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This study examines the early warning indicators of crises and the optimal policies 
for mitigating economic crises. Based on meta-analysis of 72 studies, we find that the 
exchange rate is the most used indicator in detecting crises, and the optimal policies 
for mitigating crises are monetary and fiscal policies. We further find that besides the 
exchange rate, the interest rate is a dominant indicator of crises in developed countries. 
Moreover, the foreign exchange, international reserves and current account are the 
dominant indicators in developing countries. The evidence for developing countries 
aligns with the finding that policies addressing external sector performance are 
preferable to mitigate crises in these countries.
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I.  INTRODUCTION
This study examines the early warning indicators of crises and the optimal policies 
to mitigate economic crises. The paper is motivated by the recent development 
in global Volatility, Uncertainty, Complexity, and Ambiguity (VUCA) that could 
trigger a series of crises in the future.1 The rise in and the interconnectedness of 
global investment, trade, and digital development increased the level of risk in the 
financial sector that could precipitate another financial crisis. The OECD (2011) 
states that the probability of a crisis occurring is rising over time, because of an 
ever-increasing global economic linkage. Such linkages encouraged higher goods, 
capital, people, and information mobility. It is now accepted that a crisis can 
spread more rapidly, leading to high social costs in countries that do not even have 
a direct relationship with its origin country ( Dullien, Kotte, Márquez, & Priewe, 
2010). 

A crisis does not only cause a decrease in economic activity but also a reduction 
in welfare and an increase in income inequality (Bodea, Houle, & Kim, 2019). A 
decline in Gross Domestic Product (GDP) of the same value has a greater socio-
political impact in low-income countries than in developed countries (United 
Nations, 2010). The Stiglitz Commission Report (2010) also revealed that in 
developing countries the contagious effect of the Global Financial Crisis (GFC) of 
2008 caused negative externalities, which led to a social crisis because it caused a 
sharp decline in living standards that were even greater for the poor. Moreover, 
small open economies will always experience spillover effects from the global 
economy dynamics (see Warjiyo, 2015). A comprehensive understanding of the 
economic indicators of crises will help policymakers develop timely and important 
policies to cushion the economy against future crises. 

Likewise, the global economy is not yet fully recovered from the GFC despite 
the tremendous amount of global liquidity injections. Developing countries with 
more open capital markets remain more prone to re-tightening of global liquidity 
and sudden capital reversal (United Nations, 2018). Meanwhile, the recovery 
process of a severe and prolonged crisis is generally slower because recovery 
needs gradual steps and faces certain uncertainties (World Bank, 2009). Mervyn 
King in Elliot (2019)2 argue that past crashes spawned new thinking and reform, 
but nothing changed since the 2008 banking meltdown. 

An economic crisis is basically a natural correction mechanism for inaccuracies 
in formulating economic policy and management. In other words, the crisis 
pioneered the formation of new policy reforms (crisis-begets-reform) that are 
more resilient to crises (Hlaing & Kakinaka, 2018). An economic crisis usually 
occurs following countries’ overconfidence in seeing existing economic conditions 
(procyclicality issue) and suboptimal implementation of early warning system 
mechanisms. 

The ability to understand past economic problems and the sharpness in seeing 
potential future crisis are increasingly important in the formulation of economic 
policy. According to Karmarkar and Vani (2014), Supriyadi (2014), Hmili and 

1	 See Mack et al. (2016) for an over of the recent development in VUCA.
2	 Larry Elliott (2019) “World economy is sleepwalking into a new financial crisis, warns Mervyn 

King”, the Guardian, Sun 20 Oct 2019
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Bouraoui (2015), and Al-Assaf (2017), the need for understanding early warning 
indicators of crises and the need for a thorough understanding of the combination 
of policies used during crises are more essential now than ever, given the rise 
in the probability of a crisis. Comprehensive foresight in analyzing economic 
crisis is deemed necessary at the global, regional, and domestic levels. It is also 
important to realize that the lessons learned from past crises are necessary but 
remain inadequate in anticipating future crises. Henceforth, every potential crisis 
in the future requires more understanding and a well-anticipated policy to be kept 
at bay (see Karmarkar & Vani, 2014; Hmili and Bouraoui, 2015). 

Several economists investigate the potential early warning indicators of crises 
(see example, Bucevska, 2011; Frankel & Saravelos, 2011; Karmarkar & Vani, 2014). 
Likewise, several economists also review economic policies that are implemented 
when anticipating and mitigating crises (see example, Panetta, et al., 2009; 
Edmonds, et al., 2011). The differences in the source of crises, the initial economic 
conditions, and in the policy response across countries are widely discussed in the 
literature (see example, Reinhart & S. Rogoff, 2008; Claessens & Kose, 2013). For 
instance, the Asian financial crisis of 1998 and the GFC of 2008 gained significant 
attention of the literature.  

Our study is motivated by the need for understanding multidimensional 
and multi-varying behavior of economic crises. Given the recent rise in global 
uncertainty, it is important to develop a comprehensive and integrative perspective 
regarding past economic crises in order to preempt future crises (see Juhro & Iyke, 
2019). In this study, we answer the two most important questions about crises: (1) 
What are the variables commonly used to predict crises? (2) what are the optimal 
policy measures adopted to mitigate crises? To answer these questions, we use a 
meta-analysis approach to analyze published peer-reviewed studies. 

We find that the exchange rate is the most selected crisis predictor in both 
developed and developing countries. Apart from the exchange rate, the interest 
rate is the commonly used crisis predictor in developed countries, whereas the 
international reserves and current account are the commonly used in developing 
countries. The evidence for developing countries aligns with the finding that 
policies addressing external sector performance are more preferred for mitigating 
crises in these countries. We find that for developed countries, guarantees, macro-
prudential policies, and international assistances are the dominant policies for 
mitigating crises. For the combined sample (developed and developing countries), 
we find that monetary and fiscal policies remain the optimal policies for fighting 
economic crises.

