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Abstract 

I present a s:rnall open economy model to analyze the role of firms 
in the macroeconomic dynamics of the business cycles. The only shock 
is through the interest rate, and the main transmission mechanism is 
an asymmetric information problem between small firms and banks. 
Banks can infer the average quality of firms by observing their age 
and net worth. This introduces heterogeneity arnong different gener
ations of firms that live at the sarne period of time. I presen.t three 
results. First, unexpected increases in the interest rate produce en
dogenous long-lasting recessions because both the average "net worth" 
of the firms and their "reputation" are important in generating busi
ness cycles. Second, by adding externalities in production the model 
is able to mimic fairly well macroeconomic and microeconomic dy
namics observed along sorne business cycle episodes in small emerging 
econorrues. Third, govemment's stabilizing policies can be welfare 
improving. 
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1 Introduction 

In the last decade small open developing economies have suffered from spec
ulative attacks, contagious effects, and in sorne cases fi.nancial crises, uncov
ering puzzles that still have not been resolved. In this paper I address one 
of these puzzles: unexpected increases in the interest rate faced by these 
countries are responsible for long recessions, despite the fa.et that this source 
of externa! disturbances exhibits very weak serial correlation. The impact • 
of the Mexican crisis that took place in December 1994 on the Argentinean 
economy, is an example of the link between weakly correlatoo interest rate 
shocks and poor macroeconomic performance in the years that follow. The 
average deposit interest rate in Argentina increased in the first quarter of 
1995, and returned to its original levels right away. Yet, this short-period 
shock had long-lasting and profound effects on this eoonomy, which entered 
in a recession that lastro almost three years as the series on the deviations 
from trend of the Industrial Production Index below shows.1 
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This fact seems to suggest that there are strong aggregate endogenous 
transmission mechanisms at work, something that the standard real business 
cycle literature is not able to ex:plain. While this branch of influential lit
erature -led by Lucas, Prescott and Kynland- and its application to small 
open economies -by Mendaza (1995) and Correia, Neves and Rebelo (1995)-

1 Appendix A describe the series utilized in the Introduction . 
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helps us to understand the nonlinear comovement between the main macro
economic aggregates when exogenous perturbations occur, it is incapable of 
generating the autocorrelation observed in these aggregates without highly 
correlated shocks. 

Aside from these macroeconomic facts, policy makers in Argentina have 
repeatedly shown concern regarding the inability of small firms to recover 
from an external shock because of the di:fficulty encountered by these firms in 
acressing credit in the periods that followed the shock on interest rates. This 
concern is backed up by the evolution of the spread between average bank 
lending rates in Argentina and Libar (180 days) along the episode. Since the 
beginning of the Convertibility Plan implemented in 1991 and especially after 
a series of reforms to the financial system implemented in 1993, this spread 
continuously decreased until December 1994. The shock that occurred in the 
first quarter of 1995 not only sharply inc:reased the lending rates in the first 
quarter of 1995, as ex:pected, but also had a persistent effect on the spread. 
While these interest rates decreased in subsequent periods, the spread did 
not return to December 1994 levels until February 1997, more than two years 
later.2 
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In this work I attempt to explain the empirical observation that an un
expected and uncorrelated shock on interest rates is capable of generating a 

2The spread between lending rates to small firms and libor rate over the downturn of 
the business cycles is likely to be underestimated in this graph. In Appendix A I present 
evidence suggesting that small firms suffered from more severe credit constraints during 
this period. 
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long lasting recession through an endogenous transmission mechanism, ratio
nalizing policy makers' concern about the credit market imperfections faced 
by small firms in the economy. 

I study a small open economy that produces tradable and nontradable 
goods where the nontradable good is only used as an input of production in 
the tradable sector. Firms in the tradable sector produce with a constant 
returns technology and have perfect access to financia! markets. Firms in the 
nontradable sector are owned by entrepreneurs who have access to a decreas
ing returns to scale technology where management is a fixed and indivisible 
factor of production. Entrepreneurs can only borrow from banks. The most 
important feature of this economy is the existence of an asymmetric infor
mation problem between entrepreneurs and banks about each entrepreneur's 
productivity. While entrepreneurs know their own prod uctivity, banks are 
unable to observe them. 

At every period a constant mass of entrepreneurs is born with access to 
technology to produce nontradable goods. They start upa firm and continue 
operating it as long as they are successful producers. At every period of the 
firms' life the project undertaken by the firm can come up "successful" or 
"unsuccessful", where the success probability is each entrepreneur's prívate 
characteristic. The entrepreneurs keep the same success probability over 
time. Whenever the entrepreneurs get an "unsuccessful" outcome they retire. 

Because entrepreneurs know more about the quality of the investment 
project to be undertaken than banks do, the amount borrowed depends on 
the firms' net worth, as casual observation suggests. The higher the net 
worth, the greater the ability of banks to infer that the entrepreneur has a 
high success probability. For this reason each firm's net worth determines its 
credi t conditions and financia! contr acts. 

Also firms with lower "success" probability are more likely to default and 
exit, implying that the average productivity of surviving firms belonging to 
the same cohort improves over time. 3 Thus, the firm's age is useful observable 
information and financia! contracts also depend on it. 

It is assumed that ali entrepreneurs have the same wealth at the rnoment 
of starting up their firms and that this wealth is not even cla5e to what 
an entrepreneur with the highest possible productivity would need to fully 

3 Jovanovic (1982) introduces a similar scrrening process of firms' quality, although in 
his model there is no asymmetry of information since the quality is not even known by 
the entrepreneur who learn it over time. 
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finance the project by himself. For that reason, at the beginning of each 
cohort's life entrepreneurs need to finance a higher proportion of the firms' 
costs by bon-owing from banks. In equilibrium entrepreneurs with different 
productivity end up sharing the same financial contract which turns out to be 
inefficient since highly productive entrepreneurs pay the same crnt of external 
finance as entrepreneurs with lower productivity. This result follows because 
highly productive entrepreneurs are unable signal their type to banks since 
they don't have enough net worth. 

As time goes on successful firms build up net worth that help highly 
productive entrepreneurs to separate from lower productive types. As firms 
are getting old, the total amount of outp:ut produced by high quality firms 
increases. This occurs not due to technological reasons -because firms have 
the same technology since birth-, but due to financial ones. The banks' 
perception about the firms' productivity is updated each period based on 
ag;e and net worth. Older and wealthier firms are perceived as better firms 
by banks, implying a lower cost of external finance. As older firms pay lower 
rates, they also produce more. 

Eventually, when the highest quality firms have accumulat ed enough net 
worth the asymmetric information problem for all members of the cohort is 
solved, since banks are able to perfectly infer each firm's success probability. 
Nonetheless, it takes a long time for this to happen, and in the meantime 
high quality firms contract credit at a higher lending rate than the one they 
should be charge were information perfect. Because banks make zero profits 
in equilibrium, sorne lower quality firms contract credit at lower interest 
rates than they would under perfect information. This inefficiency is only 
fully resolved once the highest quality firms have accumula-ted enough wealth 
to truthfully signal their type. 

The model is capable of producing a long-lasting endogenous transmission 
mechanism after a one period shock. This happens dueto two reasons. First, 
the speed at which information is revealed is slowed clown when firms are 
surprised by a bad shock that reduces their net worth. Slow recovery of 
the firms' net worth leads to a slow information revelation process because 
good firms in each cohort pay higher interest rate for more periods than 
under steady state (while bad firms pay lower rates), implying that aggregate 
economic performance deteriorates due to this inefficiency. 

Second, since macroeconomic conditions deteriorate, more firms exit the 
industry on impact than in normal times, de:;troying not only present but 
also future output since the production levels of exiting firms can only be 
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resumed once younger generations pass through the ca,tly screening process 
of producing over time. Again this process is costly because younger firms 
with high productivity are unable to convince banks to fi.nance large invest
ment projects since firms similar in age and equity but with low productivity 
have prívate incentives to free ride on those contracts. Hence, there is an 
informational loss at the aggregate level that weakens economic acti vity. 

While the model wi th both «net worth" and "reputation" effects is able 
to generate strong serial output correlation after a one period shock to t he 
interest rate, it fails to replicate the sizable economic downturns experienced 
in these economies. I show that by introducing an externality in production 
the model economy can resemble important recessions. I also show that 
externalities alone cannot explain long recessions. 

The fi.rms dynamics are also studied in this work, not only under macro
economic steady state conditions but also along the business cycle after a 
bad shock. Time series and cra,s sectional information for firms drawn by 
simulations shows that the information revelation process is slowed clown in 
the bus iness cycle. This is reflected in temporally higher lending rates, lower 
net worth and hence lower inpu t-output scales of firms along the business 
cycles rompared to steady state levels. 

Finally the source of business fluctuations comes from a market failure, 
leaving room for policy analysis. 

1.1 Related Literature on the Credit Channel 

The differences between this work and the literature on the credit channel 
deserve a special comment. In the last fi.fteen years there has been an increas
ing mass of literature emphasizing the importanre of asymmetric information 
problems in financia! relationships -to the credit cycle. Ma,t of the literature 
focuses on the idea that it is ca,tly for lenders to verify the output produce 
by ex-ant identical borrowers. Stephen Williamson (1987), Bernanke and 
Gertler (1989), Gertler (1992), Fuerst (1995) and its comment by Gertler 
(1995) and Cooley and Nam (1998) are part of this literature. T he ex-ante 
similarity among agents and other assumptions in these models guarantees 
a simplifying result: there is only one optima! financia! contract to solve for 
in the economy at each period, making models easily tractable. Yet, this 
simplifi.cation comes at a ca,t of neglecting the role of firms' dynamics over 
the business cycles. Since all firms are equal to each other at every point in 

6 

• 



time, there can be no differential access to credit markets among them. 
To the best of my knowledge the only work that uses heterogeneity to 

study the credit channel in the business cycle is Bernanke, Gertler and 
Gilchrist (1998). They present a model where heterogeneity is due to ex
post realizations of output. In this model firms face borrowing constraints 
that depend on the firms' net worth. Beca use of the assumption that the cost 
of monitoring is linear in the amount of capital used by firms, the demand 
far capital for each firm depends linea.rly on the firms' net worth. This allows 
computation of the aggregate level of capital in the economy. In equilibrium, 
the level of leverage defined as the ratio of debt to net worth, and the lending 
rate are the same for all firms, leading to very simple firm dynamics.4 Thus, 
there is no role for reputation in financia! contracts as there is in my work, 
since credit access depends on productive history only through net worth and 
each firm's productivity follows an i.i.d. process only known after contracts 
ha ve been signed. 

