
Ponomarenko, Alexey

Working Paper

Early warning indicators of asset price boom/bust cycles in
emerging markets

BOFIT Discussion Papers, No. 22/2012

Provided in Cooperation with:
Bank of Finland, Helsinki

Suggested Citation: Ponomarenko, Alexey (2012) : Early warning indicators of asset price boom/bust
cycles in emerging markets, BOFIT Discussion Papers, No. 22/2012, ISBN 978-952-462-753-5, Bank
of Finland, Institute for Economies in Transition (BOFIT), Helsinki,
https://nbn-resolving.de/urn:nbn:fi:bof-201408072001

This Version is available at:
https://hdl.handle.net/10419/212746

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:fi:bof-201408072001%0A
https://hdl.handle.net/10419/212746
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


 

 

   
 
BOFIT Discussion Papers 

22  2012 

  Alexey Ponomarenko 

  
Early warning indicators  
of asset price boom/bust cycles  
in emerging markets 

  

 

 

 

 
Bank of Finland, BOFIT 
Institute for Economies in Transition 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BOFIT  Discussion Papers 

Editor-in-Chief Laura Solanko 
 

 

 

 

 

 

 

 

 

 

 

 

BOFIT  Discussion Papers 22/2012 

2.10.2012 
 

 

Alexey Ponomarenko: Early warning indicators of asset price boom/bust  

cycles in emerging markets 

 

 

 
 

 

ISBN  978-952-462-753-5 

ISSN 1456-5889 

(online) 

 

 

 

 

 

 

 

 

 

This paper can be downloaded without charge from 
http://www.bof.fi/bofit. 
 
 
 

 

Suomen Pankki 

Helsinki 2012 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 22/ 2012 

 

 

 3 

Contents 
 

 

Abstract .................................................................................................................................. 4 

1 Introduction .................................................................................................................... 5 

2 Literature review and modeling strategy ........................................................................ 6 

3 Dataset .......................................................................................................................... 10 

4 Identification of asset price booms and busts .............................................................. 11 

5 Empirical analysis ........................................................................................................ 14 

5.1 Stand-alone indicators ...................................................................................... 15 

5.2 Discrete choice models: existing models’ out-of-sample performance ............ 17 

5.3 Discrete choice models: emerging markets model ........................................... 20 
 

6 Conclusions .................................................................................................................. 22 

References ........................................................................................................................... 24 

Appendix ............................................................................................................................. 27 



Alexey Ponomarenko Early warning indicators of asset  
price boom/bust cycles in emerging markets 

 

 

 

 4 

 

Alexey Ponomarenko* 
 

 
Early warning indicators of asset  
price boom/bust cycles in emerging markets 
 

 

 

 

Abstract 
 

We apply recently developed early warning indicators systems to a cross-section of emerg-

ing markets. We find that, with little or no modification, models designed to predict asset 

price booms/busts in advanced countries may be useful for emerging markets. The concept 

of monitoring a set of asset prices, real activity (especially investment) and financial (espe-

cially credit) indicators is generally found to be efficacious. 
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1 Introduction  
 

The recent financial crisis has underscored the growing importance of asset price fluctua-

tions for macroeconomic performance. As is the case for developed countries, a number of 

emerging market economies (particularly in Central and Eastern Europe
1
) seem to be quite 

prone to such shocks, as the rapid rise and subsequent decline of asset prices have pre-

sumably contributed significantly to the pre-crisis overheating of these economies as well 

as to the following contraction. Therefore, a system of early warning indicators that would 

help with early identification of emerging imbalances in asset markets is a much sought-

after tool for policy-makers. 

Development of such a system via the country-specific approach is often impossi-

ble because of data limitations. Therefore the standard approach is to make estimations for 

a group of countries (that may or may not include the analyzed country) and apply the re-

sulting model to the economy in question
2
. A number of recent studies use this method and 

report on models that can be used to predict asset price booms and busts. These may be 

valuable to the policy-maker. The caveat here is that most of these models have been fitted 

to explain asset prices fluctuations in industrialized countries. It is not clear how useful 

these models are for emerging markets, as movements in many of the macroeconomic 

variables used as early warning indicators are remarkably different in the developed and 

emerging markets. For example, one may find it difficult to distinguish between excessive 

credit growth that leads to an asset price bubble and the convergence of an underdeveloped 

banking sector to a level commensurate with the industrialized countries. For transition 

economies, it may also be challenging to identify “overheating” based on growth rates of 

real sector variables that fluctuate dramatically as the economy undergoes substantial 

transformation. In fact, asset prices as such are known to be volatile in emerging markets 

and therefore difficult to interpret. For this reasons the early warning indicators approach 

needs to be thoroughly studied before it finds use in predicting asset price cycles in emerg-

ing markets. Indeed, as emphasized in Reinhart and Rogoff (2009), data coverage is crucial 

for financial crisis analysis. The main contribution of this paper is the application of asset 

                                                 
1
 See Gardó and Martin (2010) and Égert and Martin (2008) for general review, Brixiova et al. (2010) for the 

specific case of Estonia, Kuodis and Ramanauskas (2009) for the case of Lithuania and Mumtaz et al. (2012) 

for the case of Russia. 
2
 See Gómez and Rozo (2008) for the example of country specific analysis, Tenjo and López (2010) for the 

cross-section analysis and Chapter III in BIS (2012) for out-of sample application of existing models.  
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price boom/bust analysis to the new dataset on emerging markets (most notably former 

Soviet Union countries).  

