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ABSTRACT

WERE TURKEY’S 1994 AND 2001 TWIN CRISES PREDICTABRPHHE SIGNAL

APPROACH

This study presents a signal approach for predj¢tie occurrence of currency and
banking crisis by using Kaminsky and Reinhart'sQ@pSignal Model. The paper focuses on
testing this theory by examining the twin crisegtthccurred in Turkey in 1994 and 2001. In the
first step, leading indicators for twin crisis af@sen and then these indicators are used to
calculate composite indicators. The out-of-sanpgidormance will also be introduced for the
period of 2007-2009. The estimation period is frdan-1987 to Feb-2001. The real exchange
rate (deviation from trend), Export/Import ratiogdess M1 Balances, Bank Reserves/Bank
Asset ratio, and oil prices are the top five inthea that are useful for predicting such crises.
Short Term Debt/Reserves, Import, Reserves, andnteaest rate are the other important

variables that performed well for anticipating thesises.



VI.

VII.

TABLE OF CONTENTS

INEFOTUCTION. ...ttt e e e e e e e e e n e e e e e e e e e e e e e e e e e e s nnnnennees 1
LILEIAtUIE REVIBW. ... ittt ettt e e e e e e e r e e e e e e eeeeas 7
Sectors’ Background During the Turkish CrSES.........ccuvvviiiiiiiiiiiieieeeeeeeeeveeeeeee e, 26
-1, THE REAI SECION. ...t sttt ee e 28
-2, The EXernal SECION........coiiiiiii ittt 30
[11-3. The FiSCaAl SECION......ccii i 34
[1I-4.  The Financial SECION..........oooi i 35
Signal APPIrOACKH... ... ———— 39
IV-1. Kaminsky and Reinhart’s Signal Model...cccee.vvveieiiiiiiieiiiiiee 39
IV-1a. DEfINILIONS. .. .uuiiiiiiiiiii et 39
IV-1D. VariabIEs. ........uuiiiiiiiiiiii e 40
IV-1c. The Definition of Noise-to-Signal Ratio..............cceeiiiiiiiiiiiiiiiiiiiiiiiiis 42
TUIKISP TWIN CriSIS.....uiiiiiiiiiiiie ittt e e e e e e 45
V-1 CUITENCY CliSES.uuuuuuuuiiiiieeeeiittittaeeeeeaeeeeeeeeeaassttsa s s s aeaaaeaaaaeeeseeeenareeeeeennnnnes 45
V-2 BanKING CriSES. ... iiiiiiieieiiiiiiieitt s oottt tatttttts s s s s e e e e e e e e e aaaeeeeeeaenaeeeeeeensnenes 46
V-3. Choices of Leading INAIiCAOrS. ........ccemmemiiiiiiii e 48
V-4. Performance of INAICALOrS..........ooiiiiiiiiiiiiiei e 68
V-5. Composite Indicators and Probability of CrSesS.......ccccoeevveeieeiiiivieeeiiiiiiinnns 70
V-6. Out of Sample Performance..............commmeereeiiiiiieee e 80
(0] 0 T4 1111 o] o PO PP PP PP TRTTPTPON 86
REIEIENCES. ...t e e e e e e e e e e e e e e 91



l. INTRODUCTION

Banking and currency crises have been costly @onmestic economies and generated
instabilities in international markets. This highst has encouraged researchers to work on
predicting and averting future financial crisesheTbest known model for predicting banking and
currency crises is the Early Warning System. Tihe @ this model is to find the relationship
between macroeconomic variables and crises episaddsto warn the authorities about future
crises so that they can make appropriate poli@eprévent crises. Turkey experienced two
financial crises in less than a decade and theair tothe Turkish economy was enormous. The
speculative capital inflow is considered to bertan reason for these crises.

Capital flows are an important source for develgpmountries that need external funds to
finance their economic growth. There are two typésapital flow. One is foreign direct
investment (FDI) and the other is portfolio or dgunvestment (Pl). FDI refers to a company
from a foreign nation making physical investmemt®ithe domestic structure, equipment and
organizations of a host country. Portfolio inveshirefers to investment into stocks, bonds and
other securities. FDI is considered to be mordulider developing countries; at the same time,
portfolio investment is risky for such economiecdugse of the volatile nature of foreign hot
money. A sharp withdrawal of foreign funds causekecline in asset values in the host country
and a painful economic downturn may follow. In @tmdy we mainly focus on the aspects of
portfolio investment (or hot money) and its effentthe Turkish economy.

Portfolio investment in a country is driven by ttypes of factors, internal and external.
External factors are defined as low interest ratethe dollar market and recessions abroad,
especially in industrial countries. When portfoliovestors face a decline in investment

opportunities in their home country, they look t@her markets that offer higher returns. The



other force driving investor interest in developimguntries is the opportunity for risk
diversification. Internal factors are high locahl interest rates, low and stable exchange rates,
economic and political stability in the host coyntiinancial integration into the world market,
etc.

In the early 1980s with strong encouragement freonld financial institutions, such as
IMF and the World Bank, most developing countriegjJuding Turkey, began the process of
capital account liberalization, currency conveltipiand financial deregulation. Since then
there has been a huge amount of capital flow dff@ar investment from advanced countries to
emerging market economies. At the beginning, floss was considered an efficient means of
transferring capital to countries where it is searcHowever, after a short time, the serious
financial crises of the 1990s took place. Mexical d&urkey experienced financial shocks in
1994, and the Asian and Russian crises followed987 and 1998, respectively. In 2001,
Turkey again faced another financial crisis becafseearly the same problems. Even though
some economists argued that these crises reflamtedptional circumstances, it has been
generally agreed by most observers that capitalemewts, especially as a norm of portfolio
investment, are a major source of imbalance foreldging countries. These crises have
demonstrated that the emerging market's reliancespeculative foreign capital flow and
openness to hot money is destructive for such narke

Even though all these crises were ignited by simipeculative attacks on countries’
financial markets, the origins of the crises dé@from country to country. The factors behind
the crises in Latin America, Russia and Turkey wegh budget deficits, high inflation, a high
level of government debt, and a fragile financie¢ter. However, the Asian crises followed

different patterns. Firstly, Asian governments @varnning budget surpluses and their inflations



and public sector borrowing requirements were low ateady. The crises in Asia stemmed
mostly from the private sector. Investors put thmoney extensively into real estate and
expected high earnings in return. Under such mstances, booms and busts in the real estate
sector produced instability in the financial system

Turkey, like most developing countries, has endagea race to accumulate foreign
capital. Turkey has adopted a flexible exchange, lawered legal reserve requirements and
liquidity ratios, liberalized interest rates, cesdtinterbank money markets, and reopened the
Istanbul Stock Exchange. With such a degree @nfiral deregulation, the Turkish stock and
bond markets were open to foreign investors. Hamneall these reforms together did not bring
adequate capital flow to the Turkish economy duthrey1980s. Nonetheless, during the 1990s,
internal and external factors did change to faapital inflow to emerging market economies.
This increase was due to low interest rates instréhlized countries, sounder fiscal policies in
developing countries, more financial integratiorioirthe world market, and finally, major
advances in technology and financial instrumemdthough most of this foreign capital was
received by developing countries in Asia and Lamerica, Turkey began to increase its
portion of total foreign investment in the world rket during the early 1990s.

However, the preconditions of the Turkish econameye inadequate for utilizing foreign
financial flow efficiently, thereby turning it intgound investment. Turkey experienced two
economic crises in 1994 and 2001 mainly becausp@tulative attacks on the financial market.
In the early 1990s, most of the capital inflow torRey was portfolio investment and short-term
loans, and due to loss of confidence the outfloveagdital, began to occur, especially in 1994.
The result was a significant financial shock andatize economic growth for a long period of

time.



The second crisis was preceded by the financialdil that erupted at the end of 2000,
followed by the collapse of the exchange rate syst€Consequently, the Turkish government
was compelled to announce the implementation ddatihg exchange rate system. One of the
main reasons behind this second crisis was agaemnational liquidity outflow, which was
triggered by a political crisis that occurred i tpovernment during the meeting of the powerful
National Security Council in February 2001. Thesgility of the banking sector in Turkey was a
further element in fueling the crash. Some sclsolave also blamed IMF programs and the
inadequacy of governmental crisis management jgslici

Virtually the same background is observed in thees of 1994 and 2001. The main
problem Turkey faces is liberalization without amhtof the public sector deficit, together with
chronic inflation. A large public deficit financdx/ debt results in high domestic interest rates,
motivating portfolio investors to move into the heatr This leads to an increase in monetary
aggregate and currency appreciation, which in rarses the expectation of devaluation and
inflation. Domestic currency appreciation in re&m causes an increase in the current account
deficit, which is another predictor of speculatatéacks.

The effects of the second crisis were more destrito the economy than those of the
first. The second crisis severely hit the banksiygtem and corporate sector. Several banks
were taken over by the Saving Deposit Insurance&lK8DIF). Average interest rates were four
times higher than the previous level, the Turkista llost 44% of its value at the beginning of
the crisis, and the Central Bank had to use ar@lfdbillion, which was nearly half of the total
foreign reserves that it held in order to reduee dbwnward pressure on the Turkish lira. The

GNP fell by 8.5%, while inflation rose to 86%.



There is now concern that such a problem couldimegain in the near future. The
amount of hot money entering Turkey has increased factor of eleven from $8.9 billion to
$107.0 billion since 2002, and is mostly investedhie stock market. The number of shares
owned by foreigners on the Istanbul Stock Exchasgeound $72 billion, which is equivalent to
72.4% of the total shares. In order to keep gldladls in the market, Turkey has to offer high
interest rates in real terms. These high retuause the appreciation of the Turkish Lira. The
overvaluation of the Turkish Lira in turn result lmgh trade deficits, while high real interest
rates results in financing by foreign funds. Besail is known that an interest rate increase in
the US would have the effect of changing the dioecbf capital movement, each day, policy
makers, bankers and stock market experts are wdiinthe US Federal Reserve Bank’s next
move.

We argue that the 2001 Turkish crisis can be ifledsas a twin crisis since the currency
crises and banking crises occurred simultaneously, banking crisis having occurred in
November 2000, followed by the currency crisis gbfuary 2001. In addition to unfavorable
external conditions in the world in 2000, namelgreased interest rates in the United States, the
rise in energy prices, the continuing appreciatdrine Euro against the US dollar, Turkey’s
weak economic fundamentals, the government’s misggament of crisis intervention, and
inadequate IMF programs were important domestitofacleading to the crises. The other
important aspect was the fragile structure of taeking sector. The case of twin crisis shows
similarities to the earlier twin crisis of the 1390As Dooley (1997) and Krugman (1998) argue
concerning the causes of the twin crises, Turkéyed exchange rate system collapsed due to
moral hazard driven by governmental guaranteekddibancial sector with inadequate banking

regulation and supervision.



The aim of this paper is to construct an earlynvay system to predict twin crises and
simultaneousliyto test the abilityof Kaminsky and Reinhart (1998) model detect1994 and
2001 Turkish crises. This research also concesgtran finding certain variables that issue good
signals. The remainder of this paper is organiagedollows: Section 2 briefly reviews the
theoretical literature of financial crisis; Secti®rsummarizes Turkey’s economic condition prior
to its crises; and Section 4 introduces the Kanyireskd Reinhart (1998) model. In Section 5,
the empirical results will be presented. The pap#h end with the summary of the main

arguments and conclusions in section 6.



Il. LITERATURE REVIEW

There are three approaches to financial crisisghathe first-generation models (FGM),
the second generation models (SGM), and the tlngigation models (TGM) (a distinction
offered by Eichengreen), which seek to explain veates financial crises. The first-generation
model (Krugmanl1979, Flood and Garber 1984) focosehe problem of the balance of
payment in a country. FGM is inspired by the 8aénd Henderson (1978) model, which is the
model of exhaustible resources. In such a moeelral banks use their reserves in order to
prevent a change in gold price. The model shoasttte policy of selling reserves cannot halt
the fall of the price of gold, since private agewep buying the gold until the stock is
exhausted. Krugman suggests similar assumptions icurrency crises model, which
postulates that under a fixed exchange rate systengovernment finances its budget deficit by
monetary expansion but has a limited amount ofi@tgonal reserves to maintain its fixed
exchange rate system, it will face a balance ofrt crisis. Anticipating the inability of
maintaining the currency peg by investors genematgseculative attack on the currency, which
eventually causes the crisis. Since the demanddrestic currency does not change, an
increased money supply puts downward pressureeoauttency. In order to hold the exchange
rate constant, the country’s central bank sellsifpr currency reserves until the stock of reserves
is exhausted. This process culminates in abandanirrency peg.

First Generation Models

Krugman (1979) argued that under a fixed exchaatgeregime, a speculative attack is
inevitable. When agents change their portfoliosfrdomestic to foreign assets, the central bank
continues to use reserves in order to peg the egehiates. Expectation of abandoning the

currency peg triggers speculative attacks. Whegida reserves reach the critical point, the



currency peg is no longer sustainable and fin&ilkyfixed exchange rate regime collapses. Since
Krugman’s BOP is the one of most influential modglhis area, it is useful to examine it more
closely.

The BOP model is as follows:
First: Purchasing power parity (PPP) prevails ancbvered interest parity holds between
domestic and international interest rates. Allalales are expressed in logarithms except

interest rate and demand for money.

p(®) = p(t)* +&(t) 1)

i(t) = i(t)* + e(t) (2)

p(t) represents domestic price level, p(t)* intéio@al price levelg(t) the rate of devaluation of
domestic currency, i(t) domestic interest ratg¥ ifiternational interest rate, and lastly e(te th
expected rate of depreciation of the domestic aggre PPP holds and international inflation is
zero while domestic price level equals domestiharge rate. Under perfect capital mobility

and perfect foresight, the domestic interest rgteaks the international interest rate.

m(t) — p(t) = ei(t) )
m(t) = d(t) + r(t) (4)
d=p ©))

m(t) represents domestic money suppl{t) denotes demand for money, d(t) domestic credit
r(t) reserves, d domestic credit growth and p @ortgtate. Equation (3) shows a state of money

market equilibrium. Equation (4) indicates monapgy equal to domestic credit and reserves.



Finally, equation (5) shows that domestic credivwg at a constant rate |.

While an economy is in a fixed exchange rate systé) and consequently e(t) are zero,
denoting that domestic price level and intere# emfual international price level and interest rate
respectively. Under these assumptions, and tfafty p(t)* are zero, we can derive the

following equation:

r)=r0)-u (6)

r(0) represents initial reserve held by the ceriealk. The above equation demonstrates that
reserves decrease when domestic credit growsher @tords, the currency peg cannot be
sustained if credit growth exceeds money demariter Bome point, reserves will be exhausted
and the fixed exchange rate system will be abargloheinfinite time, d(t) will be greater than
money supply consistent with money market equilioriunder fixed exchange rate system.
After a point of time (when reserves are eitheragidted or reach a predetermined level), a fixed

exchange rate regime is not viable. Let us assuate(l) is the predetermined level.

rit)>r(1)>0 (7)

If reserves are higher than predetermined levgl%rf(1)), a fixed exchange rate regime is
maintained. If not, the authorities allow the exghe rate to float.

Another assumption of the model is related to emi@nk policy decisions. d(t) is the
only instrument for policy makers. The authoriti@snot change money supply or interest rate

through a policy of sterilization (a method by whig central bank attempts to affect the value of



the domestic currency relative to a foreign curygnd he model indicates that crises stem from
the rational behavior of investors. The level(@)is known by market participants with perfect
foresight. They anticipate that the central bakabandon the fixed exchange rate system
when reserves reach the predetermined level. Qaesdy, in order not to lose because of the
change from a fixed to a floating exchange ratéesysthey will the attack currency.

The Krugman model demonstrates a failure to detegriie time when a speculative
attack may occur. Flood and Garber (1984) fourednithy to determine such time by using
backward induction. Even though FGMs make it g@egio understand the reasons behind
crises, they fail to explain two aspects of suckes: first, why an agent’s expectations may
change so suddenly, and second, the process @gionteffect.

