
[
qmin,BL, qmin,CB

]
 are only granted a mortgage by BLs. For 

[
qmin,CB, 1

]
 , how-

ever, both banks are willing to lend. Borrowers are assumed to have a positive time 
preference for housing investment. Therefore, every borrower with a value of 
q ∈

[
qmin,CB, 1

]
 who can afford the comparatively high interest rate of CBs, will 

(17)qrt + (1 − q)rd ≥ rAI .

(18)rAI,BL =
(
wrf

)
+ ((1 − w)rM),

(19)CB ∶ rmin,CB = rd +

(
rM − rd

q

)

(20)BL ∶ rmin,BL = rd +

((
wrf

)
+ ((1 − w)rM) − rd

q

)
.

(21)CB ∶ qmin,CB =

(
rM − rd

rt − rd

)

(22)BL ∶ qmin,BL =

((
wrf

)
+ ((1 − w)rM) − rd

rt − rd

)
.
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decide in favor of CBs. Accordingly, customers will borrow from CBs if their dis-
posable income equals or exceeds debt service, which is the annuity 
Am,CB =

(1+rmin,CB)
n
rmin,CB

(1+rmin,CB)
n
−1

M . Customers of BLs with q ∈
[
qmin,CB, 1

]
 can thus be 

referred to as those, for which Y(
𝛼

𝛽
+1

) < Am,CB holds.

In our model, banks operate in a competitive financial market. Their expected 
profit is zero and no single institution has market power. Both institutional types 
are able to accurately risk price borrowers, thus, no market failure exists. In real-
ity, however, an additional dimension of imperfect information may exist. This is 
where problems of adverse selection set in and a competitive market may turn out 
to be inefficient. In a market setting in which different financial intermediaries offer 
different kinds of lending contracts, agents may self-select choosing their contract 
(Rothschild & Stiglitz, 1978). Thus, there is some risk that unsuccessful mortgage 
seekers of CBs turn to BLs and hence, BLs cater to less attractive mortgagors. To 
counteract adverse selection, BLs would have to price mortgages higher. Instead, 
they provide mortgages at a lower interest rate which is induced by regulatory 
requirements. In our model, we comply with this fact, calculating their alternative 
investment return as a discrete one (18). Assumed adverse effects, however, are not 
dominant. Instead, it is evidenced empirically that BLs experience lower mortgage 
defaults than CBs (Burghof & Schairer, 2017). This may have different reasons. One 
might be the inherent borrower information out of relationship lending. According 
to these findings, the model assumption of a competitive market neglecting adverse 
selection seems reasonable.

Further following the approach of Sommervoll et al. (2010), it is assumed that the 
probability of not defaulting is oppositely associated with an applicant’s mortgage-
to-income ratio, which is � =

(
M

Y

)
 . The smaller the mortgage-to-income ratio, the 

higher the no-default probability q , what leads to the expression of q as a decreasing 
function of � , q = q(�) . Resulting from this, the mortgage a lender would grant to an 
applicant i must not be higher than the opposite of his mortgage-to-income ratio 
times i ’s income, given his probability of not defaulting:

The mortgage-to-income ratio serves as a good proxy to estimate borrower 
default since higher borrower income is associated with a lower probability of 
default (Ambrose & Capone, 2000; Hakim & Haddad, 1999; Yang et al., 1998). We 
restrain from modeling strategic default decisions of borrowers since, via the indi-
vidual utility functions of potential borrowers, only those agents enter the housing 
market who positively assess owning residential property. Strategic default in con-
trast is a decision to abandon homeownership and its benefits.14 Homeowners may 
try to avoid default as they attach a non-financial value to their homes. This point 

(23)C2 ∶ Mmax,i,2 = (1 − �i)Yi.

14 Benefits of homeownership and reasons to deter default are e.g. the ability to hedge fluctuations in 
housing costs (Sinai and Souleles, 2005) or the tax deductibility of mortgage interest (Glaeser and Shap-
iro, 2003; Poterba and Sinai, 2011).
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is evidenced by the fact that default among homeowners is relatively raw even if 
households suffer severe financial difficulties (Bhutta et al., 2017; Foote & Willen, 
2017).

Existing literature identifies further default decisions arising from external fac-
tors such as falling house prices or income shocks. Negative home equity due to 
house price depreciation is positively correlated with borrower default (Ambrose 
& Capone, 2000; Ambrose et al., 2001; Deng, 1997). It is the necessary condition 
for failing to repay debts, however not the sufficient one (Foote et al., 2008). Bor-
rower default usually arises from two triggers that combine negative equity with 
adverse life effects such as loss of employment or divorce (Ambrose & Capone, 
2000; Campbell & Cocco, 2015; Deng, 1997; Foote et al., 2008). External triggers 
from housing or macroeconomic conditions are volatile house prices and interest 
rates (Ambrose et al., 2001; Schwartz & Torous, 1993). We refrain from modeling 
such default decisions, too, since those would affect the two investigated financial 
intermediaries equally and, thus, the result would be unaffected. Instead, we use 
the mortgage-to-income ratio to select borrowers. It reduces mortgage affordabil-
ity, making borrowing constraints more likely to bind and, thus, considers borrower 
default.

