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Abstract


A macrodynamic model is employed to examine how the increase in money supply in the presence uncertainty on the timing of the monetary expansion reversal may render a country vulnerable to a currency crisis. With reversal following a Poisson process, after money expansion, output increases, the current account deteriorates and a situation of excess-capacity and bubbles in the asset markets develops. Therefore the authorities face a trade-off between long-run sustainability and short-term prosperity. If authorities fail to correct long-run imbalances, investors eventually launch a speculative attack. The model’s results provide a quite faithful description of the Asian crisis’ overall picture.
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1. Introduction


In 1997 a major financial and currency collapse swept across most of the East Asian economies putting a halt to their staggering economic performance and raising serious doubts about the desirability of unfettered financial globalisation. While much of the attention has been deservedly devoted to working out a new architecture to the international financial system that contributes to alleviate the predicaments of the afflicted countries and avoid further distress elsewhere, it is still important to understand the mechanics that drove the collapse of the so often called East Asian ‘miracle’. Accordingly, this paper sets up a dynamic macroeconomic model to capture the main features of the East Asian crisis, real as well as nominal.


This paper develops a framework with the purpose of showing how an unexpected temporary increase in the money supply can lead an economy to an extremely fragile equilibrium at which a picture of apparent prosperity coexists with a serious risk of a major currency crisis. According to the model presented, if the monetary expansion is not reversed the exchange rate eventually collapses with disastrous consequences to the overall economic situation. The model’s main results rest upon three crucial features. Firstly, there is uncertainty about the timing of reversal of the money expansion. Secondly, the supply of output is made dependent on the real exchange rate, in particular output is stimulated by a real appreciation. Thirdly, under perfect foresight, domestic and foreign assets are perfect substitutes so long as domestic assets pay a risk premium that varies according to investors’ expectations of policy-makers actions.


In the prolific literature that followed the East Asian crisis two core ideas seemed to gather considerable support amongst researchers, namely that previous models of currency crisis are not fully suitable to examine this particular set of events and that the Asian crisis ensued from a financial plight. The analysis presented here attempts to contribute to remedy the former while challenging the latter on the grounds that it tells only part of the story.


For various motives, the existing models of currency crises fail to portray some of the most relevant aspects that characterised the Asian crisis. Previous work on speculative attacks has been broadly divided into two categories, the so-called ‘first-generation’ and ‘second-generation’ models. The former, built upon Krugman (1979) and Flood and Garber (1984) explain the depletion of foreign currency reserves that precedes a speculative attack by unsustainable credit creation that results from the monetisation of budget deficits. While it will be argued in this paper that the cause of the crisis was indeed excessive credit, it must be noted that most of the afflicted countries in Asia were running budget surpluses and that foreign exchange reserves grew along with credit. In the ‘second-generation’ models pioneered by Obstfeld (1994) it is asserted that governments might face a situation in which they have to choose between defending an exchange rate parity and so maintaining credibility, and using exchange rate policy discretion to improve an ailing economy. When fundamentals are thought by investors to be in poor shape, such that the government is expected to opt for exchange rate flexibility, a speculative attack results as speculators attempt to reap maximum profit. Again, even though it will be argued here that a policy-choice that involved a trade-off between credibility and short run prosperity played a crucial role in the bursting of the crisis, fundamentals in East Asia, at least in what concerns the variables normally considered for these purposes (output growth, unemployment and inflation) were quite sound.


A considerable share of the literature on the Asian crisis argues that the currency crisis is the pinnacle of a destructive process that has its roots in an under-performing and poorly regulated financial system. A point is also made on the fact that what distinguishes the Asian crisis from previous ones was the prevalence of faulty microeconomic fundamentals that led to a financial crisis which in turn degenerated into a currency crisis due to the preponderance of foreign currency denominated debt. In contrast, the view conveyed in this paper is that financial and currency crises were by-products of both weak micro and macroeconomic fundamentals, such as excessive credit, excess-capacity, widening current account deficits and inflated property and stock markets. In other words, financial crisis was not the cause of the currency crisis, instead they both are sides of the same coin. Krugman (1998) and Corsetti et al (1998) among others, assert that the Asian crisis was due to moral hazard in the financial system. Little concerned with the downside risk of their government guaranteed ventures, investors poured excessive funds into risky assets, such as property and stocks. Consequently, bubbles were formed and kept inflating until bursting. Although moral hazard ought to have played an important role, it only partially explains the process that led to the actual crisis, since as pointed out by Radelet and Sachs (1998) a significant share of loans were not protected by any sort of guarantee. Chang and Velasco (1998) suggest that the Asian crisis was a consequence of international illiquidity understood as a maturity mismatch between assets denominated in domestic currency and liabilities denominated in foreign currency. All these contributions put financial distress at the centre stage of the East Asian currency crisis failing, to acknowledge that financial problems were ultimately caused by the excessive capital inflows that followed a process of financial liberalisation implemented in the stricken countries only a few years before the crisis�. It is precisely upon the capital influx that predictably follows financial liberalisation that this paper concentrates to show that massive capital inflows together with uncertainty and monetary policy mismanagement created an unsustainable situation that ended up in a fully-fledged crisis.


