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Summary 

This paper examines the changes in Mexico's exchange rate regime during 
1982-94 in an attempt to identify warning signals of a potential currency 
crisis and the role of macroeconomic fundamentals. To identify this role, 
the paper computes the probabilities for these regime changes as a function 
of economic fundamentals by using a model based on speculative attack 
literature, which underscores factors causing changes in reserves and the 
importance of the level of reserves. The paper notes that although the 
Mexican crisis at the end of 1994 and the subsequent turbulence in the 
foreign exchange markets were unprecedented, Mexico's exchange rate history 
indicates that the country has often experienced setbacks, reflecting 
fundamental factors, in its efforts to stabilize permanently its economy by 
using a pegged exchange rate regime. 

The empirical findings indicate that, in general, the deterioration in 
economic fundamentals generates high one-step-ahead probabilities for the 
regime changes that took place in Mexico during the sample period. In 
particular, the periodic increases in inflatcon differentials vis-a-vis the 
United States, appreciations of the real exchange rate, sharp losses of 
foreign reserves, and expansionary monetary and fiscal policies appear to 
have contributed to the regime changes during that period. The paper also 
suggests that the rise in private indebtedness, rather than in public 
imbalances, was partly responsible for the most recent financial crisis in 
Mexico. The sharp losses of foreign reserves appear to have been crucial in 
shaping the authorities' decision to abanian the crawling band regime in 
1994, and the inclusion of the share of shorter-term foreign-currency- 
indexed debt improves the model's fit. 

The recent Hexican experience also confirms that the sustainability of 
exchange rate policy depends crucially on adequate policy responses to 
shocks to the economy and on the extent of fragility of the economic and 
financial system. The Mexican experience illustrates that regardless of 
significant progress in economic performance, free capital flows leave 
little room for divergence between an "equilibrium" exchange rate and a peg. 



I. Introduction 

Following periods of turbulence amidst political and economic 
uncertainties during 1994, the Mexican authorities announced a 15 percent 
devaluation of the Mexican new peso on December 20, 1994. Continued selling 
pressures on the currency forced the authorities to withdraw support in 
foreign exchange markets as foreign reserves of the Bank of Mexico r'ell, and 
to abandon on December 22, 1994 the crawling band exchange rate mechanism, 
which had been in effect since November 1991. While Mexico's success since 
1987 in reducing inflation to single digit levers, maintaining a moderate 
pace of economic growth, and containing the fiscal deficit (the operational 
fiscal balance was in surplus since 1990) created market views that the 
fundamentals of the Mexican economy had been improving, several other 
factors remained as sources of concern. In particular, a marked real 
appreciation of the currency since 1991--in part reflecting the significant 
increase in capital inflows-- contributed to a widening of the trade and 
current account deficits; u the continuation of domestic political 
tensions raised questions concerning the credibility of the future of 
economic policy; furthermore, the foreign reserves of the central bank, 
crucial to a fixed exchange rate system, had declined in steps from its peak 
level of $29 billion in early 1994 to about $12 billion in November. 2/ 

While the severity of the Mexican financial crisis in 1994 was 
unprecedented, Mexico's history on exchange rate policy has been 
characterized by periods of a fixed exchange rate or managed float regime, 
alternated with brief periods of floating rate systems following episodes of 
balance of payments crises. The purpose of this paper is to estimate the 
factors contributing to the changes in Kexico's exchange rate rea;ine over 
the period 1982-94, in order to evaluate whether the speculative pressures 
and the associated regime changes in this period were brought about by a 
deterioration in Mexico's economic fundamentals. A better understanding of 
the origins of the Mexican crises may help identify early warning signs and 
suggest policy options for countries in similar situations. 

The literature on balance of payments crises provides a theoretical 
framework to analyze currency crises in the context of a small open economy 
with a fixed exchange rate system. That framework attempts to capture a 
systematic relationship between foreign exchange crises and macroeconomic 
fundamentals. In its simplest form, as first formalized by Krugman (1979), 

h/ In particular, the acceleration in the size of the current account 
deficit (from a balanced position in the late 1980s to about 8 percent of 
GDP in 1994), as well as its composition (driven mainly by consumption), 
were important factors in leading to the crisis. 

2/ On October 1, 1994 former Mexican President Carlos Salinas announced 
in his state of the nation address that central bank reserves had fallen to 
~~$17 billion from USS28 billion at the end of 1993. (See The Washington 
Post, February 13, l995.) However, foreign reserves remained at a stable 
level from the end of April until mid-November in 1994. 
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the speculative attack model outlines a process in which fiscal imbalances 
lead to an eventual collapse of a peg regime. Such imbalances generate 
domestic credit expansions that cause a gradual erosion of foreign exchange 
reserves. The latter is followed by generally self-fulfilling speculative 
attacks on the currency, as forward-looking investors engage in one-sided 
bets in anticipation that reserves will not be sufficient to defend the peg. 
As reserves reach a critical level, the fixed exchange rate can no longer be 
sustained and the prevailing regime collapses. The collapse involves either 
a discrete devaluation or a switch to a flexible exchange rate regime, under 
which the currency sharply depreciates. 

In order to help identify the contribution of economic fundamentals to 
Mexico's foreign exchange crises, this paper computes the probability of a 
regime change as a function of economic fundamentals by using the 
implications of the speculative attack literature. Even though the model, 
by nature, simplifies some aspects of a complex phenomenon, the results 
overall suggest that a deterioration in some of Mexico's economic 
fundamentals are statistically significant factors of the observed exchdllge 
rate regime changes in the sample period 1982-94. Among these fundamentals, 
periodic expansions in domestic credit, a widening of fiscal deficits, a 
deterioration in external competitiveness, and increased inflation 
differentials vis-a-vis the United States appear to have increased the 
probability of the observed regine changes. In addition, it appears that 
falls in foreign reserves also significantly contributed to increases in the 
probability by undermining the ability of the central bank to defend its 
peg. Furthermore, the results and the predictive power of the model appear 
to be sensitive to the timeliness of information, underscoring the 
importance of data availability for obtaining early warning signals of 
possible upcoming crises. 

The results also indicate that the recent Mexican financial crisis was 
not the result of fiscal imbalances; rather, it was the rise in private 
sector indebtedness and the corresponding increase in credit to the banking 
system that augmented the pressures building up in the exchange market in 
mid-1994. In that respect, it is important to note that the wlfolding of 
events in Mexico leading to the recent crisis followed a course different 
from that suggested in the speculative attack literature. In this 
literature, domestic credit expansion leads to reserve losses that culminate 
in the crisis, while in Mexico it was the domestic political tensions during 
1994 that triggered the initial reserve losses. bring the period 1989-92, 
tf;\e combined effects of lower inflation, financial sector reform, fiscal 

e adjustment, and less-than-full stetilization of capital flows had led to a 
sharp rise in financial deepening in Xexico, and had eased the private 
sector's access to credit. Nevertheless, the expansionary effect of this 
rise in private sector credit had been largely offset by the decline in 
credit to the public sector-- thanks to an improved fiscal position. 
Furthermore, the surge in private capital inflows had resulted in a marked 
strengthening of the reserves position, which the authorities had sterilized 
by reducing net domestic credit in the period from March 1990 to March 1994 
in order to dampen the inflationary impact of the capital flows. 
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In the remaining part of 1994, however, after a temporary period of 
tight credit conditions, the authorities attempted to sterilize the foreign 
reserve losses stemming from increasing political and economic uncertainties 
by providing credit to the banking system u and by converting short-term 
peso-denominated government liabilities (cetes) falling due to dollar- 
denominated bonds (tesobonos). The move aimed at keeping the monetary base 
stable and preventing a sharp hike in domestic interest rates, which were 
viewed as creating difficulties for the financial sector. u With the 
benefit of hindsight, it appears that this strategy proved ineffective in an 
environment with vast volumes of free capital movements and a large current 
account deficit, as political tensions that were believed to be temporary 
shocks to the system continued, and as the authorities attempted to keep the 
monetary base stable. 3J In swary, the deterioration in Hexico's 
economic fundamentals helps explain the financial crisis of end 1994, though 
the unexpected political and external shocks during 1994 played an 
unambiguous triggering role. 

