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Abstract
This paper presents a simple disequilibrium model in the primary hous-
ing market, calibrated to the Warsaw market. Our aim is to point out 
that the primary housing market, due to the long construction process is 
always in disequilibrium, which has important policy implications. We 
discuss the last housing cycle and show how a combination of slight 
demand shocks with short-term rigid supply leads to strong fluctuations 
of house prices and new construction. The primary market can create a 
significant distress to the economy, because when house prices rise, this 
sector attracts capital and workers and is able to generate excessive sup-
ply, which finally can lead to the burst of the price bubble. The cyclical 
character is a permanent feature of the property market and can be ex-
plained by the inelasticity of supply. Market participants form price and 
demand expectations based on past observations. This causes frequent 
cycles that, under specific conditions, can lead to economic crises. We 
believe that the model describes the reality of the primary housing mar-
ket better than equilibrium models do, so it can be useful for central 
banks and financial supervision institutions in the analysis of the impact 
of fiscal and monetary policy and regulations on the real estate market.
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1. Introduction

While modelling the real estate market one usually assumes it to be in equilibrium. 
However, as a result of a delayed response of supply and changing demand, largely 
determined by loan availability, the market oscillates around the equilibrium point, 
fluctuating in time. In this paper we propose a model that accounts for housing 
needs, which are reflected in a fluctuating housing demand. Supply from the pri-
mary market (new construction), which is constant in the short-term, responds 
with price increases first. Only after a period of time, more new homes are built but 
prices usually keep growing. Our model allows us to analyze the response of the 
primary housing market to changes in nominal interest rates or household prefer-
ences. We neglect the existing housing stock in this paper and refer to Augustyniak 
et al. (2014), where we describe the interactions between the primary and sec-
ondary housing market in detail. The existing housing stock market hardly faces 
excessive supply, which is only possible if there is strong migration or if there is 
very much cheap supply in the primary market. Usually the existing housing stock 
is owner occupied and changes of its value have a relatively mild effect on the 
economy1. But if we look into the primary market, we observe, for example in the 
US or Spain, that new construction has created serious problems to the economy 
and financial stability. New construction is prone to boom and bust cycles, and 
therefore we analyse the demand and supply of new housing and its cycle. 

The analysis of consumer goods requiring a long construction process was de-
scribed in 1928 by Hanau on the example of a “hog cycle”. The investment process 
and construction of new housing was described, inter alia, by Topel and Rosen 
(1988) and Augustyniak et al. (2012). Our observations indicate that households 
purchase not only completed housing, but also real estate development contracts 
for home construction. When demand is largely unmet, real estate developers sell 
contracts to provide housing, whose construction has already begun. Typically, 
contracts are sold after approximately one year from the construction start date. 
Another two years elapse before the apartment is completed. However, after the 
housing has been constructed, it ceases to affect the housing market, as the contract 
had already been sold in the past. It should be noted that real estate developers 
have some work in progress, which allows them to respond to the market needs 
relatively quickly2. Housing pre-sale contracts are known in the US, Italy, Poland 

1  Positive effects of housing appreciation on consumption are well known in the literature. 
On the other hand if the housing value falls below the loan amount, the owner will not be 
willing to sell its house, which might impede his mobility.

2  The number of building permits obtained by real estate developers usually exceeds the 
number of actually started constructions. Moreover, not all the constructions started are 
immediately sold. The real estate developer can extend this process when prices fall and 
speed it up when prices rise.
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as well as in Asia, where this system has had a long history (see Chang and Ward, 
1993). Such solutions increase the support elasticity, shorten the cycle and reduce 
the amplitude of fluctuations. This helps the supply side to respond faster to strong-
ly rising demand, yet, it involves a certain risk. The advantage for clients is that 
they buy housing at a fixed price. Yet, the buyer bears the risk of the developer’s 
bankruptcy. The developer can continue construction without the need to borrow 
funds, because the client pays upfront, but he will not be able to increase home 
prices in the future, along with rising prices or costs. 

Figure 1.   Commenced housing construction, sold real estate development 
housing (units, left-hand axis) and real price per square meter 
(2004 constant prices in PLN, right-hand axis)

Source: CSO, NBP BaRN, PONT Info, REAS.

