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Do the high price levels in the Brazilian Real Estate Market unfold a Real Estate Bubble? 

Whatever the case, real estate market risk could be mitigated with the development of abandon 

options, hedging against brisk price falls. 

Real Options with Priced Regime-Switching Risk – an approach based on Driffill et al 

(2013) – were simulated from the monthly returns of Real Estate prices for the cities of São 

Paulo and Rio de Janeiro, available from the FIPE-ZAP index. First, there is no significant 

premium variation within the range of the existing volatility levels of the monthly returns. 

Second, until middle 2014, the bullish market very frequently dismissed the exercise of the put 

options. Third, for market monitoring purposes, the methodology can be more effective utilized 

when evaluating weekly and daily price information, currently existing in the FIPE-ZAP 

database however not disclosed. 

                                                
1 IAG/PUC and Banco Central do Brasil (Brazilian Central Bank). The views expressed in the paper are those of the 
author and do not necessarily reflect those of the Banco Central do Brasil. 
2 IAC/PUC/RJ and Banco Nacional do Desenvolvimento Econômico e Social (BNDES). The views expressed in the 
paper are those of the author and do not necessarily reflect those of the BNDES. 
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1. Introduction and Motivation 
This study investigates the existence of stylized facts in the recent (2008- February, 2015) 

Brazilian Real Estate market, such as price bubbles and price volatility clustering. The alleged 
overvaluation of the real estate prices, especially in large urban centers of Rio de Janeiro and São 
Paulo, suggested a price bubble hypothesis for real estate assets. Even in economic boom 
scenarios - from 2006 to 2008 and from 2009 to the second quarter of 2011 - frequently bad 
news came to light, reflecting high fluctuations of the Real Estate stock prices listed in the 
BM&F BOVESPA stock exchangei. Meanwhile, the Brazilian Real Estate market is very 
fragmented and the few Real Estate stocks may not describe this economic sectorii: 

At first, a highly fragmented market means plenty of choice for the consumer/household 
sector. However, this picture lacks a clear idea of the Real Estate market and do not deals with a 
recurring household asset hedging problem, when Real Estate assets loose dramatically its value 
or when the consumer goes to default. Fortunato et al (2008), based upon the fact that the 
Brazilian Consumer Code3 enabled contract terminations and the resumption of alienated 
product, calculated the value of abandon options, based on its own ad hoc price survey, since no 
regular Real Estate Index was available at that time. 
On the other hand, Brazilian financial assets historically exhibited greater volatility than 
equivalent European and American assets, therefore a persistent high volatility can be also the 
case for real estate assets, reinforced by the bubble hypothesis. Real Estate bubbles were fact in 
other countries, yet, according to Glaeser and Nathanson (2014), excess variance is less endemic 
than in other asset markets, and shows up primarily in brief outbursts.  

There are lessons taken from the recent U.S. Real Estate bubble, considered to be one of 
the starting points of the international financial crisis present since by 2007. According to 
Cynamon and Fazarri (2008), the early warning crisis signs could be easily observed when 
looking through the consumer/household side of the American Economy and its persistent excess 
of personal outlays (figure U.S. personal expenses based on income in the appendix). The 
Financial Deregulation was also a key issue, according to Eichengreen (2009). Consequently, the 
main International Financial organizations are making efforts to develop a more effective set of 
preventive regulation, the most relevant established by the Bank for International Settlements 
(BIS), such as the BASEL III agreement – see BIS (2011). The BIS focus its Market Risk 
analysis on four broad financial risk factor categories (interest rates, exchange rates, equity 
prices and commodity prices) defined on BIS (1996), therefore real estate concerns did not 
generate a specific real estate market risk book. Besides, mitigating financial losses can be a 
feasible but a hard objective to reach, since it is impossible to prevent all sorts of crises, and the 
BIS (2011) acknowledges the unpredictable nature of future crises iii. However, taking into 
account that financial crises can be originated from any sort of economic sectors, the real estate 
sector is a qualified candidate for crisis source, as witnessed history in several countries. 

Concerning the Brazilian scenario, confirming or not the Real Estate bubble hypothesis, 
mitigation efforts can be effective by developing Real Estate puts options (abandon options), in 
order to hedge real estate assets value oscillations - in a broad sense, a capital requirements 
approach, similar to the Pillar 1 of the Basel III agreement. Since 2010, simulating real estate 
options is feasible, thanks to the disclosure of a Real Estate Index source: the FIPE-ZAP monthly 
Index, a joint venture of Fundação Instituto de Pesquisas Econômicas (FIPE), a Brazilian Private 
Economic Research Center) and Zap Imóveis, a Brazilian Real Estate Company. 

The next sections consist of a quick literature review, the data and methodology section, 
the results section and the conclusions sections. The results sections consist of a quick 
macroeconomic scenario evaluation and the test results for the simulated abandon options. 
Illustrations are concentrated in the appendix.  
                                                
3 See a key excerpt of the Brazilian Consumer Code in the appendix. 
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2. Review 
Bubbles and Crises: a recurring question poses whether a high level asset price can be ex-ante 
detected as bubble about to burst or only considered a bubble ex-post, after the burst. Bubbles 
are usually classified either as rational or irrational. Shiller´s (2006) irrational exuberance 
postulates that bubbles result from feedback mechanisms in prices that amplify some initial 
precipitating factors.  
According to Scheinkman (2013), a rational bubble is characterized by a continuous rise in an 
asset's price. Investors are content to hold the asset at the current price, because they believe that 
they are compensated for any risk of the bubble bursting by a suitable expected rate of price 
increase. In this context, Simiano Nunes & Da Silva (2009) highlighted three specific types. 
First: explosive bubbles that occur in the long-run equilibrium of absence between the share 
price and the payment of dividends. Second: bubbles bursting periodically, which are those that 
exceeded a certain threshold value, decay to a value close to zero, but grow back slowly to the 
long-term alignment between the share price and dividends. Third: intrinsic bubbles arise merely 
from excessive reaction of the share price in relation to the variation of dividends, with no 
influence from extrinsic factors. 
Nevertheless, Scheinkman (ibid) states that there are two reasons to dismiss the relevant 
differences between types of bubbles. The first is learning: the irrational agents should 
eventually learn that the signal they are using is useless. The second is survivorship, following 
Friedman (1966): irrational agents loose wealth on average and thus have a vanishing influence 
on market.  
Some authors specify the bubble size. For Evanoff et al (2012), burst is defined as a peak to 
trough price change that is in the most negative quartile of price decreases in the sample. For 
equity markets this required at least a 37% correction from peak to trough. Another practical 
example is found in the Financial Stability Report from BCB (2015, Real Estate Credit Risk 
section): for Real Estate prices, the bubble correction shall be 55% - figure Stress test for Real 
Estate Portfolio (Banks), appendix. 
There are a number of take-away lessons about asset price bubbles from the recent global 
financial crisis. Evanoff et al (ibid.) itemized four aspects. First, sharp prolonged increases in the 
prices of important assets followed by equally sharp, but quicker declines in prices occur 
frequently. Second, the burst of housing bubbles is frequent and dangerous. Third, wrong way 
risk are frequent in crisis times. Forth, financial stability tools need to target sector in which 
bubbles are emergingiv. Out of many ways to evaluate real estate bubbles, a simple one is:  