The paper is structured as follows. Section 1 sets up the benchmark model, in which money is neutral in the long run. Section 2 introduces uncertainty into the model and looks at the steady-state effects of a monetary expansion to show that at the new steady-state equilibrium money is not neutral anymore, while section 3 illustrates how uncertainty can leave the economy extremely vulnerable to a currency and financial crisis. In section 4 the actual currency crisis is modelled and its consequences are analysed. Section 5 concludes.





2. Benchmark Model


An extended version of the log-linear Dornbusch (1976) model is employed to examine how an increase in the money supply renders a country vulnerable to a currency crisis in the presence of uncertainty on the timing of reversal of the monetary expansion and also how can this vulnerability turn into a fully-fledged crisis. The extension allows for the inclusion of a supply-side relation which establishes a link between long-term output and the real exchange rate and also a modified interest parity condition that includes a variable risk premium on domestic assets.


The behaviour of aggregate demand is given by the usual IS-type relation, where for simplicity the autonomous or government spending component is neglected:


� EMBED Equation.2  ���                                                                                                   (1)


where � EMBED Equation.2  ��� and � EMBED Equation.2  ��� are the net exports elasticity and interest rate semi-elasticity of output, respectively, while � EMBED Equation.2  ��� and � EMBED Equation.2  ��� are the natural logarithms of the exchange rate and domestic price level and � EMBED Equation.2  ��� stands for the nominal interest rate.


Aggregate supply of output is given by the following positive relationship between output supplied and real exchange rate appreciation:


� EMBED Equation.2  ���                                                                                                          (2)


where � EMBED Equation.2  ���. As it will become evident, the introduction of the supply side and the particular form in which it is specified is pivotal to the model’s main results since it provides a powerful link between currency crises and long-term output. A justification for this relationship can be found at least in two distinct strands of the economic literature. In the literature of macrodynamic models with sticky prices, such dependence stems from the fact that while demand for labour� and so the production function depend on the real wage defined as the difference (in logs) between nominal wage and the domestic price, labour supply responds to changes in the consumption-based real wage, which increases with a real appreciation (see e.g. Sachs, 1980; Marston, 1982; Devereux and Purvis, 1990). This argument� therefore implies that in a framework of labour market-clearing, the equilibrium level of output is an increasing function of � EMBED Equation.2  ��� as indicated in equation (2). Naturally, the sensitivity of the supply of output to the real exchange rate, given by the size of the parameter � EMBED Equation.2  ���, depends among other factors on the share of imported goods in the consumption bundle.


The existence of a high level of unhedged debt denominated in foreign currency cutting across a credit-constrained economy provides a second strong motivation to model the supply of output as a function of the real exchange rate. A real depreciation causes an immediate rise in the real domestic currency value of debt that affects with similar intensity any sector with substantial exposure to external debt. For an economy where imperfections in the banking market dictate that assets of indebted firms are collateralised, a generalised increase in the real value of debt may have widespread effects on the whole financial system that can easily spill over into a downgrade in the economy’s productive capacity (e.g. Bernanke, 1983; Mishkin, 1992) and also lead to massive desinvestment if the net worth of firms is seriously affected by the rise in debt’s real value (Kiyotaki and Moore, 1997). Edison et al (1998) applied the Kiyotaki and Moore (1997) model to explain the interlocked nature of the collapse of the currency and asset markets in East Asia. Crucially, they showed that in the that framework a depreciation in an economy with a high level of indebtedness in foreign currency could have devastating effects on output.


The behaviour of domestic prices is given by the following Phillips-curve price adjustment equation:


� EMBED Equation.2  ���                                                                                                       (3)


where � EMBED Equation.2  ��� is positive and finite. Prices are then made ‘sticky’ according to the Dornbusch tradition, but unlike Dornbusch (1976), it will be assumed ‘short-side’ determination of output while the system travels in between steady-state equilibria, that is, � EMBED Equation.2  ���.


The demand for real money balances is made dependent on output and interest rate, as it typically appears in the related literature:


� EMBED Equation.2  ���                                                                                                (4)


where � EMBED Equation.2  ��� denotes the natural logarithm of the money supply and � EMBED Equation.2  ��� are the elasticity and semi-elasticity of demand for money with respect to output and interest rate, respectively. The term � EMBED Equation.2  ��� gives the magnitude of the change in the money supply, the circumstances of which will be discussed in the next section.