Our analysis adds to the literature in two ways. Practically, our findings can be 
used as a reference for stakeholders in implementing crisis management policies. 
That is, the established early warning predictors alongside the identified optimal 
policies can be used to predict and to mitigate future crises, by considering 
previous crisis experiences. Further, the findings can also be exploited to develop 
an early warning system, business cycle analysis, and various types of surveys in 
mapping current and expected economic conditions. An innovation of our study 
is that, unlike prior studies, we exploit the power of meta-analysis to dissect and 
summarize the rich crisis literature, in order to establish very robust early warning 
crisis signals and optimal policies for mitigating crises. 
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The remainder of this paper is organized as follows. Section II reviews the 
literature on early warning indicators for detecting crises and the importance of 
policy coordination. Section III outlines the benchmark meta-analysis approach 
and the data. Section IV presents the results. Finally, Section V concludes the 
paper and offers some policy recommendations. 

II. LITERATURE REVEIW
Reinhart and Rogoff (2009) argue that a crisis occurs because an economy naturally 
goes through a business cycle, whereby booms and busts are recurring historical 
patterns. A financial crisis is a disruption in the financial market, whereby adverse 
selection and moral hazard problems worsen, causing the financial market to 
run inefficiently (see Phan et al., 2020). Such a condition causes the distribution 
of funds to be less optimal, reducing economic activity (Mishkin, 2001), which 
in turn creates a sudden freeze on the interbank market, banking crisis, credit 
collapse, and severe recession ( Boissay, Collard, & Smets, 2016). A crisis is difficult 
to predict because of its complex nature, and thus requires additional narration, 
especially regarding the triggering factors (Padhan & Prabheesh, 2019).

Claessens and Kose (2013) classify crises into four types based on the 
causal factors, namely, (1) currency crises, which include (i) first-generation, 
inconsistencies between monetary and fiscal policies, (ii) the second generation, 
the government began to calculate costs and benefits, so that the exchange rate 
could be protected from speculators, and (iii) the third generation, a crisis occurs 
due to risk-taking behavior followed by recklessness; (2) domestic and external 
debt crises caused by a country’s inability to pay its domestic and foreign debt; (3) 
sudden stop crises occur because of a sudden decrease in capital inflow resulting 
in an output loss, which leads to a recession; and (4) banking crises occur due 
to several conditions, such as an increase in asset prices, credit booms, increased 
systemic risk, and regulatory failure. However, in reality, a crisis is often caused 
by more than one factor. Besides, crises often occur in pairs, and the documented 
twin crises are currency/banking, debt/currency, and debt-banking crises ( Laeven 
& Valencia, 2018). 

Figure 1 shows that the currency crisis is the most common type of crisis. The 
figure further shows that the currency/banking and currency/debt crisis pairs 
are the most common twin crises, while the banking/debt crisis pair is the least 
common. In all, the global economy experienced 11 triple crises (i.e. banking/
currency/debt pair) since 1970 (see Figure 1). Table 1 reports some examples of 
currency crisis based on three generations of currency crisis models. 

During the last four decades, the global economic dynamics reflected the 
impact of developed countries’ monetary policy arrangement. The low real 
interest rate policies taken by the developed countries during the late 1970s, the 
early 1990s, and the early 2000s caused massive capital inflows toward developing 
countries, which in turn led to capital vulnerabilities (see Lopez-Mejia, 1999; Kim, 
2000: Claessens and Ghosh, 2013). 

According to Warjiyo and Juhro (2016), despite experiencing a significant 
increase in capital flows since the GFC of 2008, foreign capital flows to developing 
countries in 2015 suffered from net capital outflow. A tight US monetary policy has 
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detrimental effects on several regions or countries. For instance, the tightening of 
monetary policy under Volcker’s era triggered a severe external debt crisis in Latin 
America during the 1980 to 1982 period and exacerbated the exchange rate crisis 
in Mexico during the 1994 to 1996 period (Kose, Nagle, Ohnsorge, & Sugawara, 
2019). Regionally, crises vary, such as the external debt crisis that caused “the 
lost decade” in Latin America in 1982, the Asian financial crisis in 1998, and the 
European debt crisis from 2010 to 2012.  

Figure 1. 
Number and Types of Crises (1970-2017)

The figure shows types of crises recorded globally during the 1970 to 2017 period. The three common types of crises 
are banking, currency, and sovereign debt crises. This information is sourced from Laeven and Valencia (2018).

Banking Debt

107

31
11

20

177

Currency

2 42

Table 1.
 Currency Crisis Based on Generations

The table shows examples of currency crisis based on three generations of currency crisis models. The 1st generation 
crisis occurred in 1982, the 2nd from 1992 to 1996, and the 3rd from 1997 to 2001. This information is sourced from 
Wróblewski (2008).