In all the credit channel models mentioned before the agency problem 
arises because it is costly for lenders to monitor firms' output. Bernanke 
and Gertler (1990) argue that this simplifying assumption has one important 
drawback: " ... agency costs in the modelare identified with monitoring costs, 
which empirically are too small to rationalize first-order effects for financia! 
fragility". With this idea in mind, they introduced a different type of asym
metric information problem into the literature similar in spirit to the one 
introduced in this work: firms differ ex-ante in their probability of having a 
high output performance. In their model, there is no feasible contract able 
to align borrowers' incentives to the lender's objective function. In equilib
rium then, sorne firms free ride on others seeking private profits even though 
the social value of such actions is negative. The free riding problem adds a 
cost to the financia! contract which becomes the agency cost. This agency 
cost depends on the initial financia! state of the firms or "net worth". Since 
ali projects require a fixed invEStment, the bigger the firms' endowment the 
lower the agency costs in the economy simply because higher equity reduces 
borrowers' incentive to free ride. While this idea bring¡s more realism to 
the model, it also brings heterogeneity, making it more difficult to handle: 
whenever firms a.re ex-ante different, production reveals information about 

4This feature is similar to Kiyotaki and Moore (1997), except for the fact that in 
Bernanke, Gertler and Gilchrist (1998) the leverage is endogenously determined given 
prices. 
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the firms' quality, and that information should be incorporated into future 
financia! contracts since age becomes an observable variable u pon which con
tracts can be based. In their model, they avoid dealing with the problem 
by constructing a two period model, where entrepreneurs get to play this 
game only once. In rny work the main asymmetric information problem is 
somewhat similar to Bernanke and Gertler (1990), but I extend the model 
by letting all firms live for rnany periods and allowing banks to update their 
beliefs about the firms' productivity by taking into account all relevant past 
information available to thern. 

Cooley and Quadrini (1998) develop a rnodel to explain sorne stylized 
facts for US firms. Sorne of these stylized facts are also explained by the 
model economy I present. In their model they introduce moral hazard to let 
firms borrowing depend (proportionally) on t he amount self- financed. In the 
present work I also have adverse selection which is eventually resolved once 
firms build up enough net worth. Also, I obtain a leve! of leverage ( defined as 
the debt-equity ratio) that is endogenously determined and dependent on the 
firms' age. Although I loase sorne of the realism they get in their model, I am 
able to study the lile cycle of firms not only in the steady state ( as they do) 
but also along the business downturn. This is important because I believe 
that the fundarnentals behind the firms' life cycle, say the inforrnation rev
elation process, contribute to a persistent poor rnacroeconornic performance 
when small firms are surprised by abad shock. 

2 The model 

There are two types óf agents in the economy, workers and entrepreneurs, and 
three sectors, the tradable and nontradable goods sectors and the financia! 
sector. Workers and entrepreneurs consume tradables, which are produced 
using capital and the non-tradable good. The non-tradable good is produced 
using capital and labor. 

There is a mass µ of infinitely lived homogeneous workers. They are 
infinitely endowed with labor at every period of life and they consume only 
tradable goods. Their intertemporal utility function is given by: 

(1) 
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where Ct and lt represent consumption of tradable goods and labor supplied 
respectively at time t. Superscript W stands for worker. Preferences are 
convex and satisfy usual assumptions. Labor can be supplied at the market 
wage rate Wt· The discount. parameter is set equal to 1/r, where r is one 
plus the long run international interest rate faced by this economy. This 
assumption guarantees existence of a steady state equilibrium consumption 
path. 

At ea.ch period of life, workers decide how much of their wealth to allocate 
to consumption and to savings. Savings are carried via three riskless assets: 
bonds, capital in the tradable sector and capital in the nontradable sector. 
For simplicity, I assume that ali assets holdings between period t and t + l 
are represented by portfolio ft expressed in consumption goods. Hence, the 
workers intratemporal budget constraint at every period t is given by, 

(2) 

where rt is the international interest rate between period t and t + l. 5 

Entrepreneurs are also infinitely lived agents and consume only tradable 
goods. A unit mass of them is born every period and they are risk neutral 
agents with preferences given by 

00 

UE - E""' j-t E t - t L..,, cj 
j=t 

where superscript E stands for entrepreneur. Entrepreneurs have a discount 

factor 1 < l. Although entrepreneurs are assumed to be more impatient than r 
workers, they will end up saving more because they have access to very prof-
itable investment opport unities. These infinitesimal agents are endowed with 
labor in their first period of life and with a project to produce nontradable 
goods in all remaining periods, contingent on having been successfully pro
ductive in the past. Entrepreneurs are assumed to be the only type of agents 
capable of managing inputs to produce nontradable goods in this economy. 
These good cannot be stored. Although all entrepreneurs have the same 
preferences, their productivity might differ. That productivity constitutes 
their individual characteristic, and the second source of heterogeneity in the 
model, relevant to generate sorne important results. To understand how this 

5 Although the return on assets should be derived in equilib1;um1 I simplify notation by 
letting it be equal to the international interest rate from the beginning. 
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characteristic is modeled, I introduce the production technology embodied in 
the,e agents. Production of nontradable goods at time t + 1 requires capital 
(kN) -which is a tradable good- and labor (l) to be input at t, and it is only 
possible through the following technology belonging to each entrepreneur. 

i . i.d. 0 t -i-1 = {g with prob p 
o.w. 

where y[' stands for nontradable output. The random variable 0t+l can take 

two values high, 0, or O, and it is realized once inputs have been chosen. If 
the outcome of the project is "unsuccessful,, (0t+1 = O) then the entrepreneur 
loases the licence to produce non-tradable goods and the firms disappears .. 

All the parameters in this production function except for the probabil
ity p are the same across entrepreneurs. This probability constitutes each 
entrepreneur's characteristic and it is only observed by herself. While the 
parameter pis non-verifiable prívate information, it is drawn from a publicly 
know density function J (p) where pE[O, 1). I assume that the density function 
is well behaved and the production function exhibits decreasing returns to 
scale. 

Assumption 1: a+ (3 <l. 
Henre, ma.nagement can be interpreted as a fixed indivisible factor of 

production in a constant returns to scale technology. Assumption 1 imposes 
an upper bound on the size of the firms given equilibrium input and output 
pnces. 

I assume capital in this sector can be rented at rk per unit of time and 
depreciates at a rate ÓN. 

Firms exit the industry for two reasons. The first one, mentioned above, is 
due "unsuccessful,, outcomes and it is more has to do with financia! reasons. 
When entrepreneurs are unsuccessful they are unable to pay back debt. This 
triggers a bankruptcy process that I assume end up destroying the firm. The 
second one is due to reasons such as market conditions. I assumed that the 
exiting rate due the latter argumént is exogenous in this model. 

Assumption 2: Entrepreneurs' become unproductive with probability 
ql = e+x,, where Xt > o represents an adverse shock to the demand of 
nontradable goods and Xt = O implies no shock. 

Thus, the probability that an entrepreneur becomes unproductive for rea
sons other than financia! ones depends on macroeconomic conditions. In 
good times this probability is just e, while in bad times it is assumed to be 
increasing on the magnitude of the shock. 
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The tradable sector is composed of a mass of firms producing tradable 
goods.6 I assume that this sector can produce tradables at time t + l by 
inputting a tradable capital good (kT) and nontradable goods (yN) at time 
t. 1 The technology used by this sector is given by the following generic 
production function , 

(3) 

where y¡~1 is the firm's total output of tradables at time t + l , and F(·) is a 
constant returns to scale production function, with the usual assumptions on 
marginal products and concavity.8 Capital utilized in this sector is assumed 
to deprecia te at the rate 5T. 

Finally, the model is completed with the financia! sector. There is a mass 
of infinitesimal banks, and technology in this sector is trivial. They transform 
one unit of tradable goods borrowed into one unit of tradable good lent at 
no cost (fixed or marginal) . They raise funds by issuing debt (deposits) to 
workers and other international investors, and they lend those funds to small 
entrepreneurs. 9 This sector is intro.duced to keep the economy decentralized 
and to make clear assumptions on debt contracts. 

Assumption 3: Banks observe only the firms' age and net worth. 
Banks do not observe the entrepreneurs' characteristic. They only observe 

the type of contract that their clients are taking. Since in equilibrium there 
are separating contracts, the banks can infer what is the ex:act productivity of 
their client when they take these separating contracts. I assume that banks 
don't observe contracts that firms sign with other banks. 

Assumption 4: Only one period debt contracts are enforceable. 
Assumption 4 is introduced for different reasons. From the theoretical 

point of view, this assumption rules out the possibility that banks offer con
tracts where they get to keep ali the firms revenues for a certain number 
of periods befare finally letting the surviving firms recover control of their 
revenues. In the environment of this model such contracts would come up 
in equilibrium since they domínate simple debt contracts because there is no 

6For simplicity, no specific agent operates this sector. One might assume that the sector 
is operated by managers that get zero payoff in equilibrium. 

7Labor can be easily introduce asan input ofproduction but it doesn't add any insight 
to the model. 

8 For simulation purposes, I assume that F(·) is a CES production function. 
9Banks are owned by foreign agents. 
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need for high quality firms to pay out dividends in all these periods. In a 
more realist ic set up where firms have outside options for their funds, this 
dominance might be reverse. Assumption 4 has the purpose of ruling these 
alternat ive contracts out without having to further complica.te the environ
ment. From the empirical point of view, there is evidence on small open 
economies suggesting that firms' working capital is financed in short term 
basis and only a small fraction of total liability correspond to longer matu
rity debt. 

Regardless of Assumption 5, banks are allowed to commit to offer any 
one period clebt contract they want in the future. I come back to this point 
later when I salve far the equilibrium contracts. Also, I assume that firms 
are unable to commit to future procluction plans. 

In the rest of the paper I analyze the limiting case where the probability 
of having an aclverse shock to the interest rate goes to zero. Then I hit the 
economy with a one period shock. This case study allows for tractability 
while still giving insights regarding the transmission mechanisms that work 
along business cycles downturns in these economies, which is the principal 
focus of the paper. 

In the next subsections I present the tradable, financia! and nontradable 
sectors' problems. 

2.1 The trodable sector's problem 

In this sector, the objective is to maximize intertemporal profits. Thus, the 
problem at each period of time is 

(4) 

(5) 

where Xt denotes the firm's investment level. At any period t, and given the 

timing of production, total tradable output has already been chosen. There is 
no uncertainty for this sector since the interest rate at t is known when inputs 
are decided. Also note that investment becomes capital -or productive- right 
away. Finally, capital in the sector is irreversible. 
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The first arder conditions of this problem are 

(6) 

(7) 

Both conditions implies that the value of the marginal product of both 
inputs should equal their marginal cost at the optimum. 

Now we turn to the nontradable firm's problem. 

2.2 The entrepreneurs' problem 

The entrepreneur's problern is more complex due the asymmetry of infor
mation between them a.nd the rest of th·e agents in this economy. As was 
mentioned befare, only small firm owners have the technology to produce 
nontradables and each of them is embodied with a privately known proba
bility p of having a high output performance. Because of this heterogeneity 
and the fact that entrepreneurs keep their chara.cteristic through time if they 
have successfully produced in the past, not ali problems for different owners 
will be the same. The setup of the problem will differ acroos entrepreneurs' 
characteristics and ages, since useful information is revealed over time.1° For 
this reason I denote with subscripts nt an entrepreneur of age n at time t. 