Second Generation Models

A second-generation model was developed by bothfédy£1994) and by Eichengreen,
Rose and Wyplosz (1994). Criticisms of FGM wer&gd, since FMG was unable to explain
the currency crises in the European Union undeEtlhepean monetary system in the early
1990s. In such cases, the budget deficit and tleplef international reserves which led to
abandoning the currency peg were not the issugheRaurrency crises arise as a matter of
political references rather than as the resultoityp inconsistencies. Speculative attacks can
occur even under a successful exchange rate regitha country can face trade-offs and
decisions. Maintaining a fixed exchange rate sygeg. import of credibility in reducing
inflation) can be outweighed by short-run macroecoit flexibility (e.g. a policy of pursuing
growth and reducing the unemployment rate). Thghiead to the decision to abandon the
currency peg. If speculators question the govemshéterest in fixing the parity, they may

attack the currency, resulting in a self-fulfilliegsis of confidence.
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There are several factors that push governmeraisandon the fixed-exchange rate
regime. One of these is the obvious fact that ddimeebt is another policy concern for
governments. In order to reduce the real domdstit, governments may chose to reduce the
value of the domestic currency, as it can be eilias an option in reducing the unemployment
rate. Obsfeld (1994) and Velasco (1996) arguedbatestic public debt is one of the main
factors leading to currency crises. And in additio the level of public debt, debt maturity
structure is another element that affects governah€ecisions.

Eichengreen, Rose and Wyplosz (1996) find a sdfifling contagious effect among
neighboring or trading partner countries. Currecigges in one country will increase the
probability of a speculative attack of a tradingtpar of such country. There are several
possible reasons for contagion effects. Firse@mnomic shock to a country such as a war or oll
shock can affect the economies of neighboring s@msmt Second, the devaluation of a currency
can raise the expectation of devaluation in otlentries either because the countries are
neighbors or trading partners, or have similar eauio conditions. However, the crises in
Mexico and Asia focused attention on another aspiefhancial crises, especially as earlier
models, FGM and SGM, were weak in explaining thesea of crises in these countries.

Third Generation Models

A third-generation model was developed by Krugr{i##98), Dooley (1997), and
Radelet and Sachs (1998). Numerous studies,asitifose of Kaminsky and Reinhart (1999),
Chang and Velasco (1998), Berg and Pattillo (19@9ate to this model. According to these
models, currency and banking crises generally omgether (Kaminsky and Reinhart term such
crises as a “twin crisis”). Some of these autlpoeslict that banking crises cause currency

crises, while others argue a reverse causatioesd btudies also categorize financial crises into
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three different groups: moral hazard (Dooley 188@ Krugman 1998), contagion (Calvo and
Reinhart 1996, and Eichengreen 1996), and herdvimeh@alvo and Mendoza 1996).
Krugman’s FGM assumes that a crisis is inevitalilenvagents expect domestic
currency devaluation. However, FGM does not ineludhat policies are needed in the face of
crises. Krugman (1998) improves his model by agigholicy recommendations for central
banks during crises. He also examines the impudgislicies related to crises. The model
argues that fragility in the financial market, esp#y in the banking sector, will result in
financial crises in an economy. Krugman (1998} alggues that a new model is required in
order to understand the Asian crises. His firstlat@s able to capture various aspects of the
Russian crises of 1988, which occurred mainly beedlie government printed money to finance
the budget deficit. Obstfeld’s self-fulfilling metican explain the sterling crisis in the United
Kingdom in 1992. The government of UK faced a ¢radf between exchange rate stability and
its policy for decreasing unemployment rate. Hosvethese two models were not relevant to
the major crises in Asian countries. Such criseqveore related to moral-hazard-driven
lendings, or Diamond-Dybvig-type (1983) problemsé#-fulfilling loss of confidence that
causes immediate sales of premature investmerfisdncial intermediaries) or both in those
countries. Krugman’s suggestions to policy makergpfeventing crises are, first,
“transparency” in the financial market; secondtdretapital standards; third, better control of
risk-taking investments, and finally, the endingcadnyism. Krugman (1998) argues that
currency crises would likely occur if an economgesa high debt, low foreign reserves, expects
devaluation, experiences domestic borrowing coimggzand subjected to repeatedly falling

government revenue.
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Kaminsky (1998) and Kaminsky and Reinhart (199®dute signal approach to forecast
currency crises. Kaminsky and Reinhart (1999) tbtmat after 1980, twin crises were generally
followed by financial liberalization in various cotnies. These authors could not find any
connection between the currency and banking caktdse 1970s, since financial markets were
almost closed to other countries at that time. ifflierk demonstrates that currency crises
deepen banking crises, either by worsening existanking crises or creating new ones. Twin
crises bring recession in the economy as a resulbsening terms of trade, overvaluation of
domestic currency, and an increase in the inteagst

According to Kaminsky and Reinhart’s (1999) emgitistudy, twin crises occur when
the beginning of currency crises follows the begigrof banking crises within a period of 48
months. The authors’ interest in the study wadet@rmine which economic variables are
related to twin crises. When the chosen variablesed a specified level or point (threshold), a
crisis may occur within a specific time period;gttime interval between crises and the signal for
currency crises is determined to be 24 monthstlaaidor banking crises 12 months). Sixteen
variables are divided into four sectors, namelyaficial sector, external sector, real sector, and
fiscal sector. In the financial sector, sevenalalgs are used. The ratio of domestic credit to
GDP and the ratio of M2 to base money (M2 multiplage selected because it is argued that
rapid growth in credit and the money supply aratesl to twin crises. The interest rate and the
ratio of lending to deposit are selected becausg dine related to banking crises. Arise in
interest rates shows an increase in risk-takingedsm lending-deposit ratio increase indicates a
decrease in loan quality. Additionally, excess idderves and the ratio of M2 to reserves are
also chosen because they show a loose of monetlcy.p The final variable is bank deposits

because capital flight and bank runs are the inoisaf twin crises.
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As external variables, six values were chosemoBExneasures, terms of trade, and real
exchange rate are considered, since overvaluedsimnearrency has a high impact on any
currency crisis and also spells trouble for thariicial sector. Import is also selected as a
variable since a rapid increase in imports causesvaluation of the currency. Real interest rate
differentials (interest rates in domestic econommpared to that of the United States if the
currency is pegged to the US dollar) and reserxeslaosen as external variables since both
variables may cause capital flight, and bank rGutput and stock prices were chosen as real
sector variables because declines in asset pmckeseaession negatively affect financial markets
and may deepen financial crises. Finally the ratibudget deficit to GDP is used as a fiscal
sector variable because budget deficit may resuialance of payment crises, as in Krugman
FGM.

Kaminsky and Reinhart’s (1999) study found thatitsh@ccount indicators are the most
effective signal both types of crisis. Financibgtalization indicators were also found to be
important. The highest effectiveness among capdebunt indicators for signaling twin crisis is
real interest rate differentials. Real interegt @nd M2/ reserves in financial sector indicators
demonstrate the highest performance in signalimg ¢wses. The other indicators are also
somewhat important; excess M1 balances, bank dspasd lending-deposits ratio are the least
effective indicators. Current account indicatais @ext, and export has the highest rate. The
fiscal variable is negligible in signaling a singlesis and twin crises.

Frankel and Rose (1996) used a probit model imgpkaof 105 developing countries for
the period 1971-1992. They state that a 25 pexmegiteater decrease in the value of domestic
currency is termed a currency crash. These autheide domestic variables into four groups,

namely, macroeconomic indicators, external vargldebt composition, and foreign variables.
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The macroeconomic indicators selected are the groivtilomestic credit (monetary policy),
budget/GDP, reserves/import, current account/Gb&gtowth of GDP and appreciation of
currency. Debt/GDP, reserves/import, current ant/f@DP and real exchange rate are chosen as
external variables. As for debt composition, tvadues are compared each other, such as FDI
vs. portfolio investment, long-term vs. short-tgoortfolio capital, fixed-rate vs. floating rate
borrowing, and finally, domestic-currency vs. fgmicurrency denomination.

Frankel and Rose (1996) argue that external fastere the major reasons for the crisis
in Latin America and Asia in the early 1990s. Gamgently, not only do domestic variables
need to be examined but also economic variabldsmtlo Short-term northern interest rates and
real OECD output growth are included as foreignaldes. Frankel and Rose (1996) found that
as FDI flow decreases in comparison to portfolowfl when reserves drop, when domestic credit
growth is high and domestic currency is overval@edyrrency crash is expected to occur. Itis
seen that the current account and government tlafecinot important indicators in the
occurrence of currency crises.

Goldfajn and Valdes (1997) used a logit modelzitiy data for 26 countries over a 13—
year period to determine whether overvaluationusfencies and exchange rate expectations are
significant causes of currency crises. They fotlvad lagged overvaluation of exchange rate was
a statistically significant variable; however, thegsults show that expectations alone cannot be
used to signal crises. Rather, they should beid®d with other indicators in order to predict
crises. These authors argue that exchange ragsare unpredictable. Most empirical studies
demonstrate that the real exchange rate is statiigtsignificant and in fact is the most reliable
indicator of currency crises. However, Goldfaja &faldes (1997) argue that the real exchange

rate is a variable with other macroeconomic fundaaie rather than a unique indicator of such
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crises. They criticize some empirical studies \Wwhise only the samples of crisis episodes, as
this restriction cannot identify false signals. eldample should be sufficiently large to include
both crisis and non-crisis episodes.

Goldfajn and Valdes (1997) used three differenasnees to define crisis episodes. The
first of these is defining a currency crisis aar@é devaluation [from the methodology of
Frankel and Rose (1996) and Meese and Rose (19B@)¢valuation is greater than 1.96 times
the standard deviation of the countries’ nominaladigations and 2% plus 1.5 times the
devaluation rate of the preceding month, then dmteln is defined as a currency crisis. The
second measure is a large jump in the real exchatge If such a rate is greater than 2 standard
deviations from the mean, the country faces a<sri$he third procedure is taken from
Kaminsky and Reinhart’s (1996) study. Accordinghis study, devaluation and reserve losses
combined are indicators of a currency crisis. at#ors find that the overvaluation variable in
all three measures is significant in predictingierency crisis. On the other hand, expected
devaluation is found insignificant in all measuré&aminsky and Reinhart (1996) also measured
these two variables together and found that botiabigs are insignificant. They stated that this
is due to a multicollinearity problem.

Esquivel and Larrain (1998) also used a probit mme30 countries (15 high-income
and 15 middle-income) between 1975 and 1996. Tdwayd that the ratio of reserve money to
GDP, real exchange rate misalignment, the ratimuafent account to GDP, changes in terms of
trade, the ratio of money supply (M2) to internatibreserves and growth, and finally the
contagion effect were all leading indicators ofreacy crises. Their work supports first and
second generation models, which are complemenddingrr than serving as substitutes and are

both important in understanding crises.
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Esquivel and Larrain (1998) argue that currencyesioccur “only when there is an
abrupt change in the nominal exchange rate.” Algfiothey use a large sample, unlike Goldfajn
and Valdes (1997) proposal, unsuccessful specalatiacks are excluded from the study.
According to the authors, the reason for excludingh episodes is that it is hard to define an
attack when it has occurred. Consequently, tingarést is in focusing on successful speculative
attacks. They use two criteria for the meaning t#rge devaluation. First, the devaluation has
to be large compared to previous devaluationssandnd, devaluation should have an impact
on the purchasing power of the currency. In otherds, if depreciation of the currency is due to
inflation differentials, this depreciation will nbe considered a large devaluation. The authors
look at changes in the real exchange rates’ (RE®)ements in order to detect currency crises,
using the following conditions: The first conditics that the accumulated three-month real
exchange rate change should exceed 15 perceng thibisecond condition is that the one month
change in RER should be higher than 2.54 timesttredard deviation of RER’s monthly
growth rate, and also greater than 4 percent. @yag these two criteria to a sample of 30
countries between 1975 and 1996, they identifydrisés episodes.

Demirguc-Kunt and Detragiache (2005) used a logitleh and found that bank crises
tend to occur when GDP growth is low, and realregerates, inflation and money supply (M2)
are high. A deposit insurance dummy was founceta bignificant variable in explaining
banking crises. The authors argue that empiricalats are useful for determining the factors
causing banking crises but not for predicting them.

Eichengreen and Arteta (2000) used a probit mfmi&l5 emerging economies between
1975 and 1997 to search for the causes of bankisgscand their relationship to currency crises.

They determined that rapid credit growth, high bhaliilities/reserves ratio and deposit rate
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decontrol are the main factors in banking crisélsey could not find any correlation between
banking crises and exchange rate regimes. Howtheyr proposed that a deposit insurance
program and/or weak financial institutions causeaurficial markets to be more fragile. As
pointed out by Demirguc-Kunt and Detragiache (20&xhengreen and Arteta (2000) also
argue that, unlike currency crises, it is hardredpct dates for banking crises.

Berg and Pattillo (1999) examined three differendels to determine whether they are
suitable for predicting Asian crises. They findtthwo models fail to understand the crises,
while a third is somewhat informative but still metiable. They argue that crises are hard to
predict by analyzing historical data on a panedross section of countries, since conditions vary
significantly from country to country. For exampie some countries, mobility of capital is
restricted. Hence, inadequate banking supervigioor corporate governance or political
instability may result in an environment that isrsgulnerable to speculative attack in one
country than in another.

Berg and Pattillo (1999) used the following threpm@aches, beginning with Kaminsky,
Lizondo, and Reinhart (1998) Signals approach (KLRgcording to this model, currency crises
occur when a weighted average of monthly percerdageeciations in exchange rate and
monthly percentage of declines in reserves excéedsean by more than 3 standard deviations.
The KLR model argues that when any of the choseiablas exceeds threshold level, a signal is
considered to be issued. They find that eightcaidirs are important, as proposed by KLR,
namely, real exchange rate changil2/Reserves, export growth, change in reservegssxipll
balances, change in domestic credit/GDP, realasteate, and growth in terms of trade. These

variables were used to determine whether the KLReahpredicted the crises that occurred
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between May 1995 and December 1997. Accordinbga@tithors, since it is not possible to
predict most crises and most alarms fail, the KL&&e1 does not provide good predictions.

The second model is Frankel and Rose’s (1996) probdel, which uses annual data for
105 developing countries to predict currency crastgerg and Pattillo (1999) made a
comparison between predicted probabilities of sragid actual values of nominal exchange
rates. They found that the FR probit model had at# been successful in predicting the crisis
of 1997.

The final model is Sachs, Tornell, and Velasc@%96) Cross-Country regressions
(STV), which examines the impact of the Mexicarafinial crisis of 1994 on other emerging
markets. In other words, the model searches ctimtagious effect of the Tequila crisis. It
argues that the crisis affects only countries wahke to speculative attacks. Investors expect
large devaluation and capital outflow in countiiesvhich there is a weak banking system,
together with an overvalued exchange rate withreserves and weak macroeconomic
fundamentals. This model uses the weighted supemfent decrease in reserves and
depreciation of currency as a crisis index. ldmts that a weak banking system (as a measure
of the lending boom variable) and overvalued exgkaate (as a measure of the degree of
depreciation) will bring about a more severe attathe authors, moreover, find that these
factors are important if countries have low ressrreeasured as reserves/M2 ratio) and weak
fundamentals (measured as RER and lending boom).

The STV model compares the effects of the Tedtillais of 1994-1995 particularly on
eight different countries that received a high weduof capital inflow during that period. Sachs,
Tornell, and Velasco (1996) found that the Mexies@crisis affected such countries

differently. While the financial panic was shéved in some countries that have strong
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fundamentals, some other economies were more \alifeeto investors’ panic and inverse
capital inflow. The model argues that all courgttileat face a possible financial crash have
different economic structures and fundamentalskibgrsystems, and level of international
reserves. Even though a country has weak fundatseamid banking system, it may still prevent
a financial crisis in the case of sudden capit#éflow if such a country has sufficient reserves in
order to be able to keep down pressure on locaéoay depreciation. In other words, if
investors know that a host country has sufficieserves to defend its local currency, they will
not expect a capital loss in case of a reverseapital inflow. Therefore, the country will not
face the high sudden capital outflow that causemtial crises. In short, capital outflow causes
devaluation but reverse is not the case. Instbadexpectation of devaluation would result in
capital flight.