The paper is orghnized as follows. Section II provides a brief review 
of the literature on currency crises. Section III presents an overview of 
the exchange rate developments in Hexico. Sections IV and V outline the 
model and the estimation procedure, respectively. Section VI presents the 
empirical results, while section VII addresses some further empirical 
considerations. Finally, some concluding remarks are provided in 
section VIII. Appendix I provides data sources, and Appendix II presents 
some specification tests for the models used in the paper. 

II. A Brief Review of Literature on Curwcv Crises 

The speculative attrck literature on currency crises in the context of 
a small open economy with a fixed exchange rate regime has built on a model 
suggested by Krugman (1979). Survey articles on speculative currency crises 
by Agenor, Bhandari, and Flood (1992) and Blackburn and Sola (1993) provide 
a detailed description of these extensions to the basic currency crisis 
model. 

Empirical tests of the currency crisis model have been provided in the 
context of several Latin American currencies and the currencies of some 

;L/ Between February and August 1994 total central bank credit to deposit 
money banks and development banks rose from about KexNS4.5 billion to 
HexN$20 billion. 

2/ The monetary base remained roughly constant during that period, while 
the decline in reserves matched the increase in net central bank credit (The 
Bank of Mexico (1995)). 

3J See also "Drawing Lessons from the Hexican Crisis: Preventing and 
Resolving Financial Crises--the Role of the IMF," address by 
Hichel Camdessus, May 22, 1995; IMF, World Economic Outlook, Annex I, 
Kay 199s; and Sachs, Tornell, and Velasko (1995). 
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industrial countries, and have found empirical support for the basic 
currency crisis model. In particular, Blanc0 and Garber (1986) produce 
estimates of one-period-ahead probabilities of devaluation and the expected 
value of the new fixed exchange rate for the Mexican peso in the 1973-82 
period. Their model replicates some aspects of the Mexican financial 
history, and the computed probabilities of devaluation reach relatively high 
values prior to actual devaluations. Similarlj, Goldberg (1994) calculates 
ex-ante probabilities of currency crises and attempts to predict the sizes 
of expected devaluations of the Hexican peso for the period between 1980 and 
1986. She finds that domestic fiscal and monetary shocks were the main 
forces contributing to speculative attacks on the Mexican peso. Using 
Argentina's experience with a crawling peg system between December 1978 and 
February 1981, Cumby and van Wijnbergen (1989) find results suggesting that 
the viability of an exchange rate regime depends on the consistency of 
exchange rate policy with domestic credit policy. 

In the context of developed countries, Grilli (1990) applies the 
speculative attack model to the episode of foreign exchange market pressure 
on the U.S. dollar in the,period 1894-1896, when the gold standard was in 
effect. Edin and Vredin (1993) formulate and estimate a model of 
devaluations within target zones in Nordic countries for the period 1978- 
1989 by relating devaluations to economic fundamentals. dtker and 
Pazarbasloglu (1994) apply the speculative attack model and the target zone 
approach to European currency crises experienced in the 1979-93 period. For 
a sample of five European currencies, they empirically show that economic 
fundamentals as well as speculative factors had a significant role in the 
observed exchange rate reg:lre changes. 

. III.. nexico.tOverview Develow (1980-94) 

The exchange rate has played an important role in Mexican economic 
policy 9 and has had a central role in its anti-inflation strategy since 
1988. Mexico's history provides examples of a number of exchange rate 
regimes, reflecting, among other things, the country's particular economic 
objectives and the specific economic conditions it faced. In particular, 
Mexico adopted many different forms of a pegged exchange rate system-- 
ranging from a pure peg to the U.S. dollar to a crawling band system-- 
alternated with brief periods of floating exchange rate regimes following 
episodes of balance of payments crises (Table 1). 

Following a period of fixed exchange rates from the mid-1950s to the 
mid-1970s and a large devaluation of the peso (about 38 percent) in 1976, 
Mexico adopted a "fixed but adjustable" exchange rate system until the early 
1980s. Balance of payments problems in early 1981--with the currency 
sharply appreciating in real terms and the fiscal deficit and external debt 
increasing markedly --caused an acceleration of capital flight and lzd to a 
sharp depreciation of the currency against the dollar. The authorities 
responded to the crisis by a sharp devaluation of the official peso rate in 



Table 1. Mmxico: ExchanSo Rata Dovelopnonts 
I 

Period Exchange rrto rystom Policy changes Camnonts 

February 1982 Free floatine l xchan&r ratr 

AuSuat 5, 1982 

Decmrhmr.20, 1982 

Fixed but adjumtablm l xchanho 
rstor in a dual l xchanam rata 
systmm 

Prmannouncod crmwlinS poS 

Dmcmabmr 6, 1984 Prmannouncmd crawling pm.9 

March 6, 1985 

July 25, 1985 

August 5, 1985 

Novmmhr 18, 1987 

Dmcm&mr 14. 1987 

Dmcaobmr 15, 1987 

January 31, 1988 

February 1988 

Proannouncmd crawlinS pal 

Proannouncod crawlinS pa& 

HanaSrd float 

From floatin l xchango rrto 

From floating l xchango rat.0 

Prmannouncad fixmd pm6 

Preannounced fixmd pml 

Preannounced crawlin pm8 

Dovaluation of thm pmro 
Subroqumnt switch to float 

Introduction of the dual l xchanSo 
ryrtun 

Introduction of a prmannouncod 
crawling po8 againat tho dollar 

E8tablirlxnmnt of OXchanSO control0 01 
part of tho l conanic proSrmu 

An incroaso in tho rato of crawl 

An incrorro in tho rato of crawl 

Dovaluation of tho poro 

Abandonamnt of proannouncmd crawlin 
pm8; l ubrmquont switch to manaSod 
floatinS in tho controlled mmrkot 

Withdrmwal of Bank of Uoxico support 
from thr foroisu axchanao markmt 

Dmvoluation of tho poso 

Announcomont of prmannouncod fixod 
Pal 

Incroaro in prmannouncod fixmd pmg 

Abandonment of proannouncod fixmd peg 
Switch to proannounced crawling peg 
Dovaluation of tho ~050 

Dovalurtion - more than 75 porcont in 
February 

ExchanSo rrto in thm controlled markot 
dmtmrminod by tho Bank of Mexico 

ExchanSm ratm in tho frmo markot 
dotorminod by coammrcial banks 

Valuo of thm controlled rxchanSm rata 
announced daily 

Rato of crawl: 13 contr por day 

Rat0 of crawl: 17 cmnts pmr day 
(32.2 pmrcont annual implied doprociation) 

Rato of crawl: 21 cmntr por day 
(36.0 pmrcont annual implied dmprociationl 

Dmvaluation = 20 percent 

Iho valuo of tho pmro adjusted daily by 
unrpmcifiod amounts (offoctivoly l crawlinS 

PO(l) 

Thm floxiblo l xchanSm rato dmprmciatod 
32.8 porcont in ono day 

Difforontial botwoon proforontial and floxiblo 
rat.0 roached 35.1 porcmnt 

Dmvaluation - 21.8 porcont 

Fixmd rato: MmxN$2,209.7/US$ 

Fixod rato: MoxN$2,22’/US$ 

Rato of crawl: 2 poses por day 
Devaluation - 2.7 pmrc;nt 



Table 1 (Concluded). Hoxico: ExchanSr Rate Dovalopnents 

Period Exchan6e rate rystom Policy chan6.r Comonts 

March 1988 Fixed l xchanSo rata system The paso fixad l 6rinrt the U.S. 
dollar 

Fixed rate: MaxNS2,281/USS 

January 1989 Premnnouncad crawlinS po6 Switch to proannouncod crmrlin6 pe6 Rata of crawl: 1 peso per day 
(1.3 porcont par month, 16.5 porcent annual 
implied dopreciationl 