Equation 1: Real Estate Present Value 
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where tP  is the price of the property at the date of acquisition, tr  the opportunity cost of 
investing in real estate, tD  the flow of net revenues derived from the ownership of the property 
given by the value of the rent (or other income and costs) and tE  is the conditional expectation 
the information available in period t. Comparing the fundamental (right side of equation 1) with 
the selling (market) value, there is an estimation whether certain assets are expensive or cheap.- 
see figure São Paulo´s Net Present Values (appendix). According to Marçal et al (2012), when 
the metric is the increase in household income or the rent in Sao Paulo associated to CDI (short 
term interest rate), there is a weak bubble evidence. The bubble evidence grows higher when 
simulating Net Present Values from the São Paulo´s FIPE-Zap indexes, using rental prices as 
dividend, in a valuation approach - see, for instance, Koller et al. (2010). However, linking 
selling with rental prices means to buy an asset for revenue purposes, which is not the only 
possible objective of a buyer.  
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Self-Fulfilling Prophecies: bubbles are easily associated with Self-Fulfilling Prophecies, a 
phenomenon initially described from a sociological point of view by Merton (1968): “The self-
fulfilling prophecy is, in the beginning, a false definition of the situation evoking a new behaviour which 
makes the original false conception come 'true'. 
This is the focus of Azariadis (1981) and some Brazilian references such as Holanda Barbosa 
and Sallum (2002, Hyperinflation), Oreiro (2001, currency crisis), Simiano Nunes & Da Silva 
(ibid, Rational Bubbles in the IBOVESPA stock exchange) and Martin et al. (2004, identifying 
rational speculative bubbles from markovian regimes), who claim that financial returns can be 
described as function of two regimes, bull markets and bear markets. According to Van Norden 
and Schaller (1996) the main rational bubble models lead to regime change. 
Crisis transmission: a possible concern is a contagion effect, where a bubble burst can influence 
other bubbles bursts. Besides the already mentioned Cynamon and Fazzari (2008) and 
Eichengreen (2009), Stumpner (2013) showed that trade (real sector of the economy) was an 
important channel of the geographic spread of the American crisis. See also BIS and Hyun Jo 
(2012) for financial contagion - how does the failure of some financial institutions impact other 
financial institutions. 
Real Options modeling: a basic review of the real options comes from to Dixit and Pindyck 
(1994) as well as Black and Scholes (1973) for option modeling. Titman (1985) and Williams 
(1991) pioneered the theory of real options for real estate assets. The authors searched the time 
and optimal scale of the (re) development of vacant properties For the specific case of the 
Brazilian Real Estate real options, Fortunato et al (2008) reported the difficulties of developing 
Real Estate options based on scattered sources. The index from Fundação Instituto de Pesquisas 
Econômicas (FIPE) and Zap Imóveis – data available for the cities of São Paulo and Rio de 
Janeiro since January, 2008 – seems to be a stable database, yet currently only quarterly average 
monthly basis data is disclosed.  
Driffill et al (2013) stated that accounting for Markov switching risk results in a delay in the 
expected timing of the investment while the regime-specific factor risk premia make the 
possibility of a regime shift more pronounced. Referring to Hamilton (1989), they suggest the 
use of Markov switching models to best fit variables such as real options volatility. The authors 
emphasized the scarce literature on real options with Markov switching models. 
Heteroscedastic effects and leaps: many previous works report, as stylized facts for Brazilian 
Financial time series, volatility clustering and autoregressive conditional heteroscedastic 
(ARCH) effects. For instance, Valls & Almeida (2000) report those effects in the daily returns of 
the closing prices of the IBOVESPA Stock Exchange Index. For a review of the ARCH and 
generalized ARCH (GARCH) effects, Engle (1982) and Bollerslev (1986) are the starting points. 
The existence of volatility clusters suggests either an approach under the viewpoint of changes in 
volatility regimes or an approach under the standpoint of volatility leaps. Concerning to time 
series with leaps, Kim et al (2011) provide a quick overview of the Lévy processes literature. A 
previous identification of the unconditional volatility levels is considered, in order to verify if 
there are levels of unconditional volatility, through the determination of the discrete changes in 
the unconditional variance is investigated with the ICSS (Iterative Cumulative Sum of Squares) 
algorithm, from Inclán and Tiao (1994). 
Time Series subject to changes in regime grew relevance with Hamilton´s (1989 and 1990) 
Switching Regimes models: the EM (Estimation Maximation) algorithm estimates parameters 
through maximum likelihood estimation (MLE). The EM-algorithm can be adapted to non-
normal distributions and yields maximum likelihood estimates of the model parameters. These 
estimates are consistent, unbiased and efficient – refer to Dempster, Laird & Rubin, 1977. 
Hamilton and Susmel (1994) and Cai (1994) introduced the SWARCH (SWitching 
AutoRegressive Conditional Heteroskedasticity) models, a generalization of the AutoRegressive 
Conditional Heteroskedasticity (ARCH) model of Engle (1982), allowing discrete changes in its 
level parameters through a Markov process. The presumed next step in evolution is the 
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SWitching Generalized Autoregressive Conditional Heteroskedasticity (SWGARCH) model. 
However, due to path dependencies, Hamilton and Susmel (1994) and Cai (1994) stayed with the 
SWARCH models: in the first specifications, such as Gray’s model (1996), the GARCH variance 
was dependent to the entire history of regimes.  
On the other hand, SWGARCH models combine GARCH with regime switching. In the model 
specification, from Haas et al. (2004, p. 497), the regime variances only depend on past shocks 
and their own lagged values – the path-dependency restriction was removed. This specification is 
analytically treatable, allows a separation of the process of conditional variance and offers direct 
parameter estimation through maximum likelihood. 
Emerging Markets: Last but not least, higher volatilities are a stylized fact for emerging 
markets. According to Gray (1996), high price levels generate high volatility levels.  