Berg and Pattillo (1999) ask why all three of thes®lels above were weak in predicting
crises in 1997. They argue that the KLR modelritluse some important variables which are
considered to be leading determinants of crisish &18 M2/Reserves (growth rather than leveling
of M2) and Current Account/GDP. The authors stias the level of M2/Reserves and Current
Account Deficit/GDP are more definitive in prediaia crisis. For the FR Model, instead of
“Reserves/Imports” as the explanatory variable s&ees/External Debt and Reserves/M2”
would be more useful. According to Berg and Hat{iL999), such variables are individually
significant indicators of crisis. They find thabne open economies are less likely to be affected
by shocks; in other words, in more open econonatesnges in terms of trade or debt
composition become less effective on crisis. There need to add an additional variable to the
STV model since the model uses small size sampl@slso rejects alternative explanatory

variables.
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Feridun (2007) used both the KLR signal approawhlagit regressions for two periods
(1980-2006 and 1989-2006) to indentify causesisésrin Turkey. For the first period, the
leading indicators were the banking sector fragihidex, the ratio of short-term debt to
international reserves, the ratio of bank resetwdmnk assets, and the US GDP, M1 and US 3-
Month T-Bill rate. However, for the second peribé study found the US Federal fund rates,
US GDP, US 3-Month T-Bill and banking sector fragiindex to be statistically significant
variables. In other words, Feridun (2007) founat #xternal factors were the main indicators
for the crises.

Calvo and Mendoza (1996) examined the causesd¥lgxican crises of 1994. They
argued that these crises were different from eavhes, terming them “a new kind of balance of
payment crises”. Itis a new BOP since the madtant fiscal deficit, but rather poorly-managed
capital inflow, which results in bank-runs and bdallout. The currency peg becomes
vulnerable because of banking fragility in the doyna change in direction of capital flow, and
improper government responses to the imbalancege(aurrent accounts and appreciation of
currency). Such vulnerability causes panic runth@financial market, which in turn causes
huge devaluation and a financial crash. Accordintpese authors, runs against domestic assets
are related to self-fulfilling or herd behavior.oWever, herd behavior is sufficient to explain the
factors behind the crisis. It may be noted thategoment policies related to conditions existing
prior to the crash were not optimal for preventing worst recession in Mexican history.

Dooley (2000) introduced the concept of moral hdzahich played an important role in
the Asian financial crisis of 1997. According todey, governments hold reserve assets in
order to prevent shocks to national consumptiontarmmotect the financial sector as Lender of

Last Resort (LOLR). However, governments havetéohforeign reserves and cannot borrow
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from the international financial market without shing collateral in the form of assets or an
IMF/World Bank’s line of credit, in which case, ggwmments’ insurance to the financial sector
would not be credible. Dooley (2000) shows howrhael is able to explain problems in case
the country holds negative or zero reserves. Guwent insurance creates moral hazard
behavior in banking sectors. If there is inadegumnk supervision and regulation, banks would
have incentives for accepting deposits even wigihdu interest rates. Initially, domestic and
foreign investors would not hesitate to investithfiends, knowing that they would be
compensated by the government if the banks canifdk their liabilities. This situation may be
stable as long as the country has sufficient reser\However, when international reserves for
meeting government obligations become exhaustgdsiars may begin to withdraw their
money from banks, believing that banks will notaixe to honor all deposit liabilities. This
model illustrates the fact that countries may fsppeculative attacks on their international
reserves even under a floating exchange rate system

Another moral hazard model is introduced by Krugr(©98). In this model,
governmental guarantees to the banking system esa§tiin a moral hazard problem if there is
no sound financial system and adequate regulatmdsscipline the financial market. A deposit
insurance program would increase the number oy fiskestments that cause capital stock to
increase to a highly inefficient level. Krugma®@8) argues that an exhausted stock of reserves
may not be a matter of financial crisis per segeicrises can still occur if investors feel that
government will not bail out banks in case of baipicy.

Grabel (2003) criticizes these early warning systérom a different perspective. Her
approach to these models is based on the Post-Kieyngew. She argues that the established

indicators have failed to predict most crises, saglthe European currency crisis, as well as
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Mexican, Asian, and Argentinean and Turkish cribegause early warning models are
constructedunder the assumptions of the neoclassical appr@ecitliassical predictors project).

According to Grabel (2003), there are severalaeasvhy the neoclassical predictors
project is problematic. First, the idea of agéptedictors) and events (crises) exogenous to
each other is subject to question. In other waudsdictors and crises are not independent of
one another. The responses of agents to new iatmmmay result in market destabilization
instead of stabilization. Second, the assumphanthe predictor has perfectly correct
information about economic conditions and priosesiis unreasonable, especially in developing
countries. Depending on inaccurate data to predicisis may cause false alarms and
unexpected results. Third, the neoclassical agpraasumes that there is a set of knowable
macroeconomic fundamentals and agents who makaethsion based on such fundamentals.
However, she argues, there is no static or ceit&nmation about macroeconomic conditions;
moreover, a certain economic condition or resultloa interpreted differently by various agents.
Fourth, she argues that financial crises occubroause of inadequate information, as the
neoclassical approach assumes, but rather beaaasaternational capital mobility devoid of
controls and financial liberalization promotedibternational financial institutiong/ithout
appropriate regulations make economies more vubhera

Grabel (2003) points out that financial liberatiaa and capital mobility without
supervision in emerging economies may open to tloe th several risks, such as currency,
fragility, flight and sovereignty risk. In ordey teduce these risks, she offers “the trip wire-
speed bump strategy” (“trip wire” denoting indicet@f vulnerability, and “speed bump”
institutional and regulatory changes). Accordingien certain vulnerability indicators

increase, authorities should take appropriate @stio minimize the risk and prevent the crisis.

23



Taylor (1998) is another significant contributorthe Post-Keynesian approach to
financial crises. He argues that financial crisesur because inappropriate government policies
and private sector responses to them destabilizketsa Moreover, a boom and bust episode is
inevitable if an economy liberalizes its finanaiarket and is more integrated with the global
economy. In the 1980s, many emerging economietedtapening their capital markets
globally, thereby attracting international finarigérglows to such economies. These
uncontrolled capital inflows destabilized the dotieesiarkets. The ensuing financial and
economic crises were the result of regulatory failand private sector investors’ response to
misguided government actions.

Taylor (1998) points out that external imbalanae tb government policy, such as
expansionary fiscal policy, may result in crises different channels. Such policies will cause
fiscal and current account deficits under fixedrextge rate regime if the private sector does not
change its position. One channel is an increagsemmestic borrowing, whereby fiscal expansion
increases domestic borrowing-under the assumpfiargovernment’s foreign borrowing
constraint, and the government’s subsequent puigfomrowing rather than printing money-in
order to maintain financial market balance, reaglin an expansion of the money supply. The
real value of domestic currency (assuming foreigoedevel to be unchanged) will appreciate,
thereby causing an increase in imports and denlie&ports, followed by a greater external
imbalance. Another channel is to keep the domestcest rate high in order to encourage the
private sector to lend to the government. A highmdstic interest rate will also attract
international investors into the domestic finanamrket. If monetary authorities extend the
money supply in response to a foreign reserve aserelue to foreign capital inflow, interest

rates must go up even more in order to keep thesynorarket in balance, and to obtain more

24



capital inflow. An increase in money supply widép upward pressure on the domestic price
level. In such circumstances, the domestic cugravilt be overvalued since the authorities peg
exchange rate fixed. Both channels will triggénancial crisis.

Taylor (1998) has some suggestions for coping finncial market failures. First, all
countries’ financial systems are different. Conmagly, the same packet is not an appropriate
solution for all economies. International instibuis should give support based on a specific
country’s needs. Second, international institigiehould work with domestic authorities to find
sound solutions. Third, IMF should receive monedsiin order to better serve as a lender of last
resort. Fourth, changes in international reguiapwactices may help to reduce financial risks,
such as discouraging international investors td leremerging economies. Fifth, IMF practices
should be more transparent (especially in relabame US government) and there should be
independent, publicly available evaluations of ti€&’s actions.

As Eichengreen and Arteta (2000) pointed out tieer® consensus among empirical
studies concerning the causes or consequences pfdkiiously mentioned crises. All crises
have different aspects, and since empirical stussesdifferent explanatory variables,
researchers are bound to obtain different ressdts Table 10 in Appendix A which summarizes
and compares the various studies and their result®3refore, sometimes all models need to be
examined in order to explain the causes and coesegs of a crisis. We also argue that none of
the above models alone can explain the roots einteturkish crises. Rather, combination of

such models needs to be analyzed in order to uiathelrthe causes of such crises.
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[ll. THE BACKGROUNDS OF SECTORS DURING THE RECENTURKISH CRISES

In 1980, Turkey began a new industrialization paogr This program changed the
country’s strategy from import substituting indiedization to an export-led growth regime
designed order to overcome the debt and balangayofhent crises in the late 1970s. The first
leg of this program was aimed at liberalizing trpdécies with the deregulation of domestic
goods and services, and the financial and laboketsr The second leg of the program, begun
in 1989, was the liberalization of capital accoumhe last and final liberalizing project is
Turkey’s attempt to enter European Union (EU).

In the first half of the 1980s, this structurabolge and reform program achieved a
significant success in economic development. Twekeerienced relatively high economic
growth, a healthy balance of payment account, aestqaliblic sector borrowing requirement
(PSBR), and succeeded in lowering and stabilizifigtion at the beginning of the program.
However, near the end of the 1980s, annual infidbegan to accelerate, averaging around 60%
during the last three years of the decade compargdf-40% in the mid-1980s. In addition to
this sudden increase in inflation, Turkey slippeid ia low growth phase and PSBR returned to
the level of the end of the 1970s (10% of GDP).cakding to Akyuz and Boratav (2002), there
were two main factors of macroeconomic imbalanaéndithat time. First, the policies of the
military regime during 1980-83 and the subsequatilian government succeeded in the
program, which was cutting wages and lowering suppahe agricultural sector. However,
this phase changed following a new election andettiback to populist policies, such as those
related to decreasing unemployment and increabmgwing standard of farmers. Second,

before maintaining fiscal discipline and stabilgimflation, Turkey opened its capital market
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and liberalized its domestic financial market. Hwoer, the change of policy regarding interest
rate increased the cost of public financing.

The second leg of the Turkish export-led econagnoavth program was to open the
domestic financial market to global financial corifpen. The first path of structural adjustment
was mainly based on trade liberalization and pticguinacroeconomic stability. The main
characteristics of the program were export subsjdirchange rate regulations, and removing
controls on capital inflows. In 1989, like manyenging countries, Turkey implemented capital
account liberalization, also known as the Washingionsensus. Unfortunately, as Onis and
Senses (2003) argue, full capital account openmessegatively affected the Turkish economy,
as the deficiency of Turkey’s economic capacity keoragainst the establishment of a stable
economic environment. Capital account liberalizatiothout appropriate regulations of
economic and fiscal activities, and maintainingdisand monetary discipline caused a boom-
bust pattern of development, and at the same tausetl the economy to depend heavily on
volatile short term capital flow.

In the 1990s, twin crises became more commondimgie banking or currency crises in
emerging markets, mainly because of increasingnéia integration and volatile international
capital mobility among the markets. Turkey exparerd a banking crisis in November 2000,
followed by a currency crisis in February 2001.rkiy also faced a financial crisis in 1994 but
the one in 2001 was more severe and destructithetdurkish economy than the crises of 1994.
During the interval between these two crises, Tydkgerienced a sudden outflow of capital. In
November 2000 and February 2001, the capital autfl@s $11 billion, and around $20 billion
within one year, which was nearly 10% of GDP.slobviously very difficult for an economy

like that of Turkey to recover from that kind ofasp reversal of capital flow. With the support
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of the IMF, the Turkish government was able tokstcits exchange rate peg, but only for a
while. As mentioned previously, the political ¢sisit the beginning of 2001 triggered financial
panic and resulted in an enormous amount of catarsal in a matter of days. Three months
after the first crisis, the government had to aloanithe currency peg. Even though it is argued
that the huge capital outflow occurred becauseezkneconomic fundamentals, currency
appreciation, a high domestic debt, a sharp inergasurrent account deficit, a delay in
structural reforms, the fragility of the bankingt® in Turkey played a decisive role in these
twin crises. The disinflation-stabilization prograwhich was designed and supported by the
IMF, and included pegging the exchange rate, waswamced in January 2000. The aim of this
program was to fight inflation. However, as someKish scholars, namely, Akyuz and Boratav
(2002) and Alper and Onis (2002) argue, pursuirgp suprogram was dangerous with the fully

open financial market, fixed exchange rate systend,fragile banking sector.

[1I-1. The Real Sector

Turkey has experienced an unstable economic grpattlern since the 1950s. After the
second oil shock, its most severe economic crisesNorld War Il was in 1978-79. Because
the bill for imported oil constituted the major paf the total value of imports, in the late 1970s
the sudden increase in the price of oil (about 15@8Howed by the Iranian Islamic Revolution,
worsened the capital account balance in the lafl@4.9The main aim of the stabilization package
implemented in 1980 was to fight the high debt baldnce-of payment crisis.

During the early stage of the 1980 export-led ghoprogram, the growth rate was
impressive, with an annual average close to 6%mduhie 1981-1987 periods. However, during
the late 1980s, the country experienced slower@oangrowth. The annual real GDP growth

dropped to nearly 3.7 during this period. Thidabdity of GDP growth was an indicator of
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problematic structural transformation in the coyntBuch growth instability continued
throughout the 1990s and the beginning of the 2Q€8s Figure 1a). During this period, the
Turkish economy recorded three negative growttsrdtdlowed by two major crises in 1994

and 2000-2001. The economy contracted 5.5% and B 7Be aftermath of the 1994 and 2001
crises, respectively. However, it should be naked the 1999 decline in growth was mainly due
to the adverse effect of the 1999 earthquake antetaoy authorities’ response to the Russia

financial crisis in 1998.
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Figure 1a. GDP Growth 1980-2002, constant priceFigure 1b: Stock Prices 1986-2002, Million $
Source: IMF, 2008 World Economic Outlook Source: Istanbul Stock Exchange (ISE)

Trade and financial liberalization during the 19&0so affected the Turkish stock
market. The Istanbul stock market was reopend®@6. In 1989, controls on capital
movements were removed and domestic currency beftdipeonvertible. ISE grew quickly in
a short time. However, throughout the entire st ISE, the movement of stock prices has
been extremely volatile. As seen in Figure 1b,Tthekish stock market experienced boom-bust
cycles throughout all periods, especially thoserisfes. Stock prices increased from $9.93
billion in 1992 to $37.83 billion in 1993. Sucltieases occurred approximately 4 times during
that 1-year period but, fell to $21.79 billion iB9. The direction of stock prices during the
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1999-2001 periods is almost the same as thosed®#-1994. Subsequently, stock prices rose

from $33.97 billion in 1998 to 114.271 billion 999, then dropped to 69.51 billion in 2000.

[11-2. External Sector

The export-oriented growth regime involving excipamate depreciation and export-
promoting strategies accelerated the growth of iBlrkxport growth, which increased from $2.9
billion to $11.7 billion during 1980-1988. Moreayé addition to export expansion, external
balance also improved during this period, the progo of imports covered by exports (X/M
ratio) rose from 36.8% in 1980 to 81.4% in 198&e Bustained tendency of depreciation of the
Turkish lira (TL) and export incentives were thévairg force for this improvement in external
deficit throughout the 1980s. During the samequkrirade deficit to GDP ratio decreased from
7.0% to 2.9% (see Figure 2), and current accouanba to GDP ratio increased from negative
2% in 1984 to positive 1.17% in 1988. Howeverrtstg in 1988, the rate of export growth
slowed and trade deficit accelerated with a boomjorts. The reason for this reverse was
mainly because of policy change in the late 1980 effectiveness of devaluation declined
and the TL even appreciated 20% in real terms duha period of 1989-1990. Tariff
reductions on imports and overvalue of currencytéean import boom and worsening trade and
current account balance during this period. Firstiberalization in 1989 also increased the
domestic interest rate, thereby adding anotheores currency appreciation. The Trade
Deficit/GDP ratio doubled from 3% in 1989 to 6% D9%ven though there was a slight
improvement in 1991 and 1992, this ratio againhedc7.8% in 1993. The current account
balance also deteriorated between 1988 and 1988.rafio of current account deficit to GDP
decreased from positive 2% in 1988 to negative Iv¥W93, despite the fact that the current

account recorded a surplus in 1991. After deepesggtion of the Turkish Lira following the
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1994 crisis, the domestic currency continued taeppate during the period of 1994-2000 until
2001, when the crisis led to a rapid widening @f ¢larrent account deficit. In 1998, the current
account reached a $2 billion surplus, which rapétlypped to a $9.8 billion deficit in 2000. In
other words, it reached 4.9% as the ratio of GDP.