Asset market equilibrium under perfect foresight is given by an interest parity condition, where domestic and foreign assets are perfect substitutes after allowing for a variable country-specific risk adjustment factor on domestic assets:


� EMBED Equation.2  ���                                                                            (5)


where � EMBED Equation.2  ��� is the rate of return that the domestic nominal interest rate must equal if the exchange rate is to be constant, but for convenience it will hereafter be referred as the foreign interest rate. The term � EMBED Equation.2  ��� is an exogenously determined constant and � EMBED Equation.2  ��� is a binary variable that according to the realised set of agents’ expectations of policy-makers actions, to be specified later on, can assume the values of � EMBED Equation.2  ��� or � EMBED Equation.2  ���, and represents the risk premium on domestic assets.


Since the Dornbusch ‘overshooting’ model has been repeatedly criticised, a careful explanation of its appropriateness for modelling currency crises of the kind of the one that stroke East Asia is required. The Dornbusch framework has been criticised mainly on two grounds, namely for its lack of microeconomic foundations and also because its most famous result of ‘overshooting’ is largely inconsistent with empirical evidence (e.g. Obstfeld and Rogoff, 1996). While not dismissing the fairness of these criticisms, the intention here is instead to argue that they are not equally pertinent in all circumstances. In a context of high capital mobility the crucial relationship in determining swings in the exchange rate such as those occurring during a currency crisis ought to be any sort of interest/return parity condition. The microeconomic behaviour of producers and consumers should be of considerable relevance in ascertaining the dynamics of the current account, but not so much in describing the timing, extent and immediate consequences of a currency crisis. On the other hand, as regards ‘overshooting’, it seems clear that the kind of crises this model attempts to portray are generally ‘twin crises’� of the asset and currency markets which are most likely to provoke ‘overshooting’ in the sense that variations in the exchange rate go much beyond what would have been any ‘correction’ of faulty medium and long run fundamentals. Moreover, because the Dornbusch framework is quite flexible it can be extended so as to capture very interesting features of currency crises and still provide a dynamic picture of events. Most crucially, it may seem inappropriate to model currency crisis within a flexible exchange rate framework. However that should not constitute a problem for the present analysis as the exchange rate used here can be thought as the ‘shadow’ exchange rate, that is, the value of the exchange rate that according to the model would be obtained if it was flexible rather than fixed. In the end if the nominal ‘shadow’ exchange rate drifts sufficiently apart from the initial position (which corresponds to the fixed parity), a currency attack becomes inevitable. Moreover, the main qualitative results of the model would not be at all affected would a setting of fixed exchange rate have been adopted instead.


The dynamic behaviour of the system, the stationary loci of the endogenous variables and their steady-state equilibrium values are derived from equations (1)-(5). The dynamic equations of the benchmark model are:


� EMBED Equation.2  ���                                             (6)


� EMBED Equation.2  ���                                                                   (7)


where � EMBED Equation.2  ���


The stationary loci for the price and exchange rate are obtained by equating (6) and (7) to zero, respectively:


� EMBED Equation.2  ���                                             (8)


� EMBED Equation.2  ���                                                  (9)


The dynamic system in matrix form is then:


� EMBED Equation.2  ���                          (10)


where � EMBED Equation.2  ��� and � EMBED Equation.2  ��� are the steady-state values of � EMBED Equation.2  ��� and � EMBED Equation.2  ��� when � EMBED Equation.2  ���, and are determined by equating the system comprising (6) and (7) to zero:


� EMBED Equation.2  ���                                                                                          (11)


� EMBED Equation.2  ���                                                                                                     (12)


The steady-state real exchange rate is thus given by:


� EMBED Equation.2  ���                                                                                              (13)


It follows that, since � EMBED Equation.2  ��� and � EMBED Equation.2  ��� is assumed to be fixed, a real depreciation from one steady-state equilibrium to another will only occur if the risk premium on domestic assets, � EMBED Equation.2  ���, increases. This is because equation (5) implies that when � EMBED Equation.2  ��� increases the domestic interest rate rises by the same amount in steady-state and so � EMBED Equation.2  ��� falls short of � EMBED Equation.2  ���. To re-establish equilibrium in the goods market the real exchange rate must depreciate, but not by as much as if � EMBED Equation.2  ��� was fixed� because a real depreciation drives the supply of output downwards.


Since the determinant of the coefficient matrix in (10) is negative, the system exhibits saddle-path stability. The stable arm of the saddle-path when � EMBED Equation.2  ��� can be written as�:


� EMBED Equation.2  ���                                                                                        (14)


where � EMBED Equation.2  ��� is the stable root of the characteristic equation associated with (10).


