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2. Early warning for currency crises:  
what is the role of financial openness?1 

 
Abstract  
We explore whether financial openness – capital account openness and gross capital inflows – makes 
countries vulnerable to currency crises. We use a quarterly dataset on 46 advanced and emerging 
market economies during 1975Q1-2011Q4, with the period after Q2 2007 used for out-of-sample 
testing. Our key findings are as follows. First, capital account openness is associated with lower 
probability of currency crises, but less so for EMEs. Second, surges in gross capital flows are associated 
with increased risk of currency crises. Third, our model performs well out-of-sample, confirming that 
early warning models are helpful in judging relative vulnerability. 
 
Keywords: Currency crisis, early warning, financial stability, capital account openness, capital flows 
 
JEL classification codes: F31, F32, F33, F41, G10, G15  
 
2.1. Introduction 

Currency crises are both a very old and very new challenge. Whereas currency crises became well 

known during the 1980s and 1990s in emerging markets and the European Monetary System (EMS), 

the global financial crisis in 2008 also involved a massive change in the relative value of the world’s 

major reserve currencies (the dollar, euro, yen and sterling), as well as a classic currency crisis in at 

least one advanced economy (Iceland). Notably, while the EMS crisis and many past emerging markets 

crises involved the abandonment of a fixed exchange rate regime, recent shocks also affected 

economies with floating exchange rates (e.g. Turkey, South Korea, South Africa and Iceland). Given the 

subdued economic growth in advanced economies, persistent global imbalances and the widespread 

use of unconventional monetary policy, the risks of disorderly currency movements remain high. Given 

the widespread liberalization of capital accounts and large cross-border capital flows (see previous 

chapter), a key area of interest is whether financial openness influences the probability of currency 

crises, and if so in which direction. 

Currency crises matter for policy for at least three reasons. First, they are generally the earliest 

and most visible sign of serious structural imbalances, external and internal, and are very often 

associated with banking crises and sovereign debt crises. Second, the sudden adjustment of relative 

prices often leads to significant losses on public and private balance sheets, i.e. by domestic borrowers 

with foreign currency liabilities and foreign investors with local currency assets. Finally, these losses 

can spread throughout the financial system, setting off a broader financial crisis, often followed by a 

substantial growth slow-down or a contraction.  

                                                      
1 This chapter is joint work with Ayako Saiki. It was published in 2014 in the Review of International Economics, 
22(4): 722–743.  

http://onlinelibrary.wiley.com/doi/10.1111/roie.12124/abstract
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For policymakers, early warning indicator (henceforth EWI) models are of great practical use in the 

context of country risk monitoring – in which the relative vulnerability of countries is assessed and 

compared with the exposures of domestic financial institutions. But they are also useful for 

understanding the drivers of currency crises, and thus for the design of macroeconomic policies to 

prevent future crises. Against this backdrop, this study aims to find reliable indicators, qualitative and 

quantitative, which are likely to point to a near-term currency crisis. Specifically, our contribution to 

the literature is to specifically address the impact of financial openness on a country’s vulnerability to 

a currency crisis. We do this by including a preferred measure, namely the index of de jure capital 

account openness developed by Chinn and Ito (2008), and then performing robustness checks with 

other measures of financial openness. To preface the results, we find that the Chinn-Ito index and 

other measures of openness are associated with lower probability of currency crises 4 quarters later, 

but less so for EMEs. Yet countries are more likely to experience a crisis after a surge in gross capital 

flows. While our in-sample results are derived for the period 1975-2007, our model developed here 

performs well during and after the global financial crisis (2008-2011). 

The remainder of this chapter is structured as follows: the next section (2.2) presents an overview 

of the literature on EWI. Section 2.3 explains our model and data, including the role of the financial 

openness indicator. Section 2.4 presents the main results, while robustness checks and out-of-sample 

performance are described in section 2.5. Section 2.6 concludes the chapter.  

 
2.2. Literature 

The literature on EWI is quite extensive.2 The seminal works include Kaminsky, Lizondo and Reinhart 

(1998, henceforth KLR) and Frankel and Rose (1996); and recent work on exchange rate crises 

associated with the global financial crises includes Obstfeld, Shambaugh and Taylor (2009), Frankel 

and Saravelos (2011), and Babecký, Havranek, Mateju, Rusnák, Šmídková and Vašícek (2012). The 

methodology of EWI models is similarly diverse, ranging from OLS and probit models (Eichengreen, 

Rose and Wyplosz, 1997; and Sachs, Tornell and Velasco, 1996) to univariate signal extraction models 

such as KLR (1998), Brüggemann and Linne (2000), and Edison (2003) to more sophisticated methods 

such as Markov switching models (Alvarez-Plata and Schrooten, 2006). Yet another strand of literature 

simply splits the sample into crisis and non-crisis countries, and examines the differences in relevant 

variables (Kamin, 1988; Edwards, 1989; Edwards and Montiel, 1989).  

Despite the vast literature, EWI models are still surrounded by uncertainties and controversies. 

One often-mentioned weakness of EWI models is that they are often sensitive to data and model 

specifications, due in part to the fact that each currency crisis is prima facie unique; another potential 

                                                      
2
 Rose and Spiegel (2009) and Frankel and Saravelos (2011) provide good summaries of the past literature.  
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reason is the Lucas critique, i.e. countries may have successfully taken measures to avoid crises 

indicated by warning signals. However, these doubts do not imply that EWI models are of no practical 

use: Borensztein, Patillo and Berg (2004) look at the performance of various long- and short-term early 

warning models used by the IMF in the period 1999-2004, and find that the most widely accepted long-

term model (based on KLR) was superior to pure guesswork, and also to both credit ratings and private 

analysts’ currency risk scores. Importantly, EWI models are generally better at identifying relative 

vulnerabilities across countries rather than at identifying the exact timing of crises.  

Against this backdrop, there is renewed interest in putting EWI models into policy use. The IMF-

FSB (Financial Stability Board) Early Warning Exercise was called for by the G20 at the height of the 

crisis in November 2008 “to provide early warning of macroeconomic and financial risks and the 

actions needed to address them.”3 The global financial crisis forcefully demonstrated that financial 

integration is now an important part of financial crises, including exchange rate crises. However, there 

has been relatively little attention paid to the role of financial openness, both de jure and de facto, on 

a country’s vulnerability to a currency crisis.4 In this context, we focus on the role of financial openness, 

and analyze how it can improve EWI models.  

 
2.3. Data and model 

2.3.a. Model 

In this study, we use a multivariate probit model. This method is widely used in the existing literature 

(Frankel and Rose, 1996; Davis and Karim, 2008; Licchetta, 2011), and has the advantage that the most 

effective indicators can be taken into account simultaneously – rather than sequentially as in signal 

extraction models. Recently, Comeli (2013) confirms that such parametric methods generally 

outperform non-parametric methods out of sample. We estimate a multivariate probit model with 

random effects, which is specified as:  

)()()|1( * XZPIIPXYPP iii      [2.1] 

where X is a set of explanatory variables, and  
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where F is the standard normal cumulative density function, and z is the standard normal variable. In 

presenting the results, we report the marginal effects at the means estimated by the probit model, as 

they provide a good approximation to the change in the probability of currency crises by a unit change 

in explanatory variables. Where appropriate, we also describe the output of our model in terms of 

percentage probabilities of crisis. 

                                                      
3
 http://www.g20.utoronto.ca/2009/2009communique0402.html retrieved on March 22, 2013.  

