


By (6) and (7), it readily follows that 

,0)1(),( >γ=+− rZKFK     (11) 

and, 

.1),( rZKFZ +=          (12) 

This case is identified in Figure 6 to the left of rb. Notice that, by (11), the gross marginal 

productivity of capital is larger than (1 + r), a fact that can be used, as in the borderline 

case, to show that gross revenue maximization is equivalent to profit maximization 

(recalling that r > ρ).  Equation (12) is just the same equilibrium condition that prevails in 

the borderline case discussed above (recall equation (9)).  Moreover, given that 

inventories are fully financed by bank loans, it follows from equation (1) that the firm 

will devote its net assets to the accumulation of physical capital.  Hence, K = A.   

 We will now sketch out some dynamic considerations, assuming that the one-

period maximization problem is repeated each period.  Once again, let A’ denote “the 

firm’s next-period initial net assets,” and, for the sake of concreteness, let us focus on a 

periods in which r is constant.  We will denote by z the inventory/capital ratio, Z/K.  

Linear homogeneity implies, recalling (12), that z is determined once r is known.  This 

implies that firms will expand along a constant inventory/capital ray z.  

From equation (3), the fact that B=Z, and linear homogeneity of F(K,Z), we get 

.),( KZKFK=π      (13) 

 As already noted, firms will employ their entire net assets to accumulate physical 

capital.  Therefore, if “next period capital” is denoted by K’, we have, by (11), (12) and 

(13), and recalling that K’ = A’ = π that 

),1()1(' mpkrKK +=++= γ     (14) 
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where mpk stands for net Marginal Productivity of Capital.  Clearly, mpk > r, and due to 

linear homogeneity, mpk is a negative function of r.  We will collect the main results in 

the following Proposition: 

Proposition 1.  In the Normal case, the gross marginal productivity of capital 

exceeds the interest rate factor 1 + r on working capital loans, and the firm’s own 

assets are entirely devoted to physical capital accumulation.  Moreover, in 

periods in which r is constant, output, capital, and inventories will grow at a rate 

equal to the equilibrium net marginal productivity of capital.  The latter is a 

downward-sloping function of the interest rate on working capital loans. 

 We will now show that all the main stylized facts highlighted in the previous 

sections are borne out in the Normal case, if we interpret the Sudden Stop in capital flows 

shock as a jump in working capital interest rate r to a (temporarily) higher plateau, and 

assume that the elasticity of substitution between K and Z is less than unity.   

An increase in r that keeps firms in the Normal phase implies, by (11), a fall in Z, 

since the inventory/capital ratio must fall, and capital remains the same.  This results in a 

fall in output and the net marginal productivity of capital, mpk.43  Afterwards, growth 

resumes but at a lower rate (recall equation (14)).  On the other hand, the 

investment/output ratio is given by 44

                                                 
43 Notice that since a rise in the interest rate for working capital results in lower output, the model helps to 
capture a situation in which “capacity underutilization” increases during a Sudden Stop episode.  Under this 
optic, capacity underutilization is not a demand-driven phenomenon as in a typical textbook Keynesian 
model, but it is a result of tighter credit constraints, which would not be there under perfect credit markets.  
Thus, capacity underutilization, as the term has been loosely used in the text, should be interpreted as being 
measured relative to a first-best equilibrium (or an equilibrium in which credit market distortions are much 
less severe). 
44 In the empirical analysis we focus on ratios with respect to GDP.  This cannot be replicated here because 
we are working in terms of a partial equilibrium model.  Dividing by the sector’s output is an 
approximation, which would be an exact replica of the empirical analysis if inventories were produced at 
home and if (r – ρ)B is recorded as part of the value added in the banking sector. 
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,
),( KZKF
K

−
−π      (15) 

which would be constant if the flow production function, F – K, is Cobb-Douglas.  

However, in the more realistic case in which the elasticity of substitution between K and 

Z is less than unity, a fall in the inventory/capital ratio (associated with a rise in r) would 

result in a fall in the share of capital and hence, by (15), in the investment/output ratio.  

This result is consistent with the empirical observation that the investment/output ratio is 

lower following a 3S collapse.    