Before proceeding some considerations are in order. Saddle-path stability requires � EMBED Equation.2  ��� to be negative, which is the case (see appendix A). Also, to obtain the most common scenario of a downward sloping � EMBED Equation.2  ��� and stable arm of the saddle-path, we need to assume that � EMBED Equation.2  ���. Furthermore, from (11)-(13) it can be established that money is neutral and purchasing power parity holds in the long run provided that agents enjoy perfect foresight: � EMBED Equation.2  ���





3. Monetary Expansion and One-Sided Uncertainty


The model as outlined in the previous section is fully neutral in the long run and cannot capture the build-up to a currency crisis, let alone the crisis itself. This section will show how an unexpected monetary expansion in the presence of uncertainty might drive the economy to the edge of a currency crisis, if not a financial crisis as well.


The introduction of uncertainty into the model follows Daniel (1989)� by considering that an exogenous� monetary expansion geared by the authorities is expected to be reversed, but at an uncertain date. This means that the money supply will jump by a positive realisation of the parameter � EMBED Equation.2  ��� and revert to its original level when the value of the same parameter returns, in a discrete change, to zero. Since agents do not know the date of reversal this case differs from the typical temporary monetary expansion in its effects. In between the implementation and reversal of the policy move, equation (5) will no longer be a non-arbitrage condition for domestic and foreign assets, since when money supply is restored at its initial level the exchange rate appreciates, generating a capital gain for domestic assets holders. Therefore, at any moment prior to reversal, the domestic interest rate must fall short of the foreign interest rate, � EMBED Equation.2  ���, plus the rate of exchange rate depreciation by an amount equal to the capital gain which would occur in the event of policy reversal multiplied by the probability assigned by investors to policy reversal at that moment.


To derive the new interest parity condition it is assumed that the policy reversal follows a Poisson or jump process for which � EMBED Equation.2  ��� denotes the mean arrival rate, that is constant for each set of expectations about government’s actions. As shown in appendix B, the new parity condition� can be obtained using standard tools of stochastic calculus and can be expressed as:


� EMBED Equation.2  ���                                                                                 (15)


where � EMBED Equation.2  ��� is the level to which the exchange rate jumps at the moment of reversal. Since at this moment the holders of domestic assets reap an immediate gain of � EMBED Equation.2  ���, it follows that � EMBED Equation.2  ��� is the expected capital gain in any period prior to reversal. Equation (15) differs from the simple uncovered interest parity in that it includes two distinct risk components. The premium � EMBED Equation.2  ��� refers to the standard risk of default, while the term � EMBED Equation.2  ��� is a risk discount and stems from the fact that at any moment prior to reversal expected appreciation exceeds actual appreciation.


The solution to the model requires the solution for � EMBED Equation.2  ���. When the policy is reversed, the original model, summarised by (10), takes over the dynamics, which means that the exchange rate jumps onto the stable arm of the saddle-path given by (14). Therefore, for a given price and � EMBED Equation.2  ���, � EMBED Equation.2  ��� is found by solving (14) for � EMBED Equation.2  ���:


� EMBED Equation.2  ���                                                                                                 (16)


where � EMBED Equation.2  ���, is the reciprocal of the slope of the stable arm of the saddle-path in � EMBED Equation.2  ��� space.


It is now possible to write the dynamic equations for the system after the implementation of the expansionary monetary policy and prior to its reversal. Since equation (6) for the time-trajectory of price was derived without (5), it remains unaltered and so the price dynamics are unaffected by the introduction of policy uncertainty. The behaviour of the exchange rate over time is now given by:


� EMBED Equation.2  ���                                 (17)


The new model prior to policy reversal can be written in matrix form as follows:


� EMBED Equation.2  ���                          (18)


The new exchange rate stationary locus is obtained by equating (17) to zero:


� EMBED Equation.2  ���     (19)


The slope of � EMBED Equation.2  ��� is given by:


� EMBED Equation.2  ��� provided that � EMBED Equation.2  ���, as assumed. Taking the derivative of the slope with respect to � EMBED Equation.2  ��� yields:


� EMBED Equation.2  ���. It follows that since the � EMBED Equation.2  ��� schedule is downward sloping, the higher the probability of reversal, the steeper the � EMBED Equation.2  ��� line.


When the money supply does increase, the stationary loci of price and exchange rate shift according to the following expressions:


� EMBED Equation.2  ���


� EMBED Equation.2  ���


It is interesting to note at this stage that since � EMBED Equation.2  ��� the � EMBED Equation.2  ��� locus shifts less the higher the probability of reversal. Also, if the nominal exchange rate is to be at a higher (depreciated) level at the temporary equilibrium� than it was at the original equilibrium, then the � EMBED Equation.2  ��� line must shift by more than � EMBED Equation.2  ��� does, that is � EMBED Equation.2  ���, in which case ‘overshooting’ will result.