Collateralizing the financed dwelling is common business practice in hous-
ing financing in order to lower financiers’ risk (Bester, 1985). Pledged collat-
eral reduces the risk of moral hazard and strategic borrower default and protects 
creditors (Aghion & Bolton, 1992; Hart, 1995). Screening customers and creating 
endogenous or acquiring external customer information is costly. Collateralizing the 
financed dwelling is comparably cheap and a reliable way to prevent losses. This 
induces CBs to omit screening and to primarily focus on collateral values to decide 
about lending (Manove et al., 2001)15 In this model environment, it is assumed that 
the whole stock of debt shall be collateralized what constrains the mortgage sum 
to the amount of collateral. To determine the collateral value, CBs rely on recent 
market information and adapt expectations. Furthermore, mortgage lending is part 
of strategic portfolio selection and shall always be considered for diversification 
reasons.

In times of favorable market conditions, CBs imply further house price appre-
ciation. In times of previous depreciation, they determine a threshold up to which 
mortgage lending is advantageous because of diversification reasons. If price 
declines exceed this threshold, CBs imply the same decrease for future periods. 
If price declines are below this threshold, mortgage granting of CBs is more per-
missive in order to benefit from positive diversification outcomes. In this case, 
they do not only account for market information and collateral values, but also 
for a potential buyer’s affordability of housing investment. On top, they lower the 
collateral value by applying a risk discount. The mortgage constraints for the dif-
ferent scenarios are:

15 Empirical evidence confirms that conventional banks base their lending decisions on collateral. See 
i.e. Collyns and Senhadji (2003), Freund et al. (1998), Herring and Wachter (1999), Hilbers et al. (2001), 
Niinimäki (2009).
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where �+ represents a positive relative price change, �− a negative relative price 
change, � a risk discount, and ψ the threshold until which mortgage lending is 
advantageous out of diversification reasons although prices fell in previous periods. 
Given (14), (23) and (24), a CB approves a mortgage to applicant i in the volume of:

According to the ruling law of BLs, owner-occupied dwellings are allowed to be 
fully collateralized. Opposite to CBs, BLs do not primarily refer to the collateral 
value to determine the maximum amount of debt, since they subordinate granted 
mortgages. Instead, they depend the volume on information gathered during the 
qualifying period of the CSH. During this time, a potential borrower is contractu-
ally obliged to save regularly a specified amount of money. If the customer fulfills 
this obligation, he can be referred to be a good customer, represented by the pro-
portion � . The mortgage amount disbursed is not further limited.16 If the customer 
violates his contractual obligation during the qualifying period, he reveals himself 
as a bad customer with the proportion (1 − � ). The bad personal traits disclosed 
before indicate additional breaches of contract during the credit period. Therefore, 
the mortgage is not disbursed. This kind of endogenously created information about 
borrower behavior during a long-term savings contract has a high value content and 
is the most reliable information they can obtain. Borrower’s long-term neglect of 
consumption reveals reliability and creditworthiness. A third mortgage constraint 
holds which is C3BL ∶ Mmax,i,3 = 0 . The disbursed mortgage volume of a BL which 
accounts for having two customer types is:

Since this mortgage granting behavior does not account for collateral values, it 
is independent of expectations of future house prices. On top, it incorporates the 
monetary credit capacity of applicants as well as their personal creditworthiness. By 
following this approach, the credit approval procedure is less dependent on prevail-
ing market conditions.17

(24)C3CB ∶ Mmax,i,3 = CVk,i =

⎧
⎪⎨⎪⎩

(1 + 𝜌)2Pt−1 f or 𝜌
+

𝜒(1 + 𝜌)Pt−1 f or 𝜌
− > 𝜓

𝜒(1 + 𝜌)
Y�

𝛼

𝛽
+1

� f or 𝜌− < 𝜓
,

(25)MCB,i = min(C1,C2,C3CB).

(26)MBL,i =

{
min (C1,C2) f or �

min
(
C1,C2,C3BL

)
f or (1 − �)

.

16 Note: Mortgage disbursement is not only contingent on the individual savings effort. Instead, a mini-
mum duration of the savings period must be fulfilled as well as a fixed threshold level that depends on 
the collective savings volume of the whole group of customers.
17 CBs may assess for personal credit worthiness of debt applicants as well. However, these information 
are exogenously, disclosed by the applicant himself and, therefore, less reliable than information created 
endogenously by relationship lending.
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Results