With financial liberalization in 1989, non-residenvere allowed to purchase stocks from
ISE and domestic residents were able to begin psmeh foreign securities. Starting in 1989,
Turkey had been able to attract foreign investmenhiswever, as we mentioned before, most
capital flows are either portfolio investments bog-term loans that commercial banks and
private sectors borrowed from abroad during theD$99T otal foreign direct investment
increased only from $113 million to $980 millionthin 16 years in 1984 and 2000,
respectively. Compared to other emerging econqrthescountry did not receive substantial
FDI flow during the previous two decades. Durihg period of 1999-2000, FDI flow to Turkey
almost tripled, primarily due to the variant FDIfiddion used previously. Turkey adapted the
definition of OECD for FDI. The omission of prefed stocks traded on the stock exchange,
long term loans, and other marketable securitiesbemds were included with FDI with this new
definition. In 2001, $1.4 billion worth of longrte credit was classified as FDI flow rather than
foreign loan, as recorded prior to 2001. Afterfasin 2001-2002, FDI continued to rise over
the period of 2002-2007, reaching $22.2 billior2007.

This outstanding increase can be attributed wrnes in the investment and privatization
program introduced in 2003. In addition, during tthecade high expectations with regard to
Turkey’s European Union membership and rapid econoacovery attracted more investors.

Between the 1994 and 2001 financial crises, paotiovestment was extremely volatile due to
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the fact that a large amount of portfaliwestment had been withdrawn during the crisisoper

$6.7 billion in 1998 and $4.5 billion in 2001 (Frgu3c).
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The economic policies pursued by the governmenhgud.980-1990 obliged the Turkish
economy to depend heavily on short-term capitad.mfentioned several times previously, the
liberalization of capital transactions without adatg regulation and disciplining the budget
deficit moved all sectors into an environment daateal by large amounts of short-term capital,

high interest rates, appreciated currency, anchanodluctive external market. The inflow of
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capital increased imports and domestic consumpgliento the overvaluation of the currency,
while simultaneously stimulating an increase ieiast rates and public debt, mainly due to
inadequate financial deregulation. Financial peficuring the 1990s resulted in the private
sector’s borrowing from abroad and lending to tbeegnment. The external debt of the private

sector, including banks, increased from $4.9 billio 1989 to $93.5 billion in 2000 (see Figure

3b).
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Figure 3b: The ratio of Short-term external debt/Total Debt

Source: Central Bank of Turkey
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I11-3. Fiscal Sector

After stabilization program begun in 1980, the RuBlector Borrowing Requirement
(PSBR) as percent of GDP decreased from 8.7% i 1®8.9% in 1981, remaining at around
5% during the 1980s. After 1990, the ratio begam¢rease, reaching 10.5% in 1992. Although
there were improvements in 1994 and 1995, the catminued to rise and reached a peak level
of 16.4% in 2001.

The budget deficit followed the same pattern aBRSThe radio of budget deficit to
GNP dropped from 3.13% in 1980 to 1.54% in 1981 r@mdained at around 3% throughout the
1980s. However, the ratio showed a tendency t@ase during the 1990s and rose from 3% in
1990 to 16.9% in 2001. Due to the massive domasiicforeign debt, interest payments
comprised the largest share in the budget balafotal net borrowing as a share of GNP
increased from 2.5% to 12% in 2001. During thisqeeTurkey had to borrow to pay its debt.
Heavy borrowing escalated interest rates, whichlted in an additional burden of debt.
Moreover, a rise in interest rates resulted inghéi investment cost to industries. At the same
time, the crowding-out effect resulting from goveent competition for the funds in the market
reduced investment.

It is worth to mentioning that domestic borrowirgplaced foreign borrowing during the
1990s. In other words, the public sector borrovvech domestic agents who borrowed from
abroad before lending to the government. Thelizt@tion method of liquidity, which is used
under heavy short-term capital movement, causedcaease in the public sector deficit. Instead
of sterilizing excess liquidity in the financial nkat through the Central Bank, government bills

were used to create funds.
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Source: Central Bank of Turkey Source: Central Bank of Turkey

[11-4. Financial Sector

Before the stabilization program was implementel980, the financial sector was
highly regulated. The liberalization program caméal many deregulations of the repressed
financial system. The restrictions on interestsasuch as a ceiling on deposit and lending rates,
were removed, the short-money market and bond meske created, and the Central Bank
began to conduct open market operations to maithaistability of the financial system and
control inflation. In addition, the restrictions capital transfer and exchange controls were
removed, a more liberalized exchange rate reginseasapted, and the full convertibility of
Turkish lira was established.

In the late 1980s and throughout the1990s, Tuexg@grienced high inflation and a
budget deficit. In order to finance the budgeiagfthe government changed its strategy from
printing money to selling securities to commerbahks, a policy that accelerated at the
beginning of the 2000s after the implementatiothefdisinflation program in December 1999.

This strategy has helped to combat high inflatmthe extent that the inflation rate has shown a

35



downward trend since its highest level of 104.4%984 (Figure 6b). However, the total public
debt has increased steadily during this perioduféigb).

Consequently, instead of engaging in traditiorzadling activities, because of high
interest rate margins between borrowing and lendabgs, banks have preferred to buy
government securities and have even begun to bdteals from abroad and purchase high
yield government bills when appropriate conditienssted. However, such a strategy is
extremely risky in a country having unstable inflatand facing possible high currency
depreciation (Boratav and Yeldan 2002). Therevacerisks banks face on both sides of their
balance sheet. First, an increase in foreign nayré&abilities; a rise in dollarization among
households due to devaluation concerns would cdiuset currency mismatch. Second, as
mentioned above, borrowing funds from abroad ouamdating of assets in a foreign currency
increases the default risk, which prevents borrevirerm hedging their exposure to currency and
exchange risk. Figure 5a shows how banks liadgidenominated in foreign currency during
the period of 1985-2002. The share of foreignengy liabilities increased from 24% in 1989 to
50% in 1994, and the ratio displayed an upwarddttbroughout the second half of the 1990s.
During the time the twin crisis occurred, the ratached 57.5%, its highest level throughout the
past two decades. A similar pattern was seen@agbket side (Figure 5b).

Another problem the Turkish banking sector fasdsank financing by the government.
As mentioned before, the government shifted tregesgly from printing money to borrowing
from the banking system in order to finance itdaef Under such circumstances, banks also
changed their asset management policy from dicget Extensions to purchasing government
bonds (see Figure 6a). As a result, the sharexadrgment bonds and treasury bills in total

assets rose from 15.1% in 1985 to 33.6% in 1993.
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Among all these sectors in Turkey, the most feadilring the crisis period was the
financial market. The aim of the liberalizatiorogram, which began in the late 1980s, was to
reduce the inflation rate and maintain sustainab&omic growth. However, the program
caused the Turkish economy to depend heavily ort gron capital inflow. Inefficiency in the
Turkish financial system during that period creaaisky environment for the entire economy.
An unstable economic environment in which thereenggh inflation and interest rates, together
with the fluctuations of the economic growth ratereased uncertainties, particularly in the

financial sector.
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Public sector deficits were another factor leadmthe instable banking sector. Instead
of granting credit to the private sector, banksested heavily in high-yielding Treasury bills.
During that period, banks even borrowed money ftioeninternational financial market and
invested in government securities in the domestrcenicy, thereby increasing the domestic

banks’ short positions and consequently their defak.
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IV. THE SIGNAL APPROACH

As we mentioned in the literature review, there sgveral models for investigating
financial crises. Some of these are logit or grodgyression models, mostly researching
currency crises of emerging market economies. Suiimer studies are related only to banking
crises. These empirical studies analyze the datants of single crises independently of each
other. However, the study examining twin crigagether is of the greatest importance in the
present context, namely, Kaminsky, Lizondo and Raitis model. We will use the KLR Model

to investigate Turkey’s twin crises in 1994 and 200

IV-1. Kaminsky & Reinhart Signal Model

IV-1a. Definitions

Kaminsky and Reinhart’s approach (1999) definesetury and banking crises as
follows: Currency crises are followed by eithevaleation of the domestic currency or
abandoning the fixed exchange rate system - llewiag floatation of the exchange rate. The
central bank can either conduct a contractionargetary policy or open market operations in
the foreign exchange market, or both, in ordeethuce speculative exchange market pressure.
If the central bank chooses open market operattbegesult will be an increase in domestic
interest rate and loss of foreign reserves.

The model uses an index, called the “Index of €wy Market Turbulence”, also known
as the Exchange Market Pressure-EMP index, foudagt speculative attacks. The index,

denoted by, is calculated as follows:

|l =——— — (8)
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Aele : Change of rate of exchange rate

AR/R : Change of rate of reserves

ce . Standard deviation of rate of change of exghaate
oR . Standard deviation of rate of change of reserv

The index represents the weighted average of opéncentage change in the exchange
rate and monthly percentage change in the growthtefational reserves (as negative). Crisis
is assumed to occur if this index value is 3 steshdaviations or more above its mean. If a
country in the sample has hyperinflation, the daliton is modified accordingly.

On the other hand, banking crises occur when @i@panic leads to the closing,
merger, or take-over by authorities of at least fimancial institution in closing. Even if therg i
no financial panic or bank runs, the closure, mergde-over, or massive flow of government

assistance to one important bank will cause similacomes for other financial institutions.

IV-1b. Variables

In addition to using their own arguments, Kaminakygl Reinhart (1999) search the
literature to define economic variables relatetiion crises. They argue that the variables
chosen exhibit unusual behavior during periodsquigry a twin crises. When an indicator
exceeds a threshold within a specific time peribi, is interpreted as a warning signal. Time
interval between currency crises and its signal dedsrmined to be 24 months, and that between
banking crises and its signal was determined tbZomonths (Note that the total period is

actually 24 months, 12 month before and after tissg.
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The model uses 16 variables that are divided irddfdrent groups: real sector, financial
sector, external sector, and fiscal sector. Seaeables in the financial sector are as follows:
the ratio of domestic credit to GDP and M2 mulgplfratio of M2 to base money), which are
taken from which are taken from McKinnon and Ph{996) theory, which argues that rapid
credit growth and monetary aggregate are relatéditocrises theory, which argues that rapid
credit growth and monetary aggregate are relatéditocrises. Real interest rate and
lending/deposit ratio are selected because of linés to bank crises. Kaminsky and Reinhart
(1999) also argue that the high value of this ratiows a decreased loan quality. Another
variable, taken from Krugman (1979), is excess Mlthices, which reflects a loose monetary
policy. The ratio of M2 to reserves is chosen fiéalvo and Mendoza'’s (1996) study which
defines this variable as effective in the 1994 Tlaqgerises. The final variable, according to
Goldfajn and Valdés (1995), is bank deposits. dd&m decline in bank deposits indicates
decreasing confidence of households and investdiseibanking system, and causes capital
flight and bank runs, which trigger twin crisesx $ariables in the external sector are related to
the current and capital accounts. Since curreppyeiation is one the main indicators of a
currency crisis which also exerts pressure on #mking sector, export, terms of trade, and real
exchange rate were selected. Import was alsotedldae to the argument that rapid increase in
imports may cause appreciation of currency and imdigate a boom in the economy. Real
interest rate differentials and the stock resewe® included due to the possible bank run and
capital flight these variables can trigger. Outpadl stock prices were chosen from the work of
Calomiris and Gordon (1991), which shows that reices and sudden declines in asset prices
precede crises. And finally, one fiscal varialsi¢he ratio of budget to GDP from the work of

Krugman (1979), which argues that budget defiadidates a loose fiscal policy.
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Table 2 shows all threshold values of each vagiablculated by Kaminsky and Reinhart
(1999). The threshold values refer to the proltghdistributions of a variable for specific
period. For instance, if the threshold value ef B2 multiplier for currency crisis shows >0.90,
any value in the upper tail of the distribution Webtrigger the crisis. In other words, if
whichever of the reserves for currency crisis iathe <0.15, any value in the bottom tail of the

distribution could trigger the crisis.

IV-1c. The Definition of Noise-to-Signal Ratio

Threshold values are calculated in order to fintino@l noise-to-signal ratio. In other
words, if a single threshold is set too loose M&gable is able to catch many crises that never
occurred, but if it is set too tight, the indicat@n miss many of the most severe crises.
Threshold levels are set depending on the charsiitsrof the variables and countries’
conditions. The ratio is illustrated by the twodwo matrix shown in Table 1.

If the indicator issues a signal and subsequentysis occurs during the following 24
months (cell A), the signal is accurate. If a sigs issued but no crisis occurs during the
following 24 months (cell B, wrongly detecting neristent crises), the signal is bad. Cell C

refers to failure to detect a real crisis, sinceecurate indicator would have entries in A and D.

Table 1: Noise to Signal Ratio (NSR) Matrix

Crisis in 24 months No crisis in 24 months
Signal A B
No Signal C D

Source: Kaminsky and Reinhart (1999)

B/(B+D)

The adjusted noise to signal radiodg € A/(A+C)

(9)
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Table 2: Variables and Threshold Values (percentilein KLR model

Sectors Variables Currency | Banking
Threshold | Threshold

Financial Sector Domestic Credit/GDP (DCG) >0.90 >0.95
M2 Multiplier (M2M) >0.86 >0.90
Real Interest Rate (RIR) >0.88 >0.80
Lending/Deposit Radio (LDR) >0.80 >0.87
Excess M1 Balances (EM1B) >0.94 >0.91
M2/Reserve (M2R) >0.87 >0.90
Bank Deposits (BD) <0.10 <0.16

External Sector Terms of trade (TOT) <0.16 <0.19
Real Exchange Rate (REX) <0.10 <0.10
Imports (IMP) >0.90 >0.80
Exports (EXP) <0.10 <0.10
Reserves (RES) <0.15 <0.28
Real Interest Rate Differentials >0.89 >0.81
(RIRD)

Real Sector Output (OUT) <0.11 <0.14
Stock Returns (STR) <0.11 <0.10

Fiscal Sector Deficit/GDP (DEFG) >0.86 >0.86

Source: Kaminsky and Reinhart (1999)

Kaminsky and Reinhart compare all levels of vaeahkithin 24 months before the crisis

to values in tranquil periods. An optimal threshealue for each variable is estimated and if the
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indicator is above threshold, it gives the sigoald crisis during the coming 24 months. Periods

when index values are greater than 3 times thandstrd deviations are called crisis periods.
Optimal thresholds are calculated for each coumyrynaximizing their correct signals

and their minimizing false signals. The ratio ofreat signals to false signals indicates the

accuracy of each value.
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V. TURKISH TWIN CRISES
V-1. Currency Crises

As we mentioned above, currency crises are idedtlly the abnormal behavior of the
“Index of Currency Market Turbulence”. While theseno complete agreement among scholars
about the method of calculation of this index, hegrethe basic manner of calculating the index
is to combine movements in exchange rate, grossnational reserves, and interest rates.
Although there is a controversy about how to wetktthree components of the index, most
scholars agree on weighting the components to tieeveame conditional variance. Therefore,
in our calculations, the conditional variance @ thdex with respect to each component is
equal. Depending on the countries’ economies avergment policies at the time of financial
crises, the interest rate can be included or excldcbm the formula. Nevertheless, since the
Turkish economy faces high inflation during thediof both financial crises and volatile market
interest rates, we have included nominal inter@st in the formula. The original KLR model
used a two-variable EMP index without nominal iatrrate as a component, but that formula
could not catch the 1994 Turkish currency crisis.

Including all three variables to construct the EM&ex has become common lately. As
Eichengreen et al (1994) pointed out, central barskesinterest rates as a policy instrument to
respond to speculative attacks. Additionally,lesTurkish financial market was open to the
world during the time of both crises, interest rsiteuld be taken into account in the calculation

of the EMP index. Therefore, the formula we used i

EMP =Agje- (6o * Ayr) + (odoi * A) (10)
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in which Ai is the change in the nominal interest rate @ind the standard deviation of the
change in the nominal interest raté)( As mentioned previously, if the EMP index is 3
standard deviations or more above the mean, armyri&isis is expected to occur.