An entrepreneur's first-period problem is trivial: he supplies all his labor 
endowment a.nd save all their income. The problem becomes less trivial for 
subsequent periods. In all these periods, a small firm owner decide:; how to 

allocate his wealth NWnt between consumption c!t and savings. He can save 
by investing sorne of the savings in his small firm (ent) and/or by investing 
in safe assets at the international interest rate. Nonetheless, a.n entrepreneur 
never saves in safe assets given assumptions on preferences and the subjective 
disconnt rate. 

Investment within the firm is allocated between capital (k:) and labor 
(l:) to produce nontradables, given input prices, expected output prices 
P{f-.1 , entrepreneurs' wealth and available financial contracts. 

The assumptions made in the model restrain the financial agreements to 
simple debt contracts. These contracts will depend on the firm's "net worth" 
and its age but not on its owner' characteristic, since that is non-verifiable 

10 Note the non-recursive structure of each entrepreneur's problem. 
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private information. The contract is a tuple {Mnt(ent),int(ent )}, where Mnt 
stands for the size of the loan and int for one plus the lending interest rate 
charged to an entrepreneur of age n at date t.11 The contract is a function 
of the firm 's "net worth" because this variable is one of the bank scrooning 
devices to imperfectly infer the entrepreneur's characteristic. This point will 
become clearer once I set up the financia! sector's problem and show how to 
solve for the equili bri um of the model. 

Before specifying the entrepreneur's problem I present the maximization 
problem that allows computation of the return to investing in the firm. 

Beca use the entrepreneur 's discount rate is higher than the interest rate 
by assumption, she will always borrow from -the bank -as long as she is 
productively successful- keeping a positi ve firm leverage level. This allows 
us to compute the return to the investment project. The gross expected 
return on investment ent under external finance per period is denoted as 
TRnt(ent,P)- Taking contracts as given, this return function is computed 
through the following problem 

(8) 

subject to 

(9) 

Thus, the entrepreneur's expected return of investing ent in her small firm 
having characteristic p, is given by total output in case of good productive 
performance minus the amount due next period, the loan's principal plus 
interest. Equation (9) is a budget constraint: total cost of investment has 
to be financed with interna! or externa! funcls, where the external funding 
comes only from the bank. It is worth noting that maximizing this one period 
return for the firm will result in a ·maximization of the entrepreneurs' utility 
as long as the sequence of net worth chosen is optima!. 

Having described how returns are computed, and letting T be the number 
of period that have passed since the entrepreneur was born, I next set up the 
entrepreneur's problem assuming it starts once labor has been supplied. It is 

11 To simplify notation I assume that a sufficient contract only specifies "net worth" and 
age, but the reader should keep in mind that rontracts are also over production plans. 
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at tlús stage of the problem that total wealth is optimally divided between 
preoent consumption and savings via the firm's net worth. Thus, 

subject to 

NWn't' 

00 

U E EL j-t E max t = t rv c0 ) • E n I - T J 
{cnt,ent} j=t 

NWnt 'ílnt. 

{

Wt 

T Rnt( ent, P) 

f or n = 1 
'í/n > 1 

(10) 

(11) 

where suoocript n't! denote, the entrepreneur's decision variables at t + l. 
Given the assumptions in the model, the firm's total revenue function at 

all times is differentiable with respect to ent• Thus, the first order condition 
with respect to ent (and consumption) can be computed for all periods and 
ages. 

if < O, then ent = NWnt (12) 

which means that all of an entrepreneur's weal th should be allocated to the 

firm if marginal returns there are higher than 1/1 . If this condition holds with 
equality, an interior consumption solution arises. For this we need to solve 
for the return function T Rnt(ent,P), which Ido after defining ~uilibrium. 

Next, I complete the productive structure of this economy with the finan

cial sector. 

2.3 The financia! sector's problem 

As mentioned above, this sector is composed of infinitesimal financia! institu
tions offering standard debt contracts to entrepreneurs and raising funds at 
the international inten:St rate from workers or foreign investors through bank 
depooits. As is usual, banks participate if they make non negative expected 
profits. 

Banks' choice variables are the size of the loan and the lending in ter
est rate under all types of contracts. Thus the bank's objective function, 
assuming there is sorne demand for loans, will be. 
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(13) 

subject to 

(14) 

where Pnt, is the average quality of a firm of age n at t engaging in this credit 
contract, Note that this average is computed as the average entrepreneur's 
quality of thooe who are willing to participate in the contract {int, l\1nt} 
and who have the same net worth ent, given all other alternative financia! 
contracts. The mass of entrepreneurs of age n at time t with characteristic 
p comes from a known density function Ínt(P)-

lt is useful to see for future reference that: a) if only one type of entrepre
neur is willing to participate in a contract, then the average quality is given 
by that type, and b) if all types p > P~t are willing to participate, the average 
type can also be computed. While the bank is unable to observe individuals' 
characteristics , it knows fni(p) and it is able to compute the lowest quality 
type that will participate in the contract ( from the participation constraint), 
This density function can be computoo using the density function of firms 
of age n alive at every period t, Assuming that there was no bad aggregate 

shock in the history of these firms, this function is f(p)((p)11- 1
, In other 

words, it is density function of firms that were born together conditional 
on being alive n periods later. Thus, the density function of those alive in 
their first period of life (n = 1) is just the density function of the newborns. 
Moreover, because p~ can be inferred by the bank in every period, the bank 
also knows the state variable P(n- l)(t- l) or t he previous period's lower bound 
on types participating in the financial contract. Now we have everything we 
need to compute the average quality type participating in the pool today. 

Pnt = Ei(p/p > P~t > J'1 (p)) = _P;""'"• t ___ _ with P~t E lPcn-l)(t-1)> 1] 
J f (p) pn- 1dp 

P:it 
(15) 

where P~t is the lowest quality type for whom the participation constraint 

binds. 
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2.4 The worker's problem 

Workers are passive players in this model. AB mentioned befare they supply 
labor and buy and sell assets to maximize intertemporal utility. Since the 
mass of firms in the financial and tradable sectors is the same as the mass of 
workers, I let ali firms to be owned by workers. This reduces accountability 
problems and simplifies notation without changing any results. Then, the 
consumers salve the following problem. 

00 el:" - a lª2 
( )

1-a 

U w - E ~(~)j-t J I J max t - t L., 
{ct,lt,rt}0 j=t r 1 - (J" 

subject to 

fo and {wt,rt-il~o gíven. 

lim ft > O 
t----+oo IIl rT -

T=Ü T 

(16) 

(17) 

(18) 

Equation (18) rules out Ponzí schemes. The first arder conditions for this 
problem in the limiting case where the probability of the shock gpes to zero 
give us: 

Vt > o (19) 

\/t > o (20) 

00 

L [cf + rt+l - Wtlt - rt- lrt] :S O (21) 
t=O 

and the transversality conditions for assets. 
Equation (19) is the law of motion for consumption and Equation (20) is 

the labor supply in the nontradable sector. From the assumptions on pref
erences we are able to derive a labor supply that is independent of present 
or future consumption -and therefore independent of income. This is im
portant to compute the equilibrium transition from one steady state to the 
other, after the economy is perturbed by an exog;enous shock. 
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Note that with these preferences, workers try to smooth (et' - a1lf2
) but 

not consumption. Having completed the description of the workers' problem, 
I closed the model with aggregation details to finally define equilibrium for 
this economy. 

3 Definition of Equilibrium 

To avoid postponing the definition of equilibria, I present a heuristic de
scription over the types of equilibrium mntracts that arise in·this economy.12 

There are two types of equilibrium contracts, and they are 

Deflnition 1 A pooling financial contract {i~f°1(e), M,~001 (e)} is a simple 
debt contract in which more than one type of entrepreneurs participate.13 

Deflnition 2 A separating financial contract {i~('(e(P)), MJtP(e(P))} is a 
simple debt contract in which only those entrepreneurs that truthfully reveal 

/\ 
the same type parlicipate, where pis lhe announcement of each entrepreneur's 
type. 

In fact, those entrepreneurs that belong to the same cohort and with 
characteristic p > P~t will participate in the same pooling contra.et, shar
ing the same production plan and the same ex-post output (although the 
probability of getting a high ou tput will differ across those with different p). 
Entrepreneur that belong to this cohort with characteristic p < p* will be 

engaged in truth telling (P= p) -separating- financia! contracts from then 
on. As mentioned before t his contracts are a function of the firms age and 
net worth only. 

The model is closed by specifying the mass of agents of each type. As 
mentioned before, at each moment in time t here is a mass µ of firms producing 
tradable goods, banks and workers. Computing the mass of entrepreneurs is 
not a trivial task due heterogeneity. To define equilibria we need to know 
- for ea.ch cohort- the mass of firms of the same age taking a truth telling 
contract (those that have chara.cteristic parameter lower than P~t) and the 
mass corresponding to those from the same cohort taking a pooling contract 

12 A formal proof is presented in the next section. 
13 Note that the pooling contract does not depend on the characteristic parameter. 
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(with characteristic parameter higher than P~t), since the amounts of labor 
and capital inputs allocated to each entrepreneur's firm (and hence aggregate 
output and equilibrium prices) will depend on the amount financed to each 
type. 

Befare computing this, note that the mass of entrepreneurs productively 
active at each moment in time is the sum of those that are one, two and so 
periods old. In the absence of an agg;regate bad shock history qt = q'tft, this 
total mass can be computed in the foliowing way. 

Mf j [f(p) + qpf(p) + (qp) 2 f(p) + .... ]dp 
7J€[0,1) 

J ¡/(p) ]dp 
¡,€[0,1) - qp 

(22) 

where MtE is the mass of firms at ea.ch point in time ancl is finite and inde

pendent of time if the macroeconomic variables stay at steady state levels (if 
there is no history of aggregate shocks ). 

Also we are able to distinguish the total mass of firms uncler a pooling 
contract and the total mass under a truth telling -or separating- contra.et. 

Variables P:itclefine the threshold for each cohort n at date t that separates 

those firms taking truth teliing contracts from those still in a pooling contract. 
Thus, for a cohort n at time t, a fraction 

1 

'lJnt = j (qtPt f(p)dp 
P;,_t 

will take the pooling contra.et and a fraction 

P• 
nt 

j(qtpf f(p)dp 
o 

will take a truth telling contract. This is true for ali cohorts. Note that if P~t 
reaches a value one for sorne cohort at sorne time, every body in this group 
will take truth telling contracts and ali asymmetry of information is solved 
among them from then on. I come back to this point later. 
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Because th.is is a small open economy model, equilibrium is determined 
by emptying the labor and the nontradable good markets and requiring in
tertemporal resource constraints for workers to be satisfied. 

Let O(µ, { (7lnt)~=1}~1, f (p)) be the economy described above, where { (r¡nt)~=1}~1 

determines the mass of all firms ali ve at t that were born at t - n and come 
from a density function f(p) which by assumption is constant over time. 