Calibration of the Simulation Setting

A set of computational experiments of the model presented in the previous sec-
tor has been carried out. Based on numerical simulations, it shall be evaluated 
whether varying lending practices of financial intermediaries affect housing 
market cycles differently. To start the simulation, initial parameter values are 
defined to set a model frame that mirrors a real housing market with respect to 
relations and conditions. To initialize the market, 60 potential buyers and 30 
potential sellers are put on the market who observe an initial market price of 
one unit of housing of Pt = 2500 . To let agents follow their decision-making 
process right from the beginning, ΔPt−1 = 50 and ΔPt−2 = 50 . The heterogene-
ity of potential buyers and sellers is set by various parameters. Buyers’ pref-
erence for consumption is uniformly distributed between [0, 1] . Their income 
ranges from [100, 1000] and the individual expectations of future market con-
ditions are drawn from a uniform distribution, therefore allowing a deviation 
up to 10% around the price index expectation. Buyers’ initial burden rate for 
housing investment equals r = 0.13 which is composed of a fixed redemption 
rate of rp = 0.118 per period and a mortgage interest rate of rt = 0.03 . In sub-
sequent periods, buyers use the average mortgage interest rate of the previous 
period to calculate their reservation price. If a buyer is unsuccessful for the 
repayment period of 10, he is assumed to be too old to buy a dwelling and 
stays a tenant.

As sellers are assumed to be households, too, having the same information avail-
able, their market expectation is determined as those of buyers. If a house is not 
sold, a seller reduces his offer price by 5% each period up to a maximum of 30 peri-
ods. If a dwelling stays unsold during this time, it is assumed to be depreciated and, 
therefore, removed from the market. In each subsequent period, a random number 
of potential buyers in a range of [30, 36] and potential sellers in a range of [10, 12] 
attend the market setting.

After evaluating market conditions and determining their reservation 
prices, potential buyers and potential sellers enter the market. Sales are con-
ducted following a first-price-sealed-bid auction. All bidders submit their 
bids which are assigned to sellers’ offers in descending order. Although the 
model does not account for different housing features, this auction process 
implicitly measures quality differences. It can be assumed that more expen-
sive houses have a higher quality standard and buyers with a higher disposa-
ble income value this by placing higher bids. The transaction price equals the 
mean of matched bid and offer. This incorporates a realistic negotiation range 
in real estate transactions and allows the seller to make an additional profit if 
the bid exceeds the offer.

18  This corresponds to a repayment period of 10.
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Credit institutions are assumed to have a rd of 0.001 in all simulations. To 
determine the collateral value of a dwelling, a risk discount of 0.2 ( � = 0.8)19 is 
applied. The price decline until which mortgage lending is advantageous for CBs 
out of diversification reasons is ψ = 0.03 . BLs recognize a ratio of good custom-
ers in the market of � = 0.8 and they are restricted by national law to invest not 
more than 5% in assets on the financial market other than the risk-free interest 
rate (sect. 4 and sect. 6 BauSparkG).20 Financial markets display a risk-free inter-
est rate of 0.01 and a market return of 0.02. The initial simulation parameters are 
displayed in Table 1.

Analysis of Agent Interactions

To assess the effect of different financial intermediaries on housing market cycles, 
multiple computational simulations of the model presented in “The Model” section 
have been carried out. Each model run develops three scenarios that are investigated 
individually and compared to each other: a first, in which only CBs operate, a sec-
ond, in which only BLs grant mortgages, and a third, in which CBs and BLs finance 
residential property. In each scenario, the banks operate on a competitive financial 
market and no single institution has market power. For each scenario, 100 periods 
are simulated.

Figure 1 displays the house price dynamics which arise in the different simula-
tion scenarios. Each of the scenarios reveals that the housing market, based on 
the interactions of heterogeneous agents, proceeds in cycles. As potential buyers 
and sellers follow their decision-making process, they perceive market conditions 
and make backward-looking expectations about future development. House price 
appreciations of previous periods spur investment motives of potential buyers. As 
a result, prices increase. The affordability of residential property for buyers gets 
more severe, while, recognizing steady positive price developments, potential 
sellers decide to keep their houses to generate higher profits out of future sales. 
The combination of a higher price level and reduced supply mitigates positive 
price developments, until, after reaching a peak, prices start to fall. The depre-
ciation depresses future market expectations what pushes the market downwards 
until a recession sets in. Buyers recognize the decreased price level, align their 
actions to the new market conditions, and the fall bottoms out when bids start to 
pick up again. As a response to higher demand, house prices appreciate. As hous-
ing investment is fully mortgage financed in this model environment, the arising 
market dynamics are strongly affected by the lending policies of the loan granting 

20 The Bausparkassengesetz, respectively, the Building Society Act, is the national law, BLs are subject 
to.

19  Loan-to-value ratios vary internationally. Conventional German banks are quite restrictive, only 
funding 60% of the market value when a senior loan is granted. The LTV of junior loans reaches 80% 
(Bienert & Brunauer, 2007). BLs, in contrast, are legally permitted to finance 100% of owner-occupied 
residential property by their national law. In Denmark, the LTV-level reaches 80% (Jensen et al., 2015). 
The same holds for Russia (Zubov, 2020) whereas in Ireland a maximum LTV of 90% is permitted (Cor-
rigan et al., 2020).
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financial intermediaries. Since they constrain lending on different conditions, 
they determine whether and in what amount residential property can be acquired 
and, therefore, directly influence market dynamics.