The temporary equilibrium values (denoted by ‘^’) of the price and exchange rate are obtained by setting (18) equal to zero and solving for � EMBED Equation.2  ��� and � EMBED Equation.2  ���:


� EMBED Equation.2  ���                                                          (20)


� EMBED Equation.2  ���                                                            (21)


From the above equations, � EMBED Equation.2  ���, and � EMBED Equation.2  ��� if the condition that guarantees ‘overshooting’ holds, i.e. if � EMBED Equation.2  ���. However, since the coefficients of � EMBED Equation.2  ��� in both equations are smaller than one, prices increase and the exchange rate depreciates, but by less than proportionately the change in the money supply. This implies that at the temporary equilibrium the real money supply is above its original long run value, forcing the interest rate to adjust downwards to ensure that the money and indeed the asset� market do clear.


The dynamics after an increase in the money supply towards the temporary equilibrium are depicted in figure 1 and run as follows. The monetary expansion drives the interest rate downwards what causes an immediate increase in the jump variable from the initial equilibrium at point E onto the stable arm of the saddle-path (Q’Q’) around the temporary equilibrium. The exchange rate must, however, overshoot the new steady-state equilibrium to create expectations of appreciation so as to compensate investors for a lower return on domestic assets. As prices start gradually to move upwards towards the temporary equilibrium (point T), the nominal exchange rate appreciates in the typical fashion for these sort of models, until both variables reach the temporary equilibrium. Once at this point the system will not move unless the policy is reversed or the probability of reversal changes. If the monetary expansion is reversed the exchange rate jumps to saddle-path (QQ) around the original equilibrium. In figure 1 such hypothetical reversal is represented as to occur when the system is already at the temporary equilibrium, in which case the system is deployed to point R.


�


The real exchange rate at the temporary equilibrium, calculated as the difference between (20) and (21) is:


� EMBED Equation.2  ���                                                (22)


Since � EMBED Equation.2  ���, � EMBED Equation.2  ��� and so the real exchange rate at the temporary equilibrium is appreciated relatively to the original equilibrium and also to the steady-state equilibrium had the money supply increase been permanent, in which case � EMBED Equation.2  ���. An immediate consequence of real appreciation is that the steady-state level of output is, according to (2), raised by � EMBED Equation.2  ���. Purchasing power parity does not hold anymore and instead a situation characterised by real appreciation and reduction in the domestic interest rate emerges. As a result, output composition is re-balanced in towards increased investment and decreased net exports. The re-shuffle in the components’ share of output will, as shown later in the paper, play a central role in the eruption of the crisis.





3. Uncertainty and the Deterioration of Fundamentals


The implications of uncertainty in this model are manifold, but they all concur to the deterioration of the economy’s fundamentals and thus to its vulnerability to a financial and currency crisis. Before describing the implications of uncertainty in general, it is worth analysing how the degree of uncertainty� affects the endogenous variables of the model at the temporary equilibrium. From equation (22) it can be shown that the higher � EMBED Equation.2  ��� the more the exchange rate appreciates in real terms� and so the higher is the increase in steady-state output at the temporary equilibrium. The reason is that the higher probability of reversal, the sooner agents expect the exchange rate to appreciate and that precludes the nominal exchange rate from deviating too much from its previous equilibrium level. Another interesting feature is that, since the higher � EMBED Equation.2  ��� the steeper is � EMBED Equation.2  ��� and the smaller its shift after the implementation of the expansionary policy, a lower degree of uncertainty results in lower price and exchange rate volatility, whose effects although not fully captured by this model are generally deemed as prejudicial. The upshot of these two effects is that the government benefits from having a good reputation for monetary prudence since that will lead markets to set a high � EMBED Equation.2  ��� and that brings along higher temporary output and lower temporary price and exchange rate volatility.