4 Two important exceptions are Glick, Guo and Hutchison (2006) and Glick and Hutchsion (2011) – see below. 

http://www.g20.utoronto.ca/2009/2009communique0402.html
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We define a currency crisis using an Exchange Market Pressure Index (henceforth EMPI), as used 

by Eichengreen, Rose and Wyplosz (1994) and KLR (1998). The EMPI is popular because it captures 

both major exchange rate depreciations (successful speculative attacks on currencies) as well as major 

reductions in reserves (unsuccessful attacks). While there are variations in EMPI, which include other 

variables such as interest rates, due to data restrictions, we define EMPI following Arduini, De 

Arcangelis, and Del Bello (2011) as:  
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     [2.3] 

where Ei,t is the exchange rate of the currency of country i against the dollar at time t (local currency 

per US dollar), Ri,t represents international reserves (excluding gold) for country i at time t, σE,i and σR,I 

are the country-specific standard deviation of the quarterly percentage change in the exchange rate 

and reserves, respectively. Figure 2.1 shows a normalized distribution of the EMPI for all countries over 

the sample period. As is clear from the figure, the index has high kurtosis (i.e. fat tails) and negative 

(i.e. left-side) skewness, and the null hypothesis (H0) that data are normally distributed is rejected at 

the 99% level. This indicates that there are more “tranquil times” than would be expected by a normal 

distribution, but also more “extreme events.” In addition, a large depreciation is more likely than a 

large appreciation.  

 
Figure 2.1: Distribution of EMPI values, normalized 
Frequency of observations 

 

Note: this figure shows the normalized distribution of the Exchange Market Pressure Index (EMPI), as defined in 
equation (2.3) for all countries in the sample period. The red line denotes a normal distribution for purposes of 
comparison. The vertical lines show 1.5 and 2 standard deviations below the mean – the baseline and alternative 
thresholds used to define a currency crisis. The statistical properties of the distribution are as follows: 
Kurtosis=23.92, Skewness=-1.89, Test statistic for fat tails= 0.79, Test statistic for Leptokurtosis = -3.41. Together, 
these imply a leftward-leaning, fat-tailed distribution, with more extreme events (especially depreciations) than 
would be expected if shocks were normally distributed. 

 
Following Eichengreen, Rose and Wyplosz (1996), we use a 1.5 standard deviation threshold as the 

baseline – i.e. we define a currency crisis when the EMPI is less than -1.5 standard deviations below 
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the mean. This threshold captures 130 currency crisis episodes within our sample (2.4% of all 

observations). As will be shown below, an alternative threshold does not qualitatively change the 

results.5 In order to avoid double counting, we remove “recurrent” currency crises from the sample 

with a one-quarter exclusion window. Table 2.7 in the annex shows a full list of crisis episodes by 

country. Of the 46 countries in our sample, 26 have had a crisis since 1975Q1, including 11 in advanced 

economies. With 20 crisis episodes in the sample period, Brazil has been the most crisis-hit country, 

followed by Venezuela with 13. Argentina (for which reserve data is not available prior to 1994) holds 

the record for deepest crisis, as measured by the EMPI, with the collapse of its currency board 

arrangement in 2002. Sweden and the UK had crises around the time of the break-up of the EMS in 

1992-3. Notably, several currency crises took place in economies with flexible exchange rate regimes, 

such as Russia and Ukraine in 1998 and Iceland in 2006 (and 2008). There were 13 crises out of sample, 

primarily in the immediate post-Lehman quarters (Q4 2008 and Q1 2009).  

 
2.3.b. Data 

Based largely on data availability, our data covers 46 advanced and emerging economies (see table 2.8 

in the annex), with quarterly frequency between 1975Q1 and 2011Q4. For estimations, we use the 

data up until 2007Q2, with the data thereafter used for out-of-sample tests. Our explanatory variables 

are discussed below. Except otherwise mentioned, the source of the data is the IMF’s International 

Financial Statistics. The panel is unbalanced, due to lacking data availability particularly in emerging 

market and transition economies in the earlier part of the sample. Since independent variables are 

often defined based on longer-term averages, the period of coverage for regressions begins at the 

earliest in 1980. Country coverage improves toward the end of our sample. 

As previously stated, our main interest is in financial openness. The literature on how financial 

openness affects a country’s vulnerability to a currency crisis is still in its infancy, with varying results 

and policy implications. For example, while Glick, Guo and Hutchison (2006) and Glick and Hutchsion 

(2011) find that developing countries with more open capital accounts were less susceptible to crises 

in the period 1975-2004, Frankel and Saravelos (2011) fail to find significance for financial openness 

during the 2008-9 crisis. The divergence could be due to the lack of good measures of financial 

openness until recently, and the tendency to rely on binary measures of capital account openness. But 

also the historical experience of EMEs that opened their capital account prematurely may have led 

some to simply assume that capital account openness makes a country prone a currency crisis. It is 

also important to distinguish capital account openness from liberalization of the domestic financial 

sector. Here we start with the description of how we incorporate financial openness into our study, 

                                                      
5 A threshold of 2 standard deviations yields 79 crises; regression results based on this definition are presented 
in the robustness checks on p. 35.  
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followed by brief descriptions of the control variables.  

 
2.3.c. Variables of key interest – capital account openness and gross capital flows 

Capital account openness: we use the financial openness index developed by Chinn and Ito (2008).6 

This index, named “KAOPEN,” is based on a principal components analysis using binary dummy 

variables that codify the tabulation of three categories of restrictions on cross-border financial 

transactions reported in the IMF’s Annual Report on Exchange Arrangements and Exchange 

Restrictions (henceforth AREAER). In other words, this is a de jure measure of financial openness. Later 

we compare this indicator with other indicators, including Quinn’s measure7 (Quinn, Schindler and 

Toyoda, 2011) and de facto measures (Lane, and Milesi-Ferretti, 2007). We chose Chinn-Ito’s variable 

because of its comprehensive coverage over long periods (182 countries, for the years between 1970 

and 2011 with annual frequency) as well as the fact that it combines capital restrictions with other 

restrictions on international financial transactions. To attain quarterly data, we extended the annual 

data to quarterly, assuming that the annual values are constant across all quarters of a year. Given that 

the index is by design very slow-moving, this method does not lead to large inaccuracies.  

The benefits and costs of opening capital accounts have also spawned a large body of literature. 

Theoretically, liberalizing capital flows is beneficial as it leads to more efficient allocation of capital, 

however, the empirical evidence is very mixed (Kose and Prasad, 2012). The IMF (2012) recently 

adopted a new view on capital account liberalization, in which it recognizes that “capital flow 

liberalization is generally more beneficial and less risky if countries have reached certain levels or 

‘thresholds’ of financial and institutional development.” When countries are less financially developed, 

financial openness can be disruptive and some capital controls may be warranted; they may even be 

reinstated under certain conditions (“TTT”: transparent, targeted and temporary). More developed 

countries may see larger benefits of openness. Financial liberalization should be gradual in order to 

allow a country to adjust, and the sequence should be carefully crafted on a country-by-country basis 

(IMF, 2002). If successfully implemented, capital account liberalization can be positively associated 

with growth in both developed and emerging market economies (Quinn and Toyoda, 2008), both 

directly and indirectly (e.g. by promoting good macroeconomic policies to reap the benefits of open 

capital accounts).8 At the same time, however, there is a view that capital account openness will cause 

exchange rate appreciation by causing capital inflows and thereby undermining long-run growth rates. 