The first simulation scenario, in which only CBs finance residential property, 
reveals recurring upturn and downturn phases which are distinct and strongly 
defined. The market cycles feature high peaks and strongly pronounced troughs. 
Previous house price appreciations do no not only spur demand of potential buy-
ers but also lending of CBs. Their lending decision is strongly determined by the 
collateral value of the financed dwelling. In times of positive market conditions, 
house prices are expected to continue to increase in future periods. Therefore, 
CBs are lending generously, further driving prices upwards. If prices declined in 
previous periods, CBs evaluate whether or not it is advantageous out of portfolio 
diversification reasons to finance residential property. If the price decline is too 
sharp, they refuse lending This strategic lending decision reinforces a prevailing 
downswing, pushing the house price into a deep low.

Table 2 provides some summary statistics of all simulation scenarios. The mar-
ket in which solely CBs interact as financial intermediaries displays the lowest 
minimum price for residential property as well as the largest price drops in times 

Table 1  Initial simulation 
parameters

Parameter Description Value

Buyers
   α Preference for consumption [0, 1]
   Υ Income [100, 1000]
   eb Individual market expectation [-0.1, 0.1]
Sellers
   es Individual market expectation [-0.1, 0.1]
   σ Markdown ratio 0.95
Financial Market
   rf Risk-free interest rate 0.01
   rM Market return 0.02
   rp Redemption rate 0.1
   rt Mortgage interest rate 0.03
Housing Market
   Pt Price Index 2500
   ΔPt−1 Price Change in t-1 50
   ΔPt−2 Price Change in t-2 50
   NBuyers Number of buyers 60
   NSellers Number of sellers 30
Credit Institutions
   rd Default rate of return 0.001
   χ Loan-to-value 0.8
   Ψ Threshold of price decline 0.03
   μ Ratio of good customers 0.8
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of recessions. The difference between the minimum and maximum price exceeds 
those of the other simulation scenarios. Due to the sharp declines in recessions, 
the mean price for dwellings settles at a low level. A low transaction rate21indi-
cates sluggish market conditions and leads to a comparably low homeownership 
rate. The construction rate, in contrast, reaches a moderate level. Due to attractive 
alternative investment opportunities, the mortgage interest rates charged by CBs 
for housing investment exceed those of the other scenarios.

Table 2 also shows the standard deviation of the respective mean values (written 
in brackets). The standard deviation of the house prices of the CB scenario affirms 
what is visible in Fig.  1. House prices oscillate sharply and market dynamics are 
unsettled and noisy if only CBs operate as financial institutions. The imposed credit 
constraints lead to an overvaluation of past market periods and procyclic mortgage 
granting. The permissive lending in times of appreciation pushes prices upwards 
while in times of depreciation, decreasing house prices are further exacerbated by 
the restrictive lending decisions.

The second simulation scenario investigates house price dynamics in which only 
BLs operate to finance housing investment. Those are also shown in Fig. 1. As for 
the CB scenario outlined previously, cyclical market behavior is also clearly observ-
able in the BL scenario. The market cycles, however, are less pronounced. Prevail-
ing market phases turn earlier, troughs are not as low and the difference between the 

Fig. 1  House price dynamics in simulation scenarios. Note: The figure reflects trend-adjusted housing 
market cycles. Exogenous factors as inflation or changes in market interest rates are not considered

2 1  Transaction, homeownership, and construction rate are calculated in every simulation period as: 

Transaction Rate =
Ntransactions,t

min(Nbuyers,t ,Nsellers,t)
 ,  HomeownershipRate =

Ntransactions,t

Npotential buyers,t

 , 

Construction Rate =
Nconstructions,t

(Nnew sellings,t+Nleft over )
.
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minimum and maximum price is lower than in the CB scenario. This can be seen in 
Table 2. The mean of the house price in the BL scenario settles at a higher level than 
in the case of CBs. On the one hand, this corresponds with less pronounced lows. 
On the other hand, this is due to the smaller mortgage interest rates imposed by 
BLs. Cheaper mortgage terms allow more of the disposable income to be invested 
in homeownership. The standard deviation of the price oscillations falls below that 
of the CB scenario. By putting less emphasis on previous market developments, and 
focusing on information out of relationship lending, BLs create a housing market 
which is less volatile.

The transaction, as well as the homeownership rate, exceed those of the CB sce-
nario. Therefore, BLs enhance market transactions and promote homeownership. As 
mortgage interest rates are below those of CBs, BLs enable access to real estate 
financing for a broader share of the population. This, in turn, pushes the house prices 
to the highest level of all of the three scenarios.

The third simulation scenario combines CBs and BLs and creates a market set-
ting in which both financial institutions operate on the market and grant mortgages 
according to their lending strategies. The effects on house price dynamics can also 
be seen in Fig. 1. The interactions of real estate buyers, sellers, CBs, and BLs create 
market cycles with the lowest peaks and higher troughs.