Our analysis focuses on Warsaw, the largest housing market in Poland , but 
given that most of the world experienced a similar housing boom, our analysis 
can be easily applied to any other market. The available data allow us to cap-
ture the last cycle in the Warsaw residential market. It began with stable prices 
(2002-2004), which then followed an upward trend with rising income, grow-
ing supply of credit and declining interest rates (2005-2008). In the subsequent 
period (2009-2013) prices slowly decreased as a result of economic downturn, 
oversupply of unsold housing and limited supply of credit. The relationship be-
tween loan availability, growing housing demand and rising home prices in the 
primary market in Poland is discussed in detail in the NBP (2011, 2012a, 2012b) 
reports. Looking at real prices, deflated by CPI (2004 is the base year), it can 
be seen that the actual rise in housing transactions and real estate development 
contracts, in response to growing demand, led also to a rise in transaction prices 
(see Figure 1).
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When analysing real estate market cycles we need to use a model that replicates 
the reality as good as possible. One can find very complex models in the literature 
that describe the housing market. However, in order to solve them, their authors 
make simplifications and make assumptions which are inconsistent with the real-
ity. In particular, the assumption of the market’s rapid search for equilibrium, the 
assumption about a perfect competition in the market as well as rational behaviour 
of buyers and producers are problematic. Those simplifications often lead to trivial 
or even erroneous conclusions. The model presented by us is rather simple and 
can be replicated on a spread sheet. We show that a fairly simple method allows 
to analyze imbalances and cycles in the housing market. This requires, of course, 
relevant data, which, for most of the analysed period, are publicly available on the 
NBP and CSO website. In our model we go back to the tradition started by Fair 
(1972) and DiPasquale and Wheaton (1992), who explain the working of the mar-
ket in a rather simple way.

Our article presents the dis-equilibrium model, analyses cycles and the impact 
of shocks on the housing market. Chapter 2 presents the model of housing demand. 
In Chapter 3 we present the model of supply. Chapter 4 presents a regression of 
aggregate demand and supply as well as price and construction cost changes and 
Chapter 5 concludes the article.

2. Housing demand 

In this section we present a simple demand model. While the housing market 
consists of new construction and sales from the existing stock, it is well known 
that only the supply of new construction can adjust to a credit fuelled housing 
demand boom in the short and medium run (Augustyniak et al. 2014). The sup-
ply from the existing housing stock is rigid in the short and medium run, thus 
any excessive demand translates very quickly into excessive demand for new 
construction. Therefore, we focus on the primary market only and we assume 
that households finance home purchase with a loan. The cost incurred in a par-
ticular period by the household is the loan repayment. Burnham (1972) quotes a 
Fed survey, according to which credit supply determines housing construction. 
Currently, we see that housing demand both in Poland and across the world is 
driven by credit supply (see NBP, 2012a,b). Moreover, demand is affected by 
consumer preferences as regards the consumption of other goods C and housing 
services. Like Bajari et al. (2013) we include the imputed rent kpH in the utility 
function. It results from the size of the apartment H, its price p and the param-
eter k, which reflects the monetary value of the stream of housing services. The 
utility is described by a CES function, where θ is the share of utility resulting 
from consumption, whereas the parameter μ denotes the elasticity of substitu-
tion between consumption and housing, ε = 1/(1-μ). Accounting for appreciation, 
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A = pt
pt – 1

, we take into consideration consumer expectations about future housing 
prices (see Dunsky and Follain, 1997, Sommervoll et al., 2010 or Lambertini et 
al., 2012). Such a specification of the utility function takes into account the fact 
that housing is bought for consumption as well as for investment purposes (see 
Henderson and Ioannides, 1983 and Łaszek, 2013). It also reflects the fact that 
households extrapolate past prices and are prone to herding behaviour (see Salz-
man and Zwinkels, 2013). The utility of household is described by the following 
equation:

U(C, H ) µ +( 1 )A( kpH )µ)
1
µ

The consumer divides his income between the loan repayment and consump-
tion of other goods. It is very important to remember that not only house prices but 
also income rises in the real world. If both increase at the same pace, the consump-
tion of housing, measured in square meters should not change. Moreover, after a 
housing boom relative house prices tend to decline, as the analysis in NBP (2013) 
shows.