Type of Crisis Countries Year
1st Generation Crisis Argentina, Bolivia, Brazil, Chile, Mexico, Uruguay 1982
2nd Generation Crisis Finland, Spain, Ireland, 1992-1993

Norway, Portugal, Italy, UK
Mexico 1994-1995

Czech Republic 1996
3rd Generation Crisis Thailand, Malaysia 1997

Korea, Philippines, Indonesia
Russia, Columbia 1998
Brazil, Ecuador 1999

Columbia 2000
Turkey 2001

Argentina 2001
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Since the GFC, two forms of globalization, trade and financial integration 
raised concerns among economic actors because of the possibility of contagion 
(Padhan & Prabheesh, 2019). The dynamics of the US economy and its increasing 
impact on the global and regional economy indicated the level of integration in the 
global economies and financial markets. Financial integration has a dual impact--
the integration of markets acts as a growth catalyst and it increases the possibilities 
of global shocks to the economies (Prabheesh, Anglingkusumo, & Juhro, 2020). 
The financial sector is one of the most vulnerable and forefront areas in any of 
the past economic crises. A financial meltdown in one country can promptly 
spillover to other countries, and in turn lead to a full-blown global financial crisis 
(Edison, Levine, Ricci, & Sløk, 2002). Similarly, after the collapse of the American 
financial market in 2008, which led to an instantaneous collapse of the US economy 
spearheaded the global economic recession, banking crisis, and sovereign debt 
crisis (Young, 2014). 

In the literature, several macroeconomic variables are used as early warning 
indicators for detecting crises. Kaminsky et al. (1998), using the signaling method, 
show that international reserves, the real exchange rate, domestic credit/GDP, 
credit in the public sector, inflation, net exports, exports, money multiplier, real 
GDP, and budget deficit are important predictors of crises. Similarly, Edison (2000) 
shows that a crisis occurs by initially sending signals, such as an appreciating real 
exchange rate, an increasing short-term external debt/reserves and M2/ reserves, a 
diminishing international reserve, and a decreasing stock price index. Goldstein et 
al. (2000) find that a currency crisis is signaled through the appreciating of the real 
exchange rate, a decline in the stock price index and exports, an increase in M1 and 
M2/reserves, and a decline in international reserves. 

From the regional literature, Zhuang and Dowling (2002) argue that crisis 
signals in several Asian countries include the exchange rates, M2/reserves, foreign 
liabilities/foreign assets, domestic credit, and asset prices. Meanwhile, Al-Assaf 
(2017), using Egypt and Jordan dataset, finds that the real exchange rate, M2/
reserves, domestic credit growth, foreign assets/foreign liabilities of the central 
bank, and export growth are important signals of currency crises. Kamin et al. 
(2007) identify domestic variables, including real GDP, public sector deficit to 
GDP, domestic bank loans, M2/reserves, external debt to export, and reserves to 
short-term debt, as the main early warning signals of a crisis in emerging market 
countries. They find that the external early warning signals are the real effective 
exchange rate, export, current account to GDP, foreign direct investment to GDP, 
terms of trade, US real interest rates, and GDP of industrialized countries. Babecky 
et al. (2013) find that an increase in money market interest rates, worsening 
government balance, and a drop in the central bank’s foreign exchange reserves 
usually precede currency crises in developed countries, while Claessens and Kose 
(2013) show that a rapid increase in asset and credit prices can lead to crises. 

There are also studies pinpointing the optimal policies for mitigating 
economic crises.  Chowdhury and Afzal (2015) note that monetary policy is used 
in minimizing economic fluctuations, while fiscal policy acts as a guarantor of 
economic stability. When monetary policy fails to stabilize output, fiscal policy is 
used for countercyclical stabilization ( Chowdhury & Afzal , 2015). An expansive 
fiscal policy increases aggregate demand, which puts upward pressure on the 
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level of inflation. Monetary policy, on the other hand, influences the government 
in financing the budget deficit by limiting or expanding its funding sources. Weak 
policies in one area can burden other areas and cause long-term unsustainability. 
The external sector is at the forefront of almost every crisis. Taylor (2013), for 
instance, argues that the probability of a crisis increases due to changes in the 
allocation of capital flows between countries, shifts in interest rates, growth rates, 
market perceptions, and risks of currencies, while Catão and Milesi-Ferretti (2012) 
argue that the current account is the main signal a crisis, as it can disrupt access to 
the capital market, cause poor spreads, and induce defaults. Hence, to overcome 
the external factor disruption, especially current account imbalances, the literature 
identifies the coordination of macroeconomic policies (monetary and fiscal) and 
exchange rate policy, (Bonga-Bonga, 2017). Nickel & Vanbsteenkiste (2008), for 
example, find a positive relationship between fiscal policy and current account, 
suggesting that fiscal policy can be used to shore up current accounts during bad 
economic times. 

Overall, these studies do not unite the early warning signals of crises and 
policies to mitigate crises. An innovation of our study is that, unlike prior studies, 
we exploit the power of the meta-analysis to dissect and summarize the rich 
crisis literature, in order to establish very robust early warning crisis signals and 
optimal policies for mitigating crises. In what follows, we outline the meta-analysis 
methodology and our data.

III. DATA AND METHODOLOGY
In the literature, there are differences in results and interpretations, and these issues 
complicate the choice of early warning indicators of crises and policies to mitigate 
crises. In this case, meta-analysis becomes an alternative approach to reconciling 
the studies (Stanley, 2001). Meta- analysis is a statistical method developed to 
analyze and summarize the results of previous studies (Cooper, Hedges, & 
Valentine, 2009; Egger & Smith, 1997). Meta-analysis is also part of a systematic 
review that seeks to gather empirical evidence based on a predetermined criteria to 
answer research questions (Haidich, 2010; Basu, 2017). This method can produce a 
general and integrated conclusion using prior studies, which would minimize bias 
and enhance comprehension. We apply this method to harmonize the findings 
of prior studies. However, we need to be more attentive, when designing meta-
analysis because it may lead to wrong conclusions and misleading interpretations 
(Hoffman, 2015). The main advantages of meta-analysis are: (i) it minimize over-
interpreting by combining multiple studies; (ii) it is not a hierarchical method, 
so we do not need to consider sequencing when comparing study; (iii) it can 
accommodate large numbers of empirical studies; and (iv) it can be used to build a 
new hypothesis for future research (Lipsey & Wilson, 2001; Stanley, 2001). 