Figure 2 displays how the different lending practices of the CBs and BLs play 
out over the market cycles. In times of sharp downturns, CBs restrict lending, and, 
thereby, push the market further downwards. BLs, in contrast, concentrate on cus-
tomer information. The mortgage lending decision, based on endogenously cre-
ated information about creditworthiness and credit eligibility stops the downturn 
and induces a turnaround. Recognizing house price appreciation, CBs lend more 

Table 2  Summary statistics of the simulation scenarios

Scenario

CBs BLs CBs & BLs

Min Max Mean Min Max Mean Min Max Mean

House 
Prices

1496.31 3341.41 2340.65 1699.97 3361.03 2482.30 1598.29 3138.35 2380.42

(499.66) (428.12) (339.03)
Transaction 0.000 1.000 0.294 0.000 1.000 0.332 0.000 1.000 0.359
Rate (0.351) (0.309) (0.286)
Homeown-

ership
0.000 1.000 0.179 0.000 0.500 0.185 0.000 1.000 0.255

Rate (0.230) (0.135) (0.187)
Construc-

tion
0.000 0.500 0.045 0.000 3.000 0.046 0.000 1.000 0.048

Rate (0.051) (0.307) (0.162)
Mortgage 

Interest
0.024 0.030 0.027 0.013 0.015 0.014 0.014 0.030 0.024

Rate (0.001) (0.001) (0.005)
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generously. As CBs view mortgages as secure because of expected increases of col-
lateral values, they reinforce the induced upswing by BLs. BLs, in contrast, still 
focus on borrower information and reject mortgages in case of previous breaches 
of contract and thereby prevent the market from enormous price increases and 
exorbitant peaks. Since borrowers do have a positive time preference for housing 
investment, they decide in favor of CBs if both institutions are willing to finance 
their desired dwelling. For this reason, CBs dominate the market after a previous 
upswing. In times of previous downturns, however, BLs grant the majority of mort-
gages and, thereby, push prices up again.

The lending strategies of CBs and BLs create a house price level which is 
between the first two scenarios (Table  2). This is the reasonable result out of the 
higher average mortgage interest rate when both institutions grant mortgages. The 
standard deviation of the mean price, stated in Table 2, reveals that a housing market 
in which CBs and BLs interact with potential buyers is the most stable one. On top, 
transaction and homeownership rate reach the highest level compared to the sce-
narios with a single interacting financial institution.

Table  3 summarizes some further cycle characteristics of the simulation sce-
narios. The average cycle length of the isolated CB scenario exceeds this of the 
combined scenario. Accordingly, more cycles occur in the CB and BL case. These 
results reveal that the market is stuck in a cycle longer if only CBs grant mortgages. 
Due to the large outbreaks up and down, it takes more time for the market to stabi-
lize again. If both, CBs and BLs grant mortgages, cycles are less severe. Therefore, 
agents approach their personal threshold for housing investment earlier. As a result, 
market entry barriers are reduced. This, in turn, corresponds with the higher transac-
tion and homeownership rates observed in the combined scenario (Table 2). On top, 
the combined scenario reveals the lowest number of outbreaks22 which confirms the 
lowest market volatility in this setup. Furthermore, Table  3 discloses the number 
of mortgages granted by the different financial intermediaries in the respective sce-
nario. The fact that CBs dominate the mortgage market in the combined case under-
lines the positive time preference of borrowers if they fulfill the credit constraints 
imposed by CBs.

The simulation experiments show that CBs exercise procyclic lending practices 
which intensify housing market cycles and prevent a stable housing market. The 
mortgage granting strategy of BLs, in contrast, generates cyclic market activities 
which are more stable and predictable. The third scenario, in which CBs and BLs 
operate jointly on the housing market, dominates the other settings. CBs spur the 
market in the prevailing market period while BLs, although they are less strongly 
represented on the market, counteract downturns and reduce housing market cycles. 
The combined result of the different lending strategies of the financial institu-
tions studied reduces price volatility, maximizes transaction and homeownership 
(Table 2), and minimizes price outbreaks (Table 3).

22 An outbreak is defined as a price movement up or below the mean, ± the lowest standard deviation of 
the three simulation scenarios.
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Due to the heterogeneity of the interacting agents, the simulations performed rely 
to some extent on random variation. To ensure that the simulation runs are repre-
sentative and the presented model is structurally coherent and consistent, a robust-
ness check has been performed which is provided in the Appendix.