Some other studies define currency crisis auatsin in which the EMP index exceeds
the mean 2.0 or 2.5. Since our calculation isafigicted by this choice, for all three calculations
(standard deviations taken as 3.0, 2.5 of 2.0weee able to identify both currency crises in
Turkey, determining that the dates of the curresreses were April 1994 and March 2001, with

EMP values of 463.52 in April 1994 and 418.38 inrtha2001, respectively (see Figure 7).
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Figure 7: EMP Index for Turkey, 1987-2001
Note: The values 307.01, 255.37, and 203.72, repr&ehb, and 2 standard deviations of the EMP frism i

means, respectively.

V-2. Banking Crises

Kaminsky, Lizondo and Reinhart (1998) argue thaikivag crises occur whenever a
substantial number of financial institutions becdmaekrupt, or are merged and/or taken over by
governments as a result of financial panic. Bagkinses are also assumed to begin in case of

government bailout for at least one major bankweher, as Hagen and Ho (2003) pointed out,
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this method is problematic, especially for identifythe times of the crises. In order to
determine crises times, we will use “the index @@y market pressure” (IMP) used by Hagen
and Ho (2003). This indicator is:

IMP = Aylo (Ay) + Arlo (Ar) (12)

wherey denotes the ratio of central bank loans to bamlosiés; r denotes the money market rate
in real termsA is the difference operator; andAy ) ando (Ar) denote the standadeviations
of the two components respectively. Banking creesidentified as periods during whittte

index is greater than a predetermined threshaicbur study for Turkey, the threshold value is

set to the 1% upper tail distribution of the ingexiod.
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Figure 8: IMP Index for Turkey, 1988-2001

The 99th percentile of the sample distributionTarkey was found to be 2.67. The IMP
index value in February 1994 was 3.26 and in M&@Bl had increased to 3.90. When the

threshold value was set to 2% (thd"3rcentile of the sample distribution), we fous@i38
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and we captured two more dates of banking crisesely February 1991 and May 1992.

Consequently, we set the threshold value to be ggénitail.

V-3. Choices of leading indicators

The model oKaminsky, Lizondo and Reinhart (1998) uses 16 legqdhdicators for twin
crises. However, the choice of indicators useauinstudy is based not only on the
characteristics of the Turkish economy but alsthenavailability of monthly data. Most of the
data used in this study come from the Central Bdnkurkey; the remainders are found in the
“International Financial Statistics, IMF databasé&he lending to deposit ratio is excluded from
this study because of the unavailability of monttdya. The GDP quarterly series are
converted to a monthly frequency via linear intéagion. Our monthly data includes the period
from January 1987 to March 2001, during which theosid financial crises occurred, with a
total of 170 measurements (158 measurements wesedel for indicators in which a 12-month
percentage change is employed). Twelve-month peage changes are used for all variables,
other than real exchange rate, real interest eat®ss real M1 balances, and interest rate

differentials.

Additional Indicators

In addition to the 16 variables in our study nofledy more variables were added (see
Table 3). Two indicators, namely, oil prices ahdrs term external debt over reserves ratio, are
taken from the Hali Edison (2000) model. The thiadiable is Export/Import ratio, which is
used in Ucer, VanRijckeghem, Yolalan (1998). Tdmt hdditional indicator is Bank

Reserves/Bank Assets taken frdmmirguc-Kunt and Detragiache (1997).
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Table3 : Indicators of the model

Indicators Abbreviation Expected Comments
Sign

Financial Sector

Domestic Credit/GDP DCG (+) Rapid credit gronghrélated to twin crises (McKinnon
and Phils’, 1996)

M2 Multiplier M2M (+) Sudden increase in monetagygregate would lead
financial crisis (McKinnon and Phils’, 1996)

Real Interest Rate RIR (+) Both variables arkdihto banking crisis. Besides,
high value of Lending/Deposit ratio shows decreased

Lending/Deposit Radio LDR (+) loan quality (seardinsky, 1998)

Excess M1 Balances EM1B (+) An increase in Exéésdalances reflects loose

monetary policy (Krugman, 1979)

M2/Reserve M2R (+) This variable was an effecfagtor in Tequila crisis.
The ratio compares the level of domestic assetg (M2
with foreign assets (Reserves) in case of a rulocal
currency (see Carlo and Mendoza, 1996)

Bank Deposits BD (-) A decline in bank deposgitdicates the decreasing
confidence of household and investors in the bankin
system and causes capital flight and bank run, lwhic
trigger twin crises (see Goldfajn and Valdés, 1995)

Short Term External STDR (-) An increase in short term external deid/or a decline

Debt/Reserve’ in reserves makes a nation more vulnerable to desud
capital outflow, which deepens the financial criésese
Edison, 2000)

Bank Reserves/Bank  BRBA (-) A decline in this ratio increases ligitidproblem in the
Assets Ratid banking sector, thereby raising the probabilitgdis
(see Demirguc-Kunt and Detragiache, 1997)

External Sector

Exports EXP (-) These three variables are thennmadicators of a
currency crisis, and also exert pressure on banking

Terms of trade TOT (-) sector. Weak externatae@ecline in Exports, the
value of Terms of Trade, and overvalued currency)

Real Exchange Rate REX ) decreases international competitiveness of thetcpun

(see Kaminsky, 1998)

Imports IMP (+) Imports may cause rapid appréaiadf currency,
which increase probability of crisis (see Kaminsky,
1998)

Reserves RES (-) A decline in Reserves makestigoomore vulnerable tg

capital flight (see Sachs, Tornell, and Velasc®6)9
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Real Interest Rate RIRD (+) An increase in this ratio triggers dapflight (see
Differentials Kaminsky, 1998

Oil Prices” OILP (+) Rising oil prices worsens balance of payts, damage
terms of trade and drops the rate of growth, irsgsa
probability of crises (see Edision, 2000)

Export/Import Ratid EIR (-) A decrease in this ratio widens curresttaunt deficit,
and causes an appreciation in local currency (se¢ at
all, 1998)

Real Sector

Output ouT (-) Recessions (decline in output) andden declines in
asset prices precede crises (see Calomiris and

Stock Returns STR (-) Gordon, 1991)

Fiscal Sector

Deficit/GDP DEFG (+) Budget deficit indicatesaosée fiscal policy (see
Krugman, 1979)
Note: The?indicates that we used opposite conversion, caresgly it is positive for our analysis. Thshows the
indicator is added in the analysis later time,ind€LR model.

Oil Prices (External Sector)Rising oil prices have a significant impact ahimporting

countries, often resulting in some damage to thmadef trade, worsening the balance of
payments and dropping the rate of growth.

Short Term External Debt/Reserves (Financial Sgcthn increase in short term external debt

and/or a decline in reserves makes a nation mdrerable to a sudden capital outflow, which
deepens the financial crises.

Export/Import Ratio (EIR, External Sectori\ decrease in Export and/or an increase in Imnpor

widens current account deficit, causes an appreniat the country’s currency, and reduces
confidence in the economy.

Bank Reserves/Bank Assets Ratio (BRBA, Financiat@® A decline in this ratio increases

liquidity problem in the banking sector, therebigitag the probability of crisis.
As previously mentioned, the KLR (1998) model us&2l month horizon. In other

words, the signal horizon for a currency crisissidared by authors is 24 months ahead of the
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crisis itself, and that for banking crisis is 12mtits before and after the date of a crisis. In our
study, because the time period is narrow, as inyrsagnal country studies in the literature, a 12-
month window as signaling horizon was chosen (24-E8-month horizons are also estimated
and presented in Appendix C).

Although we have predetermined threshold valuegdch indicator obtained by KLR
(2998), we will find our own optimal threshold vakithat minimize the adjusted “noise-to-
signal” ratios (please see Appendix B for the mdtbbcalculation of optimal threshold values).
The threshold range chosen for this study is 5-8@%ower tail and 70-95% for upper tail. The
method of determining the power of the indicatopradicting crises is to find its NSR value.
The lower the noise to signal ratio (NSR), the kigbredictive power the indicator has. If the
NSR of an indicator is greater than one, it mehasthe indicator emits more bad signals than
good ones. It can therefore be assumed that itodisaextremely noisy and should be removed

from the choices of possible leading indicators.

Domestic Credit/GDP

The threshold values of Domestic Credit/GDP farency and banking crises predicted
by KLR are too high for Turkey. According to th& R model, the currency threshold is the
upper 90th percentile and the banking thresholdasupper 95th percentile (see Table 2).
However, if these values are used, NSR for currenisgs is 5 and that for banking crises is
1.28. We, therefore, calculated the thresholdasfor Turkey and found that threshold value
for currency crises is > 0.74 (NSR is lowest, &8)and the same for banking crises, i.e., > 0.74
(NSR is 0.73). Currency and banking threshold fonm@stic Credit/GDP is upper 74th
percentile and the index numbers are 0.0908. Basedl12 month horizon, we obtained only 1

signal prior to the 1994 currency crisis, but &sig before the 2001 currency crisis. No signal
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was issued within the 12 months prior to the 1984dking crisis, whereas 8 signals were noted

before the 2001 banking crises (see Figure 9).
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Figure 9: Domestic Credit/GDP for Turkey, 12 months % chari@88-2001

M2 Multiplier

The M2 Multiplier is the ratio of M2 to base moneyhe monthly series, totaling 158,
began in January 1988 and ended in February 200fen a threshold value around the upper
90th percentile was chosen, we were unable todmdsignal either for currency or banking
crises within a 12-month horizon. When we selett@gkr percentiles such as 60, or 70, we
faced many false signals which made the NSR valodigh. We therefore determined the M2
Multiplier not to be a good indicator for both @ss(see Figure 10). However, within a 24-
month horizon, the threshold value of the M2 Mdiépwas found to be > 0.82, with a NSR
value for currency of 0.53. The number of monthsignaling prior to crises was 13. These
values demonstrate that the M2 Multiplier is a ubefdicator for currency crises only if 24-

month horizon is employed (see Appendix C for #sults of 24 month horizon).
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Figure 10: M2 Multiplier, 12 months % change, 1988-2001

Real Interest Rate

Real interest rate is calculated from 3 months deépand consumer price index. We
used a simple Fisher equation to determine moméalinterest rate by subtracting monthly
actual inflation rate from monthly nominal intereaste. The formula we used is

Real Interest Rate = Nominal Interest Rate — litftat
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Figure 11 : Real interest rate, Jan 1987 - Feb 2001
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The series start January 1987 and end in Feb 2Z00thl measurement is 170.

As can be seen from Figure 11 above, the ratestoasgly just before the 2001 crises.
No signal was issued during the 12 months preceti®d 994 crises. The number of months
issuing signals for both crises is 2, and bothedsught before 2001 crises. The threshold
values of Real Interest Rate for currency and bapkire the same and are found to be > 0.95,
while NSR values are 0.57 (see Figure 11). LdMW®R values obtained for 18- and 24-month
horizons are 0.07 and 0.11, respectively. In fcs,indicator is ranked number 1 if an 18-

month signaling horizon is chosen (see Appendix C)

M2/Reserve

We have M2 data as thousands of TL. In ordeptovert M2 into US dollars, we
multiply M2 by the current exchange rate of TL t8 dollars (hominal exchange rate in the
month observed)M2/Reserves is calculated by dividing M2 in USlalointo Reserves. The
number of months in the series is again 158, ab2imonth percentage change is used to derive
the ratio.

Threshold values for both crisis are the sameehgm0.91. Currency NSR value is
0.71; however, banking NSR is more than unity, ihat.16. We therefore need to take this
indicator out of our study for banking. Howevdristindicator gives a better result with a 24-
month horizon: Eight signals were issued beforectises dates; the NSR value was 0.27, and it

ranked fourth when a 24-month horizon was empldqged Appendix C).
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Figure 12 : M2/Reserves, monthly series,

Bank Deposits

The data is given in thousands of TL. We convettedseries to a 12-month percentage change.
When we used KLR threshold values, we were unablead any month that signaled a crisis,
and consequently NSR has infinite value. Howelgichoosing a higher threshold value such

as <0.25 to find a signal, we found many false agjrand the NSR value was 9.66.

This variable is not a good indicator of eitherrency and or banking crises. We had
anticipated that the series would drop before tiofegises but instead it decreased after the

crises period. We tested this series with 3 dffiétime horizons but the result was same for all

(see Figure 13).
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Figure 13 :Bank Deposits, monthly series, 12 month % charaye 1988- Feb 2001

Terms of Trade

This series is also a 12-month percentage chaAgexpected, it decreased before the
2001 twin crises but declined after the 1994 cridike series clearly fell in the months
preceding the 2001 twin crises, and 7 good sigioalsurrency and banking crises were
received. However, in the earlier period, the ¢athr emitted many bad signals. The threshold
values of both crises for the time period of Ja88t%Feb 2001 were the same at <0.18, while the

NSR values were also same at 0.61. The same ieadab be utilized for analyses of both crises

(see Figure 14).
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Figure 14: Terms of Trade, monthly series, 12 month % chah§87-2001

Real Exchange Rate

Deviations from the existing trend are used. \&teas equation to estimate residuals that

give us deviations from trend. Ordinary least sgsaegression is used. The equation estimated
is
REXi =01 + 0Tt + & (12)

REX; represents real exchange rate in periodits & linear time trend variablg,is the

residuals. The series runs from Jan 1987 to FBk 20d total observations are 170.

As is expected, this indicator gives the best temulbng all other indicators. It is ranked
number 1 for both crises. In contrast to the thoés value of this variable in the KLR model,
namely, <0.10, 10% lower tail, the threshold fottberises is >0.89 (The reason for its being
upper tail in our model is that we used a differaversion, that is, US dollar/TL rather than
the TL/US dollar conversion used in the KLR modelhereas the NSR value for currency crisis
is 0.06 and that for banking is 0.04. This vamatlearly rose before both crises periods and

drop tremendously in a very short time soon afterdrises, dropping from 127.4 in Nov 1993 to
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78.0 in Apr 1994, which means a 62% decrease wihmonths in real terms. The decrease is
46% during the second crisis period between Jat 26 Apr 2001.Thirteen signals for

currency and 14 signals for banking crises wereesl, and there were only 5 and 4 bad

signals in entire time period, respectively.
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Figure 15: Real exchange rate, deviations from trends, 19&2-20

Imports

A 12-month percentage change was used for thisssas well. Compared to KLR
threshold values, we found lower percentile rafBsreshold values were > 0.74 and > 0.70 for
currency and banking crisis, respectively. The N@Re is lower for banking crises and 0.37

compared to that of currency crises, which is 0.Me found 12 good signals in the months

prior to the currency crises and 15 before the ap&rises (see Figure 16).
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Figure 16: Imports, monthly series, 12 month % change, 198820

Exports

This series is the same as the others. Totalungment is 158 and monthly series, and a
12-month % change is used. We found thresholdegdior both crises to be <0.11, which is
0.01 point higher than KLR model defined. NSR ealare 0.89 for both currency and banking.
Three signals were found to be in the 11th perlaeafithe distribution, with a 12-month horizon

for currency and banking crises. These figuredawer in comparison to the import variable,

but nonetheless a good indicator to keep in théysisa

Reserves

This time period is the same as all the othersaabh®@-month % change is used.
Threshold values for both crises are the same,7/<GIbwever, the NSR value, 1.97, is high for
banking, while registering 0.53 for currency. Véerid 3 good signals for currency crises but

only 1 good signal for banking (11 bad signals vaith2-month horizon).
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As can be seen from Figure 18, the series drapsremmediately after or before the
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beginning of the 12-month crises period, resultimmany bad signals, especially for banking
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crises analysis (see Figure 18).
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Figure 18: Reserves, monthly series, 12 month % change, 1087-2




Excess M1 Balances

In order to calculate excess M1 balances, we sanhother equation concerning demand

for money. The equation for regression analysasifollows:

RMD; = a; + 0,RGDR + 03R; + 03T + & (13)

RMD; is real money demand, RGDPR real GDP (interpolated from quarterly to mowgtbéries),
T is the linear time trend variable, and finalys residuals of this equation. Excess M1
balances are these residual values estimated fismegression.