Finally, the credit/output ratio is given by 

,
1),1(),( −

=
− zF

z
KZKF

Z      (16) 

45which falls as z contracts (which is in line with the data discussed in previous sections).

 There is a technical point that needs to be addressed.  By (10) and (14), physical 

capital and profits grow at the rate mpk > ρ and, therefore, the present discounted net 

assets, A, may not converge if the discount rate is ρ, unless, for example, after a given 

point in time mpk = ρ.  This is a familiar difficulty in open-economy models, which is 

usually formally resolved by assuming that eventually price and interest configurations 

ensure the existence of a stationary steady state (e.g., at the risk of sounding repetitious, 

that after some point in time mpk = ρ).  Due to the model’s linearity and, thus, the bang-

bang nature of optimal solutions, it can readily be shown that Proposition 1 (above) and 2 

                                                 
45 However, there is a slight difference with the data in that here credit as a share of GDP falls at trough 
time and it remains lower at the time of full recovery, whereas in the empirical section credit as a share of 
GDP remains the same on average at trough time, and later declines as GDP recovers.  
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(below) hold true, as long as price/interest configurations that ensure the existence of 

present discounted values are exogenous.46 47    

Deep Crisis Case.  It corresponds to the situation in which r rises above the borderline 

case where no inequality constraint (expression (2)) is binding—resulting in γ = 0, and ξ 

> 0.  See Figure 6.  Thus, by (4), 

,0)1(),( <ξ−=+− rZKFK      (17) 

and, 

),1(),(),( rZKFZKF KZ +<=     (18) 

where the inequality in expression (18) follows from (17).  Once again, to ensure that 

gross revenue maximization is equivalent to next-period net asset maximization, we will 

focus on the case in which FK > 1+ρ.  Notice that (18) is satisfied in the Borderline Case 

(dividing equation (9) by equation (8)).  This implies (because of linear homogeneity) 

that the inventory/capital ratio is the same in Deep Crisis as in the Borderline Case.  Let 

zb denote the inventory/capital ratio corresponding to the borderline case.  Then, in Deep 

Crisis, 

.KzZ b=       (19) 

In Deep Crisis B = 0, i.e., there is no bank borrowing.  Hence, by equations (1) and (19), 

.)1( KzZKA b+=+=     (20) 

Hence, 

.
1

A
z

AK b <
+

=      (21) 

                                                 
46 If, in contrast to the present model, the maximand were not linear in K, for example, the level of K would 
be a factor determining the rate of investment. 
47 Alternatively, Proposition 1 would also hold true if it is assumed that beyond a given output scale, the 
maximand becomes concave in K, e.g., because of the existence of a fixed factor.  
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Contrary to previous cases, the demand for capital is lower than it would be if the firm’s 

available assets were entirely devoted to investment in physical capital.  The intuition for 

this is that, given the high cost of working-capital credit, firms prefer to use their own 

resources to accumulate inventories.  This result is in line with the empirical observation 

that credit remains constant following 3S collapse episodes.  Moreover, net output = 

F(K,Z) – K = [F(1,zb) – 1]K < [F(1,zb) – 1]A.  Thus, the output loss, given by the 

difference of the last two expressions, is, recalling (21), a constant independent of r.  This 

implies that a slight increase of r over the Borderline Case results in a discontinuous 

output contraction, independently of how small the interest rate hike is.  This is a very 

interesting feature of the model. 

 What about the investment output ratio?  By equation (21) and the fact that A’ = 

π, 

.
1 bz

K
+
π

=′      (22) 

Hence, by (21) and (22), the investment/output ratio in Deep Crisis satisfies: 

1
1 .

( , ) [ (1, ) 1] (1, ) 1
b

b

KK K z A
F K Z K F z K F zb

π π
− −′ − += =

− − −
  (23) 

We will now compute the investment/output ratio for de Borderline Case.  It should be 

recalled that in this case inventories are entirely financed by bank loans.  Thus, in the 

Borderline Case the investment/output ratio satisfies: 

,
]1),1([),( AzF

A
KZKF

K
b −
−π

=
−

−π    (24) 

which equals expression (23) if the following holds true: If the interest rate on bank loans 

r = rb (i.e., the Borderline interest rate), then, given A, gross revenue π is the same as the 
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Borderline Case even though inventories are fully financed from own resources.  But this 

is precisely what we proved at the end of the subsection on the Borderline Case.  