As a consequence of the real exchange rate being appreciated relatively to the previous equilibrium, at the temporary equilibrium net exports fall and the current account deteriorates. Moreover, as the interest rate becomes below the previous level, investment is boosted, prompting a situation of excess-capacity and eventually a bubble in the asset market. Therefore, external competitiveness is hampered and output ends up being sustained by massive investment, part of which is likely to be unproductive and ill-directed. Combined, these two features of the present model provide the ingredients for a currency crisis of the sort experienced by the East Asian countries in 1997 and on. In fact, after a sustained inflow of foreign capital during the 1990s, most of the East Asian countries had their currencies overvalued on the eve of the crisis (e.g. Chinn, 1998). Although the extent of the overvaluation was not substantial, it definitely contributed along side the sluggishness of the Japanese and European economy to the slowdown of export growth in the couple of years that preceded the crisis. Another consequence of capital inflows and the concomitant increased availability of foreign lending was that, as predicted by the model, the interest rate that borrowers effectively paid was driven down, contributing to the increase of the rate of capital accumulation that now, with the benefit of hindsight is regarded as being excessive. Facilitated access to credit induced resident and non-resident corporations, banks and private citizens to pour down funds into risky and speculative assets that would in turn serve as a collateral to the very loans with which they were financed, thereby fuelling the development of bubbles in the stock and/or property markets (depending on the country in question). The bubbles were further reinforced by the fact that foreign creditors continued to roll-over short-term credits as they felt secured by the implicit or explicit guarantees of local governments on their loans. This form of moral hazard, extensively referred in the literature might have played an important role in augmenting the extent by which the market bubbles developed in East Asia in the mid-1990s.


Bearing on the analysis presented above it seems fair to suggest that the deterioration of the external competitiveness upon which the East Asian growth model was built in conjunction with the development of bubbles in the asset markets fuelled by excessive credit, rendered the overall macroeconomic picture in East Asia unsustainable.





4. The Bursting of the Crisis and Its Aftermath


In spite of characterising the build-up to a currency crisis, the model so far does not endogenously produce a currency crisis as witnessed in those countries. For that purpose, what is needed is an event consistent with the crisis built-up described in the last section which is dependent on the realisation of a specific set of agents’ expectations regarding the response of authorities to the developments that follow an unsustainable expansion of the real money supply. The temporary equilibrium encompasses simultaneously wrong fundamentals and an economic performance that could not seem brighter�. However, such apparent prosperity is sustained uniquely by expectations that authorities will reverse the money expansion. But as time goes by if the situation remains unchanged, expectations are likely to change and the assigned probability of policy reversal drops to zero.


The assumption that markets might at a certain point start disbelieving in reversal can be seen as an application of the policy time-inconsistency literature that followed Barro and Gordon (1983). In fact, even though the optimal policy consists of contracting money, authorities can reap a short run benefit from inertia: a reversal would ultimately bring a real depreciation (back to the original level) and thus exert a negative effect over output. In addition, a transitional recession caused by the effect of the exchange rate nominal appreciation and increased interest rate on � EMBED Equation.2  ���� would emerge. However, such policy action is still optimal because a policy standstill is intrinsically unsustainable. In particular authorities are aware (because they are rational) that when markets perceive their reluctance to reverse the money expansion they will set � EMBED Equation.2  ��� and that will trigger a capital flight and a sizeable depreciation with disastrous consequences to output and to a financial system highly exposed to foreign currency debt. Nevertheless, inertia pays off in the short run because at the temporary equilibrium and as long as � EMBED Equation.2  ��� the real exchange rate is appreciated relative to the initial situation and so output is higher.


When the set of expectations according to which the government is unwilling to reverse its policy materialises, � EMBED Equation.2  ��� sustains a once-and-for-all drop to zero. Once that happens, money supply change is believed to be irreversible and the economy is set to converge to the corresponding equilibrium. This would be the end of the story in a typical Dornbusch model or if investors had deemed the level of the real money supply, the composition of output and the price of assets adequate for those economies (as they did until the crisis burst). However, the situation of over-investment and current account deficit that characterises temporary equilibrium is potentially unsustainable and if it does not degenerate sooner into a financial and currency crisis is precisely because markets expect money supply to reverse to its original level. But as expectations of reversal fade away, the threat of instability gains momentum and the economy becomes seriously vulnerable to a financial panic (Radelet and Sachs, 1998). By the time financial markets are positively convinced that the money expansion is irreversible, investors realise that the exchange rate will depreciate instead of appreciate as it would if the money expansion was ever to be reversed. As investors panic, markets immediately react by increasing of the risk premium on domestic assets. Such reaction is a clear sign that the imbalances that characterise the temporary equilibrium cannot be sustained ad infinitum; hence the crisis, although sparked by the government’s loss of credibility, can be seen as a response to wrong fundamentals, namely an excessive real money supply. The rise in the risk premium can be modelled as:


� EMBED Equation.2  ���                                                                                                 (23)


Equation (23) will prove to be crucial to the model because, by tying the risk premium on domestic assets to agents’ expectations on the reversal of real money supply expansion, it instigates the sudden reversal of capital inflows and consequently renders the currency crisis endogenous. The magnitude of the increase in the risk premium which in turn determines the extent of the crisis depends positively on the seriousness of the factors that trigger the market’s loss of confidence and negatively on foreign exchange reserves.


