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Abstract

The paper will examine the 1994 and 2001 Turkishrericy crises by using early
warning system which is based on the “signal” appho proposed by Kaminsky,

Lizondo and Reinhart (KLR) (1998). The “signal”’ pmpach is a non-parametric
approach. In this approach, the behavior of a rundd individual variables is

monitored and they are evaluated against a cetitweshold levels. If any of these
indicator exceeds its threshold, it is said thdidator issues a “signal” that a currency
crisis may occur within a given period.

The objectives of this paper are two folds: to stigate causes of currency crises under
consideration and to compare similarities and bffiees of the 1994 and 2001 currency
crises. The data consist of monthly data and rdraya January 1987 to November
2005 for the following variables: reserves, infatirate, GDP growth, portfolio capital
inflow to reserves, short term external debt teress, domestic debt, money supply to
reserves, current account to GDP, real exchange aa¢rvaluation, regional stock
market return, regional market pressure index kstoarket index, export and import.

Results showed that 2001 crisis is deeper andieodtan 1994 crisis, external factors

play more imported role in 2001 crisis than 199&isrand in both crises Weighted
Composite Index increases sharply previous the trghs.
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Introduction

Turkey experiences two major currency crises inpith&t stabilization and liberalization
period. After the April 1994 currency crisis, theirkish economy once again found
itself more severe and persistent currency criseSebruary 2001. The effect of the
1994 and 2001 currency crises on the Turkish ecgneeare extremely costly. In 1994
and 2001, GDP (unemployment) decreased (increaeih) (7%) and 9 % (12%),

respectively.

Even though there are a great deal of studiesecklad the 1994 and 2001 Turkish
currency crises, most of them investigate eachesriseparatefy Therefore, those
studies can not reach a general conclusion abasesaof the 1994 and 2001 currency
crises and can not compare the similarities anddifierences of the 1994 and 2001
currency crises. To fill up this gap, it is wotthstudy the causes of the 1994 and 2001
currency crises and try to show similarities arftedences of both currency crises.

The paper will examine the 1994 and 2001 currentses by using early warning

system which is based on the “signal” approach gged by Kaminsky, Lizondo and

Reinhart (1998). The “signal” approach is a norapeetric approach. In this approach,
the behavior of a number of individual variablesrisnitored and they are evaluated
against a certain threshold levels. If any of ¢heglicator exceeds its threshold, it is
said that indicator issues a “signal” that a curyenrisis may occur within a given

period.

The paper is organized as follows. In section 2,previde a brief literature review
about financial crises models. In section 3, weoshice “signal approach”, data and
variables. In section 4, we represent our redrdta “signal approach” model. Section
5 is conclusion.

Financial Crises Models

There are mainly two approaches in the literatweexplain the determinants of
currency crises. The first-generation model wagelbped by Krugman (1979) and
extended by Flood and Garber (1984) in responseuttency crises in developing
countries in the 1980s. According to the first@etion currency crises model,
expansionary fiscal and monetary policies are istent with fixed exchange rate
policies. When the fiscal deficit is financed bypansion of domestic credit, reserves
decrease to defend the fixed exchange rate andicag loss of reserves forces the
authorities either to devalue or float the domestiaency.

Second-generation models are due to Obstfeld (188®)ater extended by him (1994,
1996) to respond to currency crises when the furddafs of an economy were sound,
as in the 1990s. According to second-generatiodetsp changes in the government’s
objective function change agents’ expectation aiggier currency crises. In Obstfeld’s
(1994, 1996) model, the government favors lowermpleyment and higher output:

hence when the costs of defending the peg (suchigiwer interest rates, higher
unemployment, lower growth) are more than the beoéfdefending the peg (such as

1

T.C.M.B.
2 Yeni Tirkiye Dergisi (2001), Kriz 6zel sayisi 4hd Ekonomik Kriz Oncesi Erken Uyari Sistemleri
(2006).
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gaining credibility and lower inflation) the govenent devalues even if macroeconomic
fundamentals such as foreign debt, budget defeserves etc are sound.

There are mainly two alternative methods to pretbcturrency crises. First one is
limited dependent variables estimation which udimgjt or probit model to predict
financial crises. Due to the failure of the lingitdependent variables estimation method
to predict the currency crisis, Kaminsky, Lizondale&Reinhart (KLR) came out a new
approach in 1998, which is called “Signal Approachi signal approach, each variable
are monitored separately from each other and th&tien of the variable exceeds a
certain “threshold” value before crises give usearly warning signal about a possible
currency crisis within a specific period of time.