Deflnition 3 A competilive equilibrium far economy O(µ, { ( 7lnt)~=l }~1, f (p)) 

is a collection of stale variables {[r¡nt,P(n-l)(t-l)• NWnt(P)~b]~=1}~0 , a col
lection of inputs, financia[ contracts and output Jor the entrepreneurs taking a 
pooling contmct, {(k~,lnt,iFifº1(e),M,ftºol(e),Y:+1t+1)~=1}~0, a collection of 
inputs, financia[ contracts and output far all entrepreneurs taking separating 

/\ /\ 

contracts, { (k~ (p ), lnt(P), i~iP ( e(P)), M!ep( e(P)), y!;:+1 (p) )~=l }~0, inputs and 
output far the lradable sector, {Yt, KT, Yi;_1}t=014 , all entrepreneurs' con-

sumption allocations { (c;J)~=l}t=o, workers' consumption allocation, labor 
supplied and portfolios {Ctw, lt, ft}~0 and prices {rt, Wt, Pt'}~0 such that, 

• { (k~, lnt, i:t°º1(NWnt), M~001 (NWnt), Y:+1)~=1}~0 is the solution to all 
entrepreneurs' problems of age n at time t with parameter p ~ P~t and 
net worth NWnt· 

• {(k~(p),lnt(P),i~?(e(p)),J\1~ep(e(p)),y:+l(p))~=l}~0 is the solution to 
all entrepreneurs' problems far all owners of firms of age n at time t 
with parameter p < P~t and wealth Nv½,t(p). 

• Pooling and separating contracts salve the Banks' problem and they 
participate. 

• {YiN, I{f, YiT}~ is the solution to the tradable se.ctor's pmblem, 

• {(c;;f)~=1}~0 are the consumption allocations of entrepreneurs of type 
p and age n at evenJ period t. 

• { cf, lt, r t}t=o is the solution to the workers' problem. Finally, 

• Markets clear: 
14 A competitive equilibrium can be solved assuming there is only one firm producing 

tradable goods. 
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Equilibrium in the labor markets 

Yt ~ O. 

or aggregate labor demand ( demand across firms by type and mass) equal 
labor supply. 

Equilibrium in the nontradable market or 

Note that labor dernand is the surn of labor demanded by firrns under 

pooling contracts (all of thern having the sarne production plan), plus labor 
dernandm by firrns under separating contracts ( each having different produc
tion plans). Also note that total nontradable output is cornputed following 
the sarne reasoning, although the total output produced under a pooling 
plan will be the expectm output knowing that each entrepreneur with char
acteristic pin the sarne pooling contract will produce an average nontradable 
output of p y/;+1 . Because this happens for all types in the pool, aggregation 

1 
is given by expression Y!;;+l J p (qtpr f(p)dp. 

P,.:, 

4 Analysis of the model 

To prove existence of equilibriurn I present sorne analytic results that are 
also useful to get sorne insights of the model's predictions. Dueto the huge 
source of heterogeneity the reader might think that the problem cannot be 
solved. Nonetheless, the model is salvable not only for the steady state but 
also out of it. 

In the next su bsection I work under the assurnption that all prices in 
the econorny are ronstant over time, and I show that the types of contracts 
described above are actually equilibriurn contracts. I explain how to salve 
far separating and pooling contracts for members of the sarne cohort. This 
irnplies determining which entrepreneurs' types of the same cohort end up 
with a pooling contract and which with separating ones. 
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Then I show how contracts are allocated between mernbers of the sarne 
cohort in successive periods. This is useful to observe how inefficiencies vanish 
over time in the same cohort. In other words, I show that over time, the set 
of entrepreneurs' types taking a pooling contract shrinks, meaning that more 
and more types will take a contract that only fits thernselves and that the 
asyrnmetry of information is eventually resolved in the cohort. In this process 
we observe how banks learn the firms' productivity as these entrepreneurs 
build up "net worth". 

Later I show how the shock to the interest rate affects the price of non
tradable goods, surprising firms in this sector. 

Finally I explain that both types of financia! contracts men t ioned befare 
are also equilibrium contracts (with sorne minar changes) after the economy 
is perturbed by the shock to the interest rate. It is at this stage where the 
assumption that banks learn their clients' type by observing the type of con
tracts they took in the past comes into play. Since sorne information about 
an entrepreneurs' types has been revealed (since they have sorne reputation) 
banks will make use of this information after the shock, even if the "net 
worth" of the firrns (that helps to signal entrepreneurs' types to banks) is 
drastically reduced. Although theeconomy doesn't loase information already 
acquired, the information revelation process is slowed clown after abad shock 
since firms loase ')1.et worth". Because of the fact that information is never 
destroyed I refer to this information revelation proress as reputation acqui
sition. Once firms get to build up sorne reputation, they will keep it as long 
as they are productively successful. 

This efficient use of the information explains the value of the lender
borrower relationships analyzed by Petersen and Rajan (1995) and Petersen 
and Rajan (1994). Because it is important to have a relationship with a 
bank, there might be incentives for firms to keep borrowing from the sarne 
intermediary throughout time. 

The reputation acquisition feature of the model challenges previous work 
on the credit channel where reputation is absent. Because the loss of in
formation in such a world are overstated, the role of the credit channel as a 
propagation rnechanism might be overrated. In the present work, I show that 
although reputation reduces the damage in the econorny when shocks arise, 
weakening the ')1.et worth" effect stressed in the literature, it also introduces 
the feature that it takes a long time for firms to build up reputation. Thus, 
if sorne firms die along the downturn of the business cycle, it takes a long 
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time for the economy to replace them. 

4.1 Financia! Contracts in steady state 

Assume we are looking at a newborn cohort of entrepreneurs that are just 
starting up their firms after having supply their labor endowment, which by 
assumption happens only once. For the time being assume that prices are at 
steady state levels. 

Figure 1 shows the mass of these newborn entrepreneurs that belong to 
the same cohort under the assumption, as in the s imulation exercises followed 
later, that J(p) = 6p(l - p).15 

Mass ofFirms at n=1 

1 .5 Separating 

1 .2 
Conlracls 

0 .9 Poollng 
Contra el 

o n 
o .3 

o 
o p• 0.5 

1 
Type p 

The approach followed is that I have a candidate for the type of equi
librium contracts in this economy. To prove this I show that all agents are 
maximizing expected utility given market prices. Entrepreneurs are assumed 
to take contracts as given. Banks can come up with new oontracts if the ones 
proposed by other banks in the market are not equilibrium ones. 

As I mentioned befare, there are two types of equilibrium contracts, sep
arating and pooling contracts. The former ones have the characteristic that 

15 More general density functions do not change the resultas long as f(p) > O for ali 
pE [O, l]. 
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each type will get a different contract while in the latter ones more than one 
type participates. 

The equilibrium contracts far a 1 year old oohort are such that all types in 
this cohort with p < Pi -tha,e with success probability below sorne threshold 
Pi- will take separating contracts (see Figure 1). In other words, they will 
take a financia! contract that no other type will be willing to take. Also 
ali types with age 1 and wi th p ~ Pi will share the same pooling financia! 
contract. In this section I explain why these are equilibrium contracts and 
where the p* threshold is coming from. I Also explain that this threshold is 
increasing over time until it reaches the upper bound of the distribution of 
types. It is then when the asymmetry of information in the cohort is resolved. 

Figure 2 shows how the mass of entrepreneurs changes over time due to 
the fact that unsuccessful entrepreneurs disappear. If the types of newborn 
fums is given by the density function assumed above, when the cohort is n 
periods old the density function is fn(p) = 6pn(l - p). 

Firms Mass byAge 

1 .5 f1 (p) 

1 .2 
f2(p) 

0.9 r--..... 
0.6 ✓ G(p) .,/"""~-.,,. / .... ~ 
0.3 // . 

o 
o p* rl* 

1 2 
R* 
3 0.5 1 
Type p 

The thresholds p~ show the cut off points between types taking separating 
and pooling a:mtracts over time. In steady state p~ is a non-decreasing func
tion of n, the cohort's age. In the picture p~ is a strictly increasing function 
of n because of assumptions on fi(p). This help to facilitate computations 
although it doesn't alter the results. I'll discuss this point in detail later. 

Letting the threshold be also indexed by time, the first result obtained is 
given by the following propa,ition. 
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Proposition 4 The average quality firm in a pooling contract, fi:ic:°1
, is an 

increasing function of both p;1 t and n. 

Proof. See Appendix. 
The average quality increases with the age of the cohort (holding the 

lowest type participating in the pooling contract constant) because as time 
passes lower types die with higher probability as the reader can see from 
Figure 2. For the same cohort this average also increases with p;1t as lower 
types exit pooling contracts. 

To understand how contracts work> let>s focus on the equilibr ium along 
a steady state path. For this reason I drop time subscript on prices for the 
purpose of this subsection. 

By Assumption 4 banks cannot commit to multiperiod financial contracts> 
although they can commit to offer any kind of one period financial contracts 
in the future. An equilibrium contract is a pair composed by a lending 
rate and a loan, {int(e), Mnt(e)}, specifying age and net worth e (which 
is observable information), such that fums maximize profits subject to: 1) 
technological constraints, 2) available financial contracts and 3) banks getting 
at least zero profits. 

These contracts are solved using a principal agent approach. As was 
explained in Section 2, the entrepreneur's problem can be divided in two 
steps. First > we salve for the returns of the firm in a period by period basis 
as a function of the firm >s "net worthn and then we solve for the optimal 
allocation of the entrepreneurs' weal th between consumption and investment 
in the firm. After having done the last step, we cango back to check whether 
the financial contra.et that comes out of the first step is actually consistent 
with the equilibrium conditions defined in Section 3. 

An entrepreneur with characteristic p (assumed to be high enough) and 
internal funds ent can compute his own return function T Rnt(ent,P) by solving 
the following problem16 

subject to 
(24) 

16The problem looks the same whether the economy is in steady state or not, though it 
simplifies notation to assume it is, since time subscripts for ali prices can be dropped. 
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rkk~ + wl~ = en1, + Mnt 

Pnt = EtlP IP E PC(ent, Ínt, Mnt), fnt(P)] 

(25) 

(26) 

Note that all the microeconomic variables -especially the financia! contract
depends on the age of the firm because it is observable. The choice variables 
are inputs (i.e. capital and labor), financial contra.cts (i.e. principal plus 
interest) and the average quality firm participating in the contract. Implicitly 
we need to find the lower quality type in the contract. If it is a pooling 
contract the lower quality type is p:U, and if it is a separating contract it is 
just p, since there is only one type taking it. Finally the objective function is 
the expected return for the firm with success probability p. It is interesting to 
notice that the problern for furos with different characteristics that take the 
sarne (pooling) contract looks the same except for the fact that the objective 
function of one type is a positive transformation of the others. This feature 
will facilitate aggregation across types taking the same contra.ct. 

Equation (24). is the bank's participation constraint. Total expected re
turn on loans should be at least equal to the cost of funds (given by the 
international interest rate). Equation (25) is a budget constraint: total cost 
of production musL be financed with either interna! funds or loans. Equation 
(26) defines the average quality, which is computed by averaging acroos the 
types p E PC in the same financia! contract, and knowing Ínt(p), the density 
function of the firrns of age n at time t. The types p E PC are determined 
in equilibrium. 