The rest of the paper is structured as follows. Section 2 provides a review of re-

cent contributions in the development of asset price cycle early warning indicator models. 

Section 3 describes the dataset, comprising a cross-section of emerging markets econo-

mies, on which we conduct the empirical analysis. Section 4 outlines and implements 

methods to identify boom and bust events that occurred in emerging markets. Section 5 

presents an evaluation of the efficacy of existing models for predicting asset price devel-

opments in emerging markets and reports on the models fitted here to predict asset price 

booms/busts in the purely emerging markets dataset. Section 6 concludes. 

 

 

2 Literature review and modeling strategy 
 

Although a number of recent studies address the issue of asset price fluctuations and de-

signing early warning indicators for emerging markets none of these, to our knowledge, 

addresses specifically the problem of predicting asset price booms and busts. Herrera and 

Perry (2003) assess the relative importance of domestic and external factors for determin-

ing the probability of an asset price bubble for a cross-section of Latin American countries. 

Lo Duca and Peltonen (2011) is a comprehensive study that develops a model for predict-

ing systemic financial stress episodes for a sample of countries that includes emerging 

markets. They find that (in particular, global) measures of asset price misalignments and 

credit booms are generally useful as leading indicators. Tenjo and López (2010) construct 

an early warning indicator system for banking crises in a group of Latin American coun-

tries, in which asset price indicators play a crucial role. Bunda and Ca’Zorzi (2010) study 

whether asset price and credit booms can be used as an early warning indicator of financial 

(banking or currency) crisis, on the basis of a mixed sample of advanced and developing 

countries. They identify a number of macroeconomic variables that help to distinguish be-

tween benign and costly episodes. Olaberría (2012) conducts an empirical analysis of the 

relationship between capital inflows and booms in stock prices and finds that there is a 

close association (in particular for debt related inflows). Égert and Mihaljek (2007), Ste-

panyan et al. (2010), Posedel and Vizek (2011) and Ciarlone (2012) examine house price 
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developments in selected emerging economies and find a strong link between house-price 

fluctuations and macroeconomic fundamentals. Posedel and Vizek (2011) also find that 

house price persistence coupled with a slow and asymmetric house price adjustment to 

fundamentals process might have facilitated the house price boom in some transition coun-

tries. 

In contrast, there is a vast literature on asset price booms and busts in developed 

countries. We selected three studies dedicated to early prediction of asset price cycle de-

velopments and utilized different methods of identifying asset price boom/busts and a dif-

ferent modeling strategy. As outlined in chapter 6 of Papademos and Stark (2010) these 

models are used in a complimentary manner as part of the suite of models employed by the 

ECB for early detection of asset price misalignments by means of monetary analysis. The 

approaches these models are based on (i.e. signalling and discrete-choice) are also widely 

used in early warning indicators models for prediction of e.g. banking and currency crises. 

We therefore consider these models as appropriate example of existing state-of-the-art ap-

proaches to asset price booms/busts prediction. 

 

Table 1 Selected approaches to asset prices boom/bust cycle prediction 

Approach Asset prices indicator Event  

predicted 

Model 

Alessi and Detken 

(2011) 

Real aggregate asset price index 

(deviations of levels from trend) 

Boom Stand-alone 

indicators 

Gerdesmeier  

et al. (2010) 

Nominal aggregate asset price index 

(q-o-q growth rates) 

Bust Discrete  

choice model 

Agnello and 

Schuknecht (2011) 

Real house prices  

(deviations of levels from trend) 

Boom (bust) 

phases 

Discrete  

choice model 

 

There are some notable differences between the different approaches. 

The first such difference is in the measurement of asset prices. Theoretically, the 

aggregate asset price index should be calculated using carefully constructed weights and 

should include prices for the selection of assets constituting a sizeable proportion of na-

tional wealth (see Borio et al. (1994) for a review). In practice, this approach is usually ap-

proximated by averaging between housing and equity prices, as there is an evident lack of 
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data on national wealth in emerging economies. The caveat is that the drivers behind bub-

ble formation in housing and in equity markets might be different, so that these types of 

assets should be considered separately for the purpose of constructing a system of early 

warning indicators. It is also questionable how representative the equity prices fluctuations 

are, given the relatively underdeveloped capital markets and presumably small share of eq-

uities in the national wealth of emerging economies. This may justify concentrating on 

housing prices when examining asset price fluctuations in emerging markets. 

Another key choice is the method of boom/bust identification (see e.g. Stążka-

Gawrysiak (2011) for discussion). The asset price indicator is usually examined in terms of 

growth rates or deviations from trend. The latter method may seem preferable, as it enables 

one to distinguish between changes in trend and cycle components; but it may also be sen-

sitive to the de-trending method whereas the former method is more consistent and easily 

applicable. Both methods may be sensitive to outliers. Another method suggests analyzing 

asset prices developments in terms of phases of cyclical fluctuation, the severity of which 

is characterized by both amplitude and duration. This method is less sensitive to short-run 

fluctuations but may be more difficult as regards interpretation (e.g. one may argue that a 

prolonged period of steady asset price rise does not necessarily represent a boom).  