Signal approach has some advantages. First, iblas have sharp changes between
crisis and tranquility periods, signal approach nagdict crises better. Second,
indicators can be ranked according to noise-toadigatio, which ability of indicator to
predict crises and avoid false signals.

KLR (1998) surveyed a large number of empiricatists to identify the most important
indicators. Their survey covered 76 currency crized included 15 developing and 5
developed countries during 1970-1995. Out of mbent100 indicators, they founded
following (real exchange rate, real interest rateports, M2 multiplier, output, bank
deposits, “excess” M1 balances, exports, termgaufet international reserves, stock
prices, real interest rate differential, M2/interanal reserves, lending rate/deposit rate
and domestic credit/GDP) 15 indicators most impurtdn their empirical work for
signal approach, they found that the best indisatbrcurrency crises based on noise-to
signal ratios are real exchange rate, export, goicks and M2/ international reserves.

Ucer, Van Rijckeghem and Yolalan (1998) applied Kd.Rignal approach in to the
April 1994 Turkish currency crisis. In their empai work, first, they duplicated KLR’s
work for Turkey during the fourth quarter of 1989 fourth quarter of 1997, with
exception of the real interest rate differentiadnding rate/deposit rate and bank
deposits. Second, they examined seven additionablas (export/import, short-term
advances to the treasury/GDP, short-term extemat/@NP, (reserves/M2Y), domestic
government debt stock, domestic government debtnmat government deficittGDP
and short-term advances to the treasury/GDP). &ir tiinding, KLR variables
performed very poor to predict the 1994 Turkistsisti Out of the 12 KLR variables
only excess M1 variables signaled two times, exp@i2/reserves and stock prices
variables signaled one time and seven variablesndidsignal. Additional variables
performed well compared to KLR variables. Exporport, (reserves/M2Y),domestic
government debt stock and short-term advancesettrélasury/GDP variables signaled
two times, short-term advances to the treasury/&Bifable signaled one time and
short-term external debt/GNP signaled three times.

Studies related to 1994 and 2001 Turkish currenmses showed that exchange rate
overvaluation, current account deficit, capital flawt, increase in external debt and
money supply were main indicators of currency &fise

®C. Gerni, O. S. Emsen, M. K. Ber (2006), M. Alagéz, N.slk, G. Delice (2006), M. Dganlar (2006),
and S. Dgirmen, A.Sengondl, 1. Tuncer (2006).
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Signal Approach

In this study, we uses the “signal” approach mqgueposed by KLR (1998) to compare
similarities and differences of the 1994 and 20dtency crises.

Signaling Horizon and Threshold Level

To make the signal approach model operational veel ne define a signaling horizon
and a threshold level. The signaling horizon eses window can be defined as the
period within or time interval over which crises wld be anticipated by indicators. We
use 12 months crises window for currency crisetie Threshold level is chosen to
minimize the “noise-to-signal” (bad signal to gosignal) ratio. We will use following
matrix to measure the “noise to signal” ratiosdach indicators.

Currency Crisis No Currency Crisis
Indicator issues a signal A B
Indicator does not issue a signal C D

* 12 months window was selected.

Where A(t) is the number of instances in which didator issues a signal and a
currency crisis occurred in the next 12 months @A@) is the number of the time the

indicator provides “good signal” about the occuoes of currency crisis). B(t) is the

number of instances in which a indicator issueggaas and a currency crisis did not

occurred in the next 12 months (i.e. B(t) is thenbar of the time the indicator provides
“bad signal” or “noise” about the occurrence ofreacy crises in the next 12 months ).
C(t) is the number of instances in which a indicald not issues a signal in the next 12
months when there was a currency crisis in the b2xihonths (i.e. C(t) is the number
of the time the indicator did not provide a googhsil about the occurrence of currency
crises in the next 12 months ). D (t) is the nundfenstances in which a indicator did

not issues a signal in the next 12 months wheretivais no currency crisis in the next
12 months (i.e. D(t) is the number of the time inieh neither indicator issue a signal
and crises occurred in the next 12 months). thgious from above matrix that the

perfect predictor will produce only observationgadd D.

Data Sample

The data consist of monthly data and range fronualgn1987 to November 2005.

Most of the data are from the International Finah&tatistics CD-ROM database.