3. Data and Methodology 
The main data is the FIPE Zap Index database, available since January, 2008 and self-titled 

the main thermometer of the Brazilian Real Estate, a joint venture of Fundação Instituto de 
Pesquisas Econômicas (FIPE) and Zap Imóveis (Real Estate Company). The Institute of 
Economic Research Foundation (FIPE) is a private, nonprofit organization, established in 1973 
to support the Department of Economics, Faculty of Economics, Business and Accounting from 
the University of São Paulo ( FEA -USP ), with performance in the areas of education , projects , 
research and development of economic and financial indicators. 

The FipeZap Price Index database consists of Real Estate rental and sales prices in selected 
Brazilian cities. Nowadays, the scope covers the following cities: Belo Horizonte, Brasília, 
Campinas, Contagem, Curitiba, Florianópolis, Fortaleza, Goiânia, Guarujá, Guarulhos, Niterói, 
Osasco, Porto Alegre, Praia Grande, Recife, Rio de Janeiro, Salvador, Santo André, Santos, São 
Bernardo do Campo, São Caetano do Sul, São Paulo, São Vicente, Vila Velha and Vitória. The 
FIPE Compound covers a weighted index of the seven greatest cities while the Broad Index is a 
compound index of all cities covered. All indexes are calculated based on the advertisements 
published on the page ZAP properties. The FIPE-ZAP index considers apartments 
announcements and takes into account the location (neighborhood), the number of bedrooms and 
floor area. Its methodology is available on the link:http://www.fipe.org.br/web/index.asp, with 
reference to Eurostat(2010). Data have been collected and stored on a daily basis since 
December 1, 2007, and it is available on the link http://www.zap.com.br/imoveis/fipe-zap, 
ranging from 1Q2008 to present time. Next table exhibit a sample of the index. 

Table 1: Examples from the FIPE-ZAP Index 
Index Description Index Description Index Description Index Description 

6 São Paulo: Total 9 São Paulo: 3D 11 Rio de Janeiro: Total 14 Rio de Janeiro: 3D 

7 São Paulo: 1D 10 São Paulo: 4+D 12 Rio de Janeiro: 1D 15 Rio de Janeiro: 4+D 

8 São Paulo: 2D   13 Rio de Janeiro: 2D   

Where 1D, 2D, 3D, 4+D means flats with one room, two rooms, three rooms and four of more 
rooms, and TOTAL stands for the compound city index, all kinds of flats included. The monthly 
released prices are 3-months moving averages. The monthly series standard deviation ranged 
from 0.54% (SP compound) to 1.11% (Single Room, Rio de Janeiro). On the other hand, from 
internal data, monthly series standard deviation ranged from 7.12% to 0.72% for the Rio’s 
neighborhood.  

The monthly GDP - time series 4380, Brazilian Central Bank Database is used to predict the 
put option strike price and deflate the BM&F IBOVESPA stock values. The FIPE´s monthly 
variation of the consumer price index (IPC) is used to deflate both the BM&F IBOVESPA stock 
values and the FIPE zap Index. Other series were downloaded for linear regressions purposes, 
such as the National Consumer Prices Index and Wide Consumer Prices Index (INPC and 
IPCA), from the Brazilian Geographical and Statistics Institute (IBGE), the monthly variation of 



 

 6 

the IBOVESPA stock exchange INDEX, a monthly inter banking interest rate (CDI) and a 
monthly consumer confidence index from the Commerce Federation of the State of Sao Paulo - 
Federação do Comércio de Bens, Serviços e Turismo do Estado de São Paulo (Fecomercio/SP). 

Table 2: Main data and source 
Series Acronym Source Period 

FIPE-ZAP FZ FIPE From 01/2008 to 02/2015. 
Monthly GDP GDP BCB 4380 From 01/1990 to 02/2015. 
IBOVESPA Index IBOV BCB 7832 From 01/1987 to 02/2015. 
Monthly inflation IPC FIPE  From 06/1994 to 02/2015. 
Monthly inflation INPC IBGE From 04/1979 to 03/2015. 
Monthly inflation IPCA IBGE From 01/1980 to 03/2015. 
Consumer Confidence Index CCI FECOMERCIO/SP – BCB 4393 From 03/1999 to 12/2014. 
Formal Employment Level FME BCB: 1586 (BR), 12868(SP), 12779(Rio). From 01/1985 to 03/2015 

The ECONOMATICA database is the source of data for a valuation exercise with Real Estate 
Stock listed in BMF&BOVESPA stock exchange. According to Carvalhal (2006), some major 
real estate companies with shares listed on the stock exchange quickly joined the rules of 
Corporate Governance of the BMF&BOVESPA index, being three out of the 23 companies 
listed in the so-called New Market at the first hour. The selected companies: Cyrela, MRV, 
GAFISA, Even, Tecnisa, Rossi Residencial and Tenda, all but Tenda belonging to the 
BMF&BOVESPA stock exchange Corporate Governance Index. 

Table 3: Real Estate Stock compounding the BMF&BOVESPA Corporate Governance Index (IGC) 
Relevance Code Stock Type Share (%) 

34º  CYRE3 CYRELA REALT ON NM 0.814 

45º  MRVE3 MRV ON NM 0.562 

75º  GFSA3 GAFISA ON NM 0.272 

80º  EVEN3 EVEN ON NM 0.262 

122º  TCSA3 TECNISA ON NM 0.121 

123º  RSID3 ROSSI RESID ON NM 0.115 

Total    2.146 

Source: BMF&BOVESPA (2012). 