May 27, 1990 Proannouncad crawlin paS 

Novasbar 12, 1990 Preannounced crawlinS pe6 

Novwbor 11, 1991 ExchanSo rata intervention band 

October 21. 1992 Exchange rata intarvantion band 

January 1, 1993 ExchanSo rate intervention band Introduction of new pose 

December 20, 1994 Exchange rata intorvantion band Davrluation of th4 new poro’r 
band coiling 

December 22, 1994 Frae floating l xchanga rata 

Raduction in the crawl rata 

Reduction in thr crawl rate 

Abolition of dual l xchan6r rata 
symtom and l xchu;o controls 

Introduction of l xchanSo rata bands 

Incroare of the crawl rate of the 
upper bend 

Abolition of intmrvontion bando and 
Switch to fras floating 

Rata of crawl: 80 cants per day 

Rata of crmul: 40 cants per day 

Band floor: fixed at MexNS3,051/USS 
Band coilinS: dapraciato daily a8ainst 

the U.S. dollar 
Rata of Crawl of tha tailing: 20 cent per day 

(2.36 porcont per year) 
No official announcunont of central rate, but 

daily announcwnent of the lowar and upper 
bounds 

Band floor: fixed at HaxRS3,05l/lJ.S$ 
Bend coilins: dapreciato daily againat the 
U.S. dollar 
Rate of Crew1 of the coilinS: 40 cant per day 

(4.63 portent per year) 

MoxNSl - MoxNSl, 000 

Devaluation - 15 parcent 
ExchanSo rata row 

frost MaxN53. SS/USS 
to thxn$3.99/uss 

Pmao dapraciatmd by 71 percent 
for 1994 aa a whole 

Source: Mexican Authoritior; Mexico--Recant Economic Dovelogmants. various yoarr; Roichamn (1992). 
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February 1982, but subsequently let the currency float as capital continued 
to flow out. In June 1982, the peso was put on a controlled (managed) float 
but, following persistent selling pressure on the currency, the authorities 
again withdrew support for the peso. 

The authorities subsequently introduced exchange controls and a dual 
exchange rate system; the latter consisted of an "official rate," which was 
determined by the Bank of Mexico in terms of a preannounced crawling 
peg, JJ and a "free rate," which was determined by commercial banks and 
with which the official rate was expected to converge. a/ The system 
remained in effect from December 1982 to mid-1985, and the peso in the 
controlled market depreciated daily against the U.S. dollar by small 
predetermined amounts, with the rate of crawl increased twice, in 1984 and 
1985. The preannounced crawling peg was reintroduced in January 1989 and 
remained in effect until November 1991, with the rate of crawl adjusted 
downward twice, in May and November 1990. In the interim period, the peso 
was subject to managed floating and to free floating as the currency came 
under speculative pressure reflecting economic imbalances, and was 
subsequently fixed against the dollar between end-1987 and end-1988, as the 
authorities focused on the need to stop inflation, which was running at 
triple-digit levels. 

A significant real appreciation of the currency during a period of 
first fixed and then small adjustments in the exchange rate induced the 
authorities to introduce a more flexible exchange rate policy to compensate 
for the prevailing loss of competitiveness and to deal with capital inflows. 
In November 1991, the authorities unified the exchange system and introduced 
a crawling intervention band. The adoption of the intervention band was 
perceived as a way to resolve the fundamental short-run policy trade-off 
between the level of the real exchange rate and the level and variability of 
the nominal exchange rate (the rate of inflation). On the one hand, the 
authorities used exchange rate realignments to compensate for persistent 
inflation differentials to preserve and improve the current account 

u A preannounced crawling peg is a system in which the monetary 
authority fixes a preannounced path of the exchange rate and implements 
changes in par values progressively and predictably. Furthermore, 
occasional discrete devaluations are allowed to compensate for any excessive 
losses in competitiveness. The regime can be viewed as an adaptation of the 
fixed exchange rate system to an economy in which the rate of inflation 
considerably exceeds that of partner countries. This policy can serve to 
reduce expectations of inflation to eventually bring down inflation to 
comparable levels with the trading partners, while maintaining, at the same 
time, the competitiveness of the country's exports. 

u The controlled market rate applied to most export and import payments 
receipts and was estimated to account for about 75 percent of foreign 
exchange transactions. The free market rate applied to most service 
receipts and payments and any prepayments of outstanding private debt 
obligations. 
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position; on the other hand, they recognized that frequent exchange rate 
depreciations could weaken the role of the exchange rate as a nominal anchor 
and could fuel inflationary expectations. 

The floor of the intervention band (the peso's "strongest" or "most 
appreciated" level) was fixed at the prevailing exchange rate of Mex$3,051 
per U.S. dollar, while the ceiling of the band (the peso's "weakest" or most 
depreciated" level) was set to depreciate daily by specified nominal 
amounts * thereby creating a gradually videning band within which the value 
of the peso could fluctuate freely. The authorities announced officially 
the band's crawling upper and fixed lower limits, its width, and their 
narrow band target range for each trading day. The Bank of Mexico conducted 
extensive intra-marginal intervention which kept the exchange rate within an 
inner band narrower than the official band u until the beginning of 1994. 

With a continuous crawling of the upper band, the width of the band 
increased from 1.2 percent in November 1991 to about 14 percent toward end- 
1994. The "new peso," introduced in January 1993 and equal to 1,000 "old 
pesos, " traded close to the floor of its fluctuation band until the end of 
1993, but came under pressure in November 1993 in light of uncertainties 
regarding NAFTA, and later in 1994. The new peso hit the ceiling of its 
band and traded mostly close to the ceiling in the rest of that year, 
reflecting a combination of politjcal, economic, and external factors. The 
authorities announced a 15 percent devaluation of the ceiling of the band on 
December 20, as, inter alla, the margin for exchange rate adjustments within 
the band eroded, the level of international reserves had fallen 
significantly, and real interest rates had reached high levels, causing 
difficulties for financial InterPlediaries and debtors in general. 2/ 
Continued selling pressures caused the authorities to abandon the crawling 
band regime on December 22, 1994, with a resulting sharp depreciation of the 
exchange rate and a sharp rise in domestic interest rates. 

IV. TheModel 

In order to evaluate the influence of macroeconomic fundamentals on 
exchange market pressures for the Mexican peso, this paper uses an extension 
of the basic speculative attack model developed by Flood and Garber (1984). 
The speculative attack model is a stochastic version of the monetary 
approach to exchange rate determination, in which the government and 
monetary authority of a small open economy are committed to maintaining the 
exchange rate within some form of a fixed exchange rate system. The 

4/ See Helpman,. tiiderman, and Bufman (1994). p. 291. 
2/ See 'The Mexican Economy 1995," The Bank of Mexico, p. 43. 
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following equations describe the model: 

mt 
d -pt=fl+Slyt-oit +wt 

mts= log( Dt +Rt ) 

.* it = 1 t + Eet+l - et 

PC =pc' + et + ut 

mt 
d s 

- mt 

Ii) 

(2) 

(3) 

where, m, p, y are the logarithms of the money stock, domestic price level, 
and real output, respectively, i is the domestic nominal interest rate, w is 
a stochastic disturbance to money demand, D is the domestic credit extended 
by the central bank, R is the foreign reserves of the central bank, i" is 
the foreign nominal interest rate, p* is the logarithm of the foreign price 
level, and e and u are the logarithms of the nominal and real exchange 
rates, respectively. The former, e, is &fined as the units of the domestic 
currency required to buy a unit of the foreign currency, and a rise in e 
implies a depreciation of the domestic currency. Similarly, an increase in 
u implies a real appreciation of the currency. E represents the expectation 
conditional on information available in the current period. The subscripts 
d and s denote demand and supply, respectively. 

Equation (1) specifies the transactions and asset motives for holding 
real money balances. Equation (2) defines base money as the sum of domestic 
credit extended by the central bank and the book value of the central bank's 
foreign reserves. Equation (3) is the interest parity condition, which 
states that the interest rate differential between the domestic and foreign 
country is given by the expected rate of depreciation of the currency. 
Equation (4) allows for deviations from purchasing power parity by the term, 
ut, which denotes the real effective exchange rate. Finally, equation (5) 
gives the condition for money market equilibrium. 