Consequently, “the appropriate role of policy will be to stem the tide of capital flows as to encourage 

them” (Rodrik and Subramanian, 2009, p. 129). In this context, it is of interest to test empirically if, and 

                                                      
6
 The data is available from http://web.pdx.edu/~ito/Chinn-Ito_website.htm. 

7
 We would like to thank Prof. Dennis Quinn for kindly providing us with this data.  

8
 See Kose, Prasad and Taylor (2011). 
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how capital account openness affects the likelihood of a currency crisis. While the relationship 

between capital openness and financial vulnerability may be country-specific, we try to control for as 

many country-specific factors as possible in our EWI framework.  

While financial openness can be beneficial in the long-term, the risks associated with short-term 

capital flows have been forcefully demonstrated in the global financial crisis in 2007-2008. Such risks 

can be amplified when a country is not equipped with strong financial and institutional frameworks. 

Therefore, we also look at the effect of capital flows, in addition to capital openness itself.  

 
Gross capital flows and their components: Capital inflows and outflows increase a countries’ actual 

financial integration with the rest of the world. We look at both capital inflows and outflows and the 

reason is that, during stress times like the global financial crisis, a country’s external asset can also 

increase the risk due to, for example, a lack of liquidity of external assets: this is more relevant for 

advanced economies which tend to hold large amounts of external assets. We also look at the 

composition of flows: gross FDI flows, gross portfolio flows and gross other flows (mainly bank loans). 

Our hypothesis is that longer-term capital flows (FDI) are less likely to cause a currency crisis than 

short-term (portfolio) flows. Since we are interested in how the surge in capital flows renders a country 

vulnerable to currency crises, we divide the gross flows by trend GDP growth calculated using a 

Hodrick-Prescott (HP) filter (λ=1600), and use the 1-year deviation of this ratio from its 5-year average. 

Previous studies on the effects capital flows have looked mainly at net capital flows, which, by 

netting the inflows and outflows, represent the (change in) external indebtedness of the country. 

Although abrupt changes in capital flows are often associated with crises, EWI studies often fail to find 

net capital inflows to be significant (Frankel and Saravelos, 2011). Yet net capital flows may hide 

important underlying dynamics and lack information of structural differences (maturity, currency, 

asset class, etc.) between assets and liabilities. The importance of gross capital flows as a measure of 

global financing patterns has recently received more attention in the literature (Borio and Disyatat, 

2011; Bruno and Shin, 2013). In the early and mid-1990s, net capital flows roughly mirrored gross 

inflows, but more recently, the size and volatility of gross flows have increased in line with increasing 

global financial integration and financial globalization. Forbes and Warnock (2012) were among the 

first to analyze the behavior of gross capital flows around so-called sudden-stop episodes: they find 

that factors outside the control of policymakers in most countries – such as changes in global risk 

sentiment, global growth, and contagion – create extreme capital flow fluctuations. They also stress 

the importance of disaggregating capital flows by foreign investors (gross inflows) and domestic 

investors (gross outflows). Broner, Didier, Erce and Schmukler (2013) confirm the importance of 

disaggregation. Against this backdrop, we include gross capital flows and their components in our data.  
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2.3.d. Other explanatory variables 

We choose other explanatory variables by looking at the overall performance of variables in 

previous studies. Our selection of variables owes much to the meta-study by Frankel and Saravelos 

(2011), which examines as many as 83 studies prior to 2008, and – based on bivariate regression of 

each potential candidate for significant EWI – finds that certain variables perform consistently well in 

predicting currency crises: e.g. the level of reserves, real exchange rate appreciation, GDP growth, 

credit growth, etc. Unlike their study, we conduct multivariate panel probit regression, including as 

many potentially important explanatory variables as possible. As we show later, many of these key 

variables turn out to be significant determinants of currency crises. 

 Real effective exchange rate (REER) appreciation: motivated by the conjecture that, where the 

REER has risen rapidly or deviated from its long-term average, there is a higher likelihood of a 

sudden correction (Goldfajn and Valdes, 1997). We have taken REER appreciation over 5 years.  

 Reserves to GDP: defined as the ratio of official non-gold reserves to GDP. An alternative measure, 

which compares reserves to short-term debt (“Greenspan-Guidotti ratio”), is also used in the 

literature, but due to the lack of short-term debt of many EMEs in our sample, we use reserves to 

GDP in our baseline model.9 

 GDP growth: countries with high growth rates are experiencing unsustainable asset bubbles, 

overheating and other factors not fully captured by the other variables.10 We calculated the 

percentage growth rate of real GDP in local currency terms over 2 years.  

 Inflation: as with GDP growth, a higher inflation rate can be an indication of overheating. 

Moreover, high inflation can erode a country’s competitive position via higher REER.  

 Credit growth: because rapid credit growth is often associated with the build-up of financial 

imbalances (see chapters 1 and 3) we also use credit growth in some specifications. Here, we stick 

to the change in credit to GDP over the previous 2 years. 

 Emerging economies (EME) dummy: to capture potential differences in economic structure and 

institutional quality between EMEs and AEs, we use a dummy variable which is 1 if a country is an 

EME (using the most recent IMF World Economic Outlook classification), and 0 otherwise. 

 Quality of Government: Greater capital account openness may be a reflection of good governance, 

as a country with high institutional quality may be more able to maintain investors’ trust in its 

                                                      
9
 Advanced economies with floating exchange rates generally have much lower levels of reserve coverage – 

reflecting large financial sectors and lower levels of currency mismatch. The necessity of implementing dollar 
swap lines due to dollar liquidity shortages in the post-Lehman and recent crisis nevertheless show that foreign 
currency funding problems can also materialize in these countries. 
10

 Frankel and Saravelos (2011) note that this result is somewhat counterintuitive, yet confirm that GDP growth 
prior to the global financial crisis is a significant predictor not only of the chance and severity of currency crises, 
but also the depth of recessions and recourse to IMF resources.  
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financial markets, and thus more likely to liberalize its capital account. In addition, government 

quality is a good indicator of the unique institutional characteristics of a country. To measure 

government quality, we use the quality of government data, derived from International Country 

Risk Guide (ICRG), in the Quality of Government Basic Dataset.11 The index, which is a mean of the 

ICRG series “Corruption,” “Law and Order” and “Bureaucracy Quality,” is scaled 0-1, and is 

constructed in such a way that higher number means better quality of a government. Indeed, 

looking at Table 2.2, the quality of government and capital openness (Chinn-Ito index) have a high 

correlation (about 51.5%). Including this variable also allows us to separate the effect of quality of 

government and capital account openness.  

 Contagion: In our study, we do not include contagion in our baseline specification. There are 

several reasons for this. First, for policymakers to predict currency crises in advance, contagion is 

of little use, especially – besides the speed of “contagion” – because its propagation mechanism, 

and even what constitutes “contagion” is still not clear. The recent work by Mink and de Haan 

(2012) points out that there is no set definition of “contagion” in the literature and even with high-

frequency data, it is difficult to make a clear distinction between contagion and “wake-up call” of 

investors to fundamentals. Further, contagion can run from country A to country B and back again, 

and can additionally lead to overestimations of its effect (Pesaran and Pick, 2007). However, as a 

robustness check, we construct a contagion index following Eichengreen, Rose and Wyplosz 

(1997), which is defined as follows.  

Hi
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Hi

weightD ,

45
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     [2.4] 

where D is our dummy representing a crisis in country i at time t, and weight is the trade weight 

of the crisis-hit “source” country i as a trading partner for the receiving “home” country H in the 

BIS NEER index. Thus, for each home country, we create an index of crises in all other countries in 

each quarter, weighted by the importance of each other country as a trading partner. 