The income allocation problem is solved by taking into account the budget 
constraint b = rpH + C  (r – loan constant based on fixed loan instalments, p - price 
per square meter of housing), which gives us the optimal choice of the size of 
housing and consumption of other goods in each period.

By combining this equation with the budget constraint we get the optimum 
allocation of funds between consumption of housing services and consumption of 
other goods.

C * =
b

1+ rp( 1
rp

A (kp )µ )
1

µ 1

H * =
b

rp +( 1 A (kp) µ

rp )
1

µ 1

Lin and Lin (1999) argue that income elasticity of demand is approx. 1, conse-
quently, income growth should lead to a similar increase in housing demand. The 
household is not limited by the budget only, but also by the loan availability and su-
pervisory regulations. The bank calculates the loan availability based on household’s 
income, nominal interest rate and prudential regulations, which determine, among 
other things, the longest possible period of loan repayment (the longer the maturity 
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of the loan, the lower the loan constant and the higher the household loan). When 
buying an apartment, households usually look at the current market situation and 
credit granting criteria, neglecting potential changes in interest rates or fluctuations 
in exchange rates, if they had taken out a foreign currency denominated loan. 

In order to curb excessive debt and reduce the risk to the financial system, 
restrictions are imposed concerning the part of consumer’s income which can be 
spend on the debt repayment (DTI – debt to income ratio) as well as restrictions 
on the loan to value ratio (LTV) or the down-payment (see Stein 1995, Rubaszek, 
2012). For the ease of the analysis, we have considered DTI limits only, so that the 
household can devote only a part of their income x ∈ (0.1) to repay the loan, and 
the monthly instalment payment is  maximum bH, whereas:

bH  = xb ≤ b

In this situation, the choice of the size of housing will not always be the opti-
mum allocation of funds between C * and H *, but:

H =
H * ,r pH *  xb
xb
rp ,r pH * > xb

C = C * ,r pH *  xb
(1 x )b, rpH * > xb

Prudential limitations may result in the household’s inability to consume a suf-
ficiently large apartment. On the contrary, the household will be forced to consume 
more other goods than it needs. Figure 2 shows the consumers choice in the case of 
a normal budget (point A) and a budget limited by prudential restrictions (point B).

Figure 2.  Consumer’s choice without budget constraints (left-hand panel) 
and with budget constraints (right-hand panel)
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If prudential requirements are restrictive (the household would like to borrow 
a higher loan than it can), even a slight easing may trigger strong fluctuations in 
housing demand. Typically, the household is willing to give up some consumption 
of other goods only to buy more housing. This explains why the availability of 
foreign currency denominated loans caused a boom in housing demand in Poland.

In order to provide a more thorough explanation of the price bubble, we should 
present the response of demand to price increases based on a graphical analysis. With 
the classical utility function, when housing is considered as consumption only, rising 
prices would lead to a decline in residential consumption from point 1 to point 2 (see 
Figure 3, left-hand panel). However, as housing is seen as both a consumption good 
and an investment good, the housing appreciation causes a significant shift of the 
utility curve. As a result, amidst rising prices housing becomes even a more desirable 
asset and the buyer will choose the allocation described in point 3 of the left-hand 
panel of Figure 3. He will decide to sacrifice even a significant part of consumption 
of other goods, to buy more housing than he would buy at the former, lower price.

Figure 3.  Consumer’s choice amidst higher prices (left-hand panel) and 
an additional increase in income and moreover, interest rate cuts 
(right-hand panel)

It should be added that prices increased amidst rising incomes and consider-
able cuts in interest rates. The right-hand panel of figure 3 shows that, in the first 
place, as a result of rising income the budget line shifts to the right from point 1 to 
point 2, thus, the consumer can buy more housing and other goods. Yet, prices rise, 
so as previously explained, he will choose point 3. However, a significant decline 
in interest rates means that the price increase is, in budgetary terms, almost entirely 
offset, so the budget curve returns to its position before the price increase, and the 
buyer finally chooses point 4. The analysis presented in NBP (2013) shows that 
during the price boom, the loan availability calculated per square meter of housing 
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was on the rise which allowed households to purchase increasingly bigger housing. 
Only a combination of changes in prices, income and interest rates makes it possi-
ble to explain a seemingly irrational behaviour of buyers who amidst rising prices 
expressed demand for increasingly bigger housing. In the aggregate, this translated 
into a growing demand for housing.

