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Abstract

This paper presents a general equilibrium model with endogenous collateral constraints to
study the relationship between financial development and business cycle fluctuations in a
cross-section of economies with different sizes of their financial sector. The financial
sector can amplify or dampen the volatility of income by increasing or reducing the
business cycle effects of technological shocks. We find a non-monotonic relationship
between the volatility of income and financial development measured by total borrowing
and lending. A more developed financial system unambiguously increases the income
level however the volatility can rise or fall depending on the degree of financial
development.

JEL classification: E32, E60
Bank classification: Credit and credit aggregates; Financial stability

Résumeé

Au moyen d’un modéle d’équilibre général qui integre des contraintes d’emprunt
endogénes liées a la valeur des garanties, les auteurs étudient, a partir d’un échantillon
représentatif de pays aux secteurs financiers de taille différente, la relation entre le degré
de développement financier d’un pays et les variations de son cycle économique. Le
secteur financier peut accentuer ou modérer la volatilité des revenus en amplifiant ou en
réduisant les effets des chocs technologiques sur les cycles économiques. Les auteurs font
ressortir une relation non monotone entre la volatilité des revenus et le degré de
développement du systeme financier mesuré par le volume des préts. Sans contredit, le
niveau des revenus s’accroit dans les pays au systéeme financier plus développé; la
volatilité peut, par contre, augmenter ou diminuer selon le degré de développement
financier.

Classification JEL : E32, E60
Classification de la Banque : Crédit et agrégats du crédit; Stabilité financiére



1 Introduction

The financial crisis of 2007-2009 renewed the attention to the linkages between the financial sector and
the real economy. As a consequence of the crisis the world experienced a large and sharp contraction
of output. In this paper we analyze the relationship between financial sector development and the
level and volatility of income. We ask two questions. Does a larger financial sector amplify or dampen
technological shocks? Does a larger financial sector allow a faster or slower recovery?

To answer these questions we develop a model of endogenous borrowing constraints based on
Kiyotaki (1998). Agents’ productivity is heterogeneous and financial markets intermediate loans
from the least productive agents to the most productive. Capital markets are imperfect and credit
constraints arise because lenders cannot force borrowers to repay their debts unless the debts are
secured with collateral. Because the durable assets of the economy serve as collateral for loans,
borrowers’ credit limits are affected by the prices of the collateralized assets. At the same time, the
prices of these assets are affected by the size of the credit limits. The dynamic interaction between
credit limits and asset prices amplifies and increases the persistence of productivity shocks thus raising
the volatility of output. We generalize the model of Kiyotaki (1998) by adding an exogenous variation
to the collateral constraint to capture, in a reduced form, possible cross-sectional differences in the
institutional framework as well as financial innovation. We call this variation financial development
as it can can ease or worsen the borrowing constraint problem.

We show that, depending on the value of the financial development parameter, the equilibrium is
one of three types. First, the traditional credit constrained equilibrium type described by Kiyotaki
and Moore (1997) arises with low values of financial development. The second equilibrium type
occurs with larger values of the parameter, corresponding to a situation in which productive agents
use all the available assets in the economy but remain credit constrained. The third equilibrium type
occurs with yet larger values of the financial development parameter and corresponds to the case
in which productive agents use all available assets and the financial sector allows them to become
unconstrained, akin to Moll (2010).

We show a non-monotonic relationship between financial development and the volatility of income
from technological shocks. When a negative shock hits, the dynamic interaction between credit limits
and asset prices can amplify the effect of the shock on output and wealth. We show that the degree
of amplification depends on the level of financial development and that this relationship is non-
monotonic.