Moreover, by (23) and recalling that π = (1 + rb)A, it follows that 

.
1),1(),( −

=
−

−′
b

b

zF
r

KZKF
KK     (25) 

 

The following Proposition collects the central implications of the analysis: 

Proposition 2.  Firms enter into Deep Crisis as the rate of interest exceeds the 

level that gives rise to the borderline case (in which no inequality constraint is 

binding).  However, the inventory/capital ratio remains as in the borderline case.  

In contrast, the demand for working capital credit vanishes, and the demand for 

capital falls.  As a result, output and the credit/output ratio fall.  The extent of the 

discontinuous output fall is independent of how small or how large is the rise in r 

(in the region in which it is profitable to keep the firm in operation).  Moreover, 

inside the Deep Crisis region, the investment/output ratio is constant and equal to 

the one prevailing in the Borderline Case. 

An implication of the above analysis is that if the economy starts on the Normal 

Case and r rises above rb, output will suffer a strong contraction, bank credit will dry up, 

and investment as a share of output will fall.  These features are very much in line with 

the empirical evidence summarized above.  After the shock, however, output starts to rise 

to the extent that the shock does not lower the capital rate of return below the deposit 

interest rate ρ – giving rise to a pattern that invites comparison with the proverbial bird. 

Further Insights from the Model.  The model highlights how imperfections in the capital 

market could open the door to major crises.  In the model, firms may borrow short-term 

 36



for projects that would be very costly to discontinue because, for instance, it is not 

possible to effectively attach loan collaterals.  The risk is that the capital market may stop 

working smoothly (e.g., because of a global financial shock, like the Russian crisis and 

related events in 1998), resulting in a sharp rise in the interest rate of working capital 

loans or, more generally, loans that would be very costly to discontinue. 48  Therefore, in 

the final analysis, Sudden Stops and Phoenix Miracles may be reflecting fundamental 

weaknesses in EMs’ domestic financial systems, which, combined with global shocks, 

give rise to major crises. 

Related literature.  As noted at the outset of this section, Neumeyer and Perri (2005) have 

worked out an RBC model that captures some of the flavor of our model.  As in our 

setup, interest rates on working capital loans are assumed exogenous to the model.  This 

is a plausible assumption given the prevalence of factors that are external to EMs, which, 

among other things, is reflected in a remarkable bunching of crisis episodes.  A similar 

research strategy is followed in Mendoza and Smith (2002), for example, although the 

exogenous crisis-triggering factors are Sudden Stops.   

 

V. Summary and Some Implications 

Results in this paper support the view that recent capital-market crises in 

Emerging Market economies reflect the existence of serious malfunctioning in the 

financial system (e.g., excessive short-term lending and Liability Dollarization).  This 

makes economies vulnerable to shocks that otherwise would result in mild recessions.   

Interestingly, however, output-collapse episodes in EMs show that recovery can 

be fast and take place without credit in a Phoenix-like fashion.  This characteristic is 
                                                 
48  See Calvo (2005). 
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shared by the US Great depression, which also has in common the failure of the domestic 

banking system, possibly a key feature to explain credit stagnation during the output 

recovery phase. 

Credit-less recovery sounds paradoxical but, upon reflection, it is not.  As shown 

in the model developed in Section IV, an output collapse may be the result of a “liquidity 

crunch” provoked by a sharp increase in interest rates.  Liquidity, however, can be 

restored by different means, one of which is a discontinuation of investment projects.  In 

this fashion, liquidity and output thus increase, while investment (a key engine of growth 

under normal circumstances) collapses. 