Before solving the problem under asymmetric information, it is worth 
noting that in a fully informed environment there is no free riding since 
financia! agreements would internalize the default probability by raising the 
lending rate of the contractas in Modigliani and Miller (1967). Thus, 

Proposition 5 : (Modigliani and Miller's Neutmlity Theorem). Under com
plete information, the optima[ amounl of labor and capital hired to produce 
nontradables is independent of the firms' wealth . 
Proof. See Appendix A. 

The basic intui tion behind this theorem is that if the entrepreneur and 
banks have the same information regarding the success probability of the firrn, 
then there is no conflict of interests among thern and they will work out a 
financial contract such that the efficient scale of production is implemented. 
In this world of full information, shocks to the entrepreneurs' "net worth" 
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do not change the aggregate production level. Moreover, firms do not grow 
over time since they start up right away at the efficient level of production. 

In a world with asymmetric information matters are different. I study 
this world since it opens interesting dynamics at the firrn level that irnpact 
on the rnacroeconorny both at the steady state and along the downturn of 
the business cycles. 

In this case, an analytic solution for financial contracts and inputs is not 
possible. Nonetheless, the optirnal level of capital and labor can be solved 
as a function of P~t, the average quality type in the same financia! contract 
(which is an endogenous variable of the problem). 

Proposition 6 Solutions for 'Ínputs under one-period debt contracts are given 
by 

(27) 

(28) 

Proof. See Appendix. 

Variable P~t can be interpreted as the banks' perception about the average 
quality firm taking the contract. Note that Proposition 6 also holds for a 
truth telling separating contract (by letting P~t= p). 

Although we are not able to salve analytically for the average quality 
of firms taking the contract, sorne interesting insights arise. Inputs depend 
negatively on their price~ and positively on the price of the final good and the 
productivity parameter 0. More meaningfully, both inputs depend positively 
on the average quality of the pool sin ce the loan interest rate depends on it. A 
better average reduces the interest rate on loans and increases the demand for 
both inputs. It is interesting to notice that the actual productivity doesn't 
appear in Equation (27) and (28). Thus, the total output is determined 
only by the bank's perception about the firms average productivity (P) . This 
occurs because banks are the marginal suppliers of funds when entrepreneurs 
do not have access to other financial sources. 
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Using Equation (27) and (28) we can collapse the entrepre~eur's problem 
even further. Now total return for firms becomes 

[ 

l l j/Y.+/3 pN 0 a 0 {313 ~ r 
ma~ Et[TRnt(ent,P)] = p (1 - a - (3) ( /3 o+/3 

0 
) +-=e-nt 

{k~,l:,,,P,p'} w r rk p 

(29) 
subject to 

(30) 

The expected return on ent is increasing in the average quality of the firm 
for low "net worth» levels. It ,vill be shown later that in equilibrium the 
return is always increasing in the average quality. 

Next, I address the question of whether it is possible for banks to offer 
(non-linear) financia! oontracts such that every entrepreneur taking a con
tract would be willing to truthfully reveal his own type. These contracts exist 
under two conditions. First, the level of net worth invested in the firm within 
the period has to be big enough to make the entrepreneur's type announce
ment credi ble. Note that in the extreme case where entrepreneurs finan ce all 
the cCBt of production, they have no incentives to lie. In equilibrium, banks 
will lend to firms sine.e entrepreneurs have a subjective discount factor that 
is bigger than the interest rate. By making financia! contracts where the 
amount self finan ce ( "net worth',) is increasing on the announcement banks 
can make sure that all types reveal truthfully. Thus any intermediate type 
faces a trade off: announce a higher type, invest more and pay lower borrow
ing rates if successful, or announce his own type and invest a lower amount 
which lead him consume the difference sooner for sure. 

Second, all future contracts have to be as demanding as the first truth 
telling contract in terms of the amount financed internally. Otherwise, sorne 
entrepreneurs may imitate others for a number of periods knowing that they 
can free ride on these others' future contracts. Tlús condition is satisfied 
since banks can commit to offer the same type of oontracts in the future. 
Then, if there is no gain from free riding in the present, there is no gain from 
doing it in the future because contracts are expected to be the same over 
time. /\ 

Let p be the firm's true characteristic and P its announcement. A truth 

telling contract is {ínt(e(P)), Mnt(e(P))}, where the entrepreneur has incen-
. /\ 

tives to announce P= p. 
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Proposition 7 A truth telling contract is given by 

¡\ 

P=p 

--1-

e(p) = (1 - a - {3),r(a + {3) 
[1 - 1r(a + /3)] (

pN 0 aº/3¡3) l-o,- f3 _1_ 
p 1-a-{3 

wf3 r rf 

Mnt( ent(P)) 

Proof. See Appendix. 

p . 

rkk:!t(P) + wlnt(p) - e(p) 

(31) 

Interestingly, the a.mount financed internally under a truth telling con
tract increases with p, parameter that also represents the size of the project, 
and with ,, indicating that banks will lend proportionally more when entre
preneurs are more impatient. Note that by letting 1r = 1, the net worth 

required becomes 

--1-

(

pN 0 aº/3¡3) l-o,-f3 1 

e(p) =(a+ /3) --- p1 -o,-f3 
wf3 r rº k 

(32) 

which is the total cc.Gt of production for a firm with characteristic p.17 This 
implies that Mnt(ent(P)) = O: the owner will only have incentives to reveal 
his characteristic when there is no borrowing! When the subjective discount 
rate is higher than the interest rate, the bank will be able to make a truth 
telling loan contract since only those firms with a high enough probability of 
surviving are willing to postpone consumption to invest in the firm. 

Again, these contracts are only truth telling if the firm take the same con
tract in the future, which happens in equilibrium. Otherwise, the asymmetry 
of information would persist because there would be inrentives for the lower 
types to mimic good types knowing that they would get better contracts in 

17This can be seen by computing the total costas 
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the future ( contracts that allow them to invest less and get the same lending 
rate). 

Entrepreneurs will qualify for this last type of contract only if they have 
enough wealth. Since all entrepreneurs in each cohort start with the same net 
worth, high quality types - the ones with more productive potential- spend 
more perio·ds wi thou t being a ble to engage in truth telling contracts. What 
do t hey do then? 

Without the appropriate level of wealth, firms end up engaging in financia! 
contracts that are not truth telling. Their problem is to maximize (29) 
subject to Equation (30). As it was mentioned befare, all those p > P~t will 
participate, and the problem reduces just to pin clown p;it· 

Every firm that has not taken a truth telling contract in the past, chooses 
between participating in a pooling contract and participating in a truth 
telling contract (contingent on having enough net worth) . Note that in prin
ciple the bank can set up different pooling contracts (for different best quality 
types in different pools). Nonetheless, the following statement holds. 

Proposition 8 In e,quilibriurn, every entrepreneur that belongs to the sorne 
cohort wi,th chamcteristic p 2:: P~t and with the sarne net worth will participate 
in the sarne pooling contmct. 
Proof. See Appendix. 

Corollary 9 All entrepreneurs in the sorne cohort that belong to a pooling 
contract will have the same net worth. 
Proof. See Appendix. 

This Corollary follows from Proposition 8. Given that everybody partic
ipates in the same pooling contractas long as they don,t take a truth telling 
one, and that all entrepreneurs in the same pool started with the same net 
worth (coming from labor endowment), we get the result that everybody that 
succreded in the past will have the same net worth independently of their 
type. 

Thus entrepreneurs with quality p > P~t will take a pooling contract if 
and only if total return under the pooling contract is at least equal to total 
return under the truth telling one. The lowest type can choose to take the 
latter type of contract only when her net worth is big enough. Thus, 
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T'he return under a pooling contract depends on the average quality Pnt> 
which is obviously a function of the worse type P~t and is based on total 
wealth of the best entrepreneurs in the cohort (since they are willing to in
vest as muchas they have> NWnt = ent) - Total return under truth telling is 
the sum of the return from the firm, based on «net worth» e(p;it)> and the 
return coming from utility (or consumption), based on NWnt - e(p~t), which 
is consumed right away. 18 It is worth highlighting that the participation con
straint in Equation (33) only takes into account the present trade off between 
free riding and taking a truth telling contract. This occurs because under 
reasonable assumptions reg-a.rding the density function f (p), an entrepreneur 
that is indifferent between free riding or taking a separating rontracts ( one 
with characteristic p~) will strictly prefer to reveal himself tomorrow> since 
the wealth of the best entrepreneurs in the cohort that survive one more 
period will be even greater, and they will be willing to re-invest ali their 
revenues19. This implies that if there are no gains from free riding on to
day's pooling financia! contract> there won>t be any gains from free riding on 
tomorrow>s pooling contract. A simple proof of consistency to see whether 
Equation (33) is the right participation constraint is to check P~t < P~+1t+i · 

By using e(p~t) from Equation (31), plugging it into the last expression 
and simplifying we are able to get the participation constraint. 

1 

(
pN e cl~(Y3) i=o=ji" [ - 1~t~ (1 - a - '(3) *1~;~13 l (Pnt -r,p~t) 

{3 Pnt 13 
- ( ( )) Pnt > ent -w r rf 1 - r, a + f3 - (1 - a - f3)r1p~t Pnt 

(34) 
The participation constraint will be always binding in the steady state. 

Those types participating in the pool today are only the ones that were in 
the pool in previous periods ( unless this is a newborn cohort). While in the 
steady state this constraint always holds with equality (regardless of the age 

18lt can be trivially proved that no entrepreneur has incentives to undertake a truth 
telling contra.et for a type worse than her own. By staying in the pool she will get a 
subsidize until it is optima! for her to truthfully revea! her own chara.cteristic. And all 
these contra.et are cheaper than the one she could get by mimicing a lower type. 

19If under the present specification we get that for sorne t, p~1 > P~+It+I it means that 
at time t there was a type below p~1 that would have prefered to choooe to free ride on 
the pooling oontract. These cases, although they can be handled, only happens under 
extreme assumptions on f (p) since it has to be the case that the average quality of firms 
in the pooling contracts sharply increases between t and t + 1 even for the same p• (see 
Proposition 4). Thus, we need a lot of mass on low values of p since f n+Jt+J (p) = PÍnt (p). 
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of the cohort), when the economy is out of the steady state - after a shock 
for exarnple- the entrepreneur's net worth can be so low that every member 
of the cohort that was in the pool in the previous period will be willing to 
participate in it today. I'll come back to this point later. 

Also it is worth noting that if ent becornes high enough then this equa
tion will only hold for P~t =Pnt = l. The "net worth" level that makes the 
participation cxmstraint binding for a lowest type P:ir, = 1 is given by: 

__L_ 

(
p N 0 aº/3/3) i - a-fJ [(1 - a - {3)r,(a + /3)] = ent 

wf3 r rk (1 - r1 (a + /3)) 
(35) 

which is the net worth required by a truth telling contract toan entrepreneur 
/\ 

announcing P= 1! 
More g;enerally, the following result holds. 

Proposition 10 The lowest and average type participating in a pooling fi
nancial contract, P~t andPnt are nondecreasing functions of the entrepreneurs 
net worth ent · 

Proof. See appendix. 

Proposition 10 means that as the amount financed internally increases, 
the average quality of the pool improves. This happens b~ause incentive 
problems between low quality firrris and banks decreases when firms put 
more "at stake" in the investment project. 