As the dynamics that follow the drop in � EMBED Equation.2  ��� unwrap the overall economic situation deteriorates, with the price of assets and the value of the currency sent into a downward spiral and the financial sector put in dire straits. The prospects of a capital loss associated with the exchange rate depreciation induces foreign investors to rush their funds out of the country by calling off loans and selling their assets. On the other hand, a higher interest rate depresses investment, adding to the downward pressure on asset prices and the exchange rate. Also, with asset prices and the value of the domestic currency plunging, the financial sector is likely to come out of the crisis considerably hurt.


From equation (23) it follows that when agents set � EMBED Equation.2  ��� they immediately raise the risk premium by � EMBED Equation.2  ��� and that precipitates a capital flight. The � EMBED Equation.2  ��� locus shifts rightwards� provoking a discrete jump in the nominal exchange rate that in fact overshoots the new equilibrium point which is given by equations (11) and (12), but now with the term � EMBED Equation.2  ��� increased by � EMBED Equation.2  ��� and the term � EMBED Equation.2  ��� by � EMBED Equation.2  ���. Figure 2 depicts the whole dynamics of the model. Expectations that monetary expansion will not be reversed give rise to a sudden increase in the risk premium which deploys the system from point T to C on the saddle-path (Q’Q’) around the new (final) equilibrium�. It can be easily checked that at point C both the nominal and real exchange rates have depreciated substantially and clearly beyond the new steady-state point. As in the model, given the magnitude of the depreciation of the East Asian currencies is quite probable that an overshooting might well have occurred. This view is endorsed by Jomo (1998) according to whom actual depreciation exceeded any ‘correction’ many times over, and is corroborated by the partial recovery of the currencies in the months after the crisis.


�





The most striking real effect at the time of the crisis is the dramatic reduction in the supply of output, which in the model results from the specific form in which � EMBED Equation.2  ��� was linked to the real exchange rate. The reduction in steady-state output is mainly explained by the strong choking-off effect of the high level of foreign currency indebtedness of local banks and corporations on the productive capacity of the whole economy. The transitional dynamics since the crisis erupts until the system settles at the final equilibrium (point F) are characterised by a continuous increase in the interest rate and prices and a nominal appreciation. The concomitant real appreciation enacts a slow recovery of output supply.


The next pressing issue is to evaluate the legacy of the currency crisis, that is, to measure the extent of the damage at the final equilibrium. The real exchange rate at the final equilibrium is given by:


� EMBED Equation.2  ���                                                                                            (24)


Since � EMBED Equation.2  ��� it follows that at the final equilibrium the real exchange rate has depreciated relatively to the initial equilibrium. This implies that the recovery staged by output during the transitional period will only be partial as the final steady-state level of output is lower than it was originally. Moreover, the nominal interest rate is at a permanently higher level, reflecting a likely post-crisis scenario whereby authorities try to avoid a further round of depreciation�. That was the case in East Asia after the crisis. Also a depreciated real exchange rate combined with higher interest rate re-shuffles aggregate demand components in towards higher net exports and lower investment. Thus, after the crisis and its immediate consequences are gone, the crisis will still have a lasting legacy. This model then shows, that the currency crisis must have restrained the formidable growth record of the East Asian economies.





5. Concluding Remarks


In this paper a macroeconomic dynamic model with uncertainty about monetary policy has been employed to examine the occurrence of currency crisis in emerging markets that had seen huge capital inflows. The model has been suggested to explain the main events that preceded and followed the East Asian crisis in 1997. What still rests undetermined is the timing of the crisis. For what reasons did markets believe in early 1997 that any imbalance was temporary and would eventually be corrected and exactly the opposite a few months later? The natural guess is that the East Asian currency crisis was subject to multiple equilibria of the same sort as appeared, for example, in Obstfeld’s (1986, 1994) models.


Recent currency crises affecting emerging markets seem to share a common set of symptoms: the liberalisation of the financial sector prompts massive inflows of funds that are followed by a sudden capital flight normally triggered by deficient micro or macro fundamentals, lax financial regulation and supervision or any other factor. However, the model presented in this paper shows that the root of the problem may lie in the unwillingness or inability of monetary authorities to keep monetary developments in check.





APPENDIX A: Derivation of the saddle-path


For the system of equations in (10) to exhibit saddle-path stability, the determinant of the coefficients matrix in (10) must be negative, which is the case:


� EMBED Equation.2  ���.