Methodology 
The tests consisted of two parts. In the first part, a brief Real Estate market analysis consisted of 
two items. First, a quick macroeconomic and Brazilian Real Estate market panorama is 
elaborated from some different sources. Second, an evaluation of real estate stock portfolios, 
benchmarking with the IBOVESPA index (source: ECONOMATICA, a Brazilian financial 
database). 

The second part consisted on getting the monthly returns of real estate price indexes (source: 
FIPE-ZAP), analyze these monthly returns volatilities and simulate put options. Three types of 
tests were executed: Changes of Volatility Regimes, SWGARCH simulation and American 
Put Simulation. The next table summarizes the chosen methods. 

Table 4: Main Algorithms of this paper 
OPERATION ALGORITHM SOURCE SOFTWARE 

Unconditional Volatility ICSS  Inclán and Tiao (1994) RATS4 
GARCH+ Volatility Levels  SWGARCH  Haas et al (2004). MATLAB 

Real Options American PUT(LS)  Drifill et al (2013)/ Longstaff, and Schwartz (2001) Microsoft VBA+@Risk 

 

                                                
4 Regression Analysis of Time Series (RATS) version 4.3.0 
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Equation 2: Equation of Returns 
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Changes of Volatility Levels: the determination of the discrete changes in the unconditional 
variance can be evaluated with the ICSS-Iterative Cumulative Sum of Squares algorithm, from 
Inclan and Tiao (1994). The temporal series presents a stationary variance over the initial period. 
A sudden change in variance occurs some time later, possibly caused by some political and/or 
economic shock. The variance becomes stationary again, at another level, until another sudden 
change occurs. This process is repeated creating a temporal series of observations with an 
unknown number of sudden changes in variance. 
Equation 3: AR/GARCH equations to identify sudden changes in the unconditional volatility: 
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The coefficients: A0 is constant in the average equation; C is constant in the conditional variance 
equation; Q is the residuals order; P is the order of the conditional variance; Lev is the leverage 
coefficient, and D is the degree of freedom of the t-student distribution that models the return 
series. After running the GARCH model, the program runs ICSS algorithm. 
The variance of a given sequence of observations is verified retrospectively, in order to use all 
the information on the series to indicate the points of variance change. Let:  
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Be the cumulative sum of squares of a series of uncorrelated random variables with mean zero 
and variance 2
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The plot of Dk against k will oscillate around zero for series with homogeneous variance. When 
there is a sudden change in variance, the plot of Dk will exhibit a pattern going out of some 
specified boundaries with high probability. These boundaries can be obtained from the 
asymptotic distribution of Dk assuming constant variance. 
Let k* be the value of k at which max k|Dk| is attained if the maximum absolute value exceeds a 
pre-determine boundary, concluding that there is a change point near k* and estimate k* as an 
estimate of the change point. 
Time Series Subject to Changes in Regime: the SWGARCH models combine GARCH with 
regime switching. In the Haas et al. (2004, p. 497) model specification, the regime variances 
only depend on past shocks and their own lagged values – the path-dependency restriction was 
removed. This specification is analytically treatable, allows a separation of the process of 
conditional variance and offers direct parameter estimation through maximum likelihood.  
Equation 4: SWGARCH Model - Haas et al. (2004)  

Average: ,tstt uy    Residuals: tttu 
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Equation 5: Conditional variance equation for the SWGARCH models (k,p,q)-L: 
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Where: kt,
 stands for the k-regime variance at period t, ji  ,,0 and  are constant and 

1td  stands for the leverage effect: 1td =1 if 0tu and 1td =0, otherwise.  
Markov Duration: from the Markov chain properties, the duration of each regime can be easily 
derived. Defining D as the duration of a specific regime, St the state variable at time t, j a index 
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that stands for the regime j, pjj the probability of staying in the same regime j from time t to time 
t+1:  
Equation 6: Expected Regime Duration  
D=1, if St =j and St+1  j; P [D=1] = (1- pjj); D=2, if St =j, St+1= j and St+2  j; P [D=1] = pjj (1- 
pjj);  

E(D)= 


1
][

j
DjP = (1-pjj)+2 pjj (1- pjj)+3 pjj (1- pjj)+.... = 1/(1- pjj);  

If pjja=0.5, then E (D) =2 time periods. 
American Put: the American Put options simulations follow Longstaff and Schwartz (LS, 
2001). The software is available from Pachamanova and Fabozzi (2010) and from Wiley´s 
Website: www.wiley.com/go/pachamanova.  

4. Results 
This section consists of two parts. The first evaluated the real estate stocks and the economic 
environment. The second part deals with the volatilities of the FIPE-Zap Index series and 
simulation of Real Estate put options.  

Economic environment 
Stocks: benchmarking with the IBOVESPA stock exchange index, only Cyrela and Rossi 
Residencial stocks were significant, running a a logistic regression, which resulted a 47.48% 
probability for a Real Estate stock portfolio to beat the BM&FBOVESPA index. More details in 
the appendix (Logistic Regression Analysis).  
Real Estate GDP Share: the Real Estate Credit Market/GDP ratio is lower than other countries, 
as seen in figure Real Estate Credit/GDP Ratio (appendix). In spite of the growing share of 
Brazilian household expenditures with Real Estate asset, the conjuncture is far from the quite 
high levels of U.S. household expenditures (picture from Cynamon and Fazzari, 2008), as shown 
in figure Real Estate Loans x monthly GDP compared to Household Expenditures (appendix).  
The companies listed in the BM&F BOVESPA stock exchange begin to decrease their values 
from 2Q2011 on (deflated by inflation and GDP), an evidence of the relation between capital 
markets and economic cycles, as seen from figure Firm Values deflated with inflation and 
monthly GDP (appendix). However, Real Estate was a bullish market until 2014, in spite of 
economic oscillations – see figures São Paulo´s Real Estate Rental Prices and SERASA – 
Propective Indicators (appendix).  
Stepwise fit regressions, FIPE-ZAP indexes being the dependent variables. At first, a few 
factors have influence over the Real Estate index, as result of the step wise fitted regressions 
with some key factors. Monthly GDP is series 4380 (Banco Central do Brasil). IPC is the 
monthly variation of the consumer price index (IPC-FIPE). Equivalent results were found for the 
National Consumer Prices Index and Wide Consumer Prices Index (INPC and IPCA), from the 
Brazilian Geographical and Statistics Institute (IBGE), from the monthly variation of the 
IBOVESPA stock exchange INDEX and from the monthly inter banking interest rate (CDI). The 
SPD4 and RJD4 series (flats with 4 or more rooms) exhibited low rejection for lagged 
independent variables, respectively for three months and five months lagged inflation. The 
regression with the Monthly quarterly average Consumer Confidence Index (Índice de Confiança 
do Consumidor), from FECOMÉRCIO, showed positive coefficients for lags 2 and 15. The 
regression with rentals exhibited positive and significant coefficient for 3 room and 4+ flat rental 
prices.  