In the next subsection I describe how the interest rate shocks impact on 
the price of nontradable goods, and hence on the firms revenues. 

4.2 Macroeconomic effects of the shock 

As it was mentioned befare, technology in the nontradable sector is given by 
a constant returns to scale production function. Moreover, assumptions on 
technology in this sector allow us to state first order conditions as follows. 

(36) 

(37) 

Let r¡ and r1i be the interest rates in normal and crisis times respectively, 
the next result follows. 
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Proposition 11 lf lahor supply is infinitely elastic, there is only one possible 
equilibrium nontmdable good price corresponding to each in interest rate, 
PN(r1) and PN(r1i) with PN(r1) ~ PN(r1i). 

Proof. See Appendix A. 
The fall in 'the intermediate nontradable output pricehas two effects. On 

one hand, it surprises firms that were expecting good macroeconornic condi
tions and high prices. The fall in the nontradable price triggers a net worth 
effect in the nontradable -or bank dependent- sector. On the other hand, it 
increases the exit probability for small firms. Both together put the economy 
in a recession because it takes time for surviving firms to recover their net 
worth and for the economy to replace the firms that exit with good financia! 
reputation. The severity and duration of this effect depends on parameter 
values. 

4.3 Financia! Contracts out of the steady state 

It is worth noting that Propositions 4 to 10 also hold out of the steady state. 
In particular, even though for sorne type of entrepreneur her future net worth 
might not be big enough to satisfy the financia! contract given in Proposi
tion 7, after a shock for example, banks will finance the firm as long as the 
entrepreneur invests ali her wealth. This situation continues until net worth 
is reestablished to normal levels. Would this be violating the commitment 
undertaken by banks in previous period? The answer is no. The purpose 
of the commitment is to avoid having sorne types be free ridden by worse 
ones. After the shock, the banks can renegotiate the truth telling contracts 
because the expected probability of such shocks is negligible, implying that 
no agent was expecting it. Thus, even when the banks renegotiate with firms 
after a shock, that fact that this shocks are unexpectoo make Equation (33) 
the corroct participation constraint before the shock. 

Note that if the entrepreneurs' net worth collapses to zero, everybody will 
want to participate since Equation (34) hold with strict inequality because 
the left hand side of this expression is always paiitive,20 even for a type 
p~ = O. Nonetheless even if the "net worth'' of all entrepreneurs in the same 
cohort collapses to zero, not all members of the same cohort will be t aking the 

20S th t (1-o-,Bl < 1 b . d h P- > • f ali h ee a (l-r-y(o+/3)) _ y assumpt10n an t at nt_ Pnt or co orts. 
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same pooling contract because banks learn the productivity of their clients 
by observing the type of contracts they took in the previous period. Then, 
banks can distinguish those that took a pooling contract in the previous 
period and v-ri.11 offer them a financia! contract using this information. This 
implies that once the bank knows that a certain type has characteristic p 
bigger than P~-lt-l , they will never offer them a contract where a type 
lower than P~-H-l is willing or able to take. 

4.4 Equilibrium 

I have shown that the financia! contracts proposed are equilibrium contracts 
both in and out of the steady state. Now existence of equilibrium follows 
by showing that the allocations derived from this contracts describe well 
behaved aggregate excess demand functions for all goods in this economy. 

Proposition 12 Equüibrium exists far an economy D.(µ, {(11nt)~=1}~1J(p)) 
both in and out of the steady state. 
Proof. See Appendix A. 

5 Simulations 

In this section I first set up the parameters of this model to then carry a 
comparison between three simulation exercises. The first exercise has the 
property of switching the reputation mechanism off so we can focus on the 
implications of extending the Bernanke and Gertler's "net worth" approach 
to a dynamic setting where firms li ve for many periods. I call this simulation 
the literature's benchmark. This is done by letting all firms have the same 
survival probability after the shock on interest rates as in normal times. 

The second simulation exercise differs from the benchmark case in that 
the survival probability changes on impact as shown in Section 2. The third 
simulation exercise is similar to the seoond, but it also includes an externality 
in the tradable sector. 

Lastly, the model allows me to analyze the microeoonomic performance of 
ali types of entrepreneurs not only in the steady state, but also after a shock. 
This information is a by- product of the model, which requires computing 
far financia! contracts at each period. 
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5.1 Parameters 

The tradable goods production function adopted for the sirnulation is astan
dard CES 

1 

Yt~-1 = A [ e/> (1({)-p + (1 - e/>) (~N)-p ]-¡ (38) 

where A> O, p > - lande/> E (O, 1), where i!p is the elasticity of substitution 
between capital and nontradable inputs. 

The parameter val ues were chosen to roughly match shares of labor and 
capital in total output and to produce a fall in the intermediate good's prices 
of 10% as a response to a strong shock on the interest rate. These parameters 
are listed in the following table 

A'.:= 1.349 
p1 = 7.0678 
e/>= 0.2039 

For simulation purposes the interest rate levels are {r-1, rh} = {1.0147, 1.035}. 
The elasticity between capital and the nontradable good is required to be 

low enough to generate a fall in prices of approx:imate 10% and a fall in the 
capital stock of only, say 4%. This high complementarity can be relax at the 
cost of increasing the volatility of inw:stment in the tradable sector. 

The sum of the distributional parameters on the nontradable production 
function was set as large as possible given Assumption l. This matches mi
croeconomic evidence for the US 21 about technology at the plant level, firrns 
growth and evolution of financial sources.22 Thus, a= .35 and /3 = .61, cap-

turing the i~ea that small firms are labor intensive. The Solow parameter in 
this sector (0= 3.12) was chosen to obtain the result that the labor demanded 
by the biggBst firm be 150 times the labor demanded by the smallest firm in 
the nontradable sector, where this ratio was arbitrarily chosen. 

Parameters for the worker's utility function are given in the following 
table. 

a1 rv 2.06 
b1 = .33 
(T = 3 

21 Since I wasn't able to obtain microdata from developing economies, I took evidence 
for the US as a gross substitute to it. Future research should address this question. 

22 See Cooley and Quadrini (1998) and Davis, Haltinwanger and Schuh (1996) for a 
discussion on these issues. 

35 

• 



The parameters corresponding to the labor supplied in the nontradable 
sector were calibrated to normalize steady state wages in this sector to 
one and to match evidence that labor elasticity is equal to 1 in develop
ing economies.23 Finally, the intertemporal elasticity of substitution, repre
sented by the parameter cr is assumed to have a value of three, to mimic 
sorne evidence in emerging economies. 24 

The mass of workers µ is set in the following way. For fixed wages and 
nontradable prices, total labor demand in this sector is given. To normalize 
labor supplied by each worker to one, I let the mass of workers be equal 
to labor demand minus labor supplied by entrepreneurs. For simulation 
purposes I assume that r O = O, no initial wealth is held by workers, meaning 
that all workers' wealth comes frorn wages. 

The entrepreneur discount rate was chosen to match a "reasonable" lever
age level for a firm that has solve ali agency problems (the biggest firm for 
example) and letting it be bigger than the interest rate at all times, good or 
bad. Thus, 'Y= r,).01 . 

The density function utilized in this numeric example is f 1(p) = 6p( 1-p), 
where the numbers were set to let the function integrate to one and to match 
reasonable average spreads between deposit and lending rates. Ftom this 
density function, it can be seen that there is no mass of firms with charac
teristic parameter one or zero, implying that everybody produces something 
and that no firm leaves for ever. 

Finally, I assume that the probability that firms exit the industry for 
non-financia! reasons is 2% in steady state and 4% on impact. I believe these 
are conservative rates since Cooley and Quadrini (1998) argue that for the 
US the steady state rate of exit dueto non-financia! reasons is above 3%. 

Finally, depreciation rates for capital in the tradable and nontradable 
sectors were arbitrarily .fixed at 6%. Results in the model have shown to be 
robust to different depreciation rates, although lower depreciation rates re
quire higher complementarity between capital and nontradable inputs in the 
tradable production function to be able to produce a 10% drop in nontradable 
prices on impact. 

23 See Rebelo and Vegh (1995). 
24 See .... 
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5.2 Three simulation exercises 

Befare entering into the actual comparison of the three simulations, I present 
the nature of the externality assumed in the third. This externality is intro
duced by letting the total factor productivity in the tradable sector depend 
on aggregate nontradable output. For concreteness, I assume 

(39) 

where v> O. For any scale bigger or lower than the long run aggregate 

nontradable output scale, yN, tomorrow's total productivity decreases. The 
idea behind this assumption, is that the nontradable output is a comprnite 
of many different goods that are needed for production. When the economy 
enters into a recession, and the amount produced decreases, the marginal pro
ductivity of tomorrows' tradable sector decreases due to coordination prob
lems between sectors, adjustment costs, etc. 

The parameter v determines the relative importance of the externality. 
Because obtaining a measure for this parameter is dillicult I approach the 
problem in the following way: I piclc a parameter value that do well in match
ing the evolution of aggregate output in this small open economy. In this 
simulation I have adopted a parameter v = .25, implying that a one percent 
drop in total nontradable output at t decreases total factor productivity by 
0.25% in the period that follows. 

I compare the macroeconomic performance of these thrre models in one 
dimension, aggregate tradable output. It is worth noting that across all three 
cases, all variables are the same in the steady state, since there is no bank
ruptcy of firms with high output performance and there are no externalities 
because total nontradable output is being produced at its long run scale. 

The comparison can be observed in the following chart, where Model 1 
refers to case where only the net worth channel is at work, Model 2 refers to 
the model where the exit rate increases, and finally Model 3 is equivalent to 
the second case adding externalitie;; to the economy. Also, just as a thooreti
cal exercise, I show the evolution of total output when only the externalities 
are present (Ex:t.). This is done by letting ali firms have the same net worth 
on impact insteru:l of in the steady state and the same survival rates. 
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Model Comparison 
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The rnodel with externalities and bankruptcy is capable of producing 
more severe business cycles downturns for the same interest rate shock even 
though externalities alone have very weak serial correlation. Because rnodels 
without externalities underestirnate the business cycles experienced by these 
econornies, I continue by presenting all the rnacroeconornic variable simulated 
under this last case. All the rnain rnacroeconomic variables are presented in 
the graphs below. 
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Capital by Sector. 
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The simulation, as in the previous cases, was done by assuming that the 
interest rate increases at period O, and it returns to normal levels right away. 
Wages in the nontradable sector are procyclical. Employment decreases as 
a response to lower wages. Capital in both sector decreases on impact due 
higher interest rate. After the shock, capital remains low because nontrad
able output is lower than under steady state, and the two are highly comple
mentary by assumption. Investment in both sector drops sharply on impact 
and then increases so that capital steadily recovers its steady state level. 
Aggregate consumption is mastly workers, consumption,25 and it is highly 

25 Although it also includes entrepreneurs' ronsumption, this is around 2.5 percent of 
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correlated with output. This is due the assumption on workers preferences 
since the sum of both leisure and consumption are smoothed out over t ime. 
Nontradable output decreases on impact and it remains depressed t hrough 
many periods. This is due to externalities: exiting and agency problems 
between banks and firms. I come back to this last point below. Tradable 
output is temporary reduced after the shock since it takes time for the econ
orny to recovery due to problems in the nontradable sector. Finally, the mass 
of firms drops 2% by assumption and although it recovers quickly, tradable 
out pu t doesn 't recover beca use it takes time for new good firms to build up 
their net worth and thus to get lower interest rates in financial contracts.26 

As is shown in the simulations t here is transmission of the sho ck through 
time despite the fa.et that this shock happens only at t = O. Wages, tradable 
and nontradable output, investment and consumption experience depression 
an it takes a while for the economy to return to it's full potential output and 
consumpt ion levels. This model shows how externalities, exiting and agency 
costs drive the cycle after the shock. 27 

Higher agency costs are incurred t hrough two informational channels. 
The first channel -which I call "net worth" mechanism- takes place when all 
firms experience losses after a bad shock; the result is that wealth is dras
tically reduced, and that the proportion of free riders within the same pool 
becomes higher than it would otherwise be. The main reason for th is is that 
incentive problems between firms and banks are posit ively correlated with 
leverage, which is much bigger after the bad shock since firms are financially 
devastated. 