Therefore, the stable arm of the saddle-path is given by (14):


� EMBED Equation.2  ���, where � EMBED Equation.2  ��� is the negative root of the characteristic equation associated with the matrix in (10) and given by:


� EMBED Equation.2  ���





APPENDIX B: Derivation of the interest parity condition


Once the expansionary monetary policy has been implemented and the money supply is raised by � EMBED Equation.2  ���, agents expect such increase to be reversed, but do not know when. However, they attribute to each period a probability that such reversal will occur. Therefore, the change in the money supply can be characterised as a Poisson process with a mean arrival rate of reversal of � EMBED Equation.2  ���, as follows:


� EMBED Equation.2  ���


where � EMBED Equation.2  ���


Since in this model the size of the change in the money supply due to reversal is known, then � EMBED Equation.2  ���.


Equation (A1) gives the mathematical expectation of a change in the money supply at any time after the implementation and prior to the reversal of the policy.


Since the exchange rate is the jump variable, it will provide the whole dynamics at the moment of reversal and only after will the price level start playing a role in adjustment. Hence, after the implementation of the policy the exchange rate dynamics are affected deterministically by time, as given by equation (5), and also by a stochastic component consisting of the possibility of reversal:


� EMBED Equation.2  ���


Using the generalised Ito’s Lemma�:


� EMBED Equation.2  ���


Dividing through by � EMBED Equation.2  ��� and noting that � EMBED Equation.2  ���:


� EMBED Equation.2  ���, where � EMBED Equation.2  ��� since it corresponds to the deterministic time path of the exchange rate and is given by (5). Also, since agents are assumed to be rational, � EMBED Equation.2  ���, and so � EMBED Equation.2  ���.


Substituting into the previous equation, denoting� EMBED Equation.2  ���� EMBED Equation.2  ��� and � EMBED Equation.2  ���, and re-arranging we get equation (15):


� EMBED Equation.2  ���.


�
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� The financial system in the P.R. of China is not better regulated then that of its neighbours nor less prone to moral hazard. Yet, the Chinese currency did not depreciated, arguably because China had not liberalised its capital account.


� This argument can be extended to any other input as long as its price is affected by the real exchange rate.


� The argument can be derived from a very simplistic model. Consider that the production function in levels is given by: � EMBED Equation.2  ���, where � EMBED Equation.2  ���. The nominal wage is determined as follows: � EMBED Equation.2  ���. Substituting the nominal wage back into the production function yields: � EMBED Equation.2  ���. In logs, � EMBED Equation.2  ���� EMBED Equation.2  ��� where � EMBED Equation.2  ���. Since � EMBED Equation.2  ���, it follows that � EMBED Equation.2  ���.


� This expression is borrowed from Kaminsky and Reinhart (1996).


� If � EMBED Equation.2  ��� is fixed, then � EMBED Equation.2  ��� and � EMBED Equation.2  ��� instead of � EMBED Equation.2  ���, the former being greater than the latter.


� See appendix A.


� Daniel (1989) applied uncertainty to examine the effects of one-sided uncertainty to a surprise fiscal policy.


� The increase in money does not need to be exogenous but may well result from a process of financial liberalisation undertaken by an emerging market. Subsequent to financial liberalisation, capital inflows give rise to a monetary expansion if authorities are expected to sterilise inflows. Note that monetary changes that follow financial liberalisation can be made endogenous in the Dornbusch framework by explicitly modelling the switch from a capital immobility setting to one of capital mobility, provided that the relevant assumptions are made.


� Daniel (1989) obtains an identical equation in spite of not explicitly acknowledging that the policy reversal follows a Poisson process. The derivation in appendix B provides a rigorous, continuous-time alternative.


� The temporary equilibrium is the steady-state position at which the system settles after the implementation of the monetary expansion and prior to its reversal.


� Since at the temporary equilibrium � EMBED Equation.2  ��� is unchanged and the exchange rate is stationary, then � EMBED Equation.2  ��� must be lower if (15) is to be satisfied.


� The degree of uncertainty is here understood to be inversely related to the size of � EMBED Equation.2  ���, in the sense that the lower � EMBED Equation.2  ���, the lower the probability that reversal occurs sooner and so the higher the unceratinty.


� Using equations (13) and (22):


� EMBED Equation.2  ���


� As shown previously, at the temporary equilibrium output is higher and the stock market is likely to be growing. The banking sector is also bound to be prospering.


� Notice that actual output out of steady-state is assumed to be � EMBED Equation.2  ���.


� See equation (19).


� Variables at the final equilibrium are denoted by a double bar.


� This scenario is consistent with the awesome empirical analysis of speculative attacks by Eichengreen et al (1995), according to whom the fact that interest rates do not decline after the crisis reflects the credibility costs of devaluing.


� For the derivation and applications of the Ito’s Lemma see, for example, Dixit and Pindyck (1994) and Malliaris and Brock (1982).
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