This indicator possesses a good predicting powrdodth crises. Threshold values for

both crises are >0.94 and the same NSR value, &iplies. Even though the number of good
signals is 4, fewer bad signals, namely, 6, wergtedhcompared to those of some other

indicators. The indicator is ranked as number théanalysis of both crises.
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Figure 19: Excess M1 Balances, monthly series, 1987-2001
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Interest Rate Differentials

The real interest rate differential is simply th#erence between the real interest rates of

the US and Turkey. We used 3-month deposit ratesdth series.

As can be seen from Figure 20, the series incdediseng the months preceding the 2001
crises. However, it rose after the 1994 crisiseiad of prior to 1994, as expected. Twelve of the
total 30 bad signals were captured in the one lyeaveen July 1994 and Aug 1995. Even
though there is a high volume of bad signals, $tiis considered a good indicator. The

threshold value is 79% upper tail for currency 8Qél for banking. NSR values are the same

for both, namely, 0.82.
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Figure 20: Real interest Rate Differential, Turkey-US, montkéries, 1987-2001

Industrial Output

A 12-month percentage change is used. The tbtdreations equal 158. This indicator
issues many false signals, resulting in high NSIRegafor both currency and banking. The

result is the same for both crises with the 12-ihdwrizon as well as the 18- and 24-month
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horizons, and calculated NSR values are more thaw. ult was therefore determined that this

variable does not have the predictive power toaigoth crises (see Figure 21).
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Figure 21: Industrial Output, Index Number, monthly series;md@nth % change, 1988-2001

Stock Prices

As in the KLR model, an index of Equity prices (% dollars) is used with 12-month

percentage change. The number of observatiormis 458.

It was found that this indicator likewise does paivide a good result for analysis. NSR
found for both are high. The lowest NSR w8 threshold is 2.4 for currency and that with
the same threshold is 1 for banking. As can ba feen Figure 22, the series does not show

apparent trend in the months before the criseke industrial output, the stock price variable

should be removed from the analysis.
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Figure 22: Stock Prices, constant, monthly series, 12-montthhé&ge, 1988-2001

Oil Prices

As we mentioned previously, this variable is matluded in KLR model. A sudden
increase in oil prices has a big impact on oil-imipg countries such as Turkey. Rising oll
prices not only widen current account deficits, &lsb increase inflation and have negative
effects on growth. Therefore, as in the Ediso®@@&tudy, we decided to include this variable
in our model.

A 12-month percentage change is used for thissefibe monthly series, totaling 158
observations, began in Jan 1988 and ended in R&h 2lhe currency threshold value of Oil
Prices in the Edison study is in the uppef §@rcentile. The NSR value is 0.49 if the threshold
value is chosen as > 0.90. However, we found @tdWSR for currency and banking, 0.31 if the
value of the threshold is > 0.86.

As can be seen clearly from Figure 23, the 12-lmpetcentage change in oil prices
shows higher values in the months preceding thé& 2€6is. All good signals, namely, 8, for

both currency and banking crises were issued béhere2001 crisis. Nevertheless, this number
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was still able to keep the NSR values low despiéefact that no good signal was emitted before

1994 crises.
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Figure 23: Oil Prices, monthly series, 12- month % change 812@01

Change in Short-Term Foreign Debt/Reserves

This variable is also taken from the Edition (208@idy. The monthly series, totaling

158 observations, began in Jan 1988 and endedi@@@l. A twelve-month percentage change
was used.Hali Edison (2000) chose the threshold value fir tariable the upper 88

percentile. Based on our calculation, optimalghaéd value for currency crisis is > 0.91 for
both currency and banking. The NSR value for cawyas 0.35 and that for banking crisis is >

0.65. Therefore, this variable should be addazlitomodel.
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Figure 24: The Change of short term debt/Reserves, 1988-2001

The Export/Import Ratio

This is third additional variable that is not ingkd in the KLR model. It is considered
that this indicator can be added as an externédiseariable, as it gives better result for our
model compared to taking import and export varialéden alone.

The time period starts from Jan 88 to Feb 2004&elfe-month percentage change
isused. Since the expected sign is negative, wekel the lower tail of the distribution to find
the lowest NSR values. The threshold associatddtive lowest NSR value is <0.10 for both
currency and banking crises. NSR values are thme $ar both, namely, 0.23. As expected, this
ratio is found to be one of the best indicators agnall those used our study. The series fell
steadily during the months before both the 199424@ll crises (see Figure 25). It ranked

number 2 within a 12-month horizon during the asslyf both crises.
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Figure 25: Export/Import Ratio, 12 month percentage chan§8812001

Bank Reserves/Bank Asset Ratio

This ratio is the last additional variable. Thentidy series, totaling 158, begun in Jan
1988 and ended in Feb 2001, and a 12-month pegeeigaised. It was added as a financial

sector variable and performed well for both crigealysis.

The expected sign of this variable was negatiwveeds In other words, if the indicator is

below the estimated threshold value, it will gitie signal for the crises in the coming 12

months.

Based on our calculation, threshold values for looges are <0.15, and NSR values are
0.26. The graph clearly shows that the raticeisrélasing during crises period (see Figure 26).
Another good thing about this indicator is thas#ues good signals before both crises.

There are 7 good signals before 1994 crises, gub@ signals before 2001 crises.
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Figure

V-4. Performance of the Indicators

As mentioned previously, we had added 4 additivaghbles to those of the KLR model
and all performed well. However, due to missintadand poor performance indicators, it
became necessary to remove four variables thatiwdé&EeR model. Based on the available data
and our calculations, we can say the KLR model ditalve been able to predict both Banking
and Currency crises of Turkey in 1994 and 2001.TAlsle 3 shows, the most significant
influence on both crises among all the variablesius that of real-exchange-rate deviation from

trend, which ranked number 1 for both the curresmoy banking crises. The second best

performer was the Export/Import ratio.

Excess M1 balances and Bank Reserves/Bank Asdetsare positively related to the
crises and ranked as numbers 3 and 4, respectiVélg fifth performer is Oil price indicator.
As clearly noted, three out of five top indicatarsre added to the system at a later time.
Another important outcome is that all these fivdi@ators have the same ranking for both

currency and banking crises analysis (see Tabl&hnrt term debt/Reserves ratio is the sixth
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best indicator of the currency crises. It hasfGgent number of good signals to merit a low

NSR value. However, we cannot say the same tlmnganking crises. The indicator had only

3 good signals during the 24 months prior to the tvises periods and it is ranked"for

banking crisis. Import is another important indozdor predicting both crises. It is ranked as

number 7 for currency and 6 for banking crisis.

Table 4: Performance of Indicators, Jan 87-Feb 20Q1.2-months window for Currency and
Banking Crises

Assets Ratio

Indicator Currency | Banking NSR NSR Number of | Number of | Rank Rank
Threshold | Threshold | Currency | Banking months months
good signal| good signal| Currency | Banking
issued issued

(Currency) | (Banking)
Domestic >0.74 >0.74 0.63 0.73 9 8 11 11
Credit/GDP
Excess M1 >0.94 >0.94 0.24 0.24 4 4 3 3
Balances
M2 Multiplier - - - - 0 0 16 16
Real Interest >0.95 >0.95 0.57 0.57 2 2 9 8
Rate
M2/Reserves >0.91 >0.91 0.71 1.16 3 2 12 14
Terms of <0.18 <0.18 0.61 0.61 7 7 10 9
Trade
Real Exchangg >0.89 >0.89 0.06 0.04 13 14 1 1
Rate
(deviation
from trend)
Imports >0.74 >0.70 0.41 0.37 12 15 7 6
Exports <0.11 <0.11 0.89 0.89 3 3 14 13
Reserves <0.07 <0.28 0.53 1.34 3 6 8 15
Real Interest >0.79 >0.80 0.82 0.82 6 6 13 12
Rate
Differentials
Oil Prices >0.86 >0.86 0.31 0.31 8 8 5 5
Short Term >0.91 >0.91 0.35 0.65 5 3 6 10
Debt/Reserves
Export/Import <0.10 <0.10 0.23 0.23 11 7 2 2
Ratio
Deficit/GDP >0.89 >0.89 1.07 0.57 3 5 15 7
Bank <0.15 <0.15 0.26 0.26 10 10 4 4
Reserves/Bank

Note: Currency Crises dates are Apr 1994, March 200dnkBig Crises dates are Feb 1994, March 2001.
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The NSR values of the remaining are over 0.50eyTdre not as useful as the other
indicators for predicting crises, but they are isightly good to keep in the analysis. However,
budget deficit/GDP issued so many bad signalsdareacy and M2/Reserve ratio and the
Reserves variables gave the same result for banKihgse indicators will be taken out of our

next analysis, calculating composite indicators.

V-5. Composite Indicators and Probability of Crises

Another criterion for measuring the performancéhef model is to determine whether
composite indicators have greater values durirggsrperiods compared to their values in
tranquil times. If the KLR model predicts Turkishises successfully, then it is expected that the
value of composite indicators would increase dudnges periods.

The first composite indicator is simply the totahmber of signals issued at a point in

time. The first composite indicat@¥l1; is as follows:

Cld =y s/ (14)
WhereStj = 1 if indicator j crosses threshold in period t
Sj = 0, otherwise

Therefore, if five variables cross their own thra@shvalues in period, then eacls would be 1
andCl1; would equal 5.

Kaminsky and Reinhart (1998) measured the frequdistribution of total signals both
during periods of crisis and tranquility. Basedaom calculations, the average number of signals
for currency crisis during a 12-month crisis pene@.83. Conversely, the mean in tranquil

times is only 1.47. During the 12-month bankiniges period, the mean the number of signals
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again is 3.83, while in tranquil times it is 1.58ince the crises dates of currency and banking
are close to each other, the value of the compuwsiteator one for both crises measures almost
the same, and the figures look similar (see FigBieand 28). The value €fi1; became bigger

prior to crises dates and reached its highest,|&@yéh Oct 2000. Four indicators had sent
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Figure 27: Composite Indicator one for currency crises, litavdes, Jan 1987- Feb 2001
Note: M2 Multiplier and Budget Deficit/GDP variables aeken out from calculation since their NSR valaegs
higher than unity.
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Figure 28: Composite Indicator one for banking crises, 16aldes, Jan 1987- Feb 2001
Note: M2 Multiplier and Reserves variables are teiat from calculation since their NSR values aghér than
unity.
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signals within the 12-month period preceding th84lérises, four times for currency crisis and
five times for banking crisis. There are even modicators that gave signals during the 2001
crises periods. The average number of signalsuency crisis goes up to 4.83I{;is 7 in

Oct 2000 and Nov 2000), and that for banking t&4.7These numbers indicate that Turkey has
faced more severe economic shocks during the 200@-geriods than in that of 1994.

Even though the first composite indicator givesomie valuable information for the
model, it does not provide sufficient informatiar the role of the indicators that have most
impact in predicting crises. The second compasde&ator is measured in order to give more
weight to the indicators that have fewer forecagérrors (low NSR values). While measuring
this indicator, the variables with lower noise-tgral ratios will get higher weight compare to
the variables with higher noise-to-signal ratidhie second composite indicator is constructed as

follows:

Cl2=Y 9/ w! (15)

Where @, = the noise-to-signal ratio of varialjle

If a variable crosses its own threshold value inqogt (S =1) and its noise-to-signal ratio
is 0.40, therCl12; will be increased by 1/0.40 = 2.5 due to thatalale.

Based on our own calculation, the second compaostieator performs better in
predicting the crises occurring in both period® (Begures 29 and 30). During tranquil times,
Cl2; for currency has a mean of 3.45 and 17.55 instisees. Conversel{;12; for banking has
a mean of 3.70 in tranquil times and 23.01 in sris@es. Unlike the first composite indicator,
the average value of the indicator drops slightlyirty the 2001 crises period relative to 1994

crises period. In other words, the second comgasdicator performs better in predicting both
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crises periods, 1994 and 2001. The maximum vditleeosecond composite indicator for
currency is 31.19, which occurred in Nov 2000, #rat for banking is 39.41, in Oct 2000.
However, the mean of the indicator during the 1&%es period is higher than that in the 2001
period in both currency and banking. The mearctwrency drops from 17.65 to 17.46. The
mean for banking goes down from 25.07 to 20.95e fliist composite indicator was not so
informative in predicting the 1994 crises.

As clearly seen from Figures 29 and @02; had high values during 1990-1991, as in the
1994 and 2001 crises periods. A twin crisis duthrag period is expected if one looks only at
these figures. In Dec 1990)2; was 27.12 for currency and 35.72 for banking. rimst
performing indicators - Excess M1 Balances, RealhArge Rate, Import and Bank
Reserve/Bank Asset ratio - in the model are isssiggals in that date. Turkey might not have
experienced financial and economic crises duriag time as deep as the case in 1994 and 2001,
but some economic fundamentals should have reat#tedoration. The EMP index value
started increasing after Jan 91 and reached 1%2eé6Figure 7). The IMP index value also
began to rise in Jan 91, and reached 2.39 (seeeR8yu These numbers are not as high as the
numbers at the dates of crises, Feb 1994 and M2&@h. However, one may imagine that an
economic crisis passed tangentially to Turkey at fferiod. One possible explanation for this
finding is that of the impact of weak fundamenialshe economy. Variables issuing signals
during that period might have taken longer thamidtith time horizon selected in the analysis.
Another relevant explanation might be related ®ldvel of openness of the domestic financial
market to the world. Capital controls and incomiaé currency in a country prevent sudden
capital flight, and as the STV model suggests, waakroeconomic fundamentals may not result

in domestic currency devaluation. Controls on tzpnovements had just been removed and
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fully convertible currency was still new to the Kigh financial market. Financial
intermediation was also largely dominated by sbateks during early 1990s. Because of the
interaction of all these factors, deterioratiorc@ntain economic fundamentals did not cause
financial panic in the market during the 1991-98gu#s. Net portfolio investment was counted

in a positive number, $681 million in 1990 and $milion in 1991.
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Figure 29: Composite Indicator two for currency, 16 variabl#sn 1987- Feb 2001
Note: M2 Multiplier and Budget Deficit/ GDP variables aeken out of calculation since their NSR values ar
higher than unity.
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Figure 30: Composite Indicator two for banking, 16 variablésy 1987- Feb 2001
Note: M2 Multiplier and Reserves variables are takenfaum calculation since their NSR values are highan
unity.
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Kaminsky and Reinhart (1998) calculated the coadél probability of currency and
banking crises by using the values of the secongposite indicator. The conditional

probabilities of a crisis are measured as follows:

Y months with CIi2 < CIt2 < CIj2 and a crises within 12 months
Y. months with CIi2 < CIt2 < CIj2

Pr (Ct, t+12| Cl2 < CIz<ClI2) =

Where Pr = probability of crises
Cli, t+12 = occurrence of a crises within 12 months
Cl = the value of second composite indicator inquéti

Tables 5 and 6 show the conditional probabilitgwirency and banking crises,
corresponding to the values of the second compglteator in case of the Turkish crises. The
higher value of the Index number should be assediaith the higher probability of a crisis, if
the model predicts Turkish crises correctly. Basedur calculation for Turkey, the highest
probability of a currency crisis is 76 percentiétvalue of the second composite indicator is 20
or higher. That of a banking crisis is 81 pergétite index value is 31 or more. As can be seen
from both tables, the probability of crisis increass the value of the second composite indicator
rises, as predicted by the KLR model.

High CI12 values during the 1990-91 periods affected theltres the probability in last
row of Table 5 and 6. The Gialue for currency is over 20 in four different mtlos at the end
of the 1990s and beginning of 1991, and two moh#we over 31 values of Glr banking in
the same period. If these dates had lower GRies, the probability of a crisis in that range

would be higher.