The regression with the formal employment level of the city of São Paulo (source: 
Ministry of Work and Employment- MTE) showed most positive coefficients for lags 2. 
The next tables show stepwise fit regressions results for monthly GDP and monthly inflation and 
correlations between selling and rental prices. 
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Table 5: FIPE-Zap fit regression, with lagged monthly inflation and GDP: p values of the null-hypothesis. 
Series/Regressor GDPt-1 GDPt-2 GDPt-3 GDPt-4 GDPt-5 IPCt-1 IPCt-2 IPCt-3 IPCt-4 IPCt-5 

RJD1 52.43% 58.60% 43.09% 68.73% 94.65% 82.55% 76.34% 94.60% 42.56% 10.34% 

RJD2 28.52% 80.63% 86.04% 82.39% 19.08% 66.69% 93.91% 71.38% 30.68% 18.72% 

RJD3 42.91% 96.26% 83.56% 91.56% 41.34% 95.61% 57.89% 57.77% 45.47% 36.26% 

RJD4 90.25% 79.33% 80.97% 45.05% 24.61% 84.85% 84.82% 63.02% 22.74% 7.55% 
RJTOTAL 40.85% 76.71% 85.75% 73.68% 43.02% 79.47% 76.36% 74.23% 33.91% 13.99% 

SPD1 12.56% 83.59% 61.16% 58.05% 45.66% 50.51% 63.34% 86.16% 98.75% 35.50% 

SPD2 12.08% 36.58% 71.35% 74.67% 81.28% 86.93% 36.29% 31.56% 53.37% 60.74% 

SPD3 24.81% 68.25% 81.48% 59.52% 93.99% 87.12% 98.10% 81.33% 66.06% 35.91% 

SPD4 27.29% 19.08% 18.86% 94.66% 48.51% 48.39% 20.14% 8.41% 34.11% 28.56% 

SPTOTAL 10.25% 47.31% 83.52% 64.24% 65.23% 64.55% 97.34% 91.47% 83.53% 36.06% 

 
Table 6: Correlating Selling and Rental prices returns, FIPE-ZAP index, São Paulo 

  SPTotal_R SP1D_R SP2D_R SP3D_R SP4D_R SPTotal SP1D SP2D SP3D SP4D 
SPTotal_R 100.00%          
SP1D_R 87.40% 100.00%         
SP2D_R 86.83% 57.75% 100.00%        
SP3D_R 65.58% 41.87% 51.13% 100.00%       
SP4D_R 31.32% 9.26% 25.20% 29.76% 100.00%      
SPTotal 27.43% 4.54% 24.34% 52.76% 46.98% 100.00%     
SP1D 46.42% 29.33% 40.13% 47.21% 45.80% 81.39% 100.00%    
SP2D 22.63% 4.11% 17.28% 50.65% 36.55% 91.74% 62.99% 100.00%   
SP3D 19.57% -6.09% 20.64% 52.41% 41.71% 90.60% 58.41% 80.09% 100.00%  
SP4D -13.33% -29.19% -10.70% 17.35% 35.44% 73.87% 45.53% 59.21% 72.85% 100.00% 

The suffix “_R” stands for rental prices. There are negative correlations between selling 
prices (3D and 4D) and rentals, as shown the table above. 

 
Table 7: Regressions with the formal employment level of the city of São Paulo (p-values for null coefficients) 

LAG/Series RJD1 RJD2 RJD3 RJD4 RJTOTAL 

BR_lag02 
  

0.498 
(1.2500%) 

     
  

BR_lag25 
  

 -0.723 
(0.0028%) 

 -0.719 
(0.1300%) 

-0.747 
(0.0168%) 

RJ_lag0 
  

 1.050 
(0.0004%) 

0.883 
(0.0348%) 

1.121 
(0.0145%) 

1.019 
(0.0086%) 

RJ_lag01 
  

 1.186 
(0.0001%) 

 1.087 
(0.0319%) 

1.087 
(0.0049%) 

RJ_lag02 
  

  0.620 
(1.8300%) 

   
  

RJ_lag03 
  

0.969 
(0.3700%) 

     
  

RJ_lag10 
  

   0.546 
(4.0600%) 

  
  

Table above: the FIPE-ZAP indexes for Rio de Janeiro were regressed with the formal 
Brazilian and Rio de Janeiro´s employment level, from February, 2008 to January, 2015. There 
is a direct relation with the formal employment level in the city of Rio de Janeiro (lags zero, 1, 2, 
3 and 10) and with the Brazilian formal employment level (lag 2). The p-values for the null 
hypothesis are between brackets. 

FIPE-Zap Index Series Volatility 
The tests for the real estate options volatilities consisted of Changes of Volatility Regimes, 

SWGARCH simulation and American Put Simulation. All the series submitted to the One-sample 
Kolmogorov-Smirnov test rejected the null hypothesis of normality. Fitting for a GARCH (1, 1) 
model, all series but SPD4 exhibit a high persistence of shocks: the sum of the ARCH+GARCH 
coefficients are one or near one, no matter the nature of the conditional distribution of 
innovations (either normal or t-student), as shown in the next table:  
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Table 8: Garch FIT, FIPE-ZAP index (Rio de Janeiro and São Paulo) 
Series/ Parameters ARCH (1) GARCH (1) SUM Series/ Parameters ARCH (1) GARCH (1) SUM 

RJD1 0.391 0.576 0.967 SPD1 0.528 0.316 0.845 

RJD2 0.930 0.000 0.930 SPD2 1.000 0.000 1.000 

RJD3 1.000 0.000 1.000 SPD3 1.000 0.000 1.000 

RJD4 0.717 0.220 0.937 SPD4 0.426 0.042 0.468 

RJTOTAL 0.965 0.000 0.965 SPTOTAL 0.771 0.144 0.915 

 
Changes of Unconditional Volatility Levels: There are clear changes in the unconditional 
volatility level in some series, reject the basic model of constant volatility from BLACK and 
SCHOLES (1973) original formulas. Next tables show the ICSS (Tiao and Inclan, 1994) results 
for the volatility levels for the São Paulo and Rio series and a specific result for the São Paulo 1-
room series (SPD1). See also figure Unconditional Volatility Levels for Monthly Prices in Rio 
and in São Paulo in the appendix.  