The values of the constructed indicators, i.e. the deviations from trend, growth 

rate or phase severity, above (below) certain thresholds may then be labeled as booms 

(busts)
 3

. The thresholds are usually defined in terms of percentiles or proportion of stan-

dard deviation. These may be country-specific (in which case we look for events that are 

exceptional for a given country) or computed for the whole cross-section (thus discriminat-

ing between the normal cyclical fluctuations that may be observed in most of the econo-

mies and outstanding boom/bust events).  

The same issue is also relevant for explanatory variables that can be expressed in 

terms of country-specific percentiles. This transformation may seem appropriate for panel 

data analysis, as it takes into account potential cross-country differences in the scale of re-

gressors. On the other hand this would limit the model’s ability to avoid issuing the warn-

ing signal since by definition the value of the explanatory variable will be above the cho-

sen threshold in some periods.  

                                                 
3
 We do not identify high or low cost asset price booms/busts, which would have been difficult, considering 

that most booms/busts in the sample occurred prior to the recent global crisis and were followed by a slowing 
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There is no clear indication in the literature that some of these methods should be 

considered superior to others. We thus consider all of the approaches and attempt to apply 

them to emerging markets data in order to assess the coherence of the results. 

Finally, the choice of explanatory variables must be made. The selected studies 

echo the approach outlined in Borio and Lowe (2002) implying that the combination of 

asset prices, real sector and financial (e.g. money or credit) variables should be monitored 

for timely prediction of asset price bubbles. We will adopt a similar strategy. 

One notable nuance is that Alessi and Detken (2011) also add global liquidity 

variables to their models. We do not use explicit measures of global liquidity for the fol-

lowing reasons. As was pointed out in Alessi and Detken (2011), the global private credit 

gap indicator would have performed exceptionally well in explaining the last wave of 

boom/bust episodes in 2005-2007. Due to our limited time sample, we will be dealing al-

most exclusively with this most recent wave (see Section 4). Obviously a global liquidity 

measure calculated on monetary developments in advanced economies and not being coun-

try-specific with regard to the economies in our sample would explain all the boom/bust 

episodes observed during that period. Although this fact apparently deserves policy-

makers’ attention it can hardly be considered robust evidence of such an indicator’s predic-

tive power, as no other boom/bust episodes are available for examination. Therefore in-

stead of relying on the global liquidity measure we will attempt to capture the spillover
4
 

from advanced economies using country-specific capital inflow indicators as a proxy for 

financial exposure
5
. In this we will follow Herrera and Perry (2003), Tenjo and López 

(2010) and Olaberría (2012) who use capital flow variables in their models. 

 

                                                                                                                                                    
of output growth, irrespective of asset price developments. The question of whether an asset price boom/bust 

could amplify the output losses is pursued in a different strand of literature. 
4
 Admittedly the contagion effect may impact emerging economies not only via the stoppage of capital in-

flows but also via the deterioration of foreign assets’ quality (see Rose and Spiegel (2010) for discussion) 

since the resulting demand for liquidity and assets sales could also affect conditions in domestic assets mar-

kets. However the lack of data on bilateral foreign assets holdings for most of the countries in our sample 

prevented us from conducting this kind of analysis. 
5
 Admittedly these two categories of variables cannot be viewed as complete substitutes, as the interplay be-

tween global liquidity and capital inflow variables may not be very distinct. Forbes and Warnock (2011) for 

example show that global money supply growth is rarely associated with capital inflows episodes. Interest-

ingly, Brana et al. (2012) do not find a definite impact of global liquidity on asset prices, based on panel 

VAR estimates for a cross-section of emerging markets, while Kim and Yang (2011) find a link between 

asset prices and capital inflows in emerging Asian economies using a similar modeling framework.  
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3 Dataset  
 

A significant challenge in constructing the early warning indicators system based on panel 

data is putting together an appropriate dataset. One may find it logical to use a homoge-

nous cross-section that includes only relevantly similar economies (like Tenjo and López 

(2010) who use the cross-section consisting of Latin American countries). The caveat here 

is that it is also desirable to have a dataset that is balanced as regards the presence of 

boom/bust occurrences. For example, if our dataset only included Central and Eastern 

European countries (most of which experienced asset price booms/busts) we would be un-

able to test the performance of the system in a tranquil environment. We therefore did not 

limit our cross-section to any particular group of countries and so included all emerging 

markets where adequate
6
 housing price data were available. Scant availability of these data 

proved to be the main limitation on the number of countries in the cross-section and in 

most cases determined the time span of the dataset in our unbalanced panel. Accordingly 

(as reported in Table 2) the time sample used in our analysis covers the period from 

1993Q1 to 2011Q2, but is highly country-specific (in most cases starting from the early 

2000s). 