Model Extension

The base model presented above assumes that the desired house is fully mortgage 
financed. In reality, however, financiers usually demand a minimum level of equity to 
finance residential property. To allow for this contingency, the model is extended by an 
equity condition. The equity ratio demanded by a financier constitutes a fixed share of 
the price of the desired dwelling in the means of � =

E

Pi

 . Based on this equity require-
ment, CBs impose a fourth credit constraint on their potential customers which is:

(27)C4CB ∶
E

Pi

≥ �,

Fig. 2  Lending strategies of CBs and BLs

Table 3  Cycle statistics of the 
simulation scenarios

Scenario

CBs BLs CBs & BLs

Average Cycle Length 24 13 9
No. of Cycles 3 7 9
No. of Outbreaks 53 43 35
No. of Accepted Mortgages 976 908 1042
out of which CBs 774
out of which BLs 268
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where E is the total equity of the potential buyer, Pi the price of a housing unit an 
individual buyer desires to buy and � the required equity ratio. Available equity low-
ers the mortgage-to-income ratio in the sense of � =

(
M−E

Y

)
 . The size of the equity 

of potential buyers is drawn from a uniform distribution on [0, 0.35] . As conven-
tional banks do not have reliable customer information, they cannot infer the equity 
ratios of potential borrowers. Instead, they need to rely on imposed self-disclosures. 
The mortgage amount granted by a CB now is MCB = min

(
C1,C2,C3CB

)
 while 

C4CB holds.
A main feature of CSH is the savings period which precedes the loan. These 

accumulated savings serve as equity available for housing financing.23 Since BLs 
can directly observe the individual savings performance of their customers, they do 
not further constrain mortgage granting according to equity requirements, while still 
accounting for � , the proportion of good customers. As a result, lending practices of 
BLs are independent of pre-existing wealth. Instead, their mortgage granting deci-
sion is based on the endogenously created information out of relationship lending.

Figure 3 displays housing market dynamics of the CB, the BL, and the CB & BL 
scenario with the additionally imposed equity requirement which is set to � = 0.2.24 
As in the simulation scenarios presented previously, the interaction of buyers, sell-
ers, and financial institutions leads to a housing market which moves in cycles and 
in which house prices oscillate around its mean. In comparison to the CB scenario 
without equity constraint, however, the amplitudes of the house price cycles are less 
severe. By additionally constraining mortgages to available equity, CBs only grant 
loans to potential customers who have lower mortgage-to-income ratios, since 
� =

(
M−E

Y

)
 . Applicants who do not fulfill the equity requirement, and, therefore, 

feature a higher probability of default, are rejected. As a result, these customers can-
not enter the housing market. These findings are in line with existing literature 
which provides evidence that markets are more stable and the borrower risk of 
default is lower if lenders require an initial down payment for mortgages (Danis & 
Pennington-Cross, 2008; Demyanyk, 2009; Sommervoll et al., 2010).

As BLs base their lending decision on endogenously created customer informa-
tion and do not constrain lending on an additionally imposed equity requirement, the 
house price cycles of the BL scenario are similar to those of the base model. The 
house price dynamics of the two bank scenario, however, is affected by the extended 
lending strategy of CBs. As in the base model, market cycles show the most stable 

23 The amount of regularly savings as well as the length of the savings period are determined by a BL 
at the beginning of the savings phase. Therefore, a BL and it’s customer know the amount of equity that 
will be available at the beginning of the credit phase if all savings are done properly.
24 Equity requirements vary internationally. However, an equity requirement of 20% is in line with those 
of several countries. In Germany, Denmark, and Russia 20% of equity are necessary to get a mortgage 
loan (Chiuri & Jappelli, 2003; Jensen et al., 2015; Zubov, 2020). In Ireland, borrowers are required to 
make a down payment of at least 10% (Corrigan et al., 2020). UK and US, in contrast, require compara-
tively low down payment rates of 5% (UK) and 11% (US) (Chiuri & Jappelli, 2003).
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movements and less outbreaks if both banks act on the market. The equity require-
ment of CBs has a smoothening effect on the market. However, the procyclical mort-
gage lending of CBs cannot completely be compensated by requiring initial wealth 
for housing financing.25 The lending strategy of BLs again counteracts the procycli-
cal mortgage lending of CBs, and, as. a result, the volatility of house prices of the 
combined credit scenario with equity requirement of CBs is even lower than this of 
the combined base scenario.

These results are exemplified in Table 4, which provides the summary statistics 
for the model extension. As already revealed by Fig. 3, the equity requirement of 
CBs dampens the volatility of house prices. This also has a positive effect on the 
cycle volatility of the combined bank scenario. As BLs do not constrain for available 
equity, the market of this scenario stays unaffected.26

The smoothening effect of equity is also reflected in the cycle characteristics of 
the market scenarios which are stated in Table 5. The average cycle length of the 
CB scenario shortens when CBs demand for equity. Therefore, more cycles occur. 
As market cycles are less severe, those applicants who fulfill all credit constraints 
approach their threshold for housing investment faster and can enter the market ear-
lier. The number of market outbreaks is reduced.