Table 9: Unconditional Volatility levels for the São Paulo and Rio FipeZap Price Index properties 
Series Start End Volatility 

Level 
Series Start End Volatility 

Level 

RJD1 Jan-08 Feb-15 0.56% SPD1 Jan-08 Feb/09 0.91% 

      SPD1 Mar-09 Feb-15 0.39% 

RJD2 Jan-08 Jan-11 0.36% SPD2 Jan-08 Jul-09 0.45% 

RJD2 Feb/11 Feb-15 0.19% SPD2 Aug-09 Feb-15 0.22% 

RJD3 Jan-08 Apr-12 0.36% SPD3 Jan-08 Jul-11 0.30% 

RJD3 May-12 Feb-15 0.14% SPD3 Aug-11 Feb-15 0.12% 

RJD4 Jan-08 Jun-11 0.25% SPD4 Jan-08 Aug-11 0.46% 

RJD4 Jul-11 May-12 1.17% SPD4 Sep-11 Feb-15 0.27% 

RJD4 Jun-12 Feb-15 0.19%      

RJTOTAL Jan-08 Oct-11 0.30% SPTOTAL Jan-08 Aug-11 0.29% 

  Nov-11 Feb-15 0.17%   Sep-11 Feb-15 0.15% 

 
Table 10: unconditional volatility levels for the São Paulo single room monthly index series (SPD1). 

ICSS Algorithm ----84   obs. From  2  to  85  ----------- 
 Number of Change Points found: 
 NT hat =  1  from obs. (date)   to obs.  (date) 
KAPPA(i)                         st.dev. 
2 ( 2 )      15   ( 15 )        0.00909 
16 ( 16 )  85   ( 85 )        0.00385 

 

Exemplifying with the SPD1 series, there is a clear shift of volatility levels. However, the 
volatility levels can be considered low: a maximum of 1.17%  (Rio de Janeiro 4-room series), 
compared with the 6.68% of the BM&FBOVESPA stock exchange index monthly returns 
standard deviation from January, 2008 to February, 2015. Those levels may be not significant for 
changes on Real Estate real options premium. However, when dealing with neighbourhood 
monthly indexes (undisclosed data), higher unconditional levels are found - see figure 
Unconditional Volatility Levels for Monthly Prices in Rio neighborhoods (appendix). 
SWGARCH simulation: on behalf of both parameter parsimony and ICCS two volatility levels 
results, a two volatility level model was chosen: an ARMA (1, 1)-SWGARCH (2, 1, 1). All 
probabilities were set to 50% (duration = 2 months).The other parameters were simulated 
through Monte Carlo algorithm (4 million combinations), aiming at a Maximum Likelihood 
Estimation (MLE). The best results are exhibited in the next table. The persistence of the ARCH-

[M1] Comentário: Source: 
FIPE ZAP internal data. 
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GARCH coefficients downsized to 60%. The volatility levels for the second best result were 
considerably low.  

Table 11: SWGARCH results for SPD1 
Parameters CT AR MA CT1 CT2 A1 A2 G1 G2 MLE 

Maximum 0.7615 96.42% 10.67% 1.25% 0.20% 1.15% 0.11% 1.99% 59.19% 925.523 

Second Best 0.6847 55.46% 0.60% 0.01% 0.02% 14.65% 7.45% 46.07% 37.04% 897.303 

 
Where: CT=ARMA (1, 1) constant; AR=AR coefficient for ARMA (1, 1); MA=MA coefficient 
for ARMA (1, 1); CT1=volatility level 1; CT2=volatility level 2; A1= ARCH coefficient for 
volatility level 1 A2= ARCH coefficient for volatility level 2; G1= GARCH coefficient for 
volatility level 1; G2= GARCH coefficient for volatility level 2; MLE = Maximum Likelihood 
Estimator. 
Simulating American Puts. For a sensibility tests (with the @-Risk™ software) the minimum 
and maxim standard deviation values ranged from 0.12% to 1.17% a.m. The interest rate ranged 
from 1% to 20% a.m. The initial values of the underlying asset were the FIPE-ZAP value of a 
specific date, city and type of flat. Strike values were either a future value from the same specific 
FIPE-ZAP index or a forecast based on monthly GDP. 
The volatility change did not impact the American PUT LS premium, as shown in the example 
of figure 1 (appendix): 93.6% of the 10,000 simulations stayed in the (-5%; +5%) interval. By 
simulating in a higher volatility scenarios, significant premium changes can be observed when 
ranging volatility, for instance, from 25% to 50%. Within that range, in more than 90% cases the 
premia differ significantly. In order to verify if the premium is reasonable compared with the 
underlying asset price, 10% was set as a threshold for the ratio premium/asset value. Only 27.3% 
of the cases have a premium under the chosen threshold as shown in figure São Paulo and Rio 
premium /real estate value ratio (appendix). 

Table 12: Average Ratio Put Option premia/Asset Price in SPD1 (São Paulo – 1 room flat) 
 Years Up to 1 year 1 to 2 years 2 to 3 years 3 to 4 years 4 to 5 years 5 to 6 years 6 to 7 years 7 to 8 years 

Premia/Asset 7.04% 29.56% 58.52% 94.57% 134.30% 177.27% 218.54% 248.39% 

Table above: the average Ratio Premium/Asset Price is over the 10% threshold in most of the 
cases for the São Paulo single room series (SPD1), except for options with expiration time lower 
than a year – see also figure Average Ratio Premium/Asset Value - range of expiring years dates 
(appendix) - the simulated options are considerably more sensible to expiring time than to 
volatility and to interest rate. For all series, the ratio premium/asset values do not vary 
significantly within the monthly volatility range level (from 0.12% to 1.17%). 
Strike price: Real Estate Index x GDP prediction. GDP growth does not look like a good 
Strike price predictor, as shown in figure Predicting Strike Prices with Monthly GDP (appendix). 
The bullish market offer few opportunities to exercise the put options, since 71.9% values of the 
real index are greater than the GDP growth prediction from past values. 