 

Table 2 Emerging markets housing prices data availability 

Argentina  1993Q1-2011Q2 Hungary 2001Q4-2011Q2 Poland  2005Q2-2011Q1 

Armenia   2002Q1-2009Q1 Indonesia 2002Q1-2011Q2 Russia  1996Q4-2011Q2 

Azerbaijan  2001Q1-2009Q3 Israel 2001Q1-2011Q1 Serbia  2003Q1-2010Q4 

Bulgaria   1993Q1-2011Q2 Kazakhstan 2001Q1-2009Q3 Singapore  2004Q4-2011Q2 

China   1997Q4-2011Q2 Korea 1993Q1-2011Q2 Slovakia  2005Q1-2011Q2 

Colombia  1997Q1-2011Q2 Latvia 2005Q1-2009Q3 Slovenia  2003Q1-2011Q1 

Croatia   2000Q4-2010Q4 Lithuania 1998Q4-2011Q1 South Africa  1993Q1-2011Q2 

Estonia   1997Q1-2009Q3 Malaysia 1999Q1-2010Q4 Thailand  1995Q1-2011Q2 

Georgia   2003Q1-2009Q3 Mexico 2005Q1-2011Q1 Ukraine  2000Q2-2009Q3 

Hong Kong  1993Q1-2011Q2 Philippines 2004Q4-2011Q1  

                                                 
6
 We advisedly do not use construction costs or housing utilities price indicators, as these may not be good 

proxies for housing prices in emerging markets. For example in many former Soviet Union countries housing 

utilities prices are largely administered by the government.  
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We used equity prices as another indicator of asset prices. For real sector variables, we 

used SNA indicators (GDP, fixed capital investment and private sector consumption). We 

used broad money (or if unavailable the broadest aggregate reported) for the monetary in-

dicator and credit to private sector for the credit indicator. We used gross indicators of 

capital inflows. See Tables 10-11 in the Appendix for data description.  

We were unable to retrieve the appropriate time series of equity prices for Azer-

baijan and Georgia and of capital flows for Azerbaijan, Philippines and Serbia. Therefore 

these countries are excluded from the analysis wherever the respective indicator was in-

volved. And, for Azerbaijan and Georgia, the housing price index is used instead of the 

aggregate price index. 

All time series are quarterly (seasonally adjusted via X-12, where appropriate). 

Where variables in real terms were unavailable, GDP deflators were used to deflate, and 

where quarterly frequency data were unavailable, time series were interpolated via cubic 

splines. 

 

 

4 Identification of asset price booms and busts  
 

We employ three alternative approaches to identify the stages of asset price cycles.  

 Booms identification. Following Alessi and Detken (2011) we apply a Ho-

drick-Prescott filter (λ=100000) to the real aggregate
7
 asset price indices. Pe-

riods in which the index value exceeds the trend plus 1.5 times the standard 

deviation of the series are defined as booms. 

 Busts identification. Following Gerdesmeier (2010) we examine the quarterly 

growth rates of the nominal aggregate asset price index and define as busts 

those periods in which the nominal aggregate asset price index declined by 

more than its mean quarterly change minus 1.5 times the standard deviation 

of the series. 

 Boom (bust) phases identification. Following Agnello and Schuknecht (2011) 

we employ “triangular approximation” to distinguish between boom, bust and 

                                                 
7
 The aggregate asset price index was estimated as the weighted average between housing and equity price 

growth. Similarly to Gerdesmeier et al. (2010) the weights are inversely proportional to the variables’ volatil-
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neutral phases of the asset price cycle. We de-trend the real housing prices 

indices via a Hodrick-Prescott filter (λ=100000) and then “smooth” the cycle 

fluctuations by extracting the rapidly adjusting trend with a Hodrick-Precott 

filter (λ=10). We identify the turning points and compute the persistence of 

the period from trough to peak (the upswing) and from peak to trough (the 

downturn) and the magnitude of the price changes over these periods. We 

consider each housing price phase as a triangle where the height is the magni-

tude and the base is the persistence/duration, and we use the computed 

squares of these triangles as severity metrics for the upswings and downturns. 

We extract the whole distribution of triangle squares and label the values 

lower than the first quartile as bust phases and values higher than the third 

quartile as boom phases (See Figures 2-3 in the Appendix for illustrations). 

 

Because different methods may potentially yield conflicting results, it is important to en-

sure that the boom/bust identification scheme is robust. In theory the events identified by 

different methods should be part of the same cycle and thus be synchronized. That is, 

booms should be followed by busts and busts should be preceded by booms. Both events 

should also occur during respective phases (given the methods that we employed, it is most 

likely that a boom occurrence would mark the end of a boom phase and a bust event would 

happen at the start of a bust phase). The degree of our results’ compliance to these assump-

tions is reported in Table 3. 

 

Table 3 Methods’ synchronization 

Event 
Number of events 

identified 

% of booms followed by busts 

within 2 years / 

% of busts preceded by booms 

within 2 years 

% of booms associated
8
 with 

boom phase / 

% of busts associated with 

bust phase 

Booms 68 66% 69% 

Busts 64 50% 69% 

                                                                                                                                                    
ity, i.e. ∆Asset prices = σsp/(σsp + σhp) ∆Housing prices + σhp/(σsp + σhp) ∆Equity prices, where σ is the stan-

dard deviation of the respective variable. 
8
 We counted those boom and bust observations that were within or adjacent respectively to boom or bust 

phase periods. 
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The lack of total synchronization between methods is not surprising (Borgy et al. (2009) 

for example report that roughly half of booms are followed by busts in developed econo-

mies). For further analysis, we decided to count only those observations that were both 

identified as boom/bust and were associated with the respective phases. Presumably this 

will allow us to disregard both the outliers and the prolonged but tranquil upswings (down-

turns). By doing so, we expect to increase the robustness of our analysis. Thus we arrive at 

our final datasets. 