 
2.3.e. Summary Statistics 

Table 2.1 shows some key descriptive statistics of our independent variables. The left part of the table 

provides summary statistics of explanatory variables through the whole sample (including countries 

that are not hit by crises during the sample period). The right part of the table compares them 4 

quarters prior to, during, and 4 quarters after a crisis episode. Notable is that the average of reserves 

to GDP for crisis-hit countries is much lower 4 quarters before a crisis (9.9%) than in the full sample 

                                                      
11

 The time series data is compiled by Teorell, Dahlberg, Holmberg, Rothstein, Hartmann and Svensson, and is 
available to download at http://www.qog.pol.gu.se/. 

http://www.qog.pol.gu.se/
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(12.1%). During a crisis, the average is even lower (7.3%) – reflecting that the crisis is often marked by 

a run-down in reserves. Similarly, the 5-year appreciation of the REER and the change in credit to GDP 

tend to be higher before a crisis for crisis-hit countries, and REER appreciation tends to reverse during 

and after a crisis. The 2-year average of annual GDP growth is lower during and after the crisis, 

illustrating the output loss of currency crises. All of the components of gross capital flows are higher in 

the 4 quarters prior to a crisis, than the general mean, indicating that a surge in gross capital inflows 

indeed tends to be associated with crises. Notably, capital account openness is lower in countries that 

went through the crises than in the overall sample. As table 2.2 confirms, there is strong correlation 

between capital account openness and government quality (51.5%), and a negative correlation 

between openness and the EME dummy (-78.1%). 

 
Table 2.1: Descriptive statistics of explanatory variables, 1975-2011

 

Note: the variables are defined as follows: 
Capital account openness: Chinn-Ito’s capital account openness index (source: Chinn and Ito, 2008) 
Gross capital flows (1-year deviation): first difference of gross capital inflows + outflows over the past four 
quarters, divided by trend component of GDP, from 5-year average. Sub-components of gross capital flows are 
computed using the same method (source: IMF-IFS) 
REER appreciation (5-year): change in the real effective exchange rate (REER) index over the previous 20 quarters 
(source: IMF-IFS) 
Reserves to GDP: foreign reserves (excluding gold) divided by annual GDP (source: IMF-IFS) 
GDP Growth (2-year): GDP growth over 8 quarters in real local currency terms (source: IMF-IFS) 
Inflation (1-year): CPI annual inflation over the last four quarters (year-on-year) (source: IMF-IFS) 
Credit Growth (2-year): change in domestic credit to GDP over previous 8 quarters (source: IMF-IFS) 
EME dummy: dummy variable (1 if EME, 0 otherwise), categorization based on WEO database (source: IMF). 
Government quality index: mean value of the International Country Risk Guide (ICRG) series “Corruption,” “Law 
and Order” and “Bureaucracy Quality,” scaled 0-1, as compiled by the Quality of Government Institute (source: 
The Quality of Government Institute, http://www.qog.pol.gu.se/data/) 
Contagion index: average of crises in all other countries in each quarter, weighted using the importance of each 
other country as a trading partner in the NEER index (source: BIS) 
 

  

Observations Mean St. dev. Minimum Maximum 4q before crisis During crisis 4q after crisis

Capital account openness (Chinn-Ito) 6028 0.771 1.565 -186% 2.456 -0.356 -0.402 -0.332

Gross capital flow deviation (in %) 3857 -1.3% 0.707 -2089% 541.0% 9.4% 2.8% -3.7%

Gross FDI flow deviation (in %) 3675 0.6% 0.112 -168% 298.8% 2.5% 0.7% -0.4%

Gross portfolio flow deviation (in %) 3526 -1.3% 0.411 -1269% 189.2% 4.1% -1.8% -2.2%

Gross other flow deviation (in %) 3769 -0.6% 0.376 -1029% 448.2% 3.8% 3.7% -1.4%

REER appreciation (5yr, in %) 4923 0.8% 0.191 -59% 177.8% 11.8% -2.3% -2.6%

Reserves to GDP (in %) 5590 12.1% 0.166 0% 116.1% 9.9% 7.3% 8.2%

GDP Growth 2yr (in %) 5364 3.2% 0.035 -22% 13.9% 2.8% 2.4% 0.9%

Inflation (in %) 6182 40.7% 3.714 -11% 14029.5% 37.0% 28.4% 42.9%

CreditGrowth2yr (in %) 3740 6.7% 0.182 -100% 180.6% 14.9% 22.0% 14.8%

EME dummy 6808 41.3% 0.492 0 1 0.690 0.690 0.690

Government quality index 5040 72.0% 0.209 0.111 1 0.595 0.589 0.595

Contagion index 6808 166.4% 3.972 0 36.761 1.582 3.184 1.582

Entire period Means around crisis episodes
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Table 2.2: Correlation among explanatory variables, 1975-2011 
 

 
 
Note: this table shows the correlation of the variables as defined in Table 2.1. 
 
In order to investigate the existence of a systemic difference between EMEs and AEs, we perform a 

Wald test. We find that the effects of EMEs are jointly insignificant, but the difference is significant 

only for capital account openness (KAOPEN) and inflation, and we cannot reject the null hypothesis 

that all explanatory variables are jointly different between the two groups. As such, we include two 

interaction terms – EME and inflation, and EME and KAOPEN – in our regressions.  

 
2.4. Main results 

With all variables now defined, we can now estimate the probability of currency crises against the 

selected early warning indicators. Table 2.3 shows our main results, which reports the marginal effect 

of each indicator based upon four different probit specifications. Column [1] is our baseline model, 

which shows three important findings. First, the coefficient on capital account openness (KAOPEN) is 

negative and significant, indicating that capital account openness reduces the probability of currency 

crises, other things being equal. Second, real exchange rate appreciation and low reserves to GDP 

increase the probability of a currency crisis. Third, a surge in gross flows increases the chance of a 

currency crisis. The interaction term of EMEs and KAOPEN shows that EMEs may benefit less from 

openness than AEs, after controlling for other factors. In summary, even though a surge in gross capital 

flow increases the vulnerability of a country to a currency crisis, if the country in question has an open 

capital account, the vulnerability is reduced.  

In terms of economic magnitude, increasing KAOPEN from its mean (0.699) by one unit – roughly 

half the liberalization of Belgium between 1989 and 1990 – reduces the probability of crisis from 2.9% 

to 1.3% across the sample. Increasing KAOPEN from its mean for EMEs (-0.077) by one unit – the 

liberalization of Mexico between 2003 and 2004 – decreases the probability of crisis from 6.7% to 5.8%. 

Meanwhile, an increase in our capital flow measure by 20% of GDP from its mean, equivalent to the 

average increase across the whole sample between Q2 2004 and Q2 2007, increases crisis probability 

from 2.9% to 4.2%, when holding all other variables at their mean. Further simulations show that the 

Cap. acc. 

openness
Gross cap. 

flows

Gross FDI 

flows

Gross port. 

flows

Gross other 

flows

REER 

Dev.