This non-monotonicity is due to two opposing effects of the financial development parameter. In an
environment with endogenous borrowing constraints, financial development increases the sensitivity
of the credit limits to changes in the value of the collateral. Thus, when a technology shock reduces
the value of the collateral, the credit limits fall more in economies with a more developed financial
sector. This effect amplifies the impact of the shock. On the other hand, as the economy recovers

from the shock and the collateral increases in value, the credit limit increases more in economies with



more financial development. This accelerates the recovery, thus increasing the value of the collateral
and the credit limit at the time of the shock. This effect dampens the impact of the shock. We argue
that this non-monotonic relationship is general to models with endogenous borrowing constraints.
Studying the effects of financial development on the variability of macroeconomic aggregates is
important to understand the potential effects that financial regulation or innovation can have on the
steady state level and variability of income. Understanding this link is the first step towards building
a normative theory of the welfare costs of the excess variability of business cycles induced by financial

frictions.

Related Theoretical Literature

The idea that the financial sector can be a source of economic fluctuations is not new. Early formal
treatments of this idea were developed by Bernanke and Gertler (1989) and Kiyotaki and Moore
(1997). These two papers started a long literature on the “financial accelerator” by which the effects
of a fundamental (technological) shock can be amplified by the financial sector. These papers develop
theories of endogenously determined credit limits and are useful to understand how the financial
system can amplify small technological shocks and make them more persistent. In these models,
credit constraints arise because creditors cannot force debtors to repay debts unless they are secured
by collateral.

The recent financial crisis also spurred interest in examining the possibility of new linkages be-
tween the financial sector and the real economy. One of the new channels being explored in the
literature is the informational channel through dispersed, private or heterogeneous information. In
a model with heterogeneous information, La’0O (2010) shows how financial frictions in the form of
collateral constraints can drive business cycle fluctuations even when fundamentals remain constant
in a standard real business cycle model. Another novel channel of amplification is the one explored by
Brunnermeier and Sannikov (2010). In their model, amplification of shocks occurs not only through
the fall in the value of collateral, but also through the increased volatility in asset prices which in
turn provides incentives for households to hold precautionary cash balances and fire sales. Gertler
and Kiyotaki (2010) consider a mechanism of endogenous risk taking by which lower exogenous risk
leads to greater leverage that may lead to higher total risk. In their model, securitization helps share
idiosyncratic risk but amplifies endogenous risk. They calibrate their model and then generate a
crisis experiment to show the effects on asset prices and output of an exogenous change to capital
quality. Mendoza (2010) uses a DSGE model with an endogenous collateral constraint to analyze the
amplification and asymmetry in the responses to shocks. In this environment he also documents a
non-monotonic relationship between the shocks and macro aggregates responses.

In terms of technique we are closest to Kiyotaki and Moore (2005) which explore the idea of
financial deepening by analyzing regions of the parameter space of their model of borrowing con-
straints (due to limited commitment) to describe the effects of financial intermediation on output

and investment. Their model predicts three regions of financial deepening: the first which is cash



based and without any financial intermediation, the second in which there are sophisticated financial
markets, and the third in which the economy achieves the first best allocation and there is no need

for financial markets since there is full commitment.

Empirical Evidence

Regarding the direct relationship between the level of income and the development of the financial
sector Beck et al. (2000) show a strong positive causal relationship between measures of financial
development and size and the rate of per capita GDP growth in a large cross section of countries.
Narrowing the focus to developing economies, some papers studying sudden stops have found a
negative relationship between financial development and income volatility. The most likely driver of
the result seems to be the financial liberalization that preceded some of the financial crises that lead
to large contractions of income (Aizenman, 2004). For developed economies the picture is less clear.
Although credit expansions are one of the best predictors of financial instability in long historical
samples (Jorda et al., 2010), the long-term effects on output are not clear. Loayza and Ranciere
(2005) argue that the apparent empirical contradiction between the positive and negative effects of
the financial sector can be resolved empirically if we distinguish between short and long-term effects
of financial intermediation.

Regarding the cross sectional evidence of financial development and volatility of income several
papers have documented empirically this relationship. More generally these studies often look at
the cross-sectional variation of the degree of international financial integration and macroeconomic
volatility because their interest tends to be on international risk sharing and propagation of financial
shocks. Easterly et al. (2001) find that a higher level of development of the domestic financial sector
is associated with lower volatility in developing countries. They document a non monotonic relation
between the volatility of income growth and the level of credit to the private sector as a share of GDP.
At low levels of credit the volatility of growth rates is large, while at intermediate levels of credit its
the lowest. At higher levels of credit volatility of growth somewhat picks up but still less than at the
other extreme.