The money market equilibrium condition determines the path of foreign 
reserves of the central bank under a fixed exchange rate system. When 
reserves that are used to maintain this equilibrium are exhausted, or when 
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they reach a critical level, R,, the exchange rate must adjust. JJ The 
central bank must abandon the prevailing fixed exchange rate by either 
devaluing or allowing its currency to float. The floating exchange 
rate, 2,. which would clear the market when the central bank stops 
defending its fixed parity can be obtained by using equations (l)-(5). The 
path of the floating exchange rate is given by the following equations: 

(l*a) B& - UEi?t+l "ht , where (6) 

(7) 

The floating rate provides the lower bound for the new (i.e., the 
minimum necessary depreciated) value of the exchange rate after a 
devaluation or a switch to a flexible exchange regime. This new rate is 
referred to as the .shadow exchange rate," 8. 2/ As specified by 
equation (7), h, represents the state of the economy as a function of 
economic fundamentals. Assuming thet market fundamentals follow a first 
order autoregressive process and using the method of undetermined 
coefficients, equation (6) can be solved for the shadow exchange rate as a 
function of these fundamentals (see e.g., Flood and Garber (1984) and 
Goldberg (1991)): 

et = f (ht) (8) 

where f is a non-linear function. Given the shadow exchange rate, the 
probability of a regime change can be approximated by that of a speculative 
attack: speculators decide to attack the central bank's foreign currency 
reserares if and only if the attack is expected to be profitable, i.e., if 
speculators operating in the current period expect the shadow rate to exceed 
the actual fixed rate. If speculative attacks deplete the bank's reserves 
to a critical level and thus cause the bank either to devalue or to float 
the currency, then speculators make a gross profit equal to the non-negative 
difference between the shadow and the prevailing actual fixed ratee for each 
unit of reserves they purchase from the central bank. Formally, the one- 
step-ahead probability of a regime change, xt, can be approximated by 

L/ The critical level of reserves could be zero, negative or positive. 
In perfect capital markets, the central bank can create foreign reserves by 
borrowing from international markets, which might result in a negative 
critical reserve level. 

2/ The shadow exchange rate may be equal to or greater than the floating 
exchange rate, depending on the size of the disturbance to the fundamentals 
that forced the regime change. 
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computing the probability that the shadow exchange rate next period will 
exceed the prevailing fixed exchange rate, 8: 

(9) 

where g is a nonlinear function and h is defined as before. JJ Equation 
(9) is used as a basis for the estimation of the probability of a regime 
change, which is expected to peak before or at the period in which the 
regime change materializes. Estimating the probability of devaluation in 
this manner atteupts to capture the systematic relationship between the 
realized regime changes and economic fundamentals, and to evaluate whether 
speculative pressures on the currency can be accounted for by economic 
fundamentals. 

V. mrical He&odology 

In order to test the implications of the model described in the 
previous section, first the country's decision regarding a change in its 
exchange rate regime is treated as a discrete variable, which takes on only 
two values: one, when there is a regime change--a discrete devaluation or a 
switch to more flexible rates --and zero when the existing regime is 
maintained. Then, the one-step-ahead probability of a regime change, II, is 
estimated as a function of a set of explanatory variables using a probit 
model, which is commonly used in estimation of models with qualitative 
dependent variables: 

Prob(Y-1) - @(X,/J), 
Prob(Y-0) - 1 - e(X,j9), 

where, Y &notes the authorities' decision variable, aregime,W X &notes a 
set of explanatory variables, j3 &notes the vector of parameters that 
reflect the impact of changes in X on the probability, and 4 &notes the 
cumulative normal distribution function. 2/ 

JJ CT is the fixed value of the exchange rate under a pure peg exchange 
rate system, and equals some pre-announced or upper bound leval (i.e., the 
most depreciated value to which the currency is allowed to fall) if the 
exchange race regime is a crawling peg, a crawling band, or a target zone 
arrangement. 

u Conventional estimation techniques are not appropriate in the analysis 
of models with a qualitative dependent variable since the variable can only 
take on a limited range of values. The estimated probability of a regime 
change can only take on values becreen zero and one. However, it is quite 
possible to have estimated probabilities outside the O-l range if 
conventional techniques are used. Using the cumulative normal function, the 
probit models yields estimated probabilities, which will by COnstNction lie 
within the O-l range. 
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In the framework of this paper, the predicted value of the dependent 
variable can be interpreted as the probability that authorities will change 
the prevailing exchange rate regime. As implied by equations (7) and (9), 
the one-step-ahead probability of a regime change is then estimated as a 
function of fundamentals and the prevailing upper bound on the exchange 
rate. These fundamentals include the level of domestic credit from the 
central bank, real effective exchange rate, price level of the anchor 
country, foreign reserves, real output growth, and foreign nominal interest 
rate. 

A rise in the level of domestic credit, which is not sterilized by 
central bank intervention, is expected to increase the probabi?.ity of a 
regime change in the following period by increasing inflationary pressures 
through monetary expansion or through lower real interest rates. On the 
other hand, if the central bank sterilizes, foreign reserves will fall, 
reducing the ability of the central bank to defend its fixed parity and 
still inviting speculative attacks. In general, an expansion in domestic 
credit by the central bank reflects an increase in public or private sector 
indebtedness. 
Db, 

Therefore, we use central bank claims on the banking system, 
or fiscal deficit, Def, as proxies for the government's expansionary 

policy stance. This specification also allows us to evaluate the relative 
importance of public sector and private sector indebtedness in leading to 
the observed regime changes. 

An appreciation of the real exchange rate might signal a loss of 
international competitiveness, increasing expectations of an exchange rate 
adjustment as the appreciation is expected to worsen the current account 
balance. An extension of the basic currency crisis model, described in 
Agenor et al. (1992), includes an equation in which net exports are assumed 
to be a decreasing function of the real exchange rate and the level of 
economic activity. The inclusion of the real exchange rate in the 
estimation accounts for this indirect effect. An alternative way to 
estimate the pressure on the exchange rate is to include the trade or 
current account balance, CA, directly. 

The higher the critical level of reserves below which the central bank 
is unwilling to allow its reserves to fall, R,, the higher is the 
probability of a regime change. This critical level is generally unknown to 
the public. Due to the difficulty in quantifying this reserve level, we 
instead use the actual level of resemres. This can be justified by the fact 
that periods prior to a currency crisis are often associated with a rapid 
loss of reserves as individuals hedge themselves against the exchange rate 
risk, reflecting the weakening of their confidence in the sustainability of 
the fixed parity. Rapidly falling reserves invite further speculative 
attacks as speculators doubt the ability of the central bank to defend its 
currency. Hence, the lower the level of foreign exchange reserves (or 
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higher the rate of fall), the higher is the probability of a future regime 
change. a/ 

An increase in the price level of the anchor country, other things 
being constant, reduces inflation differentials and thus the probability of 
a devaluation. The impact of an increase in the level of domestic output 
(or an increase in its growth rate) on the probability of devaluation is, in 
general, ambiguous. On the one hand, a higher output level or its growth 
rate might signal stronger economic performance, increase the money demand, 
and reduce the probability of a regime change. On the other hand, it might 
also imply a higher propensity to import and might exert pressure on the 
currency through its adverse effect on the current account balance. Higher 
foreign interest rates, other things being constant, lead to higher foreign 
debt service and capital outflows by reducing the attractiveness of domestic 
financial assets, and thus exert pressure on the domestic currency. 
Finally, an increase in the prevailing upper bound on the exchange rate 
decreases the probability of a further devaluation. 

Following the above discussion, the probability of a regime change in 
period t+l can be written as, 

Deft), ut (CAt), Rt, ii, Yt (Wt), p:(Mt-u*t)e ;t 1 (10) 
where the variables in parentheses indicate the alternative variables used 
in the estimation process. 