 

Figure 1 Number of countries experiencing booms/busts 
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The overall size of the sample seems sufficient for meaningful empirical results (we identi-

fied 45 booms and 32 busts in a total 1263 observations). Yet this new dataset is substan-

tially smaller than the developed countries’ datasets (which include about 2700 observa-

tions) that were used to estimate the aforementioned models. Another caveat is that in our 

dataset there is basically only one (most recent) wave of boom/bust episodes available for 

analysis. This means that modifying the existing models to fit the new dataset might lead to 

the loss of empirical credibility. This tradeoff should be carefully considered when the 

models are compared and put into practical use.  
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5 Empirical analysis   
 

We employ the standard approach to assessment of model performance (as in e.g. Kamin-

sky et al. (1998)). The signal is assumed to be issued when the indicator of interest exceeds 

a certain threshold. For early-warning purposes, we expect the model to start issuing the 

signal six quarters before a boom/bust occurrence.  

 

Table 4 Model performance 

 Boom/bust episode 

(within 6 quarters) 

No boom/bust episode 

(within 6 quarters) 

 Signal issued A B 

 No signal issued C D 

 

In this matrix, A is the number of quarters in which the indicator issued a good signal, B is 

the number of quarters in which the indicator issued a bad signal, C is the number of quar-

ters in which the indicator failed to issue a signal when the boom/bust occurred and D is 

the number of quarters in which the indicator did not issue a signal when in fact there was 

no boom/bust. We define the loss function of the policy maker as 

 

 L = θ (C/(A+C)) + (1- θ) (B/(B+D)) (1) 

 

For our analysis we assume equal preferences for issuing false signals and missing 

boom/bust occurrences by setting θ=0.5. Following Alessi and Detken (2011) we employ 

the “usefulness” indicator to assess the models: 

 

 U = min [θ,1- θ] – L (2) 

 

One may conclude that the indicator is useful for the policymaker if the loss incurred by 

ignoring the signal is higher than the loss incurred taking it into consideration (i.e. if the 

“usefulness” indicator is positive). We rely on this indicator to determine the optimal 

threshold. As a secondary indicator we use the noise-to-signal ratio: 
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 NtS = (B/(B+D)) / (A/(A+C)) (3) 

 

We will also report separately the Signal (A/(A+C)) and Noise (B/(B+D)) indicators. 

We will not be able to fully replicate the real-time analysis (as in e.g. Lo Duca and 

Peltonen (2011) who conduct recursive estimation of their models) because in our sample 

most of the information on boom/busts occurrences comes in one batch. Therefore the 

models are estimated and thresholds are optimized ex-post. We will however do the trans-

formations of the explanatory variables (i.e. de-trending and percentile calculation) recur-

sively. 

 

 

5.1 Stand-alone indicators  
 

Our first approach is to follow Alessi and Detken (2011) and rely on the dynamics of indi-

vidual macroeconomic variables to predict the boom occurrence. In doing this we apply the 

“signalling” approach first developed by Kaminsky et al. (1998), which represented a ma-

jor contribution to the literature when it appeared and became a benchmark choice for early 

warning indicators system construction. This approach assumes an extreme non-linear rela-

tionship between the indicator and the event to be predicted and transforms the indicators 

into binary signals: if a given indicator crosses a critical threshold, it is said to send a sig-

nal.  

We select three macroeconomic variables from three categories (asset prices, real 

sector and financial variables) to be used as early warning indicators. We choose the vari-

ables (as well as their transformations) that were found to be most useful in Alessi and 

Detken (2011)
9
. We also include capital inflow measures to our set of indicators. As 

pointed out in Krugman (2000), foreign direct investment inflows help smooth cycles in 

domestic asset prices and should not be linked to booms. We therefore include an indicator 

of total capital inflows and one that excludes foreign direct investment.  

The signal is assumed to be issued when the indicator’s value exceeds a threshold 

(the same for all countries) defined in terms of the recursively calculated (country-specific) 

percentile. We make the variable-specific evaluation of indicators’ performance under the 

                                                 
9
 We use the results reported in Table 4 in the Annex of the working paper version of the article (ECB WP 

No. 1039). 
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optimized (in terms of “usefulness” indicator) percentile threshold. We report these opti-

mal percentiles in column 3 and the respective “usefulness” indicator in column 4 of Table 

5. We also report noise-to-signal ratios and their sub-components in columns 5-7. As in 

Andreau et al. (2007), we also calculate the composite index as the weighted average of 

signals issued by stand alone indicators with weights proportional to “usefulness”. The in-

dex is normalized to have values between 0 and 1. The assumed threshold value for the 

composite index is 0.5. 