Reserves GDP 

Growth

Inflation Credit 

Growth

EME 

dummy

Gov't 

quality

Contagion 

index

Capital account openness (Chinn-Ito) 100.0%

Gross capital flow deviation (in %) -2.6% 100.0%

Gross FDI flow deviation (in %) 0.8% 42.9% 100.0%

Gross portfolio flow deviation (in %) -0.4% 75.9% 13.0% 100.0%

Gross other flow deviation (in %) -4.2% 84.5% 16.0% 39.2% 100.0%

REER deviation (10yr, in %) 2.7% 8.3% 6.9% 2.1% 8.8% 100.0%

Reserves to GDP (in %) -20.3% 4.5% 0.8% 1.7% 5.7% 2.9% 100.0%

GDP Growth 2yr (in %) -33.3% 34.4% 15.7% 26.1% 28.8% 5.3% 27.3% 100.0%

Inflation (in %) -29.7% -0.5% -0.7% 0.0% -0.6% 0.2% -2.4% 3.0% 100.0%

CreditGrowth2yr (in %) 0.4% 9.0% 8.3% 6.6% 5.8% 12.5% -10.9% -19.3% 4.6% 100.0%

EME dummy -69.5% 0.3% -1.6% -2.3% 3.0% 4.4% 25.5% 18.9% 19.1% 2.5% 100.0%

Government quality 66.7% 2.5% 3.9% 3.6% -0.5% -4.8% -23.5% -19.2% -19.2% -1.6% -78.0% 100.0%

Contagion index -2.4% -4.5% -0.1% -4.0% -4.1% -6.3% -6.8% -7.7% 3.4% 1.6% 0.4% 4.5% 100.0%
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effect of KAOPEN on crisis probability generally dominates the effect of capital flows, except for very 

large capital flow surges.12 

To ensure that KAOPEN is not replicating the quality of the government, we include our 

Government Quality Index in column [2]. Including government quality (which is insignificant although 

it has the expected sign) does not change the size and significance of KAOPEN. Column [3] distinguishes 

between different components of gross flows. Portfolio inflows enter with a positive sign and are 

statistically significant at the 95% level, indicating that short-term investment flows are associated with 

a higher probability of currency crises. Credit growth over the previous two years (column [4]) is 

associated with a higher probability of currency crises, consistent with our earlier conjecture. Leaving 

out the KAOPEN measure (column [5]) does not materially change the effect of most variables, but it 

does make the coefficient of the EME dummy highly significant and positive, as this is now capturing 

much of the same information as KAOPEN. Finally, the contagion variable (column [6]) does indeed 

have a significant effect, but including it does not change our underlying results. In addition, based on 

Bayes Information Criteria (BIC), including contagion does not seem to have improved the model’s fit 

substantially.  

In addition to these overall results, we divide the sample into AEs and EMEs. Noteworthy is that 

the effect of KAOPEN in regressions with only AEs is significant and of roughly equal magnitude as in 

the full sample (columns [7] and [8]). Yet in regressions with only EMEs (specifications [9] and [10]), 

the coefficient of KAOPEN becomes insignificant. This indicates that – perhaps due to a lack of proper 

institutional or supervision policy frameworks – open capital markets are less beneficial for EMEs to 

thwart a currency crisis. Meanwhile, REER appreciation and inflation are significant only for EMEs, 

possibly related to the loss of trust in monetary policy, on top of damage in external competitiveness 

and erosion of the trade balance. In addition, gross flows are now insignificant, although the signs are 

consistent with our expectation – FDI (long-term flows) may reduce the risk of a currency crisis, 

whereas capital flows of a more short-term nature (portfolio and other flows) may increase this risk.  

 
  

                                                      
12

 An example is Iceland, which experienced an increase in the capital inflow measure from 42% to 197% in the 
same period, corresponding to an estimated probability of crisis within a quarter of 19.3% in Q2 2007. 
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Table 2.3: Regression results for currency crises, 1975-2007 

 

Note: estimators denote marginal effects, based on panel probit regressions. See table 2.1 for the definition and 

sources of explanatory variables. Significance at 10%, 5% and 1% level denoted with *, ** and ***. All 

independent variables are lagged by 4 quarters except Contagion Index (not lagged). “lnsig2u” denotes the panel-

level variance component, while BIC is the Bayes Information Criterion. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

KAOPEN -0.320*** -0.319*** -0.327*** -0.434*** -0.314*** -0.307*** -0.313** -0.0478 -0.0637

[-3.182] [-3.109] [-2.98] [-3.339] [-3.106] [-2.903] [-2.459] [-.3975] [-.4388]

KAOPEN*EME 0.246 0.245 0.232 0.345* 0.221

[1.593] [1.568] [1.323] [1.755] [1.412]

EME 0.253 0.241 0.234 -0.0324 0.631** 0.238

[1.105] [.7881] [.9596] [-.112] [2.388] [1.03]

Gross flows 1yr 0.854* 0.854* 0.887* 0.753 3.431

[1.713] [1.715] [1.78] [1.356] [1.125]

Gross FDI 1yr 0.385 0.125 0.539 -1.290

[.1132] [.045] [.1436] [-.1137]

Gross Portfolio 1yr 1.466* 1.135 1.493 2.226

[1.803] [1.32] [1.328] [.3651]

Gross Other 1yr -0.843 -0.732 -1.168 0.655

[-.5278] [-.5158] [-.6539] [.1177]

REER app. 5yr 0.768** 0.770** 0.835** 1.269*** 0.733** 0.777** 0.984 1.311 0.650 0.737*

[2.111] [2.109] [2.127] [2.876] [2.012] [2.113] [.9851] [1.197] [1.603] [1.685]

Reserves to GDP -4.218** -4.214** -3.511* -4.065** -3.008 -4.057** -3.202 -2.859 -5.212** -4.361

[-2.244] [-2.24] [-1.733] [-2.03] [-1.453] [-2.121] [-1.124] [-.8765] [-2.09] [-1.498]

Inflation 0.322 0.319 0.194 0.0593 0.777 0.365 0.327 0.0828 1.567*** 1.495**

[.3666] [.3634] [.2152] [.0681] [1.056] [.4241] [.3828] [.0806] [2.739] [2.487]

Inflation*EME 1.201 1.202 1.297 1.245 1.011 1.273

[1.164] [1.164] [1.226] [1.131] [1.019] [1.249]

GDP Growth 2yr 4.612 4.597 3.949 7.287* 5.858 5.213 5.396 5.774 3.856 3.348

[1.369] [1.364] [1.076] [1.854] [1.546] [1.517] [.8902] [.8575] [.922] [.719]

Gov't Quality -0.0376

[-.0628]

Credit Growth 2yr 0.591*

[1.657]

Contagion Index 0.0582***

[2.667]

Constant -2.144*** -2.112*** -2.156*** -2.134*** -2.722*** -2.270*** -2.247*** -2.339*** -1.803*** -1.822***

[-9.749] [-3.869] [-8.889] [-7.061] [-11.3] [-9.873] [-7.13] [-5.782] [-6.469] [-6.006]

lnsig2u -13.61 -13.85 -13.21 -2.595 -2.567 -13.72 -14.28 -3.243 -13.21 -16.55

[-.4698] [-.4633] [-.4542] [-1.495] [-1.612] [-.4742] [-.3847] [-.7189] [-.2432] [-.3736]

# of obs 2175 2164 1977 2111 1977 2175 1619 1543 556 434

BIC 329.6 337.3 307.8 295.0 302.3 331.7 164.3 167.8 189.5 174.8

lnsig2u: panel-level variance component; BIC: Bayes Information Criterion

t-statistics in brackets; * p<0.10, ** p<0.05, *** p<0.01; all explanatory variables  lagged by 4 quarters except Contagion Index (not lagged).

Baseline AEs EMEs
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2.5. Robustness checks and out-of-sample performance 

2.5.a. Alternative definitions of dependent and independent variables 

As indicated above, both the independent and dependent variables are subject to some 

methodological choices.  

In table 2.4, we subject the dependent variable – the definition of crisis – to a number of alternative 

methods. First, we use a threshold of -2 standard deviations rather than -1.5 (columns [1] and [2]). 

Second, we use a larger exclusion window of 2 and 4 quarters, rather than 1 quarter after a currency 

crisis (columns [3]-[6]). Each of these restricts the number of crisis periods, while the longer exclusion 

windows also reduce the overall number of observations. It does not change our basis results as 

reported in Table 2.3 – KAOPEN is negative and significant throughout the specification, while gross 

capital flows are still significant and positive, the coefficients of other variables are more or less similar.  