It is worth noting that in terms of the credit boom, households are able to 
exceed their budget by taking Ponzi loans. From the perspective of a household’s 
individual decision this can be reasonable, as it optimizes its inter-temporal con-
sumption and will repay the excessive debt in the subsequent period through capi-
tal gains on housing. This situation was not observed in the Polish market, thus we 
do not analyse this variant.

2.1  Calibration of the demand model and analysis of the impact of 
interest rates on demand

The housing demand model was calibrated to reflect the actual rise in demand and 
prices in the Warsaw housing market in the years 2002-2013. When calibrating the 
model presented in the previous section, we have chosen parameters θ, μ k that are 
very close to the values proposed by Bajari et al. (2013) for the US (θ = 0.77, μ 
= 1.32, k = 0.075). We calibrated the model in such a way that it fits the Warsaw 
housing market as good as possible. We used the same parameter to calculate the 
substitution elasticity μ = 1.32, but modified the importance of consumption in the 
utility function to θ = 0.63. The smaller parameter θ reflects a stronger desire to 
own housing. The parameter k, necessary to calculate the imputed rent, was calcu-
lated as the average of the actual rental data and transaction prices (from the NBP 
BaRN database) and amounts to 0.065. Moreover, we choose the parameter, which 
determines the strength with which buyers react to housing appreciation as γ = 0.5. 
As the household budget we take the twofold value of the average net wage in the 
enterprise sector in a particular year. In total, the model replicates the last demand 
cycle in the primary housing market in Warsaw well, as shown in Figure 4. 

The demand for square meters of housing was calculated as follows: the model 
demand for one square meter of housing of an average household is multiplied by 
13 000 - the average number of homes sold during the analysed period, and finally 
scaled down (by 10 000) in order to harmonize the scale. To calculate the total area 
of actually sold housing, the number of apartments sold by real estate developers 
was multiplied by their average size of 58 square meters, and then the score was 
scaled down (by 10 000). The loan constant was scaled up by 10.

Along with a strong decline in the weighted interest rate3, a rise was observed 
in housing demand. Growth in the model demand largely exceeded growth in ac-

3 The interest rate is weighted with the currency structure of housing loans.
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tual transactions, which was driven by two reasons. At the beginning of the boom, 
real estate developers were unable to generate a sufficient number of contracts for 
housing construction. They put new contracts on the market with one year’s delay. 
Although demand slowed down in the later phase of the cycle, real estate develop-
ers sold a lot of contracts – meeting the needs of clients who had expressed their 
demand a year ago. Moreover, growing income and declining interest rates failed 
to directly translate into bank lending, which began to pick up with some delay.

The demand model allows us to analyse household behaviour in the primary 
housing market in the boom period. Although the price of a square meter of hous-
ing began to increase rapidly, demand continued to grow. This was driven by three 
major factors: falling interest rates (due to lower FX interest rates), growing in-
come and expectations of further strong appreciation of transaction prices. This 
overlaps with the desire to own housing (see Augustyniak et al. 2014) and banks’ 
very lenient lending criteria. A longer crediting period, despite the price growth 
and a slight increase in the average weighted interest rate was a factor behind 
rising demand. In this way, the loan instalment remained at a low level for a rela-
tively long time. However, if banks had refused to lend for longer periods much 
earlier, demand would have probably been lower. Figure 4 shows the development 
in housing demand, under the assumption that both foreign currency denominated 
and PLN mortgage loans were granted (left-hand panel) or under the assumption 
that only PLN mortgage loans were granted (right-hand panel).

Figure 4.   Housing demand, home prices, interest rates and the number of 
purchased housing units (left-hand panel- under the assumption 
that both PLN and foreign currency denominated mortgages were 
granted, right-hand panel- under the assumption that only PLN 
mortgages were granted)
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Source: CSO, NBP BaRN, PONT Info, REAS.