75



Table 5: Conditional Probability of Currency Crises, 12 Month Window

Value of 2. Composite > months > months & crisis | Probability of Crisis

Index within 12 months

0-4 88 1 0.01

4-7 40 2 0.05
7-9 11 4 0.30

9-14 6 2 0.33

14-20 4 2 0.50

20 and above 17 13 0.76

Table 6: Conditional Probability of Banking Crises, 12 Month Window

Value of 2. Composite > months > months & crisis | Probability of Crisis

Index within 12 months

0-4 99 1 0.01

4-7 29 1 0.03

7-9 15 4 0.36

9-17 9 4 0.44

17-31 7 5 0.71

31 and above 11 9 0.81

Tables 7 and 8 show which indicators issued sgydaling both crises periods. As
clearly seen, all indicators having NSR values lotlkan unity gave a signal at least one month
prior to 2001 currency crisis. To summarize, nedghe macroeconomic fundamentals were
weak and vulnerable throughout the period. Thegebles, Domestic Credit/GDP, Imports,
and Oil Prices, were above their threshold valuggd 8 different months prior to crisis date.
Terms of Trade, Interest rate differentials, Reatltiange Rate (deviation from trend) had issued
signals seven, six, and five times, respectivédlimost the same picture can be seen for the 2001
banking crisis. This finding indicates that finai@nd external sectors are behind these various

crises.
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Table 7: Indicators signaling during crisis period,and Cl 2, currency crises

DCG [EMIB |RIR |M2R | TOT | REX |IMP EXP |RES |OILP |STDR |EIR |BRBA |RIRD | CI2
Apr-93 1/.06 | 1/.41 1/.23 | 1/.26 27.30
May-93 1/.24 1/.06 | 1/.41 1/.26 27.12
Jun-93 1/.06 1/.89 1/.23 | 1/.26 25.98
Jul-93 1/.06 1/.26 20.51
Aug-93 1/41 | 1/.89 1/.23 7.91
Sep-93 1/.06 1/.26 20.51
Oct-93 1/.06 1/.26 20.51
Nov-93 1/.06 1/.26 20.51
Dec-93 1/.24 1/.06 | 1/.41 1/.35 26.13
Jan-94 1/.35 2.86
Feb-94 | 1/.63 1/.53 1/.35

* 6.33
Mar-94 1/.71 1/.53 1/.35 6.15
Total 1 2 0 1 0 8 4 2 2 0 4 3 7 0
(1994)
Mar-00 1/.61 1/.41 1/31 [ 1/35 |1/.23 1/.82 | 1287
Apr-00 1/.61 1/.41 1/.31 1/.82 8.52
May-00 1/.61 1/.41 1/.31 1/.82 8.52
Jun-00 1/.61 1/.41 1/.31 1/.82 8.52
Jul-00 | 1/.63 1/.61 1/.41 1/.31 1/.82 | 1011
Aug-00 | 1/.63 1/.61 1/.41 1/.31 1/.23 1/.82 | 14.46
Sep-00 | 1/.63 1/.06 1/.31 21.48
Oct-00 | 1/.63 1/61 | 1/.06 |1/41 | 1/.89 1/.31 1/.23 31.03
Nov-00 | 1/.63 1/.71 1/.06 | 1/.41 1/.53 1/35 | 1/.23 31.19
Dec-00 | 1/.63 | 1/.24 | 1/.57 1/.06 1/.26 28.02
Jan-01 | 1/.63 1/.06 1/.26 22.10
Feb-01 | 1/.63 | 1/.24 |1/57 |1/.71 1/.26 12.76
Total 8 2 2 3 7 5 8 1 1 8 2 4 3 6
(2001)

Note: M2 Multiplier and Budget Deficit/ GDP are takentdtom calculation since their NSR values are nthes unity for 12 month window. Currency Crises
dates are Apr 1994, March 2001. The * indicate®N8lue of the selected indicator
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Table 8: Indicators signaling during crisis period,Cl 2, banking crises

DCG |EMIB |RIR |M2R |TOT |REX |IMP |EXP |OILP |STDR |EIR | DEFG | BRBA | RIRD | CI2
Feb-93 1/.37 1/.57 4.46
Mar-93 1/.04 1/.57 26.75
Apr-93 1/.04 | 1/.37 1/.23 1/.26 35.90
May-93 1/.24 1/.04 | 1/.37 1/.26 35.72
Jun-93 1/.04 1/.89 1/.23 1/.26 34.32
Jul-93 1/.04 1/.26 28.85
Aug-93 1/.37 | 1/.89 1/.23 | 1/.57 9.93
Sep-93 1/.04 1/57 | 1/.26 30.60
Oct-93 1/.04 1/57 | 1/.26 30.60
Nov-93 1/.04 1/.26 28.85
Dec-93 1/.24 1/.04 | 1/.37 1/.65 33.41
Jan-94 1/.65 1.54
Total 2 0 0 9 5 2 2 5 7
(1994) 0 0 3 0
Mar-00 1/.61 1/.37 1/.31 1/.23 1/.82 13.14
Apr-00 1/.61 1/.37 1/.31 1/.82 8.79
May-00 1/.61 1/.37 1/.31 1/.82 8.79
Jun-00 1/.61 1/.37 1/.31 7.57
Jul-00 | 1/.73 1/.61 1/.37 1/.31

* 8.94
Aug-00 | 1/.73 1/.61 1/.37 1/.31 1/.23 1/.82 14.51
Sep-00 | 1/.73 1/.04 | 1/.37 1/.31 32.30
Oct-00 | 1/.73 1/.61 | 1/.04 |1/.37 |1/.89 | 1/.31 1/.23 39.41
Nov-00 | 1/.73 1/.71 1/.04 | 1/.37 1/.65 | 1/.23 36.37
Dec-00 | 1/.73 | 1/.24 | 1/.57 1/.04 1/.26 36.14
Jan-01 | 1/.73 1/.04 | 1/.37 1/.26 32.92
Feb-01 | 1/.73 | 1/.24 |1/57 |1/.71 1/.26 12.55
Total 8 2 2 2 7 5 10 1 8 1 4 0 3 4
(2001)

Note: M2 Multiplier and Reserves are taken out frontakdtion since their NSR values are more than uoityl 2-month window. Banking Crises’ dates are
Feb 1994, March 2001. The * indicates NSR valuthefselected indicator
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As mentioned previously, Turkey had faced a mej@llenge of high inflation and
budget deficit throughout the 1990s. During thexiiqd, the successive governments opted to
borrow money from the public instead of printingmag in order to finance the deficit. This
strategy, while contributing to reducing inflatiayashed the financial system’s functioning.
Banks began to use their deposits to buy governsenirities and treasury bills instead of
lending these deposits to the private sector. rféiaintermediaries even began to borrow funds
from abroad for earnings from high yield governmigitis, and this in turn put the banks into a
very risky position in the case of high currencyalaation. The share of foreign currency
liabilities over total liabilities showed a patteshincrease during this period.

The weakness of the financial system can als@bée ® our crisis analysis. Half of all
variables used for calculating the composite inicare linked to the financial sector and the
remainder is correlated with the external seclidre unsound financial system also caused
deterioration in the fundamentals of the extereat@. Because of inadequate policies and
regulations, Turkey had come to depend heavilynamtderm capital inflow, which forced the
country to keep the interest rate high and theetioy overvalued in order to keep attracting
capital inflows. Capital inflow and currency apgegion also resulted in an increase in Imports,
leading to a decline in the Exports/Import ratio.

Similar arguments can be made for condition befloee1 994 banking and currency
crises. Although the indicators signaling the 1884es are not as many as those signaling prior
to the 2001 crises, they are nonetheless relatdtetsame sectors. The only difference is the
Budget Deficit/GDP variable, which was an importaaticator of 1994 banking crisis (the NSR
value of this variable was high for currency crisisd consequently was removed from

calculation for currency crisis). The high buddeficit and public sector borrowing
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requirements during that period caused some rds&a@rto argue that the 1994 crisis is the first
generation type. However, as we argued before;rikes of both the 1994 and the 2001 are
twin crises, i.e., banking and currency crises aweg simultaneously. In the 1980-1990s,
financial liberalization in many countries brouglttention on the linkage between banking and
currency crises. Consequently, the third generatiodel was developed by several scholars in

order to understand this connection.

V-6. Out-of-Sample Performance

The purpose of examining out-of-sample performasdte test whether the model is able
to predict future crises. More reliable leadindigators issuing signals indicates a higher
probability of future crisis. However, in the cadeTurkey, there is one problem with testing the
performance of our model for future crises, namilgt Turkey has not experienced any major
financial crises since Feb 2001. EMP and IMP inalexcalculated for the time period Jan 2002-
Dec 2011, after the last twin crisis in Turkey.

Abnormal behavior is not detected either in theFENdex, calculated to identify
currency crises, or in the IMP index, measuredeting a banking crisis, during our sample
period. EMP index values at the dates of curremisges were 463.52 and 418.38. The highest
EMP index value during the time period of Jan 20@&%- 2011 was 148.60, occurring in Jan
2002. The high value of the EMP index was congyatormal 9 months after the crisis. In
general, the effects of financial crises on ecomdomdamentals can take from 12 to 24 months.
Accordingly, the highest IMP value during that periwas 1.36 in Jan 2003, occurring 19
months after the date of the last banking criftisnay be noted that 1.36 is very low compared

to 3.26 and 3.90 in the months in which both crsexurred.
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However, the out-of-sample forecast can still dermative in testing the effect of the
last global financial crises on the Turkish econoriifie global financial crises are believed to
have started in the middle of 2007 and worsenedtheaend of 2008 with the failure of Lehman
Brothers and Washington Mutual in Sept 2008. Ithsaimanner, the financial crisis in US
spread to all other countries. Hence, the oudamhple performance will be analyzed for Jan
2007 — Dec 2009 period. The in-sample resultsuéatied for the period of Jan 1987- Feb 2001

is used to generate the out-of-sample forecashéoperiod of Jan 2007- Dec 2009.
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The values of the second composite indicator irotiteof-sample period for both
currency and banking crises were high throughoai2®07-2008 periods (see Figures 33 and 34,
Table 9). CI2for currency reaches its peak level of 26.78 ig2008. CI2 banking, on the
other hand, reached its highest values at 34.@&ardifferent months, Jan- and July-2008. Five
indicators of currency crisis made signals durimgmonth of Aug-2008. These indicators were
Domestic Credit/GDP, Real Exchange Rate (deviaticm trend), Import, Oil Prices, and
Short Term External Debt/Reserves. All indicatexsept one, Domestic Credit/GDP, are in
external sectors. There are also five variablasing signals for banking in Jan- and July-2008.
However, Bugdet Deficit/GDP is replaced with Shbetm External Debt/Reserves in the case
of banking analysis; in other words, external sectwiables are associated with a high
probability of crises during the out-of-sample pdri For instance, the Real exchange rate
increased from 181.1 in Jul-2008 to 194.1 in Au§@&ahat is, 7% appreciation of the Turkish
Lira in real terms within a month, with a 32.7% oba if the variable is measured as a deviation
from the trend. Sharp volatility in oil prices walso seen during the 2007-2008 period. The
jump in the price of oil from $53.4 in Jan 200718B2.55 in July 2008 means 148% increase in

less than two years. The level of Reserves shangtdady decline throughout the last quarter of

the year 2008.
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Even though Turkey did experience another findraziais during that time, the last
global financial crises passed tangentially toTheish economy, as we mentioned earlier for
the 1990-91 period. How, then, did Turkey sucaeeecovering from the recession of 2008-
09?

The answer to this question underlies the STV mo8achs, Tornell, and Velasco
(1996) found that financial panic does not occua icountry if that country has strong economic
fundamentals and a sound banking system. They@lsal that a country may still defend local
currency if the country possesses sufficient irdeomal reserves. Even though the Turkish lira
was overvalued and experienced a large-scale tégjtda, exceeding $3.7 billion in 2008,
expectation during that period did not turn to &agxchange rate depreciation. Moreover,
foreign direct investment accounted for $22 billaord $19 billion in 2007 and 2008,
respectively, and international reserves were 8verbillion throughout 2008. In other words,
capital outflow did not have too much effect on tiagital account deficit, which would have
resulted in financial panic among investors.

Turkish authorities had also learned lessons flwmrekperience of the last two severe
financial crises that occurred in less than a dec&kcond, the Turkish economy was much
stronger by that time compared to the period priecgithe crises. Turkey pursued strong and
stable economic growth throughout the 2002-2008&dsr The average growth rate during that
period was 5.85%, resulting in the GDP’s increasingh $196 billion in 2001 to $730 billion in
2008. Turkey was also able to reduce the inflatada from two-digit to single digit numbers.
While the annual inflation was 54.4% in 2001, ibpiped to 6.3% in 2009.

Another of the country’s economic successes was seexport growth, which increased

from $31 billion in 2001 to $132 billion in 2008n addition to significant improvement in the
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economy, Turkish policy makers had implementedotiffe monetary and fiscal policies during

the recession. While the central government wéstalkeep the budget deficit low to achieve a

Table 9: Out of Sample Result, Jan 2007 — Dec 2009

Currency Banking

Dates Cf Prob of Crises & Prob of Crises
Jan-07 5.43 0.05 5.48 0.03
Feb-07 19.66 0.50 27.78 0.71
Mar-07 3.00 0.01 453 0.03
Apr-07 19.66 0.50 27.78 0.71
May-07 19.66 0.50 27.78 0.71
Jun-07 22.10 0.76 27.78 0.71
Jul-07 19.66 0.50 30.48 0.71
Aug-07 19.66 0.50 27.78 0.71
Sep-07 19.66 0.50 27.78 0.71
Oct-07 25.33 0.76 33.71 0.81
Nov-07 22.89 0.76 32.76 0.81
Dec-07 22.89 0.76 31.00 0.81
Jan-08 23.92 0.76 34.05 0.81
Feb-08 22.33 0.76 32.68 0.81
Mar-08 21.48 0.76 29.60 0.71
Apr-08 11.10 0.33 11.14 0.44
May-08 23.92 0.76 32.30 0.81
Jun-08 23.92 0.76 32.30 0.81
Jul-08 23.92 0.76 34.05 0.81
Aug-08 26.78 0.76 33.84 0.81
Sep-08 18.25 0.50 26.37 0.71
Oct-08 3.23 0.01 4.76 0.03
Nov-08 4.60 0.05 2.49 0.01
Dec-08 4.60 0.05 2.49 0.01
Jan-09 4.60 0.05 2.49 0.01
Feb-09 4.60 0.05 2.49 0.01
Mar-09 4.60 0.05 2.49 0.01
Apr-09 4.60 0.05 4.25 0.03
May-09 4.60 0.05 2.49 0.01
Jun-09 3.01 0.01 1.12 0.01
Jul-09 3.01 0.01 1.12 0.01
Aug-09 3.01 0.01 1.12 0.01
Sep-09 3.01 0.01 1.12 0.01
Oct-09 3.85 0.01 3.85 0.01
Nov-09 3.85 0.01 3.85 0.01
Dec-09 9.51 0.33 9.77 0.44
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moderate public sector borrowing requirement, tiiependent central bank had succeeded in
controlling inflation. The Turkish authorities alseduced interest rates, restructured the

financial sector, and enhanced banking regulatmhsapervision.
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VI. CONCLUSION

There are many studies in the literature that erarthe two Turkish financial crises
under study using the signal approach. Some sktbudies are concerned with only one crisis,
either 1994 or 2001, while others analyze themttwgesolely as balance of payment (currency)
crises, rather than classifying them as twin crideghis paper we argue that both crisis
episodes are twin crises, in which currency andkiogncrises occur simultaneously within a
short period of time. We also argue that the Tairldrises of 1994 and 2001 are third-generation
types of crises. As previously noted, in third-gextion models, currency and banking crises
occur together, and these models investigate #gglifiy in the interaction of the financial and
banking systems with a currency crisis. Additibnakaminsky and Reinhart (1999) argue that
financial liberalization in various countries afe980s is the primary causative factor behind
twin crises.

Celasun (1998) argues that The 1994 Turkish ditsinto the category of first-
generation models. The high public sector budgétit, overvalued domestic currency, rising
public sector borrowing requirement, public seatdervention to lower the interest rate, and
high expectations of inflation are the indicatorsqeding the 1994 crises. Even though the
author mentions a minor banking crisis during titag, that crisis is not considered as twin
crises. According to Kibritcioglu et al (1999)etth994 crisis was a currency crisis that was
related to the second-generation models. It isetghat the central government continued to
push down interest rate to prevent further devalnaif the Turkish lira. This policy is
considered as political references, and the areisbe explained by the second-generation
models. On the other hand, most studies agreeahtb @001 crisis was a third-generation type.