The meta-analysis approach goes through four main stages, namely, problem 
formulation, data collection, analysis, and result interpretation (Shelby & Vaske, 
2008). The steps for carrying meta-analysis are collect literature/studies, code, collect 
samples or population of research results, collect the statistical measurements of 
effect sizes (for conducting meta-regression analysis), and conclude. 
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(1)

Publication bias is a concern when using this method. Bom and Ligthart (2008) 
argue that studies that report insignificant results will neither be submitted for 
publication nor accepted by the editors. That is, journals are more likely to publish 
studies reporting significant results. To minimize bias, a prospective protocol 
should be designed by researchers and strictly followed (Finckh & Tramer, 2008). 
In addition, monitoring should be carried out together with experts, so that the 
process and the results are on track (Finckh & Tramèr, 2008).  

In this study, we use the meta-analysis approach to establish the early warning 
signals of crises and to determine the optimal policies deployed to mitigate crises. 
Our analysis focused on 72 academic papers. The following criteria informed our 
choice. First, the type of literature used are quantitative and qualitative research 
since 1990. Quantitative research will be mainly used to analyze the early crisis 
predictors. We simplify the identification by focusing on the significant variables 
in each paper.  We then use the qualitative research to analyze the policies 
implemented by countries to mitigate crises, both in the 1990s crises and the crises 
in the 2000s. Second, we focus on the approach used in past studies to establish 
the early warning signals. Most studies use the exchange market pressure index 
(EMPI) as an dependent variable, with methods such as the signal method, probit, 
logit, and Markov-switching regressions. Third, we focus on the conclusions of 
past studies to identify appropriate policies for mitigating crises. Identified in the 
analysis are conclusions of the reviewed literatures.

As far as crisis measurement is concerned, most of the quantitative studies 
suggest using the exchange market pressure index (EMPI)—which signals 
foreign exchange market fluctuation and serves as tension measurement—to 
analyze crises. The index contains three main weighted components, namely, the 
exchange rate (ε), foreign exchange reserves (res), and interest rates (i). Following 
Eichengreen et al. (1994, 1996), Kaminsky et al. (1998), Choi (2002), Kamin et 
al.(2007), Caggiano et al. (2013), Comelli (2014), and Al-Assaf (2017), the EMPI 
equation can be formulated as:

Based on empirical studies, the weighting parameters (a, q, g) are processed by 
calculating their standard deviations. Weighting the three components is important 
since each variable has a different volatility. Note that D denotes the change in 
each variable (this could be monthly, quarterly, or yearly). To determine a crisis 
period, we use the difference between the measured index and the calculated crisis 
threshold.3 A period is said to be a crisis when the index exceeds the threshold, 
and vice versa. That is, 

where μ and σ are the mean and standard deviation of the sample, while β is 
the coefficient that shows the severity of the crisis. The greater the value of β, the 

3	  Calculated as one or more standard deviations plus the mean of the index (EMPI).

(2)
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higher the threshold for the crisis. This parameter affects the ability to detect a 
crisis because only a severe crisis will be captured. The crisis index is thus a binary 
variable, which is 0 if the EMPI index value does not exceed the threshold and 1 if 
the EMPI exceeds the threshold.

Furthermore, based on previous empirical studies, seven candidate variables 
are selected as early warning crisis indicators and five main policies are selected for 
further analysis. The early crisis indicator variables are: (i) non-performing loans 
(NPL); (ii) banking credit, which represents the financial sector; (iii) the interest 
rate, which represents the monetary sector, and can be measured by real interest 
rates, lending-deposit rate ratio, money market rates, foreign interest rates (mainly 
the United States), and differential interest rates; (iv) the external debt measured 
as total external debt, the ratio of external debt to GDP, the ratio of external debt 
to exports, the ratio of external debt to gross national income (GNI), short-term 
external debt, and the ratio of short-term external debt to reserves; (v) current 
account, represented by the total current account, the ratio of current account to 
GDP, and the ratio of current account to gross domestic investment; (vi) exchange 
rate, represented by the real exchange rate and the real effective exchange rate; and 
(vii) reserves, represented by total foreign exchange reserves, the ratio of reserves 
to total external debt, the ratio of reserves to GDP, ratio of reserves to total imports, 
ratio of reserves to M2, and the ratio of reserves to M1. 

The policies for mitigating crises are: (i) monetary; (ii) fiscal; (iii) real sector; 
(iv) external sector; and (v) macro-prudential policies. Moreover, we also analyzed 
guarantees and international assistance, which are part of the main policies for 
restoring market confidence during crises.  

IV. EMPIRICAL RESULTS
In this section, we discuss the statistically significant early warning crisis predictors 
and the optimal policies to mitigate crises, as established in prior studies. 

A. Exchange Market Pressure Index (EMPI)
After evaluating the 72 studies, we establish that 30 (N = 30) studies among them 
used the EMPI method, and hence we pay special attention to this method.  The 
investigation raises several questions concerning common types variables used in 
the EMPI method to predict crises. 

A1. EMPI and its components
Our investigation shows that 30 studies on crises used the EMPI index to 

define crises. The main components of the EMPI index (i.e. the predictors of crisis) 
are summarized in Figures 2. 