The presented model is a partial equilibrium model in which we assume that 
prices were fixed by real estate developers, and households chose the size of hous-
ing only. In fact, reduced demand, resulting from rising interest rates in the absence 
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of foreign currency mortgages should not lead to such a strong price increases (see 
Figure 4, right-hand panel). It is worth noting that the panel analysis presented at 
NBP (2013) suggests that real estate developers were quick to raise prices during 
the boom, yet reluctant to cut them down during demand slump.

3. Supply of real estate developer housing

As discussed in the introduction, we focus on the supply of new housing. Housing 
supply in the secondary market is rather stable in the short and medium run, as it is 
the result of the willingness of the owner to sell his existing asset. Contrary, hous-
ing developers can increase production in the medium-run excessively, as they buy 
new development land, increase the number of workers and also can sell, besides 
completed housing, pre-sale contracts. Rising prices attract capital to this market, 
but the long construction process makes the investment risky – the investor hopes 
to sell the house for a price that exceeds the construction costs.

Although the price elasticity of housing was already analysed in 1960 by Muth 
for the United States, the supply side was given relatively little attention in the 
literature4. One of the more extensive publications on this subject is the article by 
DiPasquale (1999). While analysing housing supply, we must take into account 
the situation in the local real estate markets. Stover (1986) pointed out that the 
aggregation of data from individual, distant cities leads to significant errors in the 
estimation of the price elasticity of housing supply. A detailed analysis of the real 
estate development sector, as well as the profit and cost accounting may be found 
in Augustyniak et al. (2012), here we focus on the supply curve only5.

The short-term supply of developer housing is rigid, because it usually takes 
around 4 years from the start to the completion of construction. Supply becomes 
more flexible in the medium term as real estate developers sell contracts, if this is 
permitted by the law and approved by market participants. Thus, real estate devel-
opers put onto the market contracts for home construction, which has only just be-
gun (see Augustyniak et al., 2012) and the whole project will take two more years 
to complete. During the price boom, the sale of construction contracts began even 

4  The modelling of housing supply causes many problems, including analytical ones. 
Epple, Gordon and Sieg (2010) estimated the home production function based on 
the price of land. The main problem was that housing consists of attributes that are 
difficult to valuate objectively, separately, qualitatively or quantitatively (e.g. quality 
of housing). It should also be noted that housing features are the result of complex 
decisions made by real estate developers and home owners (see DiPasquale, 1999). In 
the case of Poland, the problem is also to gain access to full and accurate data series.

5  The price elasticity of supply is explained theoretically by Levin and Pryce (2009) and 
estimated for different countries by Phang, Kim and Watcher (2010) and by Sanchez 
and Johansson (2011).
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earlier and the so-called “holes in the ground” were bought. Then, after a period of 
3-4 years, completed apartments were delivered to the buyer.

Basing on the relationship between the cost of production and the supply curve 
of real estate developers, we know that in the medium term the real estate devel-
opment sector is able to build more housing units at a higher cost. The cost curve 
will be located close to the marginal cost curve. According to our observations, 
the mid-term curve of real estate developers’ supply may differ significantly from 
the cost curve, as developers plan future investment based on current prices. They 
erroneously underestimate the rise in production costs, driven by growing demand 
and respond only to nominal changes in home prices (see NBP 2013 for more 
empirical details).

In the medium term, the capital inflow to the residential construction sector 
pushes the cost of capital down to the level of the minimum average cost (long-
term cost). As a result, the supply curve will become even more flexible, as new 
real estate development companies will enter the market, while the existing ones 
will increase their production. However, if supply rises too much, the average cost 
will rise as a result of the negative scale effects (infrastructure, costs of transport, 
materials, land, etc.).

Moreover, real estate developers often fund their operations using financial 
leverage, which changes their profitability indicators, as increased production fi-
nanced in this way offsets the growing unit costs. In some countries, it is possible 
to finance construction with buyers’ pre-payments, enabling developers to save 
the equivalent of interest they would have to pay on the loan, thus increasing the 
return on investment. Therefore, due to higher prices, the supply of development 
contracts may be more flexible in the short-term than suggested by marginal costs.