International Financial Corporation’s Emerging MerkDataset and Morgan Stanley
Countries Index provide stock market indexes. @&dblshows selected variables and
references for expected signs.
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Table 1: Selected variables and expected signs

Explanatory Variables

Expected Sign

References

Stock market index

Kaminksy, Lizondo and Reinh
(1998), Kaminksy and Reinhart (1999

Return of regional stock mar
index (RSMI)

Bilson, Brailsford and Hooper (2001)

Inflation rate + Fama (1981), Glee and Roll (1983
Stulz (1986)

GDP - Kaminksy, Lizondo and Reinh
(1998), Kaminksy and Reinhart (1999

Reserves - Kaminksy, Lizondo and Reinh
(1998), Kaminksy and Reinhart (1999

Portfolio capital inflow/Reserveg - Bond (1999)

Export - Kaminksy Lizondo and Reinhag
(1998), Kaminksy and Reinhart (1999

Import + Kaminksy, Lizondo and Reinh
(1998), Kaminksy and Reinhart (1999

Real exchange rate + Frankel and Rose (1996)

Short term external debt / reseryes + Sachs and Radelet (1998)

Short term domestic debt + Ucer and Yeldan (1998)

reserves

Ratio of money supply to reserjes + Calvo and Mendoza (1996), Frankel
Rose (1996)

Ratio of current account to r - Kaminksy and Reinhart (1999)

GDP

Regional market pressure in( + Eichengreen, Rose and Wyplosz (19

variable(RMPI)

Fratzscher (2002)

Regional Stock Market Index provided by InternasibriFinancial Corporation’s

Emerging Market Dataset and Morgan Stanley Couwnthnelex.

Regional Market

Pressure Index constructed individual countriesketapressure index. The regional
market pressure index for Turkey is the averagéreece, Russia, Germany, England,

France, Italy and Spai’s market pressure index.

Results from Signal Approach

Results based on signal approach represented2abid 3. By using those two tables
we can see the similarities and the differencab@f1994 and 2001 currency crises.

Table 2 reports performances of selected crisegdtuts for 1994 and 2001 crises.
The first two columns show the number of timesgnai was issued in the 12 months

window preceding the indicated crises.

The lasb teolumns give aggregate

information about the threshold level and noissitpial ratio. Based on the noise-to-
signal ratio except inflation all variables appeseful because their noise-to-signal
ratio is less than one. Lower noise-to-signal radigreferred. From table 2, we can
reach following conclusions. All of the crises icators (except inflation for 2001)

issued at least one signal prior to 1994 and 20&k< Prior to 1994 (2001) crises
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selected variables issued 27 (30) signals. Oud#dofvariables import variable signaled
seven times, reserves variable signaled three tiameks reel exchange rate, export,
CAJ/GDP, inflation and GDP variables signaled twods prior to 1994 currency crises.
Out of 14 variables import and CA/GDP variableshalgd six times, RSMI variable

signaled three times and portfoliolnv./reservesnedstic debt, external debt, RMPI and
GDP variables signaled two times prior to 2001 eocy crises. Regional market
pressure index, regional stock market index, CADPG Portfoliolnv/Reserves and

external debt variables issued six signals pridid®4 currency crisis and fifteen signals
prior to 2001 currency crisis. Therefore, we cag that external factors play more
imported role in 2001 crisis than 1994 crisis.

Table 3 evaluates overall performance of crisescatdrs 12 months prior to crises.
The first two columns show the number of indicatangl number of signal issued in
monthly base prior currency crises. The last colwtmows Weighted Composite Index
()*. Weighted Composite Index is total number of algtivided by noise-to signal

ratio and gives aggregate information about thelilood of upcoming crises.

Table 2: Overall Performance of Selected Variables

Number of Signals in
Preceding Aggregate Information
12 Months
Fefggiry Feg(;léiry Threshold | Noise-to-Signal
Reserves 3 1 -10 0.18
Real Exchange 5 1 +10 0.48
Rate
Stock Market 1 1 .18 0.57
Index
Export 2 1 -10 0.86
Import 7 6 +40 0.76
Portfolio 1 5 10 0.81
Inv./Reserves
Domestic Debt 1 2 +12 0.48
External Debt 1 2 +15 0.54
M2/Reserves 1 1 +9 0.63
CA / GDP 2 6 -6 0.49
RMPI 1 2 -0.45 0.94
Inflation 2 0 +5 1.9
RSMI 1 3 -7 0.87
GDP 2 2 -6 0.71
4 n
[t=X St / Wj whereSjt is 1 if variables j issued a signal in perio® ptherwise andVj is the
=1

adjusted noise-to signal ratio of each variable j.
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Table 3: Selected Variables Performance Monthly Bas