Lowering the rate of investment is not the only way firms could try to offset 

liquidity crunch.  How firms deal with that situation is a research topic on which we 

know very little.  Progress on this account will likely call for detailed microeconomic 

data and analysis, thus opening a large and exciting research agenda. 
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Appendix Table 1. 
Episodes of Output Contraction, 1980-2004  

 
 

Type Country Peak Trough Recovery Output 
Decline Type Country Peak Trough Recovery Output 

Decline
Mild Algeria 1986 1988 1989 -1.69% Collapse Argentina 1980 1982 1984 -10.36%
Mild Algeria 1990 1991 1992 -1.20% Collapse Argentina 1998 2002 2004 -18.36%
Mild Algeria 1992 1994 1995 -2.98% Mild Argentina 1994 1995 1996 -2.85%
Collapse Argentina 1984 1985 1987 -7.59% Collapse Brazil 1980 1983 1985 -7.12%
Collapse Argentina 1987 1990 1992 -12.02% Collapse Chile 1981 1983 1986 -13.72%
Mild Brazil 1987 1988 1989 -0.10% Mild Chile 1998 1999 2000 -1.14%
Mild Brazil 1989 1990 1991 -4.30% Mild Colombia 1998 1999 2002 -4.20%
Mild Brazil 1991 1992 1993 -0.50% Collapse Côte d'Ivoire 1982 1984 1986 -6.50%
Mild Brazil 2002 2003 2004 -0.20% Collapse Ecuador 1998 1999 2001 -6.30%
Collapse Bulgaria 1988 1993 1995 -26.49% Mild Ecuador 1981 1983 1984 -3.09%
Collapse Bulgaria 1995 1997 2002 -14.47% Collapse El Salvador 1980 1982 1992 -16.10%
Collapse Côte d'Ivoire 2001 2004 - -6.18% Collapse Indonesia 1997 1998 2003 -13.13%
Mild Côte d'Ivoire 1986 1987 1988 -0.35% Mild Lebanon 1999 2000 2001 -0.50%
Mild Côte d'Ivoire 1989 1990 1991 -1.10% Collapse Malaysia 1997 1998 2000 -7.36%
Mild Côte d'Ivoire 1991 1993 1994 -0.44% Collapse Mexico 1981 1983 1985 -4.80%
Mild Côte d'Ivoire 1999 2000 2001 -2.27% Collapse Mexico 1994 1995 1997 -6.17%
Collapse Croatia 1990 1993 2004 -35.92% Collapse Morocco 1994 1995 1996 -6.58%
Collapse Czech Republic 1990 1992 2000 -12.07% Mild Morocco 1980 1981 1982 -2.76%
Collapse Dominican Republic 1989 1990 1992 -5.83% Mild Morocco 1982 1983 1984 -0.56%
Mild Dominican Republic 2002 2003 2004 -0.40% Mild Morocco 1996 1997 1998 -2.23%
Mild Ecuador 1986 1987 1988 -2.15% Collapse Nigeria 1980 1984 1989 -21.88%
Collapse Hungary 1989 1993 2000 -18.05% Collapse Peru 1981 1983 1986 -12.33%
Mild Hungary 1984 1985 1986 -0.25% Mild Peru 1997 1998 1999 -0.65%
Mild Hungary 1987 1988 1989 -0.07% Mild Philippines 1997 1998 1999 -0.58%
Collapse Lebanon 1988 1989 1991 -42.45% Collapse Russia 1997 1998 1999 -5.30%
Mild Malaysia 1984 1985 1986 -1.12% Collapse South Africa 1981 1983 1984 -6.07%
Mild Mexico 1985 1986 1989 -3.75% Collapse South Korea 1997 1998 1999 -6.85%
Mild Mexico 2000 2001 2002 -0.12% Collapse Thailand 1996 1998 2002 -11.74%
Collapse Morocco 1991 1993 1994 -5.00% Mild Tunisia 1981 1982 1983 -0.49%
Mild Morocco 1986 1987 1988 -2.54% Collapse Turkey 1993 1994 1995 -5.46%
Mild Morocco 1998 1999 2000 -0.08% Collapse Turkey 1998 1999 2000 -4.71%
Collapse Panama 1982 1983 1985 -4.49% Collapse Uruguay 1981 1984 1991 -19.95%
Collapse Panama 1986 1988 1991 -14.95% Collapse Venezuela, Rep. Bol. 1980 1983 1986 -6.10%
Collapse Peru 1987 1990 1996 -23.53%
Collapse Philippines 1983 1985 1989 -14.10%
Mild Philippines 1990 1991 1993 -0.58%
Collapse Poland 1990 1991 1994 -7.01%
Collapse Russia 1989 1996 1997 -41.91%
Mild South Africa 1984 1985 1988 -4.00%
Mild South Africa 1989 1992 1994 -3.44%
Mild Tunisia 1985 1986 1987 -1.45%
Collapse Turkey 2000 2001 2003 -7.49%
Collapse Ukraine 1989 1999 2004 -61.59%
Collapse Uruguay 1998 2002 2004 -17.69%
Mild Uruguay 1994 1995 1996 -1.45%
Collapse Venezuela, Rep. Bol. 1988 1989 1991 -8.57%
Collapse Venezuela, Rep. Bol. 1998 1999 2001 -6.09%
Collapse Venezuela, Rep. Bol. 2001 2003 2004 -15.91%
Mild Venezuela, Rep. Bol. 1993 1994 1995 -2.35%
Mild Venezuela, Rep. Bol. 1995 1996 1997 -0.19%