In the long term, supply of housing will be more flexible thanks to a wider 
range of possibilities of increasing production. The whole economy will be a sub-
ject to structural adjustments aimed at adjusting the supply of housing to meet the 
society’s needs6.

3.1 Real and virtual supply curve

As in most productive sectors, the supply curve is affected by marginal costs and 
the price. Firms involved in home construction have generally in place similar, 
standardized construction methods, so that the aggregate supply curve is the sum 

6  It is worth noting that the economy may be subject to erroneous, socially expensive 
and excessive adjustments made to match new housing supply with demand. We have 
observed this recently, for example in Spain. Too many factors of production (capital 
and human resources) were transferred to the real-estate development sector, which 
generated huge costs:  a high vacancy rate and mismatches in the labour market.
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of supply curves of individual real estate developers. We can determine two supply 
curves: the virtual and the real one.

The virtual supply curve (V) is the result of real estate developer’s calculation 
of future return on investment. This calculation is an estimate based on current 
housing prices, cost of materials and labour. In contrast to a manufacturing firm, 
which has a fixed capital stock and an optimal production level above which costs 
rise substantially, the real estate developer relies on outsourcing of construction 
services and buys a lot of production factors in small batches. For this reason, the 
individual cost curve is flat and rises with a considerable delay (see Figure 4, left-
hand panel). The real estate developer usually operates as a holding, which allows 
it to create a special purpose vehicle to start new investment projects.

Furthermore, the number of housing units in a particular location can be ad-
justed to meet the current market needs. Its supply is limited by the access to capi-
tal generated by the stock and bonds market and by loans. We should also mention 
another restriction in the form of a limited number of qualified people who can 
conduct the construction process and the availability of production factors. Conse-
quently, real estate developers supply curve (S) will be less inclined. It will move 
to the left, if the real estate developer expects the cost of land, materials and labour 
to increase or the diseconomy of scale starts to emerge.

Furthermore, the real estate developer can continue a project that was already 
started and then stopped, should demand increase. In this case, the supply curve 
of the developer is virtual and subjective as it is based solely on self-estimates and 
usually does not take into account the behaviour of the competition.

Figure 5.  The virtual and actual supply curve (left-hand panel) and changes 
in the market in response to rising demand (right-hand panel)

The real supply curve (F) of the entire development sector reflects the actual 
changes in investment profitability, taking into account diseconomies of scale and 
increasing costs of production factors, when production reaches too high levels. 
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For example, real estate developers will buy less attractive plots of land and will 
have to adapt them to meet the actual needs or will have to pay more for work 
and materials. This gives a curve that shows how flexible the response of demand 
to housing prices is. However, its importance at the planning stage seems to be 
limited to the individual developer. It will play a major role in the final phase of 
the project and will determine the number of housing units that are currently being 
constructed.

If housing prices are stable, growing costs mean that profit margins are lower 
and, consequently, the expected future profits decline and the virtual supply curve 
goes up. This results in the suspension of new investments, slowing construction of 
the existing real estate investments, or even abandonment of the current projects. 
The virtual and the actual supply curve is shown in the left-hand panel of Figure 5. 
Rising demand for housing, as shown in the right-hand panel of Figure 4, as a shift 
in the demand curve to the right (from D to D’), will urge real estate developers 
to increase housing production. As a result of rising factor prices and the negative 
scale effects (average costs of production factors begin to grow), the real cost of 
production of such a large number of dwellings is higher (see curve F) and exceeds 
the price that consumers are ready to pay. This, in turn, creates a surplus in the 
housing market. We would like to mention that housing developers have tools to 
cover excessive costs, as they apply price discrimination during the selling pro-
cess. As described in Łaszek and Olszewski (2014), they offer each housing unit 
to every buyer at his own reservation price, thus obtain a higher profit than they 
would obtain under perfect competition.