This favorable circumstance coincides, however, with limited access to housing 
financing for those potential customers who do not fulfill the imposed equity con-
straint. By conditioning lending on preexisting equity, housing investment is denied 
to those applicants with no or too little initial wealth. Accordingly, CBs reduce lend-
ing (Table 5) and less agents can enter the market, which dampens transaction and 

Fig. 3  House price dynamics with equity constraint

25 Note: In this model extension, CBs only account for whether potential buyers meet the imposed 
equity requirement or not. Impacts of a higher available equity i.e. on the mortgage interest rate are not 
considered.
26 Note: The minor variations of the parameters are due to the individuality of each simulation run.
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homeownership rate in comparison to the CB base scenario (Table  4). With 
regard to this aspect, BLs fulfill an additional stabilizing function on the hous-
ing market as they grant mortgages independent of prior equity.

Due to the extended credit constraint of CBs, potential home buyers reallo-
cate between the two financial institutions. Applicants, who would have been 
accepted by CBs in the base model, are rejected in the model extension due to 
lack of equity. These apply for mortgages at BLs. Since BLs do not demand for 
equity a priori, BLs accept the applicant if he reveals himself as a good cus-
tomer. Accordingly, a customer shift sets in. The customers of BLs are those 
with E

Pi

∈ [0, �] . Those represent this part of potential buyers who do not meet 
the equity requirements set by CBs. Since clients are assumed to have a positive 
time preference for housing investment, wealthier clients, in the means of an 
equity ratio in the range of [�, 1] are those of CBs. Evidence of the reallocation 
of customers is provided in Table  5. In comparison to the base model, BLs 
grant more credit, whereas CBs lose market shares. Furthermore, the extended 
lending by BLs cushions transaction, homeownership, and construction rate 
and ensures reasonable levels in comparison to the base model.

This observation strengthens the result that BLs expand accessibility to real 
estate financing within the population and serve as stabilizers for the housing 
market. They incorporate the smoothening nature of an equity requirement in 
its CSH which must be fulfilled during the savings phase in order to get a mort-
gage while not limiting the access to housing financing for households with 
little or no initial equity.

Conclusions

In a computational simulation experiment, this paper investigates whether vari-
ous lending strategies of financial intermediaries affect the housing market dif-
ferently. We develop a heterogeneous agent-based model in which buyers, sell-
ers, and two types of financial intermediaries, conventional banks and building 
and loan associations, interact on the market. Buyers and sellers use recent 

Table 5  Cycle statistics of the 
model extension

Scenario

CBs BLs CBs & BLs

Average Cycle Length 18 15 13
No. of Cycles 5 6 6
No. of Outbreaks 50 45 34
No. of Accepted Mortgages 913 891 924
out of which CBs 627
out of which BLs 297
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price information to form expectations about future market conditions and are 
restricted by individual income levels. Financial intermediaries finance resi-
dential property and, therefore, mainly determine whether housing investment 
can be realized. CBs mainly base their lending decision on backward-looking, 
expectation-driven collateral values. BLs, in contrast, focus on endogenously 
created customer information out of relationship lending. Endogenous housing 
market cycles are created by the decisions and interactions of agents.

Three simulation scenarios are examined individually and compared to each 
other: one in which only CBs operate, a second, in which only BLs grant mort-
gages, and a third, in which CBs and BLs serve the mortgage market jointly. 
The simulations show that a residential property market in which solely CBs 
act as financial intermediaries tends to be the most volatile. As they focus on 
collateral values, they grant mortgages generously in times of previous house 
price appreciations, further cheering prevailing upturns. In times of downturns, 
applicants are rejected. This procyclic lending strategy leads to sharp oscilla-
tions of house prices, restricts transactions and homeownership, and creates a 
housing market, prone to recessions. As the housing market is closely corre-
lated with other economic sectors as production, social health, and welfare, the 
lending practices of CBs may pose risks for an entire economy and the society 
at large.

A housing market, in which only BLs grant mortgages shows milder price 
level fluctuations and less outbreaks. BLs put less emphasis on collateral values 
and use information out of relationship lending what leads to less pronounced 
market cycles, a higher rate of property transactions, and promotes homeowner-
ship. Due to low mortgage interest rates, BLs enable lower-income households 
to invest in residential property, thus adding potential buyers to the real estate 
market.

A mortgage market that consists of both, CBs and BLs, shows less market vola-
tility than a market with a single financial institution. BLs mitigate the procyclic 
lending activities of CBs and create smoothened housing market cycles. The simula-
tions show that BLs act as stabilizers of the housing market which is consistent with 
empirical evidence (Molterer et al., 2017). Transactions and homeownership reach 
the highest level if both financial intermediaries act on the market. Less market vola-
tility can also be achieved by constraining mortgage lending on an equity require-
ment. This, however, dampens transaction and homeownership rates and makes the 
market shrink. BLs cushion these negative effects as they do not constrain mort-
gage lending to equity conditions and also lend to those who do not fulfill the equity 
requirements if they revealed themselves as good customers. Therefore, a diversified 
market in which financial intermediaries with differing lending strategies, especially 
ones that detach lending decisions from previous market developments, finance resi-
dential property appear to have a positive effect on market stability, and, at the same 
time provide homeownership for a larger share of households. This market composi-
tion contributes to economic and social prosperity while at the same time preventing 
the housing market from crashes.