Based on our understanding, both crises contamegies of third generation models. In addition
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to having balance of payment problems during basiiscperiods, Turkey faced with financial
sector issues, the impact of financial sector &beation, weak bank regulation and supervision,
and moral hazard-driven lending.

We measured “the index of money market pressukdP) to identify banking crisis
episodes for the period of 1988-2001 and discovtradthe two highest index values were in
Feb 1994 and March 2001. Central bank loans t@af#ibanks increased from 57 thousand TL
in February 1993 to 147 thousand TL in Februaryd19&dditionally, real interest rate rose from
1.1 in the previous year to 11.5 during the sam®g@e During both times of crisis, there was a
100% government guarantee on deposits, triggerim@ginhazard problems in the financial
sector. Moreover, Turkey had also started thegqe®of capital account liberalization and
currency convertibility in the late 1980s. In thespect, all these elements of third-generation
models were present not only in the 2001 crisisatad the 1994 crises.

The main aim of this paper is to test whethehR signal approach would have been
able to predict the Turkish twin crises of 1994 @001, and whether it is likely to be useful in
defining and avoiding possible future crises. Bla@e our calculation, the KLR model performs
well for defining both crises in Turkey. We cas@hbrgue that both episodes were twin crises,
both the currency and the banking crises occuiradl&neously. The main advantage of this
model compared to logit/probit regression modets igive policy makers a clear picture of the
variables that show abnormal behavior. Moreovenay give policy makers an idea of how
many variables should be taken into account, anehioh indicators they should pay most
attention. However, the weakness of the KLR madelr estimation is the selection of leading
indicators. Three out of 16 variables in the Kidedel were taken out of our analysis due to

their high NSR values (issuing numerous false pteh signals. In addition, three out of five
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top performing indicators in our calculation are thariables that are were added to the system
later rather than during the KLR study. Anothdfedtence is the selection of the time horizon.
Although a 24-month horizon was used in the KLR elpd 12-month horizon fits our analysis
better (the result of 18 and 24 month horizon espnted in Appendix C). However, these
limitations should be expected since our modelgggle country analysis compared to the
multi-country analysis of the KLR model, and ovérdde model seems to be informative in
explaining the twin crises in the case of Turk&urthermore, the composite indicators used by
the KLR model provide valuable information toolsexamining the effect of the global financial
crisis on the Turkish economy during the 2007-20680ds.

Most studies analyzing financial crises with thelywarning system have yielded
different results and implications, even for theneacountry. Kaminsky and Reinhart (1999)
found that the top leading indicators of twin csise their study are real interest rate
differentials, real interest rate, deviations @ tkal exchange rate from the trend, the ratio f M
to Reserves, and export. In the study of Edi2®90Q), the top-performing indicators are the
deviation of the real exchange rate from trend r#ti® of short term debt to reserves, export,
and equity prices. According to Frankel and RA$96), financial crises should be expected if
reserves drop dramatically, FDI/Portfolio investimeéeclines, and there is high domestic credit
growth and overvalued domestic currency. Evendghdbe countries and the periods chosen are
similar, the results of these studies vary, andlifferences can also even be seen in single
country models. For instance, Feridun (2004) erachthe Brazilian financial crisis in 1999 and
concluded that inflation, exchange rate growth,ikt€rest rate, public debt/GDP, and current
account/GDP are the most influential indicatorghef crisis. Trunin (2012) concluded that the

best-performing indicators in the case of the Rasgsian financial crises (four different crises
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period are examined) are current account, realdsteate, ratio of money supply to reserves,
real effective exchange rate, and excess moneyhsimppeal terms. In our study, the best
indicators for heralding the Turkish crises aredbeiation of real exchange rate from trend,
Export/Import ratio, Excess M1 Balances, Bank ResgBank Asset Ratio, and oil price.
Although the indicators are slightly different, Rissand Turkey have experienced similar root
causes of financial crises, since the most fragglgtors in both countries are the financial and
external sectors. In summary, because each céietgnomy is unique and has its own
institutional strengths and susceptibilities, itngortant for policy makers to develop models
that will be most helpful during their particulasuntry’s crises episodes.

Could Turkey have prevented the previous finarmigkes, and what would be
appropriate crisis management measures for Turkeyder to avoid future financial crises? As
we mentioned above, the most fragile sector duthegcrises is the financial sector. Throughout
the entire 1990 decade, the Turkish economy depenshort term capital inflow, which is
mainly caused by inappropriate financial regulatmal supervisions soon after liberalization of
a capital account. The unlimited deposit insurgmeetice adopted in 1994, which resulted in
moral-hazard driven lending, was terminated in 2804 limited to only 50,000 Turkish lira.
Another important step was the establishment oBtueking Regulation and Supervision
Agency (BRSA) in 1999. Initially BRSA was opengolitical pressures; however, its rules
were improved and strengthened on the financiaketan the middle of the 2000s. In addition,
in January 2002, the Capital Adequacy Ratio obafiks operating in Turkey was increased to
8% as the Basle risk based capital minimum, andexylently raised again to 12% in 2006.
Recently, the average ratio has been well abovietie requirement, and hence was counted as

16.4% in April 2012. Political stability and ecanm credibility for investors is also important
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in helping to cushion the impact of financial sheclSince the early 1980s, Turkey had suffered
several periods of political instability. Duriniget period of 1991-2001, the governments were
two or three party coalitions. Turkey finally epgal single party government since 2002, and
recently a two-party system is being debated ansehglars and politicians.

It is important for authorities to have a modedtthelps them predict future crises and
supports them to react against economic shocks forieccurrence if crises occurred. In our
study, we tried to find leading indicators duriig tast two Turkish financial crises and explored
the effect of the 2008 global financial crisis e fTurkish economy during that time. However,
work is still needed for deeper analysis. The ¢ would be to extend the time period (i.e.,
the period between 1970 and 2001) and/or analyz@&uhkish economy at two separate times,
before and after financial liberalization. Indicegt are not exhaustive and more indicators can be
added in the model, also. Moreover, Turkish finalnerises can be elaborated with the Markov-
Switching model (MSM) instead of signal approacH #re results of both models can be
examined. The advantage of MSM is that it is remtassary to either define the date of crisis
before the analysis or to calculate the threshaldes for each variable. In addition, the
researcher would not have a concern about selectisig windows whether 12-month, 18-
month, or 24- month horizon. Unlike signal andiptitogit regression models, MSM is the non-
linear time series model which provides the moistrmation about the dynamics of the crises,
such as crises times, how long a crisis lastsydndh variables have more effect on ending the
crises. One of the most important aspects of theéans to include shifts in expectations.
Another proposal would be to set up a multi-countigdel in order to examine the contagion

effect of Turkey’s trading partners.
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APPENDIX A

Table 10: Studies on leading indicators of financiecrisis

Study/Date Country(ies) | Time Type(s) Method of | Significant Indicators
Period of crisis Analysis Identified
Kaminsky, 20 countries | 1975-1996 | Twin Signal - Real exchange rate
Lizondo and Crisis Approach (deviation from trend)
Reinhart - Export
(1998) - Real interest rate
differentials
- Real interest rate
- M2/Reserves
Frankel and 105 1971-1992 | Currency | Probit - The ratio of FDI to
Rose (1996) Countries Crises portfolio investment
- Reserves
- Domestic credit
- Real exchange rate
Goldfajn and 26 Countries | 1984-1997 | Currency | Logit - Real exchange rate
Valdes (1997) Crises - Reserves
Esquivel and 30 Countries | 1975-1996 | Currency | Probit - The ratio of reserve
Larrain (1998) | (15 middle Crises money to GDP
income and - Real exchange rate
15 high - The ratio of current
income) account to GDP
- Terms of trade
- The ratio of money supply
(M2) to international
reserves
Demirguc-Kunt | 65 countries | 1981-1994 | Banking Logit - GDP growth
and Crises - Real interest rate
Detragiache - Inflation
(1998) - Money supply
- Deposit insurance dummy
Eichengreen 75 countries | 1975-1997 | Banking Probit - Credit growth
and Arteta Crises - The ratio of Bank
(2000) Liabilities to Reserves
- Deposit rate
Berg and The model examines three different Probitand | - Real exchange rate
Pattillo (1999) | studies with their own method, KLR Signals - The ratio of Current
(1998), FR (1996) and STV (1996) Account to GDP
- The ratio of M2 to
Reserves (growth)
- Reserves
Sachs, Tornell, | 8 countries 1990-1994 | Currency | Cross- - Reserves
and Velasco’s Crises Country - Real Exchange Rate
(1996) Regression | - The ratio of M2 to
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Reserves
- Domestic Credit

Feridun (2004)

Brazil

1980-1999

Currency
Crises

Probit

-Inflation

-Real exchange rate
-Import growth

-US interest rate

-The ratio of Public debt to
GDP

-The ratio of Current
account to GDP

Feridun (2007)

Turkey

1980-2006

1989-2006

Currency
Crises

Signal
Approach

- The banking sector
fragility index

- The ratio of short-term
debt to international
reserves

- The ratio of bank reserves
to bank assets

- US GDP

-M1

- The US Federal fund rates
- US GDP

- US 3-Month T-Bill

- Banking sector fragility
index

Kibritcioglu
(2004)

Turkey

1986-2004

Twin
Crisis

Signal
Approach

- Exports to Imports Ratio
- Real exchange rate
(deviations from trend)

- Real interest rate
differentials

- Trade balances to Output
ratio

- Qil prices

Hali Edison
(2000)

20 Countries

1970-1995

Twin
Crisis

Signal
Approach

- Real exchange rate
- Exports

- The ratio of M2 to
Reserves

- Reserves

- Output

Trunin (2012)

Russia

1995-2004

Twin
Crisis

Signal
Approach

- Current Account

- Real interest rate

- The ratio of money supply
to Reserves

- Real exchange rate

- Excess money supply in
real terms
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APPENDIX B
The Method of Calculation of Optimal Threshold Values

All data are entered in an excel file. Perceritlenula in excel program is used to
calculate upper or lower tail distribution of tlielex period. For example, optimal threshold
value of real exchange rate for a crisis is foundoHlows;

Currency threshold value of real exchange ratbérk LR model is the lower 10
percentile of the distribution. Consequently, dme under this study would be the uppéef 90
percentile since a different conversion is uselle fbormula was entered in an excel data sheet as
=PERCENTILE(B4:B173,0.90) (B4 is column B and rowo# the data sheet) and the threshold
value was found to be 13.97. All monthly datatfee real exchange rate within a 12-month
period for values of more than 13.97 were checkEdom the EMP index, the dates of the
currency crises were determined to be April 199 liarch 2001. Consequently, it is evident
we are looking at the data preceding these datedetermining each signal. If the real interest
rate in a specific month is more than 13.97 fordbening 12 months, that month gives a good
signal for a currency crisis. With this informatjove calculated the adjusted noise-to-signal
radio for that threshold value.

B/(B+D)

The adjusted noise to signal radiods € A/(A+C)

A. If the indicator issues a signal and a crisisuss during the following 12 months: We
checked the data during the 12 months prior tolA®94 and March 2001 and found that there
were 13 months that issued good signals durind 2aemonth period of the two crises (total 24

months). Therefore, A is found to be 13.

98



B: If a signal is issued but no crisis occurs dgtine following 12 months: We checked the
months in which the real exchange rate value warenthan 13.97, but not within 12 month
crisis period. B was found to be 5.

C. If the indicator does not issue a signal butisicoccurs during the following 12 months: We
checked the data for dates 12 months prior tovioectises. If the real exchange rate value was
less than 13.97 within the 12-month crisis pergagsh a date was included in C. Total dates
found in C were 11.

D. If the indicator did not issue a signal and nisis occurred during the following 12 months:
Data was checked for the preceding 12 month pehiwohg which no signal was issued (the rate

is less than 13.97) and no crisis occurred. Dusnd 141.

As the A and D values rose, the lower éhealue was and the better the results that were
obtained. is calculated as 0.06 for the currency threshaldesof real exchange rate that is set
to the upper 89th percentile of the distributidNe checked values for the upper 8gand 9§'
percentile of the distribution and attempted teed®ine whether or not we were getting a lower
». We found the currency threshold value fof' §@rcentile to be 13.59 together with@wof
0.07, while that for the $bpercentile was 13.97 and0.07. 0.06 was the lowest and we

determined the optimal currency threshold to beutiger 88' percentile of the distribution.
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APPENDIX C

Table 11: Performance of Indicators, Jan 1987-Feb®1, 18-month window for Currency
Crisis, 12-month window for Banking Crisis

Indicator Currency | Banking NSR for | NSR for | Number of | Number Rank Rank
Threshold | Threshold | Currency | Banking months | of months
good signal| good Currency | Banking
issued signal
(currency) | issued
(Banking)
Domestic >0.72 | >0.74 0.88 0.73 11 8 12 12
Credit/GDP
ExcessM1B | >094 | >094| 0.40| 0.24 4 4 6 3
M2 Mult >0.90 >0.90 1.10 - 4 0 15 16
Real Int Rate >0.95 >0.95 0.07 0.57 7 2 2 8
M2/Reserve >0.91 | >0.91 1.18 0.71 3 3 16 11
Terms of <0.20 <0.18 0.43 0.61 13 7 7 9
Trade
Eeal Exch >0.89 <0.14 0.07 0.04 14 14 1 1
ate
Import >0.71 >0.70 0.46 0.37 17 15 8 6
Export <0.11 <0.11 1.03 0.89 4 3 14 14
Reserves <0.07 <0.28 0.59 1.34 4 9 15
R%:’all Int Rate >0.79 | >0.80 | 0.94 0.82 8 6 13 13
Differ
Oil Prices >0.95 >(0.86 0.09 0.31 6 8 3 5
sT Debt/Res >0.91 >0.91 0.59 0.65 5 3 10 10
0

Exp/Imp ratio <0.10 <0.10 0.29 0.23 8 I 4 2
Budget >0.70 >0.89 0.83 0.57 13 5 11 7
Def/GDP
Bank <0.20 <0.15 0.37 0.26 14 10 5 4
Res/Bank
Assets
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Table 12: Performance of Indicators, Jan 1987-Feb®1, 24-month window for Currency
Crisis and 12-month window for Banking Crisis

Indicator Currency | Banking NSR for | NSR for | Number of | Number of | Rank Rank
Threshold | Threshold | Currency | Banking months months
good signal| good signal | Currency | Banking
issued issued

(currency) | (Banking)
Domestic >0.72 >0.74 0.66 0.73 17 8 14 12
Credit/GDP
ExcessM1B | >0.94 >0.94 0.39 0.24 5 4 6 3
M2 Mult >0.82 >0.90 0.53 - 13 0 9 16
Real Int Rate | >0.95 >0.95 0.11 0.57 7 2 2 8
M2/Reserve >0.92 >0.91 0.27 0.71 8 3 4 11
Terms of <0.20 | <0.18 0.63 0.61 13 7 12 9
Trade
Eeal Exch <0.14 <0.14 0.11 0.04 14 14 1 1

ate
Import >0.71 >0.70 0.63 0.37 18 15 11 6
Export <0.12 <0.11 0.74 0.89 7 3 15 14
Reserves <0.07 <0.28 0.36 1.34 6 6 5 15
g%fﬂl IntRate | >0.79 | >0.80 1.37 0.82 8 6 16 13
iffer

Oil Prices >0.93 >0.86 0.13 0.31 10 8 3 5
ST Debt/Res | >0.91 >0.91 0.43 0.65 7 3 7 10
%
Exp/impratio | <0.10 <0.10 0.43 0.23 8 7 8 2
Budget >0.70 >0.89 0.65 0.57 20 5 13 7
Def/GDP
Bank <0.20 <0.15 0.56 0.26 14 10 10 4
Res/Bank
Assets
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Table 13: Conditional Probability of Currency Crises, 24-Month Window

Value of Composite Index

Probability of Crisis

0-3 (a) 0.08

3-6 (b) 0.19

6-9 (c) 0.26
9-12 (d) 0.60
12-16 (e) 0.75

16 and above (f) 0.92

Table 14: Conditional Probability of Currency Crises, 18-Month Window

Value of Composite Index

Probability of Crisis

0-3 (a) 0.05

3-5 (b) 0.11

5-8 (c) 0.27
8-12 (d) 0.50
12-17 (e) 0.50

17 and above (f) 0.68
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