All the 30 studies used the exchange rate and reserves as components of 
the EMPI index, while only 10 studies (representing 33.3% of the studies) used 
interest rates (see Figure 2). From the combination of the components, we see that 
20 studies (66.7%) used a combination of exchange rates and foreign exchange 
reserves, while 10 studies (33.3%) used a combination of exchange rates, reserves, 
and interest rates (see Figure 3).
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A combination of these components is determined by considering various 
issues. For instance, if a country is under a flexible exchange rate regime, then 
foreign exchange, foreign exchange reserves and the exchange rate are included 
in its EMPI index. When facing external shock pressures, represented by rising 
exchange rate volatility, the monetary authorities have policy options, such as 
conducting currency devaluation, increasing the exchange rate, and/or issuing 
reserves (Fratzscher, 2002). Similarly, during a crisis period, a common step taken 
by the monetary authority is to monitor changes in the exchange rate because 

Figure 2. 
Components of Exchange Market Pressure Index

Figure 3. 
Combination of EMPI Components

This figure shows the percentages of the specific variable used to develop an EMPI based on the survey. This 
information is sourced from the authors’ estimation, N=30. 

This figure shows the percentage of the most common variable combination in the survey used to develop an EMPI. 
This information is sourced from the authors’ estimation, N=30.

100%
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it is related to changes in capital flows. In the case of currency crises, monetary 
authorities usually create a rescue package, such as increasing interest rates or 
intervening in the market by managing foreign exchange reserves to protect the 
exchange rate (Choi, 2002). This kind of relationship is explained by Eichengreen 
et al. (1997). One possible reason for excluding the interest rates, as a component of 
the EMPI index, is because of the ambiguity about interest rate policy objectives. 
The interest rate can be used to either control inflation or exchange rates, which is 
often hard to identify merely from the data. 

A.2. Weighting on the EMPI
The weighting index is an important part of a crisis index. Figure 4 shows the 
distribution of weights assigned to the EMPI index. The literature typically uses 
the standard deviation or variance of each variable as weights. The differences 
between studies lie in the modification of the standard deviation or the variance. 
Out of the 30 studies, eight (27%) used the inverse value of variances as weights, 
seven (23%) used the inverse of the standard deviation, and another seven (23%) 
used the ratio of the standard deviation of interest rates to the standard deviation 
of the other variables as weights. Furthermore, three studies (10%) weighted on 
the ratio of inverse variable to the total of inverse variables, and the rest (17%) did 
not explain how the weighting was formed. 

Figure 4. 
Various Types of EMPI Weighting

This figure shows how the weighting on the EMPI commonly formulated. Each EMPI equation uses the one type of 
weighting. This information is sourced from the authors’ estimation, N=30.
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A.3. Standard deviation on the threshold component
As outlined in Equation (2), the standard deviation of EMPI is an important 
parameter for establishing the crisis threshold. In previous studies, no specific 
reasons are given for choosing the standard deviation coefficient, and hence we 
can conclude that it depends on the discretionary judgment of each researcher. The 
critical concern in determining the coefficient is that the severity of the crisis level 
could be unidentified. As a basis for determining the level of the crisis threshold, 
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this coefficient is important because the inaccuracy in the selected coefficient level 
can cause either type I or type II error signals. Setting a relatively low threshold 
causes economic indicators to produce too many signals, which also increases the 
chances of type II errors (i.e. false alarm, when the signal appears but a crisis does 
not occur). Conversely, a threshold that is too high will increase the probability 
of type I errors (i.e. missed crises, when the signal does not appear, but a crisis 
occurs).

Figure 5 shows that out of the 30 studies, eight (26.67%) used a standard 
deviation of 1.5, seven (23.33%) used a standard deviation of 3, five (16.67%) used a 
standard deviation of 2, while five (16.67%) did not state the value of the standard 
deviation used in their analysis. Statistically, based on the normal distribution, we 
find that the suggested standard deviation values lie between 2 to 3 (see Figure 5). 

Figure 5. 
Coefficient of Standard Deviation

This figure shows various standard deviation coefficient as one of the main components in determining the threshold. 
The numbers in the box are the statistical value of overall coefficients. This information is sourced from the authors’ 
estimation, N=30.
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B. Early Crisis Predictors
B1. The early warning indicators for the entire sample
Theoretically and empirically, various variables can explain economic crises (see 
Ramskogler, 2015). Figure 6 shows the variables identified as the early warning 
indicator crises based on quantitative studies using the signal method, probit, 
logit, and Markov-switching regressions. 

Using EMPI as the dependent variable, the exchange rate is the most selected 
early warning indicator of crises (i.e. it appears in 90% of the studies). This could be 
because the exchange rate is one of the main indicators used to monitor a country’s 
speculative pressures as it reflects the level of market confidence (see Edison, 2000). 
The more volatile the exchange rate and interest rates are, the higher the risk of a 
country’s financial institutions (Edison, 2000).
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The rationale for choosing the exchange rate as an early warning indicator of 
crisis also has to do with the exchange rate regime pursued by a given country. The 
exchange rate regime plays an important role in determining the direction of the 
economy. For countries that apply fixed exchange rates, their financial authorities 
always must manage their policies in order to maintain exchange rates at the 
desired level. Reserves and interest rates are usually the main policy instruments 
used to maintain the level of exchange rates in such countries. Meanwhile, 
countries with floating exchange rates are more resilient to currency crises because 
market adjustments continuously occur to limit overvaluation pressures. If the 
financial authority fails to carry out its roles under fixed exchange rate regimes or 
if the market mechanism fails to properly function under floating exchange rate 
regimes, excessive overvaluation occurs triggering currency crises.