 J. Braun et al.

1 3

Our model assumes that CBs primarily focus on collateral values to decide 
about mortgage lending. This, in turn, does not imply that BLs have a monopoly 
on information. CBs may also create endogenous information about borrowers or 
acquire it from external sources. As evidenced in existing literature, however, CBs 
mainly use collaterals as their primary source of information to save screening costs 
and to prevent losses out of default. If external borrower information would be as 
cheap and as loss-preventing as pledged collateral, CBs may use other information, 
too. This might have stabilizing effects on the housing market if the information is 
as valuable as this generated by BLs. During the savings phase of a CSH, customers 
reveal their ability and willingness to steadily forgo consumption in order to acquire 
residential property at a later date. With regard to a long-term real estate mortgage, 
this information is more valuable than credit card or one-time consumer debt infor-
mation from  3rd-party credit reports.27 Non-reliable or unsuitable information, in 
turn, would counteract a possible stabilizing effect.

Even if CBs would also take customer information into account for some extent, 
BLs would still act as market stabilizers. This becomes apparent in the model exten-
sion. Their cooperative idea to bring people together to save jointly and to make 
housing purchase affordable grants access to the housing market to a broader share 
of the population. Thus, the advantageous effects of BLs are not only linked to 
asymmetric information regarding creditworthiness. They serve a value beyond that 
by not solely maximizing profits but by following their cooperative idea. This, in 
turn, benefits households and enhances the total public welfare.

Past experiences have shown from different perspectives that the homogenization 
of financial markets entails a diverse set of risks. In the 1980s, deregulation caused 
building societies and savings and loan institutions to disappear from the market 
in the U.K. and the U.S. which, as a result, led to increased housing market vola-
tility. High volatilities, in turn, induce rising defaults (Ambrose et al., 2001; Yang 
et al., 1998). In addition, both countries suffered severe consequences from the latest 
financial crisis of 2008 while countries with BLs experienced milder downturns and 
thus proved to be more resilient to crises. A possible explanation of this phenom-
enon is the finding of Ambrose et al. (2001) who evidenced that the probability of 
borrower default is lower in areas in which the market interest rates exceed mortgage 
contract rates. This condition is integral to the business model of BLs.

Given the negative consequences of volatile housing markets, the findings of 
our study have important political implications and should be taken into account 
when making policy decisions concerning the composition and the regulation of the 
mortgage market. Our results can be taken as support for the presence of BLs in 
housing markets as they are able to dampen market oscillations. As such, this study 
may serve as a reference for policy implications to consider (re)introducing BLs in 
markets with historically high volatility, being aware that an appropriate regulatory 
framework is necessary to successfully establish the system.

27 This is pointed out by Vercammen (1995) and, in a comparable setting, Holmström (1982) who state 
that disciplinary reputation effects of sharing default information about borrowers can only be main-
tained in a two-period model framework. In a multi-period framework, reputation effects diminish.
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Appendix

The appendix provides a robustness check to ensure that the simulation results shown 
above are representative and the presented model is structurally coherent and consist-
ent. Table  6 provides the average values and their standard deviations of the house 
price, the transaction rate, the homeownership rate, the construction rate, and the mort-
gage interest rate of 100 simulation runs, each of 100 simulation periods for the three 
different simulation scenarios.  Table 7 contains the mean values of the corresponding 
cycle characteristics. The outcomes of the robustness check confirm the specific analy-
sis results of the simulation run presented "Analysis of Agent Interactions" section.

Table 6  Summary statistics of the robustness check

Scenario

CBs BLs CBs & BLs

Min Max Mean Min Max Mean Min Max Mean

House 
Prices

1461.24 3231.06 2381.24 1684.21 3325.80 2460.42 1677.95 3242.42 2460.92

(170.76) (185.87) (128.99) (193.08) (185.87) (43.86) (204.53) (192.13) (89.90)
Transac-

tion
0.000 1.000 0.285 0.000 1.000 0.333 0.000 1.000 0.337

Rate (0.000) (0.000) (0.037) (0.000) (0.004) (0.028) (0.000) (0.004) (0.034)
Home-

owner-
ship

0.000 0.899 0.185 0.000 0.686 0.191 0.000 0.872 0.227

Rate (0.000) (0.140) (0.022) (0.000) (0.214) (0.012) (0.000) (0.161) (0.025)
Construc-

tion
0.000 2.141 0.045 0.000 1.391 0.040 0.000 1.517 0.042

Rate (0.000) (2.282) (0.039) (0.000) (0.963) (0.021) (0.000) (1.330) (0.027)
Mortgage 

Interest
0.024 0.030 0.027 0.013 0.016 0.014 0.013 0.030 0.025

Rate (0.001) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.001) (0.001)

Table 7  Cycle statistics of the 
robustness check

Scenario

CBs BLs CBs & BLs

Average Cycle Length 16 13 12
No. of Cycles 5 7 8
No. of Outbreaks 55 42 41
No. of Accepted Mortgages 951 924 952
out of which CBs 716
out of which BLs 236
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