This section provides the findings from the estimation of equation (10) 
based on monthly data for the period 1982:10-1994:12. a/2/ During this 
period the Mexican peso was devalued three times, the authorities undertook 
a switch to more flexible exchange rate regimes on four occasions, and 
simultaneously devalued and switched to M more flexible exchange rate system 
on two occasions. Furthermore, during the crawling peg periods, the 
authorities increased the rate of crawl of the peso on three occasions and 
also reduced the rate on two other occasions. In estimating the onewstep 

u The actual reserve level, however, should not be interpreted as a 
proxy for the critical reserve level, since the movements in the two 
variables have opposite effects on the probability of a regime change. 

a A note of caution is warranted as regards these findings. In general, 
these are conditional results based on historical data; their use in 
predicting future regime changes are subject to margins of error through the 
model specification. 

2/ The probit model was estimated by using analytic first and second 
derivatives to obtain maximum likelihood estimates via the Newton-Raphson 
algorithm in TSP. 
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Table 2. Regime Changes used in the Estimations 

Dates Regime Changes 

December 1982 Switch to preannounced crawling peg from fixed but 
adjustable exchange rates 

July 1985 Devaluation of the peso 

August 1985 Switch to managed floating from preannounced crawling 
Peg 

November 1987 Switch to free floating from managed floating 

December 1987 Devaluation of the peso 

January 1988 Increase in preannounced fixed peg (effective 
devaluation) 

February 1988 Devaluation and switch to preannounced crawling peg 
from preannounced fixed peg 

January 1989 Switch to preannounced crawling peg from fixed exchange 
rates 

December 1994 Devaluation of the new peso and switch to free floating 

Source: Table 1. 
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ahead probabilities, the regime variable was assigned the value of one on 
those occasions when either a discrete devaluation and/or a switch to a more 
flexible exchange rate system took place (Table 2). u The regime 
variable was assigned the value of zero in all other cases. The results 
ofthe probit analysis and the corresponding estimated one-step-ahead 
devaluation probabilities are presented in Table 3 and Chart 1. a/ 

The empirical findings suggest that the probability associated with all 
regime changes in the sample period can be attributed to speculative 
pressures in light of some deterioration in economic fundamentals. In line 
with expectations, the probability of devaluation was found to be increasing 
in the level of the central bank credit to the banking system (or, 
alternatively fiscal deficit), the inflation differential vis-8-vis the 
United States, the loss of foreign exchange reserves and competitiveness--as 
measured by an appreciation of the real exchange rate--, and decreasing in 
the upper bound on the exchange rate. 2/ The sign of real output growth 
turned out to be positive, perhaps reflecting that external balance 
considerations dominated the traditional money demand argument. 

In addition, 1,~ appears that there is no support for claims that 
increases in U.S. interest rates played an important role in the regime 
changes that took place in Mexico. For the first two specifications in 
Table 3, i.e., when credit to the banking system is used as the proxy for 
expansionary policy, a negative, though insignificant, relationship is found 
between U.S. money market rates and the probability of a regime change. k/ 
Furthermore, the magnitude of the negative sign of the coefficient for the 
interest rate variable increases when the fiscal deficit is used as the 
proxy variable for expansionary policies. This negative relationship 
between the probability and the interest rate is partly due to the 
contemporaneous correlation between the U.S. interest rate and some of the 
model's variables; e.g., the U.S. interest rate is negatively correlated 

1/ This approach weights all regime changes equally, in essence assigning 
no more weight to a major devaluation than to a small devaluation or to an 
adjustment of the exchange rate regime tcwards a more flexible system. 

a/ Logit and probit models are known to be sensitive to nisspecifications 
(see Kennedy (1992), p. 236). In particular, estimates may be inconsistent 
(i.e., the parameter's estimate does not approach its true value as the 
sample size gets larger) if a relevant explanatory variable is excluded from 
the regression, or if the error term is heteroskedastic (i.e., the variance 
of the error term is not constant over time). Tests for the presence of 
possible misspecifications, such as heteroskedasticity and omitted 
variables, were examined and reported in Appendix II. In general, the 
qualitative results of this and the next section appear to be robust. 

2/ The use of the logarithm of the U.S. price level, in place of 
inflation differentials, reduces somewhat the magnitude of the associated 
probabilities, but does not affect the qualitative results. 

4J The results do not change when the U.S. treasury bill rate or the U.S. 
dollar Libor rate are used. 
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(1) (2) (3) (4) 

Constant 

LO&C+-&1) 
Central bank credit to banks 

Dcftm2 
Daficit 

. ut-1 
Cc4apatitivanors 

wst-2 
Current account b.Lanc. 

(P-P?t-1 
Inflation diffarantial 

Lol(Rt-1) 
RW8N.S 

LL06 (Q-1) 
Roa.rvaa LagSad 

.Yt-1 2/ 
output growth 

i*t-1 
U.S. lur0n.y ma&at rata 

.t-1 
Uppar bound on tba l xcbanga rata 

Ln L 
Lo3 iikolihood function 

Ln LO J/ 

LR Index 5/ 

R2 

Rumbar of obaarvationa 
(km&or of dwaluationa) 

2.412 10.620 
(0.17) (1.17) 

0.394*+ 0.821* 
(1.88) (2.06) 

1.243 25.070 
(0.06) (1.66) 

-- 
-- 

-- 
-- 

1.806 
(0.50) 

-- 
-- 

0.60.-3 
(1.19) 

0.017** 
(1.87) 

-- 
-- 

0.13.-3* 
(2.82) 

9.375** 
(1.80) 

-- 
I- 

0.21.'3 
(1.33) 

-- 
-- 

-- 
-- 

0.02W 
(2.42) 

0.034* 
(2.04) 

-- 
-- 

-0.16.-2 
(-1.00) 

0.038 
(1.33) 

-1.965* -2.067* -3.960. -2.496+* 
(-2.38) (-2.28) (-2.67) (-1.74) 

-3.164 -4.489** -2.245 -4.148 
(-1.44) (-1.79) (-0.97) t-1.60) 

0.243* 0.251* 0.336* 0.332+ 
(2.80) (2.77) (2.46) (2.58) 

-0.128 -0.412 -1.750* -1.112 
(-0.40) (-1.01) (-2.71) (-1.56) 

-0.220 -0.308 -0.352 -4.239 
(-0.42) (-0.66) (-0.57) C-1.03) 

-17.25 -16.61 -13.19 -13.14 

-33.86 -33.66 -33.86 -33.06 

0.49 0.51 0.61 0.61 

0.44 0.40 0.51 0.51 

147 147 147 147 
(9) (9) (91 (9) 

A/ T-ratios are givan in paranth.ama. l .nd l * danota atatiatically significant 
atatiatica at tha 5 parcont and 10 parcant Lw.la. raapmctivaly. 

M Saaaonally adjusted. 
z/ Tha Log likelihood function of a ragraaaion with only a constant. term, i.e., with all 

.Lop. coefficianta aasumod to be zero. 
i/ The Likelihood Ratio Indax (calculated as [l - (Ln L)/(Ln LO)l). aaalogour to tha R2 

goodm88 of fit masura in conventional ragraasion mathoda; a value close to aaro indicates 
that ucplanatory variables hwo coafficimta close to aaro. 
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with foreign exchange reserves (-0.77) and the credit-to-the-banking system 
variables (-0.68), and positively correlated with the deficit variable 
(0.58) and the current account variable (0.81). Nevertheless, the 
statIstica insignificance of the sign of the U.S. interest rate suggests 
that investors assigned greater weight to other fundamentals than interest 
rate differentials when forming their decisions. JJ 

Mexico undertook major domestic financial sector reforms and capital 
account liberalization in i989. In order to assess the impact on the 
results of the structural changes since, a dummy variable, which takes the 
value one for the period after 1989, was included, allowing also for 
multiplicative interaction of this dummy variable with the explanatory 
variables. The coefficients of the slope dummies for the credit to the 
banking sector, the real exchange rate, and inflation differentials for the 
post-1989 period were significantly positive, implying that the effect of 
these variables became stronger after the introduction of financial sector 
reforms. For the post-1989 period, the coefficient of the U.S. interest 
rate becomes positive, but remains insignificant. For the rest of the 
variables, there was no significant evidence of a structural break. 