5. Conclusions 
This study evaluated the selling prices of the Brazilian Real Estate market, from January, 

2008 to February, 2015. The frequently claimed Real Estate price overvaluation, especially in 
large urban centers as Rio de Janeiro and São Paulo, suggested a price bubble hypothesis. The 
small size of the Brazilian Real Estate Credit Market, compared to other countries, makes this 
hypothesis a not huge concern. On the other hand, it seems that a clear relation between capital 
markets and economic cycles exist, as seen in figure Firm Values deflated with inflation and 
monthly GDP (appendix). Whatever the case, consumers/householders may desire protection 
against sharp devaluations of their Real Estate assets. In short, the evidence of economic cycles 
suggesting levels in the volatility of real estate assets, the household hedging needs and the 
existence of a Brazilian Real Estate index, offered the opportunity to create and simulate Real 
Options with Priced Regime-Switching Risk approach, from Driffill et al (2013). 
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Since 2008, the FIPE-ZAP joint venture releases a monthly index informing  real estate 
selling and rental price levels for the two biggest Brazilian: São Paulo and Rio de Janeiro (mark-
to-market quotations), enabling the creation and simulation of Real Estate options. Listing some 
conclusions: 
Real Estate: a fragmented market, not represented by stock values: the stocks values do not 
represent an overall picture, since there some few companies listed, out of these few still offers 
significant gains. When benchmarking the daily returns of those companies against the stock 
exchange index returns, the relevant portfolio consisted of one or two companies. 
FIPE-ZAP Indexes: still few observations. Simulations using monthly time series, with a 
maximum of 86 months - Zero time for São Paulo and Rio de Janeiro is January, 2008 - do not 
generate a rather critical mass of information. Also, prices are 3-months moving averages, a 
quarterly time frame of mark to market prices. The FIPE-Zap index is good news, yet recent, 
since previously no regular information was available - see Fortunato et al, 2008 - and monthly 
information can enable a monitoring of a key economic sector better than evaluating stocks from 
a few companies listed in the Brazilian stock exchange. Future works may contemplate the use 
of weekly and/or daily data from the FIPE-ZAP database, focusing the monitoring process of the 
Real Estate Market. 
The São Paulo and Rio de Janeiro Selling Indexes are related to Consumer Confidence and 
Formal Employment level: the stepwise regressions with the Quarterly Average of the Monthly 
Consumer Confidence Index ( Índice de Confiança do Consumidor, from FECOMÉRCIO) 
showed significant coefficients, for lags 2 and 15. Regressions with the formal employment level 
(source: Ministry of Work and Employment- MTE) showed mostly positive coefficients, for 
example, lags zero for Rio indexes except one-room flats (positive coefficient for lags 2 and 3), 
reflecting the influence of employment over real estate prices. 
The higher monthly volatility until 2Q.2012 meant a short boom period after the effects (2008) 
of the international crisis. From 2Q2012 on, the lowest volatility suggests an adjustment period, 
with possible recession indication from 3Q.2014 on: until 3Q.2014, real estate was a bullish 
market. Therefore most of the put options would be not exercised. 
Strike Price versus GDP projection: bubbles or opportunity? The bubble golden rule from 
Evanoff et al (2012) that stipulates a 37% sharp price decrease did not apply to the FIPE-ZAP 
quarterly monthly based index, and the small GDP growth, from 3Q.2011 on, suggested instead 
a still good buying opportunities in the real estate market. Rather than a bubble burst, this market 
is perhaps facing a gradual price realignment. 
Volatility clustering is a stylized fact. However, neither a high probability bubble burst risk nor 
markov switching risk resulting in delays in the expected timing of the investment - according to 
Driffill et al (2013) –could be confirmed as stylized facts in the present analysis. Another 
constraint: Hamilton´s (1989, 1990) approach deals with macroeconomic variables and larger 
time frames. On the other hand, switching models seems well fitted to the scenario approach, 
usual in real options analysis. The American Put LS can be adapted to assign a specific volatility 
to each path. A multi-level approach from switching regimes models seems more convenient for 
real estate valuations than alternatives with levy distributions (no volatility switching). 
Real Options with Markovian Models: a new approach for Real Options? The Markovian 
Regime-Switching approach is at least 20 year old. The scarce literature for real options with 
Markov switching models, apart from Driffil et al (2013), are opportunities in the real estate 
branch of the academic literature.  
Real Estate Options Future: creating Real Estate Options may be of no use when there are few 
chances in a bullish market to exercise them. On the other hand, an abandon option for a real 
estate asset could be an effective household protection, in line with the BASEL III pillar 1 
approach (capital requirements), applied to the household sector of the economy. 
Future works. First, for market monitoring purposes, future tests may cover daily and weekly 
FipeZap Price Index properties if there is a possibility to use undisclosed daily data since that, as 
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stated in the data section, data have been collected and stored on a daily basis since December 1, 2007. 
Second, looking for other stylized facts: Do Corporate Governance influence real estate firm 
values? An initial evaluation suggests that intangible values like Corporate Governance 
adequacy have limited efficacy in turbulent times. The Corporate Governance, once spread over 
most companies, has got a sine qua non status or a status of hygienic-factor-like - see Herzberg 
(1987). Repeating Carvalhal and Quental (2008): The migration to Corporate Governance (Novo 
Mercado): does it really mean improvement of corporate governance practices? 
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Fourth, monetary policy needs to reconsider the importance of financial stability as an explicit goal that may require an 
additional policy tool. The triumph of goods and services price stability during the Great Moderation proved insufficient for 
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Appendix 
Figure 1: Volatility sensibility for the American put LS 

 
The Ratio Put Options premia/Asset Price has a small variation within the low volatility range: from 0.12% to 
1.17% for the Rio and São Paulo Indexes. 
 