Non-Systemic Episodes 3S  Episodes 

 

 41



Appendix Table 2. 

 3S Collapse Episodes 

Country Peak Trough Recovery  Output  
Decline  

Argentina 1980 1982 1984 -10.36% 
Argentina 1998 2002 2004 -18.36% 
Brazil 1980 1983 1985 -7.12% 
Chile 1981 1983 1986 -13.72% 
Côte d'Ivoire 1982 1984 1986 -6.50% 
Ecuador 1998 1999 2001 -6.30% 
El Salvador 1980 1982 1992 -16.10% 
Indonesia 1997 1998 2003 -13.13% 
Malaysia 1997 1998 2000 -7.36% 
Mexico 1981 1983 1985 -4.80% 
Mexico 1994 1995 1997 -6.17% 
Morocco 1994 1995 1996 -6.58% 
Nigeria 1980 1984 1989 -21.88% 
Peru 1981 1983 1986 -12.33% 
Russia 1997 1998 1999 -5.30% 
South Africa 1981 1983 1984 -6.07% 
South Korea 1997 1998 1999 -6.85% 
Thailand 1996 1998 2002 -11.74% 
Turkey 1993 1994 1995 -5.46% 
Turkey 1998 1999 2000 -4.71% 
Uruguay 1981 1984 1991 -19.95% 
Venezuela, Rep. Bol. 1980 1983 1986 -6.10%    
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Data Appendix 
 
Our sample of EMs is composed of those countries tracked by JP Morgan to construct its global Emerging Market Bond Index. The complete list of EMs includes 
Algeria, Argentina, Brazil, Bulgaria, Côte d’Ivoire, Chile, Colombia, Croatia, Czech Republic, Dominican Republic, Ecuador, El Salvador, Hungary, Indonesia, 
Lebanon, Malaysia, Mexico, Morocco, Nigeria, Panama, Peru, Philippines, Poland, Russia, South Africa, South Korea, Thailand, Tunisia, Turkey, Ukraine, 
Uruguay, and Venezuela. Data is collected on an annual basis unless otherwise stated. Data on nominal GDP, real GDP and investment for the US Great 
Depression comes from the Bureau of Economic Analysis.  Credit, nominal wages, producer price index, nominal exchange rate (vis-à-vis gold), and real exchange 
rate (vis-à-vis Pound) comes from NBER’s Macro-history database.  Data on employment and the capital stock come from Kendrick (1961), and data on the 
current account balance is from Mitchell (1998). 
 

Variable Definitions and Sources 
Net Capital flows Monthly Net Capital Flows are proxied by computing trade balance net of changes in international reserves.  All 

figures are expressed in 2000 US dollars.  This series is used to construct country-specific capital flow windows 
used in the computation of the 3S index (see main text for details).  Source: IMF IFS. 

EMBI Index Emerging Markets Bond Index (monthly).  Source: JP Morgan. 
Fed Funds Rate Effective Fed Funds Rate (monthly). Source: Federal Reserve. This variable was used as a proxy for EMBI to 

construct our systemic capital market turmoil indicator from 1980 to 1992 (EMBI is available only from 1990 
onwards.  A two-year interval is used to construct initial mean and standard deviation measures).  