Frankel & Rose (1996) find that exchange rates are a significant determinant 
of a probability of crisis occurrence using a probit model. Other studies, such as 
Berg and Pattillo (1998), Esquivel and Larrain (1998), Milesi-Ferretti and Razin 
(1998), Kamin and Babson (1999), Caramazza, et al. (2000), Kamin et al. (2007), and 
Comelli, (2014), using the probit model, also find that the exchange rate significantly 
explains the probability of a crisis.  Similarly, using the logit model, studies such 
as Goldfajn and Valdes (1997), Hmili and Bouraoui (2015), and Al-Assaf (2017) 
find that the exchange rate can predict crises. Meanwhile, using a linear regression 
model, Sachs et al. (1996), Tomell (1999), and Frankel and Saravelos (2011) find 
a negative and statistically significant relationship between exchange rates and 
crises.

Along with the exchange rate, foreign exchange reserves are also widely used 
as an early warning indicator of crises. The higher the level of foreign exchange 
reserves of a country, the lower the probability of a currency crisis, since the 
foreign exchange reserves can be used as a buffer against capital flows instability 

Figure 6. 
Early Indicators for Predicting Crisis Based on All Sample Countries

This figure illustrates the numbers of indicators that are statistically significant as the early crisis predictor in the 
survey, without distinguishing the country’s characteristics. This information is sourced from the authors’ estimation, 
N=40.
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( Allegret & Allegret-Sallenave, 2018). In other words, foreign exchange reserves 
are intended as a precautionary motive. In addition, foreign exchange reserves 
also play important roles, such as (1) giving market confidence that the country 
is able to fulfill its liabilities, (2) it can reduce the cost of adjustments if there is a 
disruption in the external sector, (3) financing balance of payments transactions, (4) 
domestic currency holders, and (5) it is used when the country faces an emergency 
condition (Dominguez, Hashimoto & Ito, 2011; and Crispolti & Tsibouris, 2012).

Based on our meta-analysis, foreign exchange reserves significantly affect the 
probability of a crisis (65% of the cases, see Figure 6). This is consistent with the 
literature. Low foreign exchange reserves can increase the probability of a crisis 
( see, for example, Frankel & Rose, 1996; Berg & Pattillo, 1998; Kaminsky et al., 
1998). Moreno (1999) and Woo et al. (2000) used logit regressions and find the 
same evidence—a decrease in foreign exchange reserves increases the probability 
of a crisis. An increase in foreign exchange reserves will increase the pressure on 
the EMPI index by 0.131 (Frankel & Saravelos, 2011). 

Current accounts, especially current account deficits, are risk factors that can 
predict a crisis. The current account deficit is also positively correlated to the 
economic performance of a country. Schnatz (1998) argues that a current account 
deficit indicates an increase in external debt in that the ability to pay back the 
debt is reduced. Besides, the possibility of speculative attacks will increase along 
with an increase in current account deficit. In addition, current account deficit can 
also reflect a worsening trade balance. A country that has a trade deficit will be 
financed from foreign investment. If at the same time foreign investment suddenly 
stops, the exchange rate will weaken, thereby, increasing the probability of a crisis. 
Our meta-analysis shows that current account is an important predictor of a crisis 
(i.e. 45% of the cases, see Figure 6), consistent with probit-based studies, such as 
Berg & Pattillo (1998); Esquivel (1998); Schnatz (1998); and Kamin, et al. (2007). 
Corsetti et al. (1998) find that every one unit increase in current account deficit 
would increase the pressure on the exchange rate by 0.762 units. 

Two different conditions mark the role of banking credit in the economy. 
First, in countries with generally high levels of debt, rising level of credit growth 
equally increases potential debt problems, especially NPL, in that economic 
recovery is disrupted. Such a notion echoes Comelli’s (2014) study in that it shows 
the distribution of high credit levels, especially in the private sector, which will 
increase the probability of a crisis. A high level of NPL is a threat to financial 
stability because it creates illiquidity and exposes financial system to external risks 
(see Phan et al., 2020). Moreover, Caggiano et al. (2013) find that when the crisis 
occurs, especially in low-income countries, it is concerned with the drying up of 
liquidity in the banking system. Besides, in a productive country with a low level 
of debt, a high level of credit growth can be used to recover the economy from a 
crisis.

B2. Early warning indicators for developing countries
We consider the early warning indicators of crises in developing countries. Figure 
7 shows the distribution of these indicators. Based on 18 related studies, the two 
most dominant variables used in detecting crises are the exchange rate (94.44%) 
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and foreign exchange reserves (66.67%). The evidence for the developing country 
sample is slightly different from that of the entire sample, because external factors 
including current account, banking credit, and external debt are more widely 
used as leading indicators of crises for these countries, instead of interest rates. 
According to Kamin et al. (2007), although external factors contribute less than 
domestic factors to the probability of a crisis in developing countries, during the 
actual crisis years, external factors actually contribute to the probability of a crisis. 

Figure 7. 
Early Indicators for Predicting Crisis Based on Developing Countries Sample

This figure illustrates the numbers of indicators that are statistically significant as the early crisis predictor based on 
the survey in developing countries. This information is sourced from the authors’ estimation, N=18.

B3. Early warning indicators for developed countries
We also consider the early warning indicators of crises in developed countries. 
Figure 8 shows the distribution of these indicators. Based on 20 studies that focused 
on developed countries, the exchange rate is the commonly used leading indicator 
of crises (in 85.0% of the studies), which is followed by interest rates (75.0%) and 
reserves (60.0%). When compared with the developing country evidence in Figure 
7, interest rates play a prominent role in detecting crises in developed countries. 
Conversely, banking credit and NPL are unimportant leading indicators in crisis 
analysis for developed countries but important in developing country analysis.