 

Table 5 Stand alone indicators’ performance  

Category Variable Percentile U NtS Signal Noise 

Asset prices 

Real agg. asset prices  

(y-o-y growth) 

60 0.17 0.47 0.65 0.31 

Real housing prices  

(de-trended) 

75 0.14 0.54 0.62 0.33 

Real equity prices  

(de-trended) 

90 0.07 0.6 0.36 0.22 

Real sector 

GDP (de-trended) 75 0.09 0.64 0.51 0.33 

Investment  

(y-o-y growth) 

50 0.11 0.7 0.72 0.51 

Consumption  

(y-o-y growth) 

65 0.13 0.56 0.57 0.32 

Financial  

indicators 

Real money  

(y-o-y growth) 

65 0.1 0.63 0.52 0.33 

Real credit  

(y-o-y growth) 

50 0.1 0.72 0.7 0.51 

Long term interest rate  

(de-trended) 

45 0.02 0.95 0.7 0.66 

Capital  

inflows 

Total capital inflows 90 0.13 0.5 0.53 0.27 

Non-FDI capital inflows 75 0.13 0.58 0.63 0.36 

Composite index  0.18 0.45 0.67 0.3 

Asset prices, real sector variables, money and credit are deflated via GDP deflator. Capital inflows 

are summed over four quarters and are in ratios to GDP. Deviations from trend are calculated via 

applying recursive Hodrick-Prescott filter (λ=100000) to series in logarithms. 

 

Most of indicators perform reasonably well in terms of performance indicators that are 

generally comparable with those reported by Alessi and Detken (2011). The values of op-

timal threshold percentiles are also close to those in the original model. Asset price (in par-
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ticular aggregate index and housing prices) and capital flow indicators seem to be the best 

performing categories, followed closely by real sector and financial variables (with the ex-

ception of the interest rate indicator). Constructing the composite index by averaging the 

signal issuance over the whole set of indicators helps to improve the system’s performance. 

In our opinion these results confirm the applicability of the Alessi and Detken (2011) sys-

tem of early warning indicators to emerging markets.  

 

 

5.2 Discrete choice models: 
 existing models’ out-of-sample performance  

 

As a second approach we construct an early warning indicator system in the form of a dis-

crete choice model. This approach makes use of probit regression techniques to evaluate an 

indicator’s contribution to predicting a boom or bust. As pointed out in chapter 6 of Pa-

pademos and Stark (2010), this approach has several beneficial features compared to the 

“signalling” approach. First, the discrete-choice approach allows a test of the usefulness of 

the threshold concept. Second, this method enables one to take into account correlations 

between different indicator variables. Finally, the approach allows the statistical signifi-

cance of individual variables to be evaluated. This methodology consists of running probit 

regressions on the panel data set and comparing several specifications of the probit models, 

whereby an assessment of the specifications is made on the basis of probability scores and 

goodness-of-fit. 

We begin by simulating the discrete choice models presented in Table 2 in Gerd-

esmeier et al. (2010) on our sample and assessing their performance in predicting the bust 

occurrences in emerging markets.  

Accordingly, we construct our binary dependent variable, which equals one in the 

period one to six quarters prior to the bust occurrence (identified as described in Section 4) 

and equals zero in all other periods. 

In order to capture potential differences in equilibrium values and scales of ex-

planatory variables in developed and in emerging market countries we modify the models 

by de-meaning those variables that are not de-trended and re-estimating the common inter-
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cept term (while fixing all other coefficients) in the pooled probit regression framework
10

. 

As another test of model robustness, we also report the fully re-estimated models. Interest-

ingly, the coefficients of the re-estimated Specification A model (at least in cases of credit 

growth and investment/GDP variables) seem to be consistent with the original results, 

which may be regarded as a confirmation of the model’s applicability to emerging markets. 

Next we simulate the models and calculate the formal performance indicators. We 

do this for the optimized probability threshold as well as for the benchmark threshold 

probability (0.5) as recommended in Roy and Kemme (2012). As in Gerdesmeier et al. 

(2010) we also report the quadratic probability score (QPS) and log probability score 

(LPS) to assess the goodness of fit of the models.  

 

Table 6 Performance of Gerdesmeier et al.(2010) Specification A probit model 

 

Variable/coefficient 

[p-values in brackets] 

(1) 

unmodified 

model 

(2) 

de-meaned  

variables and  

re-estimated constant 

(3) 

de-meaned variables  

and all re-estimated  

coefficients 

Nominal credit y-o-y growth 0.016 0.016 0.013 [0.00] 

Nominal credit y-o-y growth(-4) 0.024 0.024 0.008 [0.09] 

Investment/GDP ratio 0.023 0.023 0.068 [0.00] 

Nominal equity prices nominal  

y-o-y growth(-1) 

0.006 0.006 -0.00 [0.18] 

Annual changes in long term  

interest rate 

0.126 0.126 0.014 [0.32] 

constant -1.444 -1.33 [0.00] -1.13 [0.00] 

 

 

Performance indicators 

[performance under benchmark threshold probability=0.5 in brackets] 

Optimal threshold probability 0.75 0.2 0.25 

U 0.1 [0.07] 0.1 [0.04] 0.18 [0.04] 

NtS 0.42 [0.64] 0.48 [0.26] 0.2 [0.12] 

Signal 0.4 [0.59]  0.48 [0.13] 0.47 [0.09] 

Noise 0.17 [0.38] 0.23 [0.03] 0.09 [0.01] 

QPS 0.21 0.1 0.09 

LPS 0.34 0.18 0.15 

No. of obs 963 

 

                                                 
10

 We do not employ fixed-effects probit regressions in our analysis because, as noted in Davis and Karim 

(2008), this approach would lead to information loss for countries that did not experience a boom/bust.  
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Table 7 Performance of Gerdesmeier et al.(2010) Specification B probit model 

 

Variable/coefficient 

[p-values in brackets] 