In addition, we include net inflows, instead of gross flows, keeping the dependent variable the 

same as in the baseline estimation (column [7]). The coefficients of net inflows and their components 

enter with a positive sign, with statistical significance for net inflows (1 year deviation from 5 years 

average) and net-portfolio inflows and net other inflows (columns [7] and [8]), although statistical 

significance is lower compared to gross flows. Net FDI inflows have a negative coefficient, although it 

is statistically insignificant. This is consistent with the view that FDI inflows are a more stable source of 

funding thus less likely to cause a currency crisis.  

Finally, in order to look at how the vulnerability interacts with exchange rate regime, we split the 

sample into countries with fixed regimes and floating regimes, following the de facto classification of 

Reinhart and Rogoff (2004).13 We can confirm that capital account openness has a negative coefficient 

for both groups of countries, yet it is only marginally significant for countries with fixed exchange rate 

regimes. Moreover, surges in gross capital flows seem to have stronger effects on countries with 

floating regimes, which may see nominal appreciation and thus greater pressure for an exchange rate 

correction. In countries with fixed regimes, surges in inflows one year ahead do not seem to have an 

additional impact on the vulnerability to crisis on top of other indicators.14 

  

                                                      
13

 Specifically, we define categories 1 and 2 (currency boards, pegs and crawling pegs) as fixed, and all other 
categories as floating.  
14

 While not reported, gross flows do have a positive and significant coefficient 12 quarters ahead of a crisis for 
countries with fixed exchange rate regimes. The difference with floating regimes may reflect central bank 
intervention to defend the fixed regime over a period of several quarters until this proves unsustainable and a 
self-fulfilling speculative attack occurs. 
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Table 2.4: Regression results for currency crises with alternative specifications, 1975-2008 

  

Note: results using different definitions of currency crises [columns 1-6], net inflows instead of gross flows 
[columns 7-8] and dividing the sample by exchange rate regime (classification of Reinhart and Rogoff, 2004) 
[columns 9-10]. Again, estimators denote marginal effects, based on panel probit regressions. Significance at 
10%, 5% and 1% level denoted with *, ** and ***. All independent variables are lagged by 4 quarters. “lnsig2u” 
denotes the panel-level variance component, while BIC is the Bayes Information Criterion. 
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Net flows

Net flow 

components

Fixed ER 

regimes

Floating 

regimes

KAOPEN -0.443*** -0.418** -0.309*** -0.321*** -0.309*** -0.321*** -0.291*** -0.291*** -0.256 -0.341***

[-2.821] [-2.503] [-3.343] [-2.998] [-3.343] [-2.998] [-2.928] [-2.735] [-1.642] [-3.877]

KAOPEN*EME 0.507** 0.512** 0.347*** 0.305* 0.347*** 0.305* 0.220 0.212

[2.556] [2.388] [2.628] [1.858] [2.628] [1.858] [1.424] [1.224]

EME 0.630** 0.743*** 0.419** 0.411* 0.419** 0.411* 0.229 0.247

[2.313] [2.64] [2.19] [1.765] [2.19] [1.765] [.9992] [1.007]

Gross flows 1yr 0.915** 0.581 0.581 -3.263 1.525**

[2.229] [1.533] [1.533] [-1.171] [2.18]

Gross FDI 1yr 0.792 0.268 0.268

[.193] [.0823] [.0823]

Gross Portfolio 1yr 1.099 1.425 1.425

[.9283] [1.623] [1.623]

Gross Other 1yr 0.561 -1.040 -1.040

[.3398] [-.7087] [-.7087]

Net flows 1yr 6.097**

[1.975]

Net FDI 1yr 5.179

[.8982]

Net Portfolio 1yr 5.694*

[1.75]

Net Other 1yr 1.306

[.3473]

REER app. 5yr 0.415 0.386 0.456 0.643* 0.456 0.643* 0.620* 0.672* 1.557** 0.832*

[1.103] [.9915] [1.526] [1.89] [1.526] [1.89] [1.676] [1.676] [2.053] [1.752]

Reserves to GDP -6.433** -6.664** -3.897** -3.894* -3.897** -3.894* -4.072** -3.431* -5.632 -3.666*

[-2.512] [-2.463] [-2.377] [-1.936] [-2.377] [-1.936] [-2.213] [-1.701] [-1.417] [-1.651]

Inflation -0.112 -0.121 -0.0660 -0.162 -0.0660 -0.162 0.475 0.359 -0.0349 1.109***

[-.1346] [-.1298] [-.1263] [-.2748] [-.1263] [-.2748] [.529] [.4184] [-.0186] [2.654]

Inflation*EME 0.936 0.924 1.215** 1.301* 1.215** 1.301* 1.159 1.218

[1.035] [.9326] [1.991] [1.936] [1.991] [1.936] [1.106] [1.194]

GDP Growth 2yr 6.768* 7.903** 2.606 4.497 2.606 4.497 4.039 3.527 5.948 5.870

[1.898] [2.022] [.9896] [1.412] [.9896] [1.412] [1.167] [.9339] [.8761] [1.27]

Constant -2.405*** -2.446*** -2.070*** -2.167*** -2.070*** -2.167*** -2.142*** -2.172*** -2.299*** -1.974***

[-8.963] [-8.353] [-10.89] [-8.668] [-10.89] [-8.668] [-9.54] [-8.894] [-4.539] [-8.373]

lnsig2u -3.957 -13.94 -11.48 -3.809 -11.48 -3.809 -13.73 -13.74 -1.410 -14.86

[-1.048] [-.4825] [-.3018] [-.9419] [-.3018] [-.9419] [-.4718] [-.4686] [-.7141] [-.3971]

# of obs 2326 2103 2305 2087 2305 2087 2175 1977 1244 931

BIC 286.2 277.3 406.0 366.9 406.0 366.9 328.3 306.2 147.7 201.4

lnsig2u: panel-level variance component; BIC: Bayes Information Criterion

t-statistics in brackets; * p<0.10, ** p<0.05, *** p<0.01; all explanatory variables  lagged by 4 quarters.

2 std EMPI 2Q Excl. Window 4Q Excl. Window
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2.5.b. Alternative measures of capital account openness 

While the Chinn-Ito index is one of the most frequently-used indices to measure capital account 

openness, there exist many other ways to measure capital account openness. Quinn, Toyoda and 

Schindler (2011) present a comprehensive literature survey on different capital account openness, 

which they group into three categories – de facto, de jure and hybrid indicators. Here we try using 

different measures of capital account openness from each of the three categories. The description of 

each variable is given in Table 2.5. We ran the baseline specification with different measures for capital 

account openness, but in the table we report only coefficients of variables, which represents capital 

account openness and their cross-term with EMEs. The results shown are consistent with our main 

result that capital openness reduces the probability of a crisis, but in some cases less so for EMEs (as 

indicated by the positive coefficient of EME*Openness in specifications using Quinn’s measure [2] and 

eGlobe openness [5]). In other words, capital account openness, de jure or de facto, reduces the 

probability of currency crises. This indicates that our main result is robust to how we measure capital 

account openness.  