The second channel -which I call the reputational mechanism- is due 
t he loss of information when exit occurs. The firms that exit due to the 
macroeconomic shock destroy not only present but also fut ure output since 
the prod uction levels of exiting firms can only be regained once younger 
generations pass through the costly screening process of producing over time. 
Again, this process is costly because younger firms with a high productivity 
parameter are unable to convince banks to finance large investment projects 
since firms similar in age and equity but with a low productivity parameter 
have prívate incentives to free ride on those contra.cts . 

Due to these agency problems in t he nontradable sector, the shock puts 

aggregate consumption. 
26 The trade balance is shar ply improved on impact mostly due to the drop in investment. 
27 The interest rate paid by firm s increases during the recession in this model economy . 
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the economy in a long-lasting and recessional path, a situation that is aggra
vated by the presence of externalities. While this externalities were chosen 
to contribute to the economic downturn by only 30%, equili bri um effects are 
stronger, because pecuniary externalities are also important in the model. 
When total factor productivity decreases, nontradable prices are also re
duced, driving nontradable output clown with it. This is the reason why 
externalities add so much to the business cycles. 

To complete the analysis of the model, in the next Subsection I present 
sorne microeconomic information drawn from the simulation. 

5.3 Microeconomic information 

In this subsection I present firm data simulated for the model with exter
nalities, both in and out of the steady state.28 To analyze this information 
in the steady state, it is better to concentrate on the data generated by a 
firm owned by an entrepreneur with the highest characteristic parameter p. 
Remember that this entrepreneur keeps his productivity over time, as long as 
he is productively successful. The graph below shows the main firm variables 
as a function of the age of the firm (per quarter), assuming the economy is 
at its steady state (or prices of inputs and output are constant). 
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28 Again, microeconomic data corresponding to steady state levels are the same for the 
three models. 

41 

• 

• 



.. 

Leverage Lending ratas 

5 30 

4 
25 

~ 20 

E] 3 

" 
~ 15 1-i l 

2 

~ 
10 

5 

o o 
o 10 ~o Age (In qua ers) 

30 40 o 10 20 30 40 
Age (In quarters) 

Net worth and amounts loaned are positively correlated, ev idence t hat the 
banks utilize the firms' wealth as a revealing informational screening device. 
It is worth mentioning that in a symmetric informational environment, these 
variables would not be oorrelated. Also t hey increase with age, since by 
assumptíon the (highest qualíty) firm is productively successful in ali these 
periods. The net worth has an upper bound because of the assumption that 
technology in th.is-sector exhibits decreasing returns to scale. The simulation 
shows that only after 33 quarters, these firms are able to take truth telling 
contracts that fully solve the asymmetric information problem with banks .29 

Inputs and output also increase ,vi.th age, as can be observed in the graph 
for labor demanded by firms. 

Leverage, expressed as the ratio of loans to net worth, is rnonotonically 
decreasing with the firm's age. As firms get older, the fraction of spending 
that is self-finance converges to the fraction in truth telling contracts, mean
ing that net worth grows proportionally faster than bank loans in the firm's 
first periods of life. This fraction stabilizes once the firrns take truth telling 
contracts. 

Finally, the interest rates paid on loans by these firms decreases with age 
as the bank's perception of the firrns' quality improves. Younger firms pay 
higher rates because their reputation -and their access to credit markets- has 
not been developed. 

In the next graphs I present micro-data for the si.mulation with external
ities after the economy was hit by the externa! shock. When the economy is 
at its steady state, as in the previous graphs, time series micro-data coincides 
with cross sectional data. In contrast, after the economy is irnpacted with a 

29 NoLe that the performance of a lower type entrepreneur gives a similar graph exmpt 
that the pooling financia! contracts would be dropped atan earlier stage. This statement 
holds by Corollary 8 . 
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high interest rate, time series and crass sectional data differ because a firm's 
performance will depend on the age of the firm at the moment of the shock. 
In the next set of graphs, I show time series data for the highest quality firms 
that belong to a five period old cohort at impact. For comparison, I present 
the information on this cohort as a ratio of actual data to the time series data 
that would have been produced by these firms if no shock had -occurred. 
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The ratio of actual net worth to that in steady state conditions is lower 
than one, showing that firms that are hit by the shock will only r~over after 
35 periods. During this time, labor demand will also be lower since agency 
costs are higher. Actual leverage is temporary higher than the steady state 
level of leverage in all these periods, because banks do no require firms to 
finance in the same proportions as at steady state, since sorne information 
about this cohort average quality has been already revealed. Clearly, the 
information revelation process takes longer in recessions dueto the net worth 
effect. Finally, the ratio of actual interest rates paid by firms d lll'ing recessions 
to thase rate paid in the steady state are higher throughout the recession. 
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6 Policy analysis 

The size of the economic recession, given assumptions on technology and 
preferences, is in direct relationship with the size of the externa! interest rate 
rise. Higher rates imply lower unexpected nontradable prices in the economy 
and t his wi ll increase the exit probability and reduce even further the net 
worth of those firms still producing. The deeper the interest rate crisis the 
deeper and longer lasting the recessions dueto higher agency costs, exiting 
rates ancl externalities, leaving room for policy analysis. 

The shock reduces --welfare in two different ways. On the one hand, work
ers have a rost in terms of expected welfare because their utility function 
is concave in the sum of consumption and leisure, and the shock rEX:l.uces 
expected utility by Jensen' s inequality. On the other hand, agency problems 
add welfare costs to both entrepreneurs and workers since profits and wages 
are reduced t hroughout the economic downturn . 

Any stabilizing policy that neutralizes sudden changes in entrepreneurs' 
wealth might improve the overall performance of t his economy. Thus there 
are different policies that might be implemented. A subsidy to the interest 
rate in bad states or any policy that inflates the demand in the nontradable 
sector will help to reduce the recession. A sterilization policy, used directly or 
indirectly in emerging economies, implies that the interest rate is subsidized 
when the bad shock occurs. Then, the g;overnment should collect taxes in 
good t imes and subsidize interest rates in bad times, where this can be done 
even if taxes are collected after the subsidy takes place. 

Under such a policy total welfare would be greatly increased. A first 
order measure of welfare gains can be approximated as the area delimited by 
the full capacity level and the actual performance of the economy's tradable 
output along the cycle in net present terms.30 

A more realistic policy would be one where the government collects liquid 
international resources in good times to subsidize interest rates in bad times. 
This policy can be implemented at the cost of keeping productive resources 
underutilized. The cost of keeping these reserves will determine the optima! 
degree of intervention in each economy. 

Regardless of the intervention levels, such a policy might always be wel
fare improving in economies (or episodes) that face severe and unexpected 

30 Note that Lhis measure is a lower bound on the total welfare gains of this stabilizar 
tion policy s ince this policy also increases expected worker's utility given the concavity 
assumption on their p references. · 
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increases in interest rates -without including the cost of the policy- since the 
aggregate agency cost is a monotonic ftmction of the change of these rates. 

7 Concluding remarks 

This paper shows that financia! frictions might be a strong transmission 
mechanism for the propagation of shocks in small open economies, both 
from the qualitative and quantitative points of view. Of all the different 
ways to model financia! frictions developed in the literature, I took the one 
proposed by Bernanke and Gertler (1990) since the asymrnetric information 
problem emphasized there seems the mCBt appropriate and representative one 
in financia! relationships. When this friction is incorporated into a dynamic 
macroeconomic rnodel, we obtain hvo effects that impact on the incentive 
side of financia! contracts -and hence on t he rnacroeconomic performance of 
the economy-: '"net worth" and "reputation". The first one was analyzed 
by Bernanke and Gertler (1990) in a static environment, concluding that 
the firms' financia! health might have an important role explaining aggregate 
agency ccsts and output performance. In this work, I show that although 
the "net worth" effect is present and important in a dynamic setting, the 
"reputation" effect might be also important when there is information to be 
learned about firms' quality from their performance over time: if firrns with 
good reputations die in the presence of unexpected bad news it t akes a long 
time to replace them. 

Uncler the present setup, most of the rnacroeconomic variables in the 
simulation are well behavecl. Interest rates and investment in the tradable 
sector are the leading indicators of the cycle. Low investment levels depress 
the small firms' output price putting firms in a fragile financia! situation since 
their revenues are less than expected. This declines aggregate performance 
because firms are less able to convince the banks to finance large investment 
projects. If the shock implies a greater exit probability, then the economy will 
perform even more poorly for sorne periocls following the shock because firms 
that have developecl a goocl financia! reputation disappear and it takes time 
befare new firms develop their own. Aggregate performance declines even 
further in the presence of externalities. This dynamic leacls to countercyclical 
agency costs and procyclical employment and consumption. These features 
of the model match empirical eviclence. 

In this environment, sterilization policies might be welfare irnproving de-
, 
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pending on the cost of implementation. Neutralizing capital volatility -when 
it can b e done at a relatively low social cost- will help the economy to per
form more closely to its foil productive potential. From t he theoretical point 
of view, any policy that reduces the nontradable price uncertainty would 
improve total welfare. 
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Appenclix A 
The Industrial Production Index ( with 1986=100) includes the following 

industries: Food, Beverages, and Tobacco, Aparel, Paper, Chemical , Con
truction, Metalic and Machines and Equipment. 

The series presented in the Introduction is the Industrial Production In
dex for Argentine and modified as follows. First, I replaced ali February' s 
observations by the average of January's and March's observations, since the 
Index exhibits a sharp decline on each Febraury dueto vacations.31 SEX:ond, 
I compute::! a linear trend for two periocls: February 1992 to December 1994 
and March 1994 to December 1994. I utilized the second linear trend since 
it is the most conservative one (not show in the Graph below). The Graph 
shows an exponential and a linear trend based on the period 1992-1994, as 
well as a linear trend based on the period 1992-1998. The graph shows that by 
computing deviations from the linear trend based on the period 1992-1994, 
the Industrial Production In<lex would not recover trend until September 
1997. This implies an even longer recession than the one presented in the 
Introduction. 