(1) 

unmodified 

model 

(2) 

de-meaned variables 

and re-estimated  

constant 

(3) 

de-meaned variables 

and all re-estimated 

coefficients 

Nominal credit y-o-y growth  

(de-trended) 

0.071 0.071 -0.01 [0.5] 

Nominal housing prices y-o-y growth 

(de-trended) 

0.029 0.029 0.00 [0.73] 

Annual changes in long term interest 

rate 

0.125 0.125 0.02 [0.01] 

Investment/GDP ratio 0.02 0.02 0.08 [0.00] 

constant -0.978 -1.08 [0.00] -1.04 [0.00] 

 

 

Performance indicators 

[performance under benchmark threshold probability=0.5 in brackets] 

Optimal threshold probability 0.6 0.25 0.2 

U 0.05 [0.05] 0.06 [0.03] 0.16 [0.03] 

NtS 0.37 [0.51] 0.56 [0.28] 0.37 [0.1] 

Signal 0.17 [0.27] 0.34 [0.1] 0.59 [0.08] 

Noise 0.06 [0.14] 0.19 [0.03] 0.22 [0.01] 

QPS 0.15 0.13 0.11 

LPS 0.26 0.23 0.18 

No. of obs 937 

Deviations from trend are calculated via recursive Christiano-Fitzgerald filter. 

 

The results of the models’ out-of-sample performance are promising. Both models display 

acceptable “usefulness” and noise-to-signal indicators even in unmodified form, although 

Specification A seems to perform better. In fact the NtS indicators are very close to those 

reported by Gerdesmeier et al. (2010) for the original sample, while the QPS and LPS 

measures are actually lower (better fits). Using partially modified type (2) models leads to 

even lower QPS and LPS indicators but not necessarily to better performance in terms of 

other indicators. The “usefulness” of the models is not huge when assessed under bench-

mark threshold probability (0.5) due to the small number of signals issued (as pointed out 

in Roy and Kemme (2012), such an outcome is typical for this approach), although it is 

still positive. As could be expected, re-estimating all the coefficients substantially im-

proves the models’ performance. We will however concentrate on fully re-estimated mod-

els for emerging markets in the next section. 
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5.3 Discrete choice models: emerging markets model 
 

As the final step in our empirical analysis we construct a discrete choice model fitted to 

predict asset price boom/busts on purely a cross-section of emerging market economies. 

We however try not to deviate from the model setup outlined above. 

We design two separate models for predicting boom and bust occurrences. Ac-

cordingly, we construct our binary dependent variables to equal one in the period one to six 

quarters prior to the boom/bust occurrence (identified as described in Section 4) and to 

equal zero in all other periods. 

We consider four categories of explanatory variables: asset price indicators (ag-

gregate and housing price indices), real sector indicators (GDP, consumption and invest-

ment), financial variables (money and credit) and capital inflows (total and non-FDI). The 

variables in the first three categories are in real terms (asset price and financial variables 

are deflated via GDP deflator), in either annual growth rates or deviations from trend
11

 (for 

money and credit, the ratios to GDP were de-trended). Additionally, we consider the in-

vestment to GDP ratio. Capital inflows are summed over four quarters and are in ratios to 

GDP. All variables that are not in deviations from trend are de-meaned. 

Our empirical strategy is as follows. We combine the variables (one from each 

category) and their bivariate interactions in the pooled probit regression framework. The 

aim is to find a parsimonious model with only statistically significant
12

 variables or corre-

sponding interaction terms but with preference given to models that include indicators 

from all four categories. When several such models were found we selected the one with 

the best “usefulness” indicator under optimized threshold probability. Thus we arrive at 

two preferred models for boom and bust prediction. As in the previous section we assess 

model performance via the standard set of indicators under optimized and benchmark 

threshold probability. 

 

 

 

 

                                                 
11

 Deviations from trend are calculated via applying recursive Hodrick-Prescott filter (λ=100000) to series in 

logarithms. 
12

 We assumed the criteria of test statistic>1.5.  
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Table 8 Emerging market booms prediction probit model 

Variable Coefficient P-value 

Real housing prices (y-o-y growth) 0.025 0.00 

Real credit (y-o-y growth) 0.014 0.00 

Total capital inflows 0.694 0.06 

Investment to GDP ratio -0.591 0.00 

Real credit (y-o-y growth) *  

Investment to GDP ratio 

0.002 0.01 

constant -1.312 0.00 

 

Performance indicators 

                         [performance under benchmark threshold probability=0.5 in brackets] 

Number of observations: 853              McFadden R
2
: 0.125             QPS: 0.09              LPS: 0.14 

Threshold probability:0.15   U:0.19[0.02]   NtS:0.37[0.21]   Signal:0.68[0.07]    Noise:0.25[0.01] 

 

The boom prediction model includes annual growth of housing prices, total capital inflows 

and the credit growth variable, which is significant and has the correct sign both as a linear 

term and in interaction with the investment to GDP ratio
13

.  