4. Aggregate demand and supply estimation

In this last chapter we investigate empirically the aggregate demand supply and 
price adjustment process in the primary housing market. Because the annual time 
series are rather short, we use quarterly data7. As the quarterly data shows season-
ality and also is more prone to short-term shocks that we do not model here, we use 
the moving average over four quarters. We base on the previously described model 
and the housing stock adjustment literature (see Mayer and Sommervoll, 2000 and 
Steiner, 2010). In aggregate terms there is an equilibrium housing stock level, cor-
responding to a specific price level. If, for some reason, the demand for the housing 
stock increases, there is a mismatch between demand and supply and prices rise.

7  The data on house prices origins from the NBP BaRN data base, data on house sales and 
housing put on the market comes from REAS, while the construction costs are based on 
Sekocenbud data. The income data comes from the CSO, while data on interest rates 
comes from NBP. Data on supply, demand, prices and costs as income is in logs.
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 As shocks are a permanent feature, the market is never in pure equilibrium, but it 
may be very close to it. Following Mayer and Sommervoll (2000), we regress the 
log-levels of housing demand and supply in a given period on price changes and 
also explain the price and construction changes by the mismatch between demand 
and supply. Taking into account the previously described model of individual de-
mand for housing space Ht, we proceed to the aggregate demand HDt for housing 
units. The aggregate demand in log terms can be described by equation 1.

HDt = α1 + α2Pt + α3D(Pt) + α4 Intratet + α5 Incomet + εt   (1)

Here Pt is the log house price, D(Pt) is the growth rate of the house price. 
The interest rate (Intratet) and the income in log terms (Incomet) are included 
to capture the development of the economy. The empirical analysis (see table 1 
below) confirms that in aggregate terms housing demand depends positively on 
the income, while it declines with price or interest rate increases. Moreover, the 
housing demand increases when prices are on the rise, which confirms the herd-
ing or speculative behaviour of home buyers in the primary market. We want 
to point out that if price increases at the same time as income, both effects an-
nihilate each other. In relative terms, housing measured in units of income is as 
expensive as it was before the price increase (see also NBP (2013b) for data on 
other cities in Poland). 

The next step is the regression of the aggregate housing supply in the primary 
market. Again in line with theory we observe that developers react with a lag of 
one year to price increases, which is captured by D(Pt-4). If prices rise, developers 
start new construction projects, which they put with a one year lag on the market. 
Increasing construction costs, captured by D(PCt-4), decrease their will to start 
new projects as well as increasing interest rates (denoted Intratet) do. The higher 
the interest rate is, the more costly is a loan or the higher are the opportunity costs 
of investing in housing construction. Finally, given the high fixed costs, the devel-
oper produces a certain amount of housing, irrespective of the current prices and 
construction costs. We call this production autonomous (see also Augustyniak et 
al. 2012).

HSt = β1 + β2D(Pt-4) + β3D(PCt-4) + β4Intratet + εt   (2)

The price setting behaviour of the real estate developer is captured by equation 
3. First, it turned out that the house price depends strongly on its past level, thus 
also the current price growth rate D(Pt) depends on its past growth rate D(Pt-1). As 
the literature on housing cycles shows (see for example Bracke, 2013), there are 
long periods of price growth and even longer periods of price decline. The devel-
oper adjusts the price also to the mismatch between current demand and supply 
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(denoted HSt-1 – HDt-1), that is under excessive demand he increases the price (see 
Tse Ho and Ganesan, 1999). 

D(Pt) = ϑ1 + ϑ2D(Pt-1) + ϑ3(HSt-1 – HDt-1) + εt   (3)

We tested whether there is asymmetry in the price adjustment and found that 
the price increase in response to excessive demand is as strong as the price decline 
in response to excessive supply. In the case of oversupply, the developer lowers his 
price expectations slowly, hoping to find a buyer who is willing to pay the price. 
This has been observed in the Polish real estate market but also in other interna-
tional markets in the recent years. Even though a fast price decline would allow 
the market to clear and reach the equilibrium faster, developers are not willing to 
lower prices too fast. Typically, developers have price expectations and are ready 
to wait for a client who is willing to pay their price8. Also when the construction is 
financed with a loan, the loan agreement may prevent the developer from lowering 
prices below a certain threshold. The buyer can negotiate the price, yet has a small 
amount of information and little bargaining power9. In consequence, the price re-
mains high and even though there is excessive supply, other developers continue 
to deliver housing to the market.