Gross Domestic Product Real Gross Domestic Product. Source: World Bank’s World Development Indicators database (WDI), except for 
Lebanon and Poland, whose GDP data are from IMF’s World Economic Outlook (WEO) database.  

Investment Gross Fixed Capital Formation. Source: WDI, except for Poland and Russia whose investment data are from 
WEO. 

Credit Credit to the Private Sector. Source: IMF IFS (Deposit Money Banks line 22d).  
Consumer Price Index Consumer Price Index. Source: IMF IFS. 
Nominal Exchange Rate Nominal Exchange Rate (Domestic Currency vis-à-vis USD, period average). Source: IMF IFS. 
Current Account Balance Current Account Balance. Source: IMF’s World Economic Outlook (WEO) database. 
Employment Total employment. Source: WEO. 
Wages Data on wages was obtained from International Labor Organization (ILO) database (complemented with data 

from CEPAL, Asian Development Bank, IFS and Central Bank databases). 
WPI/PPI Data on Wholesale Price Index or Producer Prices Index was obtained form IMF IFS database (complemented for 

a few cases with data from United Nations Statistics Division, country’s statistics offices, and central banks 
databases). 

Capital Stock Constructed using perpetual inventory method from 1980 onwards. Initial capital stocks for 1980 come from 
Nehru and Dhareshwar’s database. Data on investment corresponds to Gross Fixed Capital Formation. The 
assumed annual rate of depreciation of 8% is taken from Mendoza and Durdu (forthcoming). 



Appendix 1 - Mild Recessions vs. Output Collapses 

One may ask whether the Phoenix Miracle occurs only in episodes displaying 

output collapse.  For this reason, we compare 3S output collapses with 3S mild recessions 

(i.e., 3S episodes with cumulative contractions in output smaller than the median 

contraction). This leaves us with 22 output collapse episodes and 11 mild recession 

episodes. Given the small number of mild episodes, we interpret these differences with 

caution.  Under this new classification, the salient features that seem to separate collapses 

from mild recessions in terms of Phoenix Miracle characteristics are as follows (see 

Table 3 for point estimates and tests): 

• There seems to be no clear difference in domestic credit to the private sector as a 

share of GDP between pre-crisis peak and full recovery points for mild recessions, an 

element that, as previously stated, does come out distinctively for collapses.  This 

suggests that expansions following mild recessions are likely to take place with 

increases in credit, a feature that differs from the “credit-less” recoveries that embody  

Phoenix Miracles.   

• In terms of external financing, there seems to be more dispersion across mild 

recessions.  Although the coefficient indicating differences from pre-crisis peak to 

full-time recovery time in the current account balance measured in points of GDP is 

2.7, it is not significant at the 10 percent level, yet another difference with collapses 

(where differences in the current account balance are much larger and statistically 

significant). 

It is also worth highlighting that, in contrast to mild recessions, 3S collapse 

episodes fully pass tests bank credit and current account balance differences, representing 
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the quintessence of Phoenix Miracles.  Moreover, they account for two-thirds of the 

number of 3S contraction episodes analyzed here (22 cases out of 33), with an average 

output collapse of almost 10 percent.49  This fact points to the relevance of 3S events in 

the behavior of output in EMs.   

Table 3.  Mild Recession Episodes: Average Differences 
along Pre-crisis peaks, Troughs, and Full Recovery Points 

 

  
Peak to Through Trough to 

Recovery 
Peak To 
Recovery 

Credit/GDP -0.317 -2.624 -2.008 
  [ 4.723] [ 2.212] [ 6.145] 
  11 11 11 
Current Account Balance/GDP  2.405* 0.287 2.692 
  [ 1.217] [ 0.816] [ 1.487] 
 11 11 11 
Notes: Standard errors in brackets. Number of episodes is also reported. Percentages 
differences for Credit and differences in points of GDP for the Current Account Balance. 
* significant at 10%; ** significant at 5%; *** significant at 1% 

 

 

                                                 
49  This contrasts with non-systemic episodes in our sample of contractions, where only 38 percent come 
along with collapses in output. 