 
Table 2.5: Regression results with different measures of financial openness, 1975-2008 

 

Note: significance at 10%, 5% and 1% level denoted with *, ** and ***. All independent variables (including 
EME dummy) are the same as the baseline (column [1] in table 2.3). The alternative measures of financial 
openness are defined as follows: 
Chinn-Ito measure is based on principal component of entries in the IMF AREAER. Reference: Chinn and Ito 
(2007). It is de jure measure of capital account openness.  
Quinn’s measure is based on coding of AREAER. It is de jure measure of capital account openness.  
Trade denotes trade openness, which is measured as export plus import divided by GDP (Data: IMF-IFS). It is 
a de facto measure of current account openness.  
LFM is calculated by Lane and Milesi-Ferretti (2007), as external asset and liabilities divided by GDP. It is a de 
facto measure of capital account openness.  
eGlobe is calculated by Gassebner et al. (2009). It is based on trade and capital flows plus coding of AREAER. 
It is a hybrid measure of economic openness in general.  

 
2.5.c. Out-of-sample performance during the global financial crisis 

This section examines whether the model was able to predict the currency crises during the height of 

the global financial crisis throughout 2008,15 using out-of-sample tests (in-sample data up to 2007Q2, 

                                                      
15

 In order to confirm this choice, we used a definition that the TED spread was higher than 1%. 

(1) (2) (3) (4) (5)

Chinn-Ito 

measure

Quinn's 

measure

Trade 

openness

LMF 

openness

eGlobe 

openness

Openness -0.320*** -0.0166*** -0.0176 -0.202 -0.0233**

[-3.182] [-3.088] [-1.479] [-1.623] [-2.351]

Openness*EME 0.246 0.0183** -0.0123 -0.199 0.00500

[1.593] [2.148] [-.7127] [-.5343] [.2898]

All other variables (including EME dummy) are the same as the baseline (specification [1] in table 3).
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out-of-sample: 2007Q3-2011Q4). Using our baseline model (model [1] in table 2.3), we calculate the 

fitted values for the probability of a currency crisis in 2008. Since many countries faced financial stress, 

the contagion factor was probably playing a large part in crises – currency, banking or sovereign debt 

crises. However, as we discussed earlier, there is little possibility for policymakers to predict the 

contagious effect ex ante, let alone taking appropriate action to prevent it. Therefore, we did not 

control for contagion, but our baseline model survives without the contagion effect. We then apply 

the estimated model to the out-of-sample period. Specifically, we test if the crisis signal is issued in 

any quarter in 2007, and if the crisis indeed happened in any quarter of 2008. To determine the 

threshold of “signal,” we took a sample median of the estimated probability in the out-of-sample 

period of 2008 (0.01, or 1%) as the threshold for a “signal” and check the noise-to-signal ratio. The 

results are presented in Table 2.6, which shows that the baseline model correctly identified 8 out of 

10 crises, although there were false signals (9 out of 17 turned out to be false signals). The noise-to-

signal ratio, which compares the amount of false signals to the number of good signals for each 

individual indicator is 0.34, indicating that crises are indeed more likely when the indicator was above 

the threshold value (noise-to-signal ratio of 1 or higher indicates that the signal is of no use). Therefore, 

the indicator has some usefulness in predicting currency crises in advance.  

 
Table 2.6: Noise and signal in predicting currency crises in 2008 (out-of-sample) 

 
 

In addition to calculating the noise-to-signal ratio by taking an arbitrary threshold of the signal to 

be the median of the probability distribution, we also employ an alternative means to compare the 

models by using the receiver operating characteristics (ROC) curve, which plots the true positive rate 

and the true negative rate for a variety of thresholds out of sample. The methodology is widely used 

in the biological and medical science fields, and recently used in the context of financial crises by Jordà, 

Schularick and Taylor (2011). The idea is to use a graphical representation to illustrate the performance 

of a binary classifier (in our case a currency crisis and its predictor) over a different discrimination 

threshold (thus the judgment of out-of-sample performance is not sensitive to the choice of threshold). 

The basic concept of ROC is given in Figure 2.2. The blue line denotes a perfect indicator – no false 

signals and no unpredicted crises. The purple line represents coin-toss: there is a 50-50 chance that 

Crisis probability>0.01

Crisis in 2008 No crisis in 2008 Total

Signal 8 9 17

No signal 2 24 26

Total 10 33 43

# of countries: 43

Noise-to-signal ratio= 0.34
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the signal turns to be right. As the line (or curve) moves toward the Northeast corner, it indicates the 

stronger predictive power of an EWI model.  

 
Figure 2.2: Theoretical receiver operating characteristics (ROC) curves 

 
Note: the receiver operating characteristics (ROC) curve plots the true positive rate (percentage of actual crises 
correctly predicted as crises) against the true negative rate (percentage of non-crises correctly predicted) for all 
possible threshold levels for a given model. In this theoretical graph, the perfect predictor (blue line) has a 
consistent 100% rate of true positives and true negatives. A coin toss (purple line) offers no valuable information, 
while the theoretical model (gray line) has a higher true positive and true negative rate than the coin toss, but 
shows a trade-off between more true positives and true negatives. As the curve moves toward the Northeast 
corner of the graph, it indicates stronger predictive power of an EWI model. 

 
Figure 2.3: Receiver operating characteristics (ROC) curves of model specifications 

  
Note: the receiver operating characteristics (ROC) curves of the baseline model (specification 1, black line) is 
compared to 5 other model specifications. These are a specification with government quality data (blue dashed 
late), the components of gross capital flows (red dashed line) and credit growth (green dotted line), and a 
specification without KAOPEN (gray dashed line) and without KAOPEN or capital flows (light blue dotted line). A 
coin toss (purple line) is again shown for comparison. As the curve moves toward the Northeast corner of the 
graph, it indicates stronger predictive power of an EWI model. 
 

We plot ROC based on our regression estimations (Table 2.3 [1] – [4]) in the left panel of Figure 2.3. It 

is clear from the ROC that our models perform better than a simple coin-toss. Moreover, at a threshold 

of 8.1%, where the noise-to-signal ratio is minimized (at 3.2%), the model predicts 46.7% of all crises 

out of sample, while correctly labeling 87.8% of non-crises as such. If the optimal threshold is chosen 

at a more prudent 1.6%, a level which maximizes the product of the true positive and true negative 

rate, then the model will predict 73% of crises, yet at the cost of correctly labeling only 78.1% of non-

crises. Moreover, as illustrated by the right panel of Figure 2.3, the predictive power of the model 

overall is greater than when our new variables – openness and capital flows – are excluded from the 
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regression at a majority of thresholds. The area under the ROC curve (AUROC) – another measure of 

performance – is 0.844 for the baseline versus 0.784 without openness and capital flows. While the 

optimal threshold will depend on the preferences of the policymaker (see Comelli, 2013), this 

demonstrates that the inclusion of capital account openness and capital flows can help models to 

better distinguish between relative country vulnerability. 

 
2.6. Conclusions and policy implications 

Our findings can be summarized as follows. First, capital account openness plays an important role in 

reducing the probability of a currency crisis, though less so for EMEs. There are a number of possible 

explanations for this. For example, in countries that have extensive capital controls, investors may be 

more likely to redeem their investments at the first sign of trouble because they are worried that 

controls could be tightened. Relatedly, the closed capital account does not provide a country enough 

market discipline to build institutional capacity and more robust financial markets. Capital controls are, 

especially in normal times, often distortive and can contribute to imbalances and risky circumvention 

practices. The existence of thresholds of financial development, as described by Kose, Prasad and 

Taylor (2011), mean that countries with more developed financial systems are more likely to reap 

benefits from open capital accounts, largely through the associated improvements in institutional 

quality, and will be able to respond to associated risks. Of course, capital account openness and 

building strong institutions can go both ways: capital account openness provides the opportunities for 

stable financial development and deeper financial markets, yet it can also create potential for actors 

to take on leverage, currency and maturity mismatches which will worsen the economy’s external 

resilience. While our study cannot provide policy conclusions on the pace or sequencing of 

liberalization, our findings indicate that especially for AEs, openness and strong institutions can go 

hand in hand with a lower vulnerability to currency crises. 