As regards the predictive power of the model, fundamental variables 
generate quite high (mostly over 50 percent) one-step-ahead probabilities 
for the regime changes that took place in Nexico during thr sample period 
(Chart 1). Furthermore, the we of fiscal deficit as an explanatory 
variable leads to far better predictions for the regime changes in the 
period before the abolition of the dual exchange rate system (before 
November 1991). u When the central bank credit to the banking system is 
used instead in the estimation, the probability of the last devaluation 
increases significantly, to about 67 percent, compared with about 10 percent 

&/ When multicollinearity between any two explanatory variables is 
severe, a restricted model, from which the variable that is expected to 
cause the multicollinearity problem is excluded, may be preferable 
(Griffiths et al. (1987)). However, the omission of an explanatory variable 
to correct for one source of misspecification may result in another sort of 
misspecification, as the parameter estimates in a restricted model may 
become inconsistent with the exclusion of this variable. In order to see 
whether the omission of the U.S. interest rate from the model is warranted, 
some omitted variables tests were performed (see Appendix II). According to 
the test results, the exclusion of the U.S. interest rate may be warranted 
when the credit-to-the-banking system variable is used, as opposed to when 
the deficit variable is used. 

a/ The inclusion of credit to development banks in the deficit figures 
does not change the results. 
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with the deficit variable. u This finding is consistent with the 
observation (see e.g., Calvo (1995) and Sachs et al. (1995)) that it was 
mainly the rise in the indebtedness of the private sector rather than that 
of the public sector that contributed to the tensions in the foreign 
exchange markets in late 1994, and provides some empirical evidence contrary 
to the Lawson-Robichek argument; this argument claims that the government 
should not worry if the private sector runs current account deficits as long 
as there is no fiscal deficit. a In that respect, the authorities' 
decision to extend domestic credit to the banking system to sterilize the 
rese'rve losses may in fact have contributed to the crisis. However, one 
also needs to take into consideration the potential negative impact, in the 
absence of sterilization, of higher interest rates on the financial 
situation of the Mexican banks, which were already experiencing difficulties 
in an environment with high real interest rates and with non-perforPPing 
loans of about 8.5 percent of total loans in March 1994. 1/ 

As indicated in Chart 1, the model yields some positive probabilities 
of devaluations for the periods preceding the regime changes, which are 
indicative of tensions in the exchange markets. The model also gives a 

u Including both the deficit and the credit to the banking system 
variable yields much higher probabilities for those regime changes before 
1994 compared with the use of the credit variable alone and approximately 
the same probabilities compared with the use of the deficit variable alone. 
The probability of the 1994 regime change, however, turns out to be in a 
range of 25-37 percent (a much lower probability than the 67 percent 
obtained with the credit variable alone), &pending on whether the variables 
are used in combination with competitiveness or the current account deficit, 
respectively. 

u Using a theoretical framework, Calvo (1995) demonstrates that a 
balance of payments crisis of the Krugman type will take place even though 
there is no fiscal deficit during the fixed rates period. In Mexico, 
indebtedness of the private sector, which financed the recent consumption 
boom might have fueled individuals' expectations that the exchange rate 
policy was unsustainable. Furthermore, Calvo (1995) argues that the 
consumption boom exaggerated the fiscal surplus in Mexico by boosting 
indirect tax revenues. A cyclically adjusted fiscal deficit would probably 
capture this effect, but is difficult to derive due to data availability. 

u The Bank of Mexico argues, in its 1995 report, that in 1994 it 
implemented monetary policy measures in accordance with the general 
guidelines established by its Board of Governors. These guidelines include 
adjusting the daily supply of base money in order to satisfy its expected 
demand given market interest rates, provided that the inflation target will 
not be jeopardised. If, for some reason (including emergence of exchange 
rate pressures), compliance with the inflation target were in jeopardy, the 
Bank would continue to meet daily demand for base money, but at higher 
interest rates. As Sachs et al. (1995) also point out, interest rates went 
up in Mexico in light of the March 1994 shock, but perhaps not enough to 
prevent the outflow.of capital or to reduce the large current account 
deficit. 
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significant positive probability for April 1990, reflecting the sharp 
decline (about $3.6 billion) in foreign exchange reserves in March 1990. 
Since no regime change actually occurred in these periods, the positive 
probabilities can be interpreted as indicating unsuccessful attacks. 
Furthermore, the relatively high probabilities ahead of the mid-1985 regime 
changes reflect the pressures that led the authorities to increase the rate 
of crawl (the periodic depreciation rate) of the exchange rate in 
December 1984 and March 1985. In addition, the estimated probabilities 
appear to indicate a build-up of pressures on the currency since mid-1994 
(particularly when the central bank credit to the banking system is wed), 
leading up to the "postponed" exchange rate adjustment of end-1994. 

Finally, the computation of the out-of-sample predictions for 1994 
wing the central bank credit to the banking sector as a proxy for 
expansionary policies generates very high probabilities of a regime change 
for the second and third quarters of 1994. The out-of sample predictions, 
which were obtained by applying the estimation results over the 1982-93 
period to the January-August 1994 period, indicate that the probability of 
devaluation jumped to about 49 percent in Hay from about zero percent in the 
prevJ.ous month, and to 65 percent and 84 percent in July and August 1994, 
respectively (Chart 2). In contrast, wing the fiscal deficit as a proxy 
for expansionary policies generated poor out-of-sample predictions. 

VII. Further Emnirical Considerations and Policy Qplicatioag 

This section discusses the sensitivity of the empirical results to 
alternative assumptions regarding the impact on the exchange rate crises of 
the changes in the structure of I4exico's debt, and the timely availability 
of economic and financial data. 

In addition to the emergence of internal and external macroeconomic 
imbalances and the problems in the banking sector, an important element of 
the 1994-95 Hexican financial crisis was the concentration of the government 
debt at the short end of the maturity spectrum, as well as the currency 
composition of the debt. a/ As a result of the events in early 1994 and 
the associated financial pressures, the Mexican authorities shifted to 
shorter-term dollar-indexed debt (tesobonos) from peso-denominated debt 
(cetes) during 1994. Indeed, the share of tesobonos in total government 
debt increased from about 6 percent in February 1994 to 66 percent by end- 
November. 

An increase in the share of foreign-indexed debt can in principle 
provide the central bank with borrowed reserves which could help sustain the 
fixed exchange rate system. However, as the share of this short-term debt 
becomes increasingly higher, rational investors expect that the government 
will not be able to honor its debt at maturity and will not be able to roll 

h/ See International Monetary Fund (1995a), pp. 53-64. 
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it over as investors would not want to hold any more debt. u Following 
this argument, the share of short-term foreign-currency indexed government 
securities in total government securities is included as one of the 
explanatory variables in the regressions, in order to test the contribution 
of the shift in the structure of Mexico's short-term government debt to the 
tensions in the financial markets. uw The results of the regression 
analysis are presented in Table 4. 

In general, the share turns out to have a positive, though 
statistically insignificant, coefficient. Despite its insignificance, 
however, the model's fit for the 1987 and 1994 regime changes improve 
substantially (Chart 3). Specifically, when the share is used together with 
the deficit and competitiveness variables, the probability of regime changes 
in December 1987-February 1988 increases from about an average of 95 percent 
to almost 100 percent, and the probability of the December 1994 devaluation 
increases by almost 50 basis points; the improvement is less pronounced, 
however, when the credit-to-the-banking system or current account variables 
are wed. The latter might reflect the strong correlation between the share 
variable and the credit to the banking system (0.67) on the one hand, and 
the current account (-0.57) on the other. In any case, these results 
underscore the impact of the switch to short-term foreign-currency debt on 
the sentiment in foreign exchange markets, as market participants became 
increasingly concerned about the amount of tesobonos that would mature in 
the short run. &/ 

u Calvo (1995) outlines a model in which the fiscal authority covers 
revenue shortfalls by floating increasing amounts of debt with short-term 
maturity. The main results of the analysis are that the timing of the 
speculative attack is a function of the amount of bonds that will be 
redeemed once the regime change takes place, and that the balance of 
payments crisis occurs earlier than without bonds. 