 

Table 9 Emerging market busts prediction probit model 

Variable Coefficient P-value 

Real aggregate asset prices (de-trended) -2.239 0.00 

Real credit (y-o-y growth) 0.014 0.00 

Total capital inflows 2.622 0.00 

Investment to GDP ratio 0.054 0.00 

Real aggregate asset prices (de-trended) *  

Investment to GDP ratio 

0.092 0.13 

constant -1.34 0.00 

 

Performance indicators 

                         [performance under benchmark threshold probability=0.5 in brackets] 

Number of observations: 818              McFadden R
2
: 0.17             QPS: 0.08          LPS: 0.13 

Threshold probability:0.3   U:0.2[0.08]    NtS:0.13[0.06]     Signal:0.47[0.16]     Noise:0.06[0.01] 

 

                                                 
13

 The fact that the linear term of the variable in the interaction (in this case investment to GDP ratio) is nega-

tive does not imply that the overall effect of this variable is negative. 
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The bust prediction model includes similar variables: credit growth, investment to GDP 

ratio and total capital inflows. In the busts model, the investment to GDP indicator is also 

included in the form of interaction with the aggregate asset prices indicator. Considering 

the results presented in Sections 5.1 and 5.2, we conclude that credit and investment are 

evident candidate variables for boom/bust prediction in emerging markets. 

As could be expected, these models have the highest formal performance indica-

tors (U=0.19 and U=0.2) among those assessed in this paper (although the composite index 

of stand-alone indicators’ signals calculated in Section 5.1 is not far behind with U=0.18). 

There is no clear indication that boom prediction works better than bust prediction (or vice 

versa), although the busts model is notably less noisy (which is reflected in the low Noise 

and NtS indicators). 

 

 

6 Conclusions  
 

This paper contributes to the literature by investigating whether early warning indicator 

models can be used for predicting asset price boom/bust occurrences in a cross-section of 

29 emerging markets. We identify booms/busts using different approaches. The results are 

not fully synchronized but may still be regarded as cohesive. The sample obtained is large 

enough for interpretable econometric analysis although its informational content is limited 

since, for the most part, only one (most recent) wave of booms/busts can be analyzed.  

We employ two modeling approaches (stand-alone indicators and discrete choice 

models) that were previously applied to a cross-section of developed countries. The results 

seem promising. In fact even the out-of-sample performance of the unmodified developed 

countries’ models is satisfactory on our emerging markets dataset. Naturally further en-

hancement and re-estimation of these models increases their in-sample predictive perform-

ance, although these modifications need not be extensive.  

Our results are generally inconclusive as to which approach to predicting asset 

price boom/bust is superior. But we argue that the concept that relies on monitoring the 

combined set of asset prices, real activity and financial indicators is widely applicable to 

emerging markets and its efficiency is confirmed under the different model setups. Accord-

ing to our estimates credit growth and investment (in either growth rates or ratio to GDP) 
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turned out to be particularly reliable indicators for forecasting asset prices cycle. We also 

find that, in addition to this set of variables, early warning indicator systems for emerging 

countries may be augmented with capital flows indicators. 
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Appendix 
 

Table 10 Data sources 

Indicators  Sources 

Housing prices - BIS property price statistics database; 

- Stepanyan et al. (2010) database; 

- Global Property Guide 

(www.globalpropertguide.com); 

- National statistical agencies 

Equity prices - Stock exchange websites; 

- Yahoo! Finance 

GDP, investment, consumption - IMF-IFS; 

- National statistical agencies’ websites  

Money, credit - IMF-IFS; 

- Central banks’ websites  

Capital flows - National statistical agencies’ websites 

- Central banks’ websites 
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Table 11 Descriptive statistics of variables used in Section 5 

Variable Mean Std Deviation Min Max 

Real aggregate asset prices  

(y-o-y growth) 
7.4 28.9 -100 206 

Real aggregate asset prices  

(de-trended with HP-filter) 
-0.02 0.16 -1.07 0.46 

Real housing prices  

(de-trended with HP-filter) 
0.02 0.14 -0.81 0.59 

Real housing prices (y-o-y growth) 4.35 15.8 -59.4 80.8 

Nominal housing prices (y-o-y growth 

de-trended with CF-filter) 
-0.7 7.2 -26.6 41 

Real equity prices  

(de-trended with HP-filter) 
0.00 0.34 -1.7 1.44 

Nominal equity prices  

(y-o-y growth) 
19.7 49.1 -79.1 670.7 

GDP (de-trended with HP-filter) 0.00 0.08 -0.44 0.29 

Investment  

(y-o-y growth) 
4.5 18.5 -84.7 228.7 

Investment/GDP ratio 24.1 7 9.7 58.6 

Consumption  

(y-o-y growth) 
4.5 7.5 -45.4 88.7 

Real money (y-o-y growth) 9.2 12.7 -68.1 125.9 

Real credit (y-o-y growth) 11.8 22.1 -81.1 162.9 

Nominal credit (y-o-y growth) 26.3 42.4 680.9 -61.2 

Nominal credit (y-o-y growth de-trended 

with CF-filter) 
-0.4 7.6 -47.4 71.6 

Long term interest rate (de-trended with 

HP-filter) 
2 21.1 -248.6 512.4 

Annual changes in long term interest rate -1.5 30.1 -721.6 682.5 

Total capital inflows 0.13 0.2 -0.33 1.35 

Non-FDI capital inflows 0.08 0.15 -0.5 1.22 
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Figure 2 “Triangular approach” identification of booms/busts: Russian case 
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Figure 3 Distribution of “severity” measures (triangular squares) of boom/bust phases 
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