We also find that surges in gross flows (especially short-term flows) increase the probability of a 

currency crisis; but this probability becomes smaller when a country has a more open capital account. 

An underlying explanation is that capital account openness stimulates financial development, 

promotes market discipline and accompanies economic reforms, making the country more robust to 

external shocks. This implies that, even as open capital account openness generally reduces a country’s 

vulnerability to currency crises, it also imposes a burden on policymakers to effectively manage 

macroeconomic risks, by building better institutional and macroprudential frameworks – which is 

beneficial to the economy. While it is true that more open and developed economies are generally 

more exposed to external shocks, those shocks do not necessarily lead to a crisis when countries have 

more developed financial markets, as well as appropriate macroprudential policies in place.  
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Furthermore, our results indicate that excessive real appreciation, low reserve adequacy, and rapid 

credit growth are likely to be additional risk factors. Appropriate responses to these risks could include 

sterilized intervention and macroprudential tools. 

Our study indicates that the fit and the usefulness of “traditional” EWI models can be improved 

upon when they are augmented with financial openness and gross capital flows. For policymakers, this 

means greater usefulness of the EWI models, though outputs continue to call for a strong level of 

judgment. Regardless, given that the factors preceding crises in the past appear to have remained 

relevant through the global crisis, there is evidence that the patterns preceding past crises can 

continue to give guidance for the future. 

Finally, our paper has some interesting applications for the ongoing euro area crisis. While the euro 

area crisis is not a currency crisis per se, it is clear that, in the absence of the single currency, there 

would likely be pressure for adjustment of vulnerable euro area countries’ exchange rates.16 These are 

currently suppressed, meaning that any adjustment has to take place through other mechanisms, e.g. 

fiscal consolidation, structural adjustment and internal devaluation. For us, this is not a sign that early 

warning indicators are not relevant for members of a currency union; on the contrary, it may even be 

more important to monitor fundamental developments (such as competitiveness, private credit 

growth and fiscal sustainability) for currency union members given the lack of autonomous monetary 

and exchange rate policy (De Grauwe, 2012). By using economic indicators17 to monitor risk, there may 

be room to take preventive action so as to ensure the stability of the currency union as a whole. 

  

                                                      
16

 It is important to distinguish between pressure for adjustment and actual adjustment. If the currency union 
had not been in place, countries could resist adjustment through exchange rate intervention – e.g. due to worries 
about the effects on foreign exchange lending portfolios (as in CEE countries) or due to political will to maintain 
pegs (as in the EMS crisis in 1992). This would be measurable with the EMPI. 
17

 See, for example, the Macro Imbalances Procedure of the European Commission, which includes monitoring 
of public, private and external debt levels as well as REER, current account balance and other fundamentals. 
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Annex 2.1: Crisis episodes and sample countries 

Table 2.7: List of crisis episodes (normalized EMPI<-1.5), 1975-2011  

 

Note: * denotes out-of-sample observations. The countries are presented in the order of the IMF country code. 

 
Table 2.8: List of sample countries 

 

Note: * denotes countries that were previously defined by the IMF WEO as emerging markets during the sample 
period. For the sake of consistency, all countries are defined throughout the sample based on the most recent 
classification. 

 

 

  

Country Time EMPI Country Time EMPI Country Time EMPI Country Time EMPI

United Kingdom1976q4 -1.52 Argentina 1995q1 -1.63 Colombia 1984q1 -1.70 Thailand 1997q3 -3.83

1992q4 -1.75 2002q1 -7.73 1985q2 -2.00 Russia 1994q3 -3.00

Sweden 1993q1 -1.90 Brazil 1976q1 -2.20 1999q3 -1.72 1998q3 -3.47

2008q4* -1.82 1977q1 -2.11 2002q3 -1.93 China 1992q3 -2.04

Japan 1979q1 -1.60 1979q1 -1.89 Mexico 1976q3 -3.74 Ukraine 1994q2 -1.73

1979q4 -2.52 1981q1 -1.87 1982q1 -4.13 1995q3 -2.87

Greece 1983q1 -2.14 1982q1 -1.88 1985q2 -1.58 1998q4 -2.84

1985q4 -2.30 1985q1 -3.80 1987q4 -2.65 Poland 1985q3 -5.69

Iceland 1978q1 -1.55 1986q3 -2.52 1988q4 -1.74 1986q1 -3.26

1980q2 -1.57 1987q4 -2.29 1990q1 -1.61 1986q3 -3.19

1982q1 -2.24 1990q3 -4.08 1994q2 -2.45 1988q1 -1.64

1982q3 -2.35 1991q3 -6.91 1994q4 -3.51 1989q2 -3.54

1983q3 -1.72 1992q3 -5.57 1995q4 -1.69 1990q4 -2.13

2001q2 -1.71 1995q1 -2.11 2008q4* -2.40 1991q4 -2.39

2006q2 -2.04 1997q4 -2.38 Venezuela 1982q3 -1.82 1993q1 -1.98
2008q2* -2.09 1998q3 -5.33 1984q1 -2.18 2008q4* -3.79

2008q4* -3.33 1999q1 -7.55 1986q4 -3.37 Turkey 1995q4 -3.41

Portugal 1977q2 -1.85 1999q4 -2.33 1988q4 -1.50 1996q4 -1.96

Spain 1983q1 -1.57 2000q2 -3.94 1994q1 -1.78 1997q4 -2.11

Australia 1985q2 -1.74 2001q4 -1.76 1996q1 -3.84 1998q3 -1.77

1986q3 -2.49 2002q3 -3.85 1998q3 -2.09 1999q4 -1.59
2008q4* -2.02 2008q4* -3.42 2002q1 -3.98 2001q1 -4.68

Israel 1975q3 -1.87 Indonesia 1997q3 -1.93 2002q3 -2.88 2006q2 -2.50
1977q4 -2.44 1999q3 -1.73 2007q2 -2.43 2008q4* -2.23

1979q2 -1.97 2000q2 -1.51 S. Africa 1975q4 -1.78

1979q4 -1.92 2004q2 -1.78 1981q3 -1.51

1980q3 -2.32 2005q3 -2.06 1984q3 -1.95

1983q1 -1.67 2008q4* -3.10 1985q3 -2.95

1988q3 -1.63 Malaysia 1997q4 -2.29 1996q2 -2.17

1992q3 -2.33 Philippines 1983q1 -1.57 1998q3 -2.22

1994q2 -1.72 1983q3 -1.61 2001q4 -2.06
Taiwan 2011q2 -2.12 1984q3 -2.38 2008q4* -1.71

Korea 1997q4 -6.20 1990q4 -1.69
2008q4* -2.69 1997q4 -1.82

Note: * denotes out-of-sample period. The countries are presented in the order according to IMF country code. 

Austria Luxembourg Israel* Argentina Indonesia South Africa

Belgium The Netherlands Japan Brazil Malaysia Turkey

Finland Portugal Norway China Mexico Thailand

France Spain South Korea* Taiwan Peru Ukraine

Germany Australia Singapore* Colombia Philippines Venezuela

Greece Canada Sweden Hong Kong, SAR Poland

Ireland Czech Republic* Switzerland Hungary Russia

Italy Iceland UK India Saudi Arabia

US

*These countries were previously defined by the IMF WEO as “emerging market economies” during the sample period. 

For the sake of consistency, they are defined throughout the sample based on the most recent classification.

Advanced Economies Emerging Economies
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