Table 2 shows the summary of the early warning indicators for the entire 
sample, developed countries, developing countries, and others. As far as both the 
developed and developing countries are concerned, the leading indicators that are 
mostly used and also statistically significant are exchange rates, foreign exchange 
reserves, and interest rates (see Table 2). 
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Figure 8. 
Early Indicators for Predicting Crisis Based on Developed Countries Sample

This figure illustrates the number of indicators that are statistically significant as the early crisis predictor based on the 
survey in developed countries. This information is sourced from the authors’ estimation, N=20.
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Table 2.
 A Summary of Leading Indicator

All Developed 
countries

Developing 
countries Others 

1.  Amount Studies 40 20 18 2
2.  Indicator to detect crisis
   a.  Exchange rates 90% 85.00% 94.44% 100%
        -  RER 66.67% 68.75% 64.71% 100%
        -  REER 33.33% 37.50% 35.29% 0.00%
   b.  Current Account 45% 45.00% 44. 44% 50.00%
        -  Total current account 33.33% 55.56% 12.50% 0.00%
        -  Current account/GDP 61.11% 33.33% 87.50% 100%
        -  Others 5.56% 11.11% 0.00% 0.00%
   c.  External debt 27.50% 25.00% 33.33% 0.00%
        -  Total external debt 36.36% 33.33% 50.00% 0.00%
        -  Short term debt/reserves 27.27% 50.00% 0.00% 0.00%
       -  Others 36.36% 16.67% 50.00% 0.00%
  d.  Foreign exchange reserves 65.00% 60.00% 66.67% 100%
       -  Total reserves 53.85% 81.81% 25.00% 100%
       -  Reserves/import 15.36% 0.00% 33.33% 0.00%
       -  Reserves/external debt 11.54% 9.09% 16.70% 0.00%
       -  Others 19.23% 18.18% 25.00% 0.00%
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Figure 9. 
Policy Mitigation in All Country Samples

This figure illustrates the policies that are explicitly and implicitly mentioned in the survey to mitigate crisis both in 
developed and developing countries. This information is sourced from the authors’ estimation, N=41.

Table 2.
 A Summary of Leading Indicator (Continued)

All Developed 
countries

Developing 
countries Others 

   e.  Banking credit 17.50% 0.00% 38.89% 0.00%
       -  Credit growth 42.86% 0.00% 42.86% 0.00%
       -  Credit to private non-financial sector/GDP 28.57% 0.00% 28.57% 0.00%
        -  Others 28.57% 0.00% 28.57% 0.00%
   f.  NPL/total banking asset 2.50% 0.00% 5.56% 0.00%
   g.  Interest rates 52.50% 75.00% 27.78% 0.00%
        -  Foreign interest rates 42.86% 30.77% 100% 0.00%
        -  Real interest rates 23.81% 38.46% 0.00% 0.00%
        -  Differential interest rates 14.29% 23.08% 0.00% 0.00%
        -  Money market interest rates 9.52% 15.38% 0.00% 0.00%
       -  Others 9.52% 7.69% 0.00% 0.00%

C. Policies for Mitigating Crises
Several countries implemented various policies to deal with crises. Figure 9 shows 
that, out of 41 studies, 56.10% state that monetary policy was implemented to 
deal with crises, followed by fiscal policy (48.78%), applied guarantee (34.15%), 
international assistance (14.63%), external policy (17.07%), macro-prudential 
(17.07%), and other policies (17.07). 
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Figure 10 decomposes the policies used to combat crises in developed and 
developing countries. Out of the 41 studies, 11 discussed the policies pursued in 
developing countries, 27 discussed the policies pursued in developed countries, 
while the rest are unspecified.

Figure 10. 
Policies Pursued by Developing and Developed Countries to Mitigate Crises

The two figures below illustrate the policies that are applied to mitigate the crisis, distinguishing developing from 
developed countries.
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Table 3 summarizes the distribution (proportion) of the policies to mitigate 
crises by developed and developing countries. The results suggest that monetary 
policy is the most dominant policy in crisis management in the entire sample, 
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as well as the developing and developed country subsamples. This dominance 
is explained by the fact that: 1) the financial sector plays an important role in the 
economy, and responds to the central bank monetary stance; and 2) the execution 
of monetary policy is faster than that of fiscal policy, which requires legislative 
approval before implementation. 

The same monetary response to a financial crisis can have different effects 
on different economies. In flexible economies—that are characterized by high 
substitution possibilities among factors of production, and low diminishing 
returns—an interest rate cut will lead to economic expansion, while in relatively 
inflexible economies, it can exacerbate the recession (Christiano, Gust, & Roldos, 
2004).