2/ It should be noted that equation (3) of the theoretical model 
discussed in section IV assumes uncovered interest parity. To incorporate 
the analysis of the share of foreign-currency debt (FD), the model could be 
extended by including a risk premium in equation (3), which may be assumed 
to be a function of certain factors, including FD: 

it = i c + Eet+l - et + Pt . where pt - p(FDt,. .) (3') 

2/ Mexican government issued two types of foreign-currency indexed short- 
term government securities: pagafes and tesobonos. Pagafes were issued 
during 1986-1992, and tesobonos have been issued since July 1989. The share 
of short-term foreign currency debt included in the regressions is the total 
share of these two instruments in total short-term government securities. 

4/ The omitted variables tests that are also conducted for this variable 
(see Appendix II) provide strong support for its inclusion in the regression 
equation with the deficit and competitiveness variables, while the support 
is weak Aen the credit and current account variables are used. 
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Table 4. Mexico: Empirical Results L/ 

(5) (6) (7) (8) 

Constant 1.657 
( 0.11) 

-8.638 30.211 
t-0.27) (1.52) 

Lo&&t-l) 0.491 
Central bank credit to banks (1.54) 

12.388 
( 1.21) 

o.a07+* 
(1.89) 

-- 
-- 

-- 
-- 

Defte2 -- -- 0.35a-3 0.260'~ 
Deficit -- -- (1.57) (1.25) 

ut-1 
Compotitivonssr 

1.957 
(0.61) 

-- 
-- 

12.027 -- 

(1.38) -- 

CAt-2 
Currant account balance 

-- 
-- 

0.280'~ 
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0.33.-3 
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RSSSNSS 1yS.d (-1.48) (-1.49) (-1.20) (-1.44) 

A!+,-1 21 
Output growth 

0.252. 
(2.76) 

0.223. 
(2.17) 

0.373** 
(1.78) 

0.347. 
(2.12) 

i*t-1 -0.156 -0.417 -2.668.. -1.236 
U.S. money mukot rata (-0.57) (-0.88) (-1.65) (-1.45) 

Q-1 
Upper bound on the exchange rata 

-0.222 0.201 -4.742 -4.580 
(-0.41) ( 0.33) (-1.17) (-0.89) 

LIIL 
Log likelihood function 

Ln LO 31 
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R2 

Humbar of observations 
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-17.17 -15.27 -9.69 -11.22 

-33.86 -33.06 -33.86 -33.86 

0.49 0.55 0.71 0.67 

0.42 0.45 0.62 0.59 
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(9) (9) (9) (9) 

A/ T-ratios are givm in parmtbesms. + and l * danota statistically significant t- 
statistics at the 5 percent and 10 percent 10~~1s. rrspectivmly. 

2/ Seasonally adjustad. 
3/ The Log likelihood function of a regression with only a constant term. i.e.. with all 

slope coafficionts ass-d to bo saro. 

I/ Iho Likelihood Ratio Index (calculated as I1 - (Ln L)/(Ln Loll), analogous to tha R2 
goodnoss of fit measure in conventional rogrossion mthods; a value close to tare indicates 
that explanatory vuiablos have coafficiants closa to zaro. 
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In estimating the one-step ahead probability of a regime change in 
period t, information available in the period t-l had been used. In order 
to evaluate the usefulness of this paper's approach as an early warning 
device, it is possible to consider alternative specifications regarding 
availability of data. In particular, it has been indicated that the sharp 
decline in the Bank of Mexico's resemes in November was not publicly 
announced until after the peso was devalued in December. JJ In that case, 
using November reserves in estimating the regime change in December might 
predict the December devaluation only from the perspective of the 
authorities, to whom it might have become apparent that the prevailing peg 
could not be maintained at the existing parities and prevailing level of 
reserves. On the other hand, speculators might not have been able to 
predict that devaluation, as they were not en&wed with the most recent 
information on foreign exchange reserVes in November. Accordingly, the 
model was estimated again, but this time by using two-period lagged reserves 
variable, as opposed to one-period lagged one. The results did not change 
qualitatively, and the predicted probabilities of the previous regime 
changes remained more or less unchanged, although the probability of 
devaluation in- December was reduced. However, the model still predicted the 
existence of speculative pressures during several months ahead of December, 
This finding implies that even without full information about the decline in 
resemes , speculative pressures were evident, given the deterioration in 
some of the economic fundamentals. 

Finally, in or&r to address other potential information problems and 
to test the predictive capacity of the model sufficiently ahead of time, the 
model was estimated by using different lag structures for all the model's 
explanatory variables. Using up to five-period lags, the significance level 
of the coefficients declined and the associated probabilities were reduced 
for most of the regime changes. Nevertheless, the model still predicted the 
existence of turbulence before the regime changes (Charts 4 and 5). In 
particular, when the share of foreign-currency-indexed debt was used as one 
of the explanatory variables, the model's fit for the 1994 crisis improved. 
Given the lead time of three to five months implied by the results, the , 
model could possibly be of some limited use as an early warnir.g &vice, or 
sign of impending trouble. The reduction in the predictive power, on the 
other hand, also underscores the importance of access to timely economic and 
financial data for enhanced surveillance in the future. 2/ 

VIII. Egncludbg Remarks 

Following periods of turbulence caused by political and economic 
uncertainties, the Xexican new peso came under speculative pressure at the 

J,/ See International Monetary Fund (199Sa), pp. 53-64. 
2/ It should be noted that the scope and quality of economic and 

financial data being made available by the Bank of Mexico to the IKF, as 
well as for publication, have improved substantially since the outbreak of 
the financial crisis at the end of 1994. 
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end of 1994. The Mexican authorities devalued the currency on 
December 20, 1994, and subsequently abandoned the crawling band exchange 
rate mechanism that had been in effect since November 1991, as continued 
selling pressures on the currency reduced the foreign reserves of the Bank 
of Mexico. While the Mexican crisis in end-1994 and the subsequent 
turbulence in the foreign exchange markets were unprecedented, Mexico's 
history on exchange rates indicates that Mexico has often experienced 
setbacks in its efforts to permanently stabilize its economy using a pegged 
exchange rate regime. 

In this paper, we examined the changes in Mexico's exchange rate regime 
in the period 1982-94 in an attempt to identify the role of Mexico's 
macroeconomic fundamentals in exerting pressure on the peso, and to evaluate 
whether the associated regime changes could be explained by a deterioration 
in these fundamentals. In or&r to identify their contribution, we computed 
the probability of a regime change as a function of economic fundamentals by 
using a model based on the speculative attack literature. The empirical 
findings indicate that, in general, the deterioration in economic 
fundamentals generate high one-step-ahead probabilities for the regime 
changes that took place in Mexico during the sample period. In particular, 
the sharp increase in inflation differentials vis-a-vis the United States in 
1987-88, the appreciation of the real exchange rate since 1987, the periodic 
sharp losses of foreign reserves, and/or expansionary monetary and fiscal 
policies appear to have contributed to the pressures that resulted in the 
regime changes during the estimation period. 

Furthermore, our empirical results suggest that the rise in the private 
sector indebtedness, instead of public sector imbalances, was in part 
responsible for the foreign exchange crisis in late 1994. The significant 
build-up of pressures on the currency since mid-1994 was evident in the 
estimated probabilities, particularly when the central bank credit to the 
banking system was used as an explanatory variable; indeed, the probability 
of a regime change surged to about 70 percent in December 1994 from about 
one percent in June. u In addition, the sharp losses of foreign reserves 
appear to have been crucial (as outlined in the speculative attack 
literature) in shaping the authorities' decision to abandon the crawling 
band regime in 1994. Furthermore, the improvement in the model's fit 
obtained by the incZusion of the share of shorter-term foreign-currency- 
indexed debt underscores the importance of the switch to tesobonos in 
creating further pressures on the currency. 