The last important factor which affects housing construction are construction 
costs, which we estimate in equation 4. We observe that construction costs, similar 
to house prices, tend to depend strongly on their past realization. Moreover, in-
creases in supply require more input goods and rise production costs.

PCt = ρ1 + ρ2D(PCt-1) + ρ3(HSt-1) + εt (4)

We estimate each equation separately using the OLS regression, correcting for 
heteroskedasticity and autocorrelation. The estimation is run on quarterly data, and 
due to the limited data length the regression 1 covers the period 2004Q2-2013Q4, 
regression 2 the period 2005Q1-2013Q4, regression 3 the period 2008Q1-2013Q4 
and regression 4 the period 2004Q3-2013Q4. 

8  Compare the offers presented in Figure 4 in NBP (2013).
9  There is a strong asymmetry of information, the developer can put a smaller number of 

housing units on the market to create the appearance that housing is a rare good. The 
housing developer has also marketing tools to convince the client that housing is worth 
as much as expected by the developer.
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Table 1.  Regression results of the determinants of aggregate supply, demand, 
prices and production costs. Each regression estimated separately 
with OLS

HDt HSt D(Pt) D(PCt)
Pt –0.889***

(0.180)
D(Pt) 7.456*** 0.823***

(1.395) (0.074)
D(Pt-4) 9.300***

(1.841)
Intratet –8.733* –16.558***

(4.932) (6.105)
Incomet 0.780*

(0.396)
D(PCt-1) 0.894***

(0.087)
D(PCt-4) –13.160**

(2.102)
D(HSt-1) 0.023**

(0.009)
HSt-1 – HDt-1 –0.033***

(0.009)
C 9.828*** 9.062*** 0.001 –0.001

(2.222) (0.345) (0.002) (0.001)
Adj. R2 0.82 0.73 0.72 0.92

Newey-West HAC standard errors in brackets, ***, **, * significant at the 1%, 5% 
or 10% level.

The four equations can be used to explain the dynamics in the housing mar-
ket. We see that persistent low interest rates or increasing wages trigger a demand 
boom, that is followed by a price increase and supply boom. Due to the apprecia-
tion effect and also because with rising income relative house prices remain stable, 
the housing boom period can last for a quite long period. It will be stopped only 
by a shock, such as the sub-prime crisis in the USA, which made banks slow down 
the disbursement of loans.

The model helps to explain the price dynamics and the number of real estate 
transactions in the primary market. It suggests that the only way to achieve a mar-
ket equilibrium and ensure small fluctuations around this point, is to stabilize and 
control demand, among others by slowing down the credit boom. Such a strong 
demand boom would probably not be possible in Poland, should only zloty de-
nominated loans be granted. Moreover, the regulations related to the existence 
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of the government-subsidized housing scheme sustained the demand (see: NBP, 
2013). If, however, a programme aimed to support the rental housing market was 
introduced, the demand shock caused by rising incomes and low interest rates 
could be limited. Still, there is the secondary market and it is important to consider 
this market in the analysis of housing policy. We refer to Augustyniak et al. (2014) 
and NBP (2013b) for a detailed discussion on housing polices for the secondary 
housing market.

5. Summary

We present a relatively simple model that helps to understand the cyclical nature 
of the housing market. After calibrating the model to the primary housing market 
in Warsaw, we show how changes in interest rates affect the demand. Moreover, 
the model shows how demand shocks affect housing production and prices, and 
can lead to repeating housing cycles. It may be concluded that only the reduction 
in demand, for example, by prudential regulations limiting the availability of loan-
financed housing can help to smooth out the cycle in the primary housing market.

An important assumption of the model, motivated by empirical observations, 
is that the primary housing market is in constant dis-equilibrium. Delayed adjust-
ments of supply to the continuously changing demand lead to permanent cycles. 
We wish to emphasize that the equilibrium assumption, on which most of the 
known housing models are based, gives erroneous results and misleading indica-
tions for decision makers. We believe that our model is useful for policy makers, 
central banks and regulators to analyse and understand the impact of various fac-
tors  in the primary housing market.
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