Summary of Prediction : 1994 Crisis Summary of Prediction : 2001 Crisis
Number | Number| Weighted Number | Number| Weighted
Dates of of Composite, Dates of of Composite)
Indicator| Signals Index Indicator| Signals Index
fggé 14 1 5.55 '2:88(') 14 1 2.04
oy |14 2 367 | S| 14 1 2.04
fgg'?) 14 3 5.44 ZA(%'O 14 2 4.05
ey | 14 1 131 | DO 14 2 3.35
Tony |14 4 813 | Hob0 | 14 2 3.50
1‘];;)'3 14 1 1.31 | Jul-2000 14 1 1.31
o 14 3 456 | 209 | 14 2 2.47
fgg\,; 14 0.01 g’g& 14 0.01
%‘gg 14 2 2,55 %Cgb 14 4 5.95
N |14 2 246 | SNV | 14 5 11.35
oo | 14 2 184 | D& | 14 3 4.98
fg‘g& 14 3 7.49 238‘81 14 4 7.34
fggg 14 2 3.60 gggi 14 3 7.85

Weighted Composite Index increases prior to botlsesr Specially, started from
October Weighted Composite Index higher prior tO20risis than prior to 1994 crisis.
Therefore, we can say that 2001 crisis is moreigtaale than 1994 crisis.

Table 4 shows the cost of 1994 and 2001 crises. ugéel three crises indicator to
evaluate the cost of currency crises. For eacitatar, we identified maximum level
prior the crisis, minimum level, and recovery pdrio In 1994 currency crisis, reserves
reached maximum level (17.8 Billion $) at Octob@&03 then reached minimum level
(12.4 Billion) at May 1993 (9 months period). Higareserves recovery at January
1995. Recovery of reserves took 27 months. Inl2f0@rency crisis, reserves reached
maximum level (36 Billion $) at July 2000 then read minimum level (28 Billion) at
November 2001 (11 months period). Finally, resgrvecovery at October 2002.
Recovery of reserves took 28 months. RecoveryMff i§ 1994 (2001) crisis took 7
months (44 months). Recovery of industrial proaurcin 1994 (2001) crisis took 19
months (34 months).
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We can concluded from table 4 that 2001 crisiseesper and costlier than 1994 crisis.

Table 4: Cost of Currency Crises

Cost of 1994 Crisis

Indicators | Maximum Minimum Recovery

Reserves Oct. 93=17|&May 94=| Jan. 95=18.29 months | 27 months
B. 12.4 B. B.

SMi Jan. 94=241 March Aug 94=245 | 5 months| 7 months

94=145

Industrial. | Dec. 93=86 June 94=68  July 95=88 13 19 months

Production months

Cost of 2001 Crisis

Indicators | Maximum Minimum Recovery

Reserves July 2000=36Nov 01=28.| Oct.02=36B. 11 28 months
B. months

SMi Apr. March Dec.03=17326| 33 44 months
2000=17200 | 01=8432 months

Industrial. | July 2000=108 Jan. 01=94 April 03=110 27 34 months

Production months

Conclusion

In this study, we used signal approach to idemtifiych variables tent to indicate that a
country might be vulnerable to a financial crisiBven if it is generally accepted that
currency crises are unpredictable the results ftabobe 2 show that all of the crises
indicators (except inflation for 2001) issued asieone signal prior to 1994 and 2001
crises. Also, table 3 shows that in both crisesgitted Composite Index increases
sharply. Specially, started from October Weigh@umposite Index higher prior to
2001 crisis than prior to 1994 crisis. Therefome, can conclude that both crises are
predictable but 2001 crisis is more predictablenth@94 crisis.

External variables issued six signals prior to 1@8#drency crisis and fifteen signals
prior to 2001 currency crisis. Therefore, we canatude that external factors play
more imported role in 2001 crisis than 1994 crisiBinally, the result from table 4
shows that 2001 crisis is deeper and costlier 11994 crisis.

253



International Conference on Emerging Economic Issnie Globalizing Worldizmir, 2008

References

Alag6z, M., kik, N. ve Delice, G. (2006). “Finansal Krizlkin Erken Uyari Sinyali
Olarak Cari Hesap Gostergeleri”. In Seygitg H. and Yildiz, R. (Ed). Ekonomik Kriz
Oncesi Erken Uyari Sistemleri.