Finally, the recent experience of Nexico also illustrates that the 
sustainability of exchange rate policy depends crucially on adequate policy 

JJ If the central bank credit to the banking system is used in 
combination with the fiscal deficit, the probability of the December 
devaluation declines to about 30 percent, implying the offsetting impact of 
the improvement in the fiscal position; although this is relatively a small 
number, the jump in the probability from about zero percent to 30 percent 
suggests the presence of significant pressures in the market. 
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responses to shocks to the economy and on the extent of fragility of the 
economic and financial system. While the unfolding of events leading to the 
recent crisis in Mexico followed a course different from that suggested in 
the speculative attack literature, i.e., that reserve losses initially 
occurred due to domestic political tensions, rather than to monetary and 
fiscal imbalances, our results suggest that the subsequent efforts of the 
authorities to sterilize these reserve losses by extending credit to the 
banking system (given the poor quality of bank portfolios and already high 
real interest rates) and increasing switch to tesobonos may have contributed 
to further losses of reserves. JJ1/ 

u Sachs et al. (1995) (pp. 7-10) develop a similar argument, and 
demonstrate the link between reserve losses and sterilization policy under 
the policy of restraining interest rate rises. 

a A tightening of credit supported by a more restrictive fiscal stance 
might have been needed to stave off the pressures on the exchange rate 
regime. "However, the effects of the credit tightening on output and the 
solvency of the banking system may not have been qualitatively different 
from those that seem to have arisen in the aftermath of the December 
crisis." (See International Konetary Fund (199Sb)). 
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Descrintion of Data 

This appendix provides the description of the monthly data used in the 
empirical analyses. 

E: 

e: 

B 

-*. 1 . 

R: 

D: 

Db: 

Def: 

FD: 

Y: 

u: 

CA: 

P: 

p*: 

The level of the end-of-period spot exchange rate, i.e., the 
price of the U.S. dollar in terms of the Mexican peso. Sources: 
IFS (line we, International Monetary Fund, Central Bank of 
Mexico). 

The log of the end-of-period spot exchange rate, E. 

The upper bound on the exchange rate. Source: staff calculations and 
Table 1. 

Short-term money market rate for United States. Source: IFS, 
International Monetary Fund. 

The central bank total reserves minus gold. Source: IFS 
(line ll.d), International Monetary Fund. 

Total domestic credit (in domestic currency). Source: IFS 
(line 32), International Monetary Fund. 

Net domestic credit extended by the central bank to the banking 
system. Source: IFS, International Monetary Fund. 

Central budget deficit. Source: Mexican Authorities. 

The share of foreign-currency indexed debt in total short-term 
government securities. Source: IBAMEX Database, Bank of Mexico. 

The log of industrial production index. Source: IFS 
(line 66.~). International Monetary Fund. 

The log of the real effective exchange rate index based on 
relative consumer prices. Source: IFS, International Monetary 
Fund. 

Current account balance, extrapolation of quarterly current account 
&ta by using monthly trade balance. Source: IFS (lines 70, 71, 
77a.d, 77acd), International Monetary Fund. 

The log of the Mexican consumer price index. Source: IFS (line 
64), International Monetary Fund. 

The log of the U.S. consumer price index. Source: IFS (line 
64), International Monetary Fund. 

. 
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Tests for Missnecification 

1. Test for heteroskedasticity 

It is often acknowledged that it is important to test for 
heteroskedasticity of disturbance terms in qualitative dependent variable 
models, because this specification leads to inconsistent parameter 
estimates. Residuals are heteroskedastic when their variances are not 
constant over time, i.e., 

Var(Ui) = 0: = CT2 fz, where vi =h(zla), i=1,2,....,n, 

2 is some positive constant, Xi represent a subset of exogenous variables 
of the model, and ht.) is a twice differentiable function. Testing for 
heteroskedasticity involves testing the null hypothesis HO: Q - 0. 

Godfrey (1988) JJ provides a Lagrange multiplier (LM) test to check 
for heteroskedasticity of the above form. The test involves calculating a 
test statistic which is the explained sum of squares for the OLS regression . 
of the variable: 

on the variables 

where, functigns Fi and fi are evaluated at the maximum likelihood 
estimators, /3 , that are obtained under the assumption of homoskedasticity. 
In probit models, 

Fi (Xi@*) = 14(x$?*), fi(X@) =o(xf'p*), 

where a(.) and #(.) are the cumulative distribution function and the 
probability density function of the disturbance term, respectively. This Ui 
test statistic has a Chi-square (~2) distribution with degrees of freedom 
given by the number of non-constant regressors in the regression. The null 
hypothesis of no heteroskedasticity is rejected when the computed test 
statistic exceeds the critical x2 value for the same degrees of freedom (or 

IJ See pages 214-217. 
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alternatively, when the p-value from the regression is less than 0.01). The 
results of this test, provided in Table 5 below, suggest that the results 
are robust to heteroskedasticity. 

Table 5. Test for Heteroskedasticity 

Variables included in 
the probit estimation 

Critical x2 

value for 
Ul Test statistic p-19 and 

(x2 (P)) 1/ 2/ 95 percent 

LWDbt-l>, ut-1. (P-P*)t+ PI&l* et-1 
Lqg(R,,l), Abg(R,-l), AYt-1, I*,-1 x2(19)- 5.125 (0.999) 30.14 

(Deft-2L ut+ (P-P*)t-11 Iq-1, et-1 
LWR,,l), A~fi(R,-l)s AYt-11 i*t-1 

(Deft-2), CAt,2, (P-PZ)t..ll FT.++ et-1 
bg(R,,lL A%#$+ 'LYt-1, i*t-1 

x2(19)-11.422 (0.909) 30.14 

x2(19)-12.067 (0.883) 30.14 

&/ p is the number of nonconstant explanatory variables in the regression. 
2/ The numbers in parentheses indicate p-values from the OLS regression. 

2. Tests for omitted variables 

If there is a high degree of multicollinearity between a model's 
variables, a restricted model might be preferable in which the variable 
which is most likely to cause the multicollinearity problem is excluded from 
the model. On the other hand, if a relevant variable is omitted from the 
model, the coefficient of the included variable will be inconsistent (i.e., 
the value of the parameter estimate does not approach the true value of the 
parameter in the limit). In that case the exclusion of the variable might 
not be warranted. The Likelihood Ratio (I.R) statistic can be used to test 
for omitted variables, which involves testing whether bp - 0 in: 

Ho: Y - blXl + e, 

Hp. Y - blXl + bpXp + e. 

If El is the maximum value of the likelihood function of the 
unconstrained model in HI, and Lo is the value when the constraint is 
imposed, then the LR test is computed as: 

LR- 2 G1-Lo). 
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LR statistic has an asymptotic Chi-square (x2) distribution with 
degrees of freedom equal to the number of constraints. If the calculated x2 

statistic (LR) exceeds the critical x2 value, then HO can be rejected: this 
means that the omission oi X2 is not warranted. 

Table 6 below provides the results for all specifications used in the 
paper to test whether (i) U.S. interest rates and (ii) the share of short- 
term foreign currency debt can be omitted from the model. According to the 
test results, the exclusion of the U.S. interest rate may be warranted when 
the credit-to-the-banking system variable is used, as opposed to when the 
deficit variable is used. Similarly, the tests provide strong support for 
the inclusion of the share of foreign currency denominated debt in the 
regression equation with the deficit and competitiveness variables, while 
the support is weak when the credit and current account variables are used. 

Table 6. LR Tests for Omitted Variables 

Variable omitted 
Calculated test 
statistic (LR) 

Critical x2 value 
at p-l, 95 percent 

i*t-l: 

in Specification (1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

q-1: 

in Specification (1) 
(2) 
(3) 
(4) 

0.24 3.84 
1.30 3.84 

13.13 3.84 
4.30 3.84 
0.34 3.84 
1.11 3.84 
7.38 3.84 
3.92 3.84 

0.16 3.84 
2.67 3.84 
7.00 3.84 
3.84 3.84 

Source: Tables 3 and 4. 

-- 
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