Table 3.
A Summary of Crisis Policy Implementation 

All Developed 
Countries

Developing 
Countries Others

1.  Amount Studies 41 27 11 3

2.  Types of Policies

    a. Monetary Policy 56.10% 55.56% 63.64% 33.33%

    b. Fiscal Policy 48.78% 44.44% 63.64% 63.64%

    c. Policies in External Sector 17.07% 7.41% 45.45% 0.00%

    d. Policies in Real Sector 17.07% 11.11% 9.09% 0.00%

    e. Guarantee 34.15% 40.74% 9.09% 66.67%

    f. International Assistance 14.63% 18.52% 27.27% 0.00%

    g. Macroprudential 17.07% 22.22% 0.00% 33.33%

    h. Others 17.07% 18.52% 18.18% 0.00%

Another policy that is equally widely applied to mitigate crises, based on the 
entire sample, is fiscal policy. It is implemented to bring coordination between 
monetary authorities and the government. Since a crisis can affect other areas apart 
from the financial sector, such as the social and political aspects, the handling of a 
crisis can no longer be left to the central bank. The involvement of the government, 
as the fiscal authority is crucial, especially in minimizing the impact of a crisis on 
the real sector. The government’s involvement is necessary to indicate political 
support for all policies implemented in the country. Another reason is that crisis 
management often requires a large amount of money, something that the central 
bank is not able to entirely accomplish without compromising its monetary 
policies. Therefore, budget support from the government is required to optimize 
the implementation of central bank policies. Bech et al. (2012) state that a fiscal 
policy that is implemented during an economic decline can accelerate the recovery 
process without reducing the effectiveness of the monetary policy. Furceri and 
Mourougane (2009) explain that the temporarily, timely, and targeted fiscal 
stimulus may be applied optimally in countries where the effects of the financial 
crisis are potentially deep.
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Although most of the countries applied monetary and fiscal policies to 
overcome crises, the effectiveness of these two is still debatable. Boorman (2009), 
for instance, argues that there are doubts about the power of tax cuts in the US and 
China’s stimulus packages to spur spending. Boorman (2009) finds that, in the US, 
a substantial portion of the tax cuts has little impact on spending while, in China, 
the package seemed to stimulate investment and if it created additional export 
capacity, global imbalances may worsen. Regarding the new era of monetary 
policy, Edmonds et al. (2011) state that, as quantitative easing is an unusual form 
of policy (unconventional monetary policy), it is difficult to estimate the extent of 
quantitative easing required to stimulate the economy to generate the expected 
effects.

In developed countries, assistance from international and regional financial 
institutions (e.g., the International Monetary Fund and European System of 
Financial Supervision) plays an important role in helping stabilize economic 
conditions during crises. Perhaps, institutional structures and economic conditions 
in developed countries are relatively better built than those in developing 
countries to mitigate crises. As a result, developed countries may find it easier to 
access international assistance. In addition, developed countries could also obtain 
foreign loans using their own currencies, thus reducing the risk of exchange rates 
or currency mismatch (Eichengreen, Hausmann & Panizza, 2003).

Our meta-analysis indicates that while policies to provide guarantees during 
a crisis are widely practiced in both developed and developing countries, such 
policies are more frequent in developed countries because of the availability of 
funds and liquidity, which are relatively better than developing countries. In 
contrast, crises in developing countries are generally accompanied by massive 
capital outflows, which cause deeper exchange rate depreciation and significantly 
reduce foreign exchange reserves. It is then appropriate that policies in developing 
economies need to be more direct in strengthening the external sector, such as 
encouraging exports, interventions in the exchange rate market, and better 
management of foreign exchange reserves. 

In summary, monetary policies are the commonly used policies in both 
developed and developing countries to fight crises. While both developed and 
developing countries tend to favor fiscal policies as a complement to monetary 
policies but developing countries deploy fiscal policies more when combating 
crises. Besides, assistances and guarantees are also popular policies for mitigating 
crises, particularly in developed countries. To establish the best policies 
implemented by countries during crises, our meta-analysis focuses on the crises 
that occurred during the 1990s and 2000s. Thus, further research should be 
undertaken to address the specific policies used during earlier periods (e.g. 1960s 
to 1980s) to mitigate crises. This is important because different eras have different 
characteristics, which will affect the optimal policies chosen to fight crises. 
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V. CONCLUSION 
We assessed the early warning indicators of crises and the optimal policies 
implemented to overcome crises. Using meta-analysis on 72 studies, we document 
interesting findings. We find that most studies used the EMPI index approach to 
establish the early warning indicators of crises. The most used combination of EMPI 
components are the exchange rate and foreign exchange reserves, determined 
using the inverse of the indicators as weights. The most used threshold coefficient 
of EMPI component is 1.5 standard deviations, while a period is categorized as in 
a crisis if the calculated EMPI value exceeds the standardized threshold level. In 
addition, we find that the commonly used leading indicators of crises are external 
factors, such as exchange rates, foreign exchange reserves, current accounts, and 
external debt and internal factors such as interest rates, bank credit, and non-
performing loans. 

When we group countries by the level of development, we find that in both 
developed and developing countries, the exchange rate is the common leading 
indicator of crises. In developed countries, the next most dominant indicator of 
crises is the interest rate, implying that markets are more sensitive to interest rate 
policies in developed countries during crises.  Meanwhile, in developing countries, 
the role of other external sector variables, such as foreign exchange reserves, 
current accounts, and external debt dynamics, are becoming more relevant 
as crisis predictors. In developing countries, the interest rate is not an effective 
early warning predictor of crises, since capital flight concerns are unavoidable 
and herding behavior on the interest rate dynamics originating from developed 
economies is evident. Hence, in developing countries, concerns regarding the 
performance of variables that can induce global market confidence, such as the 
performance of foreign exchange, and foreign exchange reserves, current accounts, 
and external debt, are more relevant. This evidence aligns with the finding that 
policies addressing external sector performance are preferable in developing 
countries in mitigating crises.

Although there are similarities in crisis mitigation policies adopted by 
countries, which are monetary and fiscal policies, there are clear differences on 
other policies across country groupings. Developing countries rely more on the 
external sector policies, such as foreign exchange reserves, exchange rates, and 
current account balance management, whereas developed countries depend more 
on guarantees, macro-prudential measures, and international assistance, in order 
to restore domestic financing capability. In this regard, the policy recommendation 
for developing countries are related to policies to induce better external sector 
performance. Such policies are essential in anticipating and mitigating crises, since 
they will subsequently help restore global market confidence and raise market 
preference for holding domestic financial assets. Furthermore, the novelty of the 
findings in this study can be exploited to identify early or leading indicators of 
crisis, and to build appropriate crisis mitigating policies. Our findings can also 
be utilized to enhance the development of early warning systems, business cycle 
analysis, and various types of surveys, which are routinely used by policymakers 
in mapping current and expected economic conditions.  
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