Figure 2: option value /real estate value ratio for São Paulo and Rio de Janeiro 

 
Only 27.3% of the simulated prices are under the 10% threshold. In 5% of simulations, the premium cost 

more than the asset price. 



 

 17 

Figure 3: Predicting Strike Prices with Monthly GDP 

 
Only 23.1% of the extrapolated strike prices are below the real strike values, available from the FIPE-ZAP index. 
 

Figure 4: Average Ratio Premium/Asset Value - range of expiring years dates 

 
Figure 4: The (premium option/Asset Price) ratio is mostly over the 10% threshold, even when the put expires in 
less than a year. The premium values do not vary significantly within the observed low volatility range level (from 
0.12% to 1.17%). 
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Figure 5: Unconditional Volatility Levels for Monthly Prices in Rio and in São Paulo 

 
Unconditional volatility levels generated from the ICSS algorithm (Inclan and Tiao, 1994). All series, 

except RJD1, show volatility level changes. The peak volatility for RJ4+D could a temporary change in the demand 
for luxury flats in Rio de Janeiro possibly a feature of this asset class. The next table exhibits the volatility levels of 
Rio de Janeiro Neighborhoods, together with the volatilities of the aggregate indexes. 

 
Figure 6: Unconditional Volatility Levels for Monthly Prices in Rio neighborhoods. 
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Figure 7: FIPE-Zap Failure Index showing price variations below monthly inflation 

 
The number of failures - monthly returns below monthly inflation (FIPE-IGC) - increase from 3Q2013 on .  

Figure 8: U.S. personal expenses based on income. Source: Cynamon and Fazzari(2008). 

 
The household consumption stayed over the 94% income level since 1992 and over the 96% income level 

since 1999, with a sharp fall from 2007 (beginning of the financial crisis)  
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Figure 9: Real Estate Loans x GDP (Month) compared to Household Expenditures, 

 
Figure 10: Firm Values deflated with inflation and monthly GDP 

 
There is a sharp decline of firms values in 2008, when the global financial crisis reached (to a limited 

extension) Brazil. From 2011 on, the overall firm value decreases related to inflation and GDP, in line with the slow 
GDP growth. Meanwhile, the ratio Real Estate loans/GDP continues to growth.  
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Figure 11: Stress test for Real Estate Portfolio (Banks) 

 
A stress test revealed a critical level for Financial Institutions: 55% decrease of Real Estate Values. Source: Banco 
Central do Brasil (BCB), 2015: Financial Stability Report - “Relatório de Estabilidade Financeira”. 
 

Figure 12: Real Estate Credit/GDP Ratio 

 
The Real Estate Credit/GDP Ratio evidences the relatively small size of the Brazilian Real Estate Credit Market, 
compared to other countries. Source: ABECIP Brazilian Association of Mortgage Entities (2011). 
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Real Estate: a bullish market until 2014 
According to the two next figures, the Real Estate was a bullish market, with a constant growth of the real 

estate assets values, while other indicators were subject to the usual economic oscillations. 
Figure 13: São Paulo´s Real Estate Rental Prices 

 
São Paulo: rental prices inflation (IPCA Aluguel SP) compared to other indexes. Source: CEMAP letter. “Carta 
CEMAP - Centro de Macroeconomia Aplicada (FGV-EESP)”. October, 2012. 
 

Figure 14: SERASA – Prospective Indicators 

 
Source: SERASA (Latin American credit bureau), 2012. Site: http://www.serasaexperian.com.br 
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Figure 15: São Paulo´s Net Present Values (Base=100: August, 2010) 

 
Equation 7: Rental price as present value and rental as dividends 
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P is the selling price and D the monthly rentals. Since august, 2010 (indexes with reference 
values equal to 100, and taking interest rates in the range of 10 to 20% a.a.), the NPVs are 
increasingly negative, suggesting a clear selling overprice if related to rental prices.  

The Consumer Protection Code  
(Law No. 8078 of September 11, 1990) provides in Article 53: 

"In the purchase and sale of movable or immovable pay in installments, as well as the fiduciary 
under warranty is void automatically to the clause providing the total loss of benefits paid for the 
benefit of the creditor who, due to default, request the termination of the contract and the 
resumption of alienated product. " 

This clause led the developers to change their contracts to allow the possibility of reimbursement 
of the amounts paid to buyers, although at relatively low levels. However, dissatisfied buyers 
have used successfully to justice, and some of these cases reached the Supreme Court of Justice 
(STJ), which is the highest level for causes that do not involve the Constitution and the authority 
responsible for giving one interpretation all laws of the country. Thus, Supreme Court decisions 
granting discard levels of 70% to 90% of the amounts already paid by property (França, 2003; 
Rocha, 2002), tend to create jurisprudence. 
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Logistic Regression Analysis 
Software: IBM SPSS (Statistical Package for the Social Sciences).  
 
Table 13: Average returns for Cyrela, Rossi and Ibovespa (July, 2005 to October, 2012) 

Stock Average Standard Deviation Observations 
Cyrela 0.09% 3.66% 1806 

Rossi 0.05% 3.89% 1806 
Ibovespa 0.05% 1.93% 1806 

 
Logit Model 
Observation: MRV, GAFISA, EVEN, TECNISA and Tenda excluded in the interaction process. 

 
 

95% C.I.for EXP(B)  B S.E. Wald dfSig. 
Lower Upper 

Rossi 35.9532.726173.8891 .00019646066195980.047860498473417910910.000Step 1a 
Constant -.124 .071 3.039 1 .081  
Cyrela 18.6862.91940.968 1 .000426732.425 39820082555.122 
Rossi 26.8753.00779.877 1 .0001294252497.516 170285598013859.780 Step 2b 
Constant -.131 .073 3.237 1 .072  

a. Variable(s) entered on step 1: Rossi. 
b. Variable(s) entered on step 2: Cyrela. 

 
 
Equation 8: Real Estate Portfolio beating IBOVESPA STOCK EXCHANGE INDEX (logistic regression) 

 RossiCyrelaeeventP *75.26*686.18131.011)(   
Average values from Manova analysis: 
Stock Average Returns 
Cyrela 0.089% 
Rossi 0.051% 
 
P (event=Real Estate portfolio beats IBOVESPA STOCK EXCHANGE index) = 47.48% 

 
 
 

 