Industrial Productlon lndex 

(Argentina 92-98) 
160 ~-----------------~ 
150 
140 
130 
120 
110 
100 
90 +---..-,---..----,---,----,-----,,--------,--,------,--....---,-~ 

The series for the average deposit interest rates of comrnercial banks in the 
Argentinean financia! system are build as a weighted average of the average 
interest rate paid to deposits denominated in pesos and in dollars. 

31 Leaving Lhe Index intacL would in crease the trend rate (fictitiuooly), reinforcing the 
argument Lhat the economy entered in a long recession. 
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The average lending rate is the weighted average interest rate charged 
to loans denominated in pesa, and in dollars to local firms, big and small. 
There is no inforrnation on the interest rates paid on bank loans by small 
firms neither on loans to small or AAA firms. This is a problern since in this 
article I focus on the dynamics of small firms along the busimss cycles. 

As a reference, I present the spreacl between the average deposit rate and 
the average lending rate of the financial system. 
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As the graph shows, the spread returned to normal levels right away 
after the sharp spike on impact. It seern that the persistence in the lending 
prernium is nonexistent. Nonetheless, this result is clriven by changes in the 
cornpasition of lending to small ancl AAA firrns during the downturn. 

By definition the average lending rate, regardless of denornination issues, 
lS 

rf - CXtrf + (1 - cxt)r! 

where the interest rates are the average lending rate, the lending rates for 
loans to small firm and big firms (or AAA firms) respectively, and CXt is the 
fra.ction of lending to small firms. Rearranging this expression we get the 
spread in the previous graph. 

(40) 

I present this information in the following chart. 
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This spread shows that the average lending rate and the lending rate to 
AAA firms get significantly close in the fi.rst months a:fter the interest rate 
shocks. As Equation (40) shows, this result is consistent with changes in 
at ar in (rf - rt) or in both. Although we have an identification problem, 
anecdotal evidence points that srnall firms face relatively higher interest rates. 
This implies that the drop in the spread shown in the previous graph must 
be driven by a sharp fall in ªt· Since overall lending of the financial system 
fall over this period, credit to small firms must have fallen even furt her. 

To see that note that in J une 1995, the spread between the Average 
lending rate and the rate for loans to AAA firms is almost 4% below t he 
same spread before and after the crisis. Also, the AAA rate was 5 percentage 
points above steady stat e values. If a t did not fall, then this observations 
irnply that while AAA rate was 5 percentage points above trend, the lending 
rate for small firms was only 1% above trend. This scenario is refuted by 
anecdotal evidence. 
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Appendix B 
Proof. of Proposition 4. Dropping subscripts and taking partial deriva
tives to expression (17) give us 

é) p = f(p*)p*n ( p - 1) > O \f * E [O 1) 
é)* 1 * p ) 

p J f(x)xn- 1dx P 
p• 

where it is easy to further show that this derivative goes to one from 
below as p* --+P. Also, 

1 

-Pool a P 

an 
f f(p) pn-ldp 

n p;,t 
( 

l) '--"'1=--------. -- > 0 \fp* E [O, l) 
n - J f (p) ¡P-2dp 

P~t 

■. 

Proof. of Proposition 5. Under full information , the firrns problem be
comes32 

subject to 

p iM -rM ~ O 

rkkN +wlN = e+ M 

(42) 

(43) 

where it can be seen that there is no adverse selection since the bank 
lends at a rate that take into account the true entrepreneur characteristic p. 
The solution to this problem is just given by 

(44) 

32 I loooe unnecessary notation. 
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where productions plans only depend on each entrepreneurs characteristic 
and not on the initial net worth e ■. 

Proof. of Proposition 6.Let the bank participation constrained and the 
budget constrnint collapse into one equation to solve for the total amount 
due next period> i,-z1,Mn1,. 

(46) 

Plugging this expression into the objective function> simplify the problem 
to 

subject to 

p = Et[p I p E PC(ent)Ínt, M,-z1,), Ínt(P)] (48) 

and solution follows from solving this problem ■. 
Proof. of Proposition 7. Given a truth telling contract offered by the 
bank, the entrepreneur solves the following problem today and in every sub
sequent period: 

N:i:+/3 - J - o - /J 
A P pN 0 aª /3/3 r A 1 A 

[ 

1 l max Et[1rt (p, P)] = p (1 - a - /3) ( f3 +{3 ) + -/\ e(P) --e(P) 
/\ w rª rª rv {P} k p t 

By taking first order conditions> imposing the truth telling incentive con

di tiori ( P= p) and rearranging terms we can obtain the following differential 
/\ 

equation on e(P). 

1 

( 
P N 0- ª/3/3 ) 1 - o-/J <> + /J , a Ai - c,- fJ 1 A A 

(a+ /3), wf3 rª+/3 rj; P = p, e(P) + (1 - r1) e'(P) (49) 

Fortunate enough> a closed form solution to this differential equation 
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exist 33. Finally, by noting that an entrepreneur with characteristic p = O 
never invest (e(O) = O), the proof is cornpleted ■. 
Proof. of Proposition 8.This can be easily proved by contradiction. Sup
pose that are Lwo different equilibrium pooling contracts for types in the 
sarne cohort and with the same net worth. Then, one o[ these type will have 
and average pararneter P bigger than the other, irnplying a lower interest rate 
on loans. Since types cannot be screened but through age and net worth, 
being they the same in the two pooling contracts, ali entrepreneurs would 
try to participate in the debt contract that charges lower interest rate. ■ 
Proof. of Proposition 9.All entrepreneurs in the same cohort start with 
the same net worth given by labor endowment. This means that firms in 
a new born cohort participate in the same pooling contract and have t.he 
same production plan. Those surviving a period ahead, will have the same 
net worth regardless of their type. The subset of these taking a new pooling 
contract will, again end up with the same wealth. This process continues until 
no pooling contra.et exist for member of the cohort ( m1til the best quality 
firrns have accurnulated enough wealth to take truth telling contract) ■. 
Proof. of Proposition 10. Making use of Proposition 1 the proof consist on 
showing that p;it is a nondecreasing function of the entrepreneurs net worth 
ent• There are two cases. On one hand, if the participation constraint is 
not binding, the local changes in the entrepreneur net worth <loes not change 
p~. On the other hand, when the participation constraint is binding, then P~t 
will change with ent· Dropping subscripts and rearranging the participation 
constraint, we obtain 

- [ - <>+/3 ( /3) <>·I /3 ] 
P* p pCl-<> - /3) _ 1-a- p*(l-a-¡9) 

(1-q(a+.B)) 
e= e --~-------------~ 

(P - r,p*) 

where C is a constant that depends on pararneter vaJues. Call [l] the ex
pression between bra.ckets. Differentiating the participation constrainL with 

33Th.is differential equation fits into the following general Lype of linear differential ~ua-
Lions 

I\ I\ I\ I\ 

w(P) = u(P)e(P) + e' (P) 

and its clcsed form solution is given by 

e(P) = exp(- j u d P) (A+ j wexp(j tL el P)cl P) 
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respect top*, and simplifying gives as 

Be 
8p* 

P [- _ a + (3 * a+o ] - P [l] - (P -r1p*)-----p P - 0--13> + 
(P -r,p*) (1 - r,( a+ (3)) 

8 P p* [ *[l] (- *) a+ f3 ci ~:~13>] 
8p* (P -r,p*)2 - r,p + p -r,p (1 - a - (3) p 

Where r, ~ 1 by assumpLion. Now, lct [2] and [3] be the first and second 
expressions between brackeLs in this derivative. The proof follows by showing 
that this Lwo expression are positive for ali possi ble values of p*. Sin ce -lf 
is always pooitive, then ;e. > O for all values of p*. 

Rearra.nging terms, [2] becomes 

[2] = p (1 - o-/3) [ a+ll J ] 
(1- rry(a-1-(3))- x(l-a--/3) +r,(a +f3)x<1- 0 -/3l or (1 - r,(a + (3)) 

p(l -a--/3) 

-----F(x) 
(1 - r,(a + (3)) · 

where x = ? E [O, 1). It is easy to show that F(O) > O, F(l) = O, and p 

F'(x) < O 'ílx. This implies that [2] > O. Similarly, 

pP -o--/3) [ r 1 (1 - a - (3) 2 
..,..._.J'--,- l 

[3] - (l -a-(3)) (1-r,(a+,B))x(l-a-/3)_r,x+(a+f3) or 

' po -a-/3) 

(l _a_ (J)) G(x) 

where x is defined as befare. Now, G(O) > O, G(l) ~ O, and G'(x) < 
O 'ílx. ■ 
Proof. of Proposition 11. See that the indirect profit function for this 
firms is only a fünction of P(" and rt. Zero profit con di tion 1rT(P(", r

1
,) = O 

implies that thcre is one possible price of nonLradable goods corresponding 
to each in teresL rate leve!. If r1 < r1i are the interest rates in normal time 
and crisis time, then PN(r1) ~ pN(r1t). 
Proof. of Proposition 12. 

In a small open economy there is no need to for excess demand for tradable 
goods to be zero. Then we only worry about aggregate excess demand for 
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uontradables (Y N) and labor. The aggTegate dernand for nontradable goods 
is well behaved wiLh respect to Pt ancl 'Wt, and so is the aggregate supply of 
labor. Thus, we just need to show that aggregate supply of yN and aggregate 
demand of labor are well behaved functions of Ft and 'Wt· · 

First, note that each firrns' supply of nontradable output an<l demand 
of nontradable skilled labor are not continues functions of prices. An en
trepreneur wiLh characteristic p* in cohort n at i is indifferent between par
ticipating in the pooling contract or taking a truth telling one. Equation 
(28) in Propooition 6 shows the firrns' labor dernand for ali cohorts. Under 

- -Pool -
a pooling contract Pnt=Pnt while under a truth telling contract Pnt= p. In 
equilibrium, an entrepreneur t aking a truth telling has a success probability 

of p :S P~t <P:i°°1
• Thus, ea.ch firrn dernancl for labor is not continues in 

prices since for a type P~t that is indifferent between one type of contract 
or the other, a srnall change in prires will malee it switch to the other type 
of contra.et. Also note that this is the only source of cliscon tinuity, sin ce 
the entrepreneurs only participate in either of this two types of contracts by 
Proposition 8 ami since labor demand is well behaved when the entrepre
neurs' type is clifferent from P~t· 

Frorn the individual dema.nd (and supply) functions we construct the ag
gregnte dernancl by computing the mass of firrns taking truth telling contract 
and the mass taking a pooling contract for each cohort. T'hese individual 
dema.ncls are locally continues functions of prices for every type but type p* 

in each of this cohort. Nonetheless these types have zero rnass in the cohort, 
implying that demand for the whole cohort is globally continues in the prices 
space since foral! prices there is at most a type with rnass zero whose dernand 
is cliscontinuous being the everybody else's clernancl continuous in the same 
cohort. Aggregate clemand accounted as the sum of each cohort demand is 
continuous and finite for every positive price by assurnptions on f(p). 

Finally since aggregate excess labor demancl ancl nontradable output sup
ply are well behavt;:d we conduele that equilibriurn exist. ■ 
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