Bilson, C. M., Brailsford, T. J., and Hooper, V.(2001), “Selecting Macroeconomic
Variables as Explanatory Factors of Emerging Stblgkket Returns.” Pasific-Basin
Finance Journal, Vol.9, pp.401-426.

Bond, T. J. (1999). “Capital Inflows to Asia: Th@IR of Monetary Policy.” Transition
Economies in Comparative Countries, pp.61-70.

Calvo, Guillermo A. and Mendoza, Enrique G. (1998)exico’s Balance of Payments
Crisis: A Chronicle of A Death Foretold.” Journdllaoternational Economics, Vol. 41,
(November), pp. 235-264.

Degirmen, S.,Sengonul, A., ve Tuncer, I. (2006). “Kriz Erken Uy&inyalleri Olarak
Reel Ekonomik Gostergeler”. In Seyita, H. and Yildiz, R. (Ed). Ekonomik Kriz
Oncesi Erken Uyari Sistemleri.

Doganlar, M. (2006). “ Tirkiye Ekonomisi'nde 1994 Kiiicin Oncli Gostergeler
Denemesi”. In Seyitglu, H. and Yildiz, R. (Ed). Ekonomik Kriz Oncesikén Uyarl
Sistemleri.

Eichengren, B., Rose, A. K. and Wyplosz, C. (1996pntagious Currency Crises.”
NBER Working Paper, N0.5681.

Fama, Eugene F. (1981). “ Stock Returns, Real Agtivnflation, and Money.” The
American Economic Review, Vol.71 (September), [31-865.

Flood, Robert P. and Garber, Peter M. (1984). “djsling Exchange Rate Regime:
Same Linear Example.” Journal of International Exuits, Vol.17, pp. 1-13.

Frankel, Jeffrey A. and Rose, Andrew K. (1996). feacy Crashes in Emerging
Markets: An Empirical Treatment.” Journal of Imtational Economics, Vol.41,
pp.351-366.

Fratzscher, M. (2002). “On Currency Crises and @gion.” European Central Bank
Working Paper, N0.139.

Gerni, C., Emsen, O., S. ve g&, M., K. (2006), “Ekonomik Krizlerde Erken Uyarl
Sinyalleri Olarak Dy Ticaret Gostergeleri: Turkiye Uygulamasl. In Segli, H. and
Yildiz, R. (Ed). Ekonomik Kriz Oncesi Erken Uyais@mleri.

Geske, Robert, and Roll, Richard (1983). “The Hiscal Monetary Linkage between
Stock Returns and Inflation.” The Journal of Finen¢ol.38 (March), pp. 1-33.

Kaminsky, Graciela L., and Reinhart, Carmen M. @99The Twin Crises: The Cause

of Banking and Balance-of-Payment Problems.” AnariEconomic Review, June, pp.
473-500.

254



International Conference on Emerging Economic Issnie Globalizing Worldizmir, 2008

Kaminsky, Graciela L., Lizondo, Saul and Reinh&grmen M. (1998) “Leading
Indicator Of Currency Crises.” Policy Research WiogkPaper, No. 1852, December.

Krugman, Paul R. (1979). “A Model of Balance-of yReents Crises.” Journal of
Money, Credit, and Banking, Vol. 11, No. 25, ppl1325.

Obstfeld, Maurice (1986). “ Rational And Self-Fllifig Balance of Payment Crises.”
American Economic Review, Vol. 76, No.1, March, pp-81.

Obstfeld, Maurice (1994). “ The Logic of Currencyises.” NBER Working Paper, No.
4640, February.

Obstfeld, Maurice (1996). “Models of Currency Cas@&/ith Self-Fulfilling Features”
European Economic Review, Vol. 40, pp. 1037-1047.

Sachs, Jeffrey and Radelet, Steven (1998).” TheeOok the East Asian Financial
Crisis”, NBER Working Paper, No. 6680.

Ucer, M., Van Rijckeghem. R. ve Yolalan R. (199&eading Indicator of Currency
Crises: A Brief Literature Survey and an Applicatim Turkey” Yapi Kredi Economic
Review, Vol 9, December.

Stulz, R., M. (1986). “Asset Pricing and Expectedlation.” The Journal of Finance,
Vol.41, March, pp. 209-223.

Thorbecke, Willem (1994). “ Trade Deficit News, Smatic Risk and the Crash of
1987.” Eastern Economic Journal, Vol.20 (Wintep, §7-114.

255



International Conference on Emerging Economic Issne Globalizing Worldizmir, 2008

Appendices: Percentage change of selected variab months prior crises.
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