Kose et al. (2003) and Kose et al. (2009) document the role of financial integration and macroe-
conomic volatility and international risk sharing. The first paper documents that on average the
volatility of output from 1960 to 1999 has decreased for a large cross-section of countries while in-
creased financial openness is associated with increased volatility of consumption. In the follow up
paper they document more specifically the relation of financial integration and reduced international
risk sharing. They find that developed economies actually benefit from the integration while devel-
oping do not.

Denizer et al. (2002) analyze a similar question to ours. They find that countries with a more
developed financial sector experience less acute fluctuations in real per capita output, consumption,
and investment growth. In particular, their dependent variables are the standard deviation of real

per capita GDP, consumption and investment growth rates. The key variable in their results is



the proportion of credit provided to the private sector. Their estimates for a large cross-section
of countries finds a negative relationship between the standard deviation of the growth rates of
macroeconomic aggregates and private sector credit controlling for the volatility of the exchange
rate, the openness of the country and other suitable controls.

In what is possibly the closest empirical investigation of our idea, Darrat et al. (2005) document
the experience of the UAE in their transition to a more developed financial sector and the outcome
for the volatility of business cycles. This is a time-series and not a cross-sectional investigation and
therefore we cannot take their results directly to support our result. However, they document that
financial development shares a statistically significant cointegration relation with growth volatility
between 1973-2000 suggesting that in the UAE it is strongly related to the development of its financial
sector over this period. One caveat in relating these results to our model is that the particular source
of shocks, either technological or financial, matters for the dynamics of the macroeconomic aggregates
and their interaction with the borrowing channel that we explore.

Next section 2 describes our model and discusses the equilibria in detail. Section 3 discusses the

results of the dynamic exercises. Section 4 has some concluding remarks.

2 The Model

2.1 Overview of the Model

Our model is an extension of Kiyotaki (1998) in which durable assets play a dual role, as factors of
production and as collateral for loans, with the addition of an exogenous multiplicative parameter to
the borrowing constraint. We call this parameter the degree of financial development.

In the model, there are two inputs in the production of goods: physical capital and land which
is in fixed supply and normalized to 1. Goods produced can be used to invest in physical capital or
consumption but not to produce land. The consumption good is perishable and cannot be stored.
The economy has two types of agents, productive and unproductive which are both risk averse and
derive utility from consumption. Agents evolve between the two states according to a Markov process
and the realization of the productivity is known at the beginning of period so agents can contract on
their potential output.

Given the heterogeneity of productivity, agents engage in borrowing and lending. We interpret the
total lending and borrowing activity between agents in this economy as the size of the financial sector.
This activity has a friction in the form of imperfect enforcement of debt contracts since borrowers
can only recover a fraction of the non-collateralized credit if entrepreneurs can walk away from their
debt. As a protection, lenders demand collateral which gives rise to the borrowing constraint faced
by the productive agents.

We model this by assuming that agents cannot borrow more than a constant times the value of
their collateral. Our variation is to introduce a parameter multiplying the value of the collateral.

We interpret this scaling parameter as a measure of conditions that ease or aggravate the borrowing



constraints, for example weakness of the legal system may further aggravate the constraint. On the
other hand, we allow this parameter to represent the possibility of lending on margin in which case,
the value of the collateral can be smaller than the amount borrowed. This variation gives rise to

three types of equilibrium depending on parameter values. We now turn to the details of the model.

2.2 Model Details

Consider a discrete-time economy with a single homogenous good, a fixed asset, and a continuum of

agents which live for ever and have preferences of the form:

E; (Z B7 In Ct+r> .
7=0

In this economy, there are two production inputs, the fixed asset k;, called land, which is in fixed sup-
ply and does not depreciate, and an intermediate good x;, called investment, which fully depreciates
every period.

Every agent shifts stochastically between two states, the productive and unproductive according
to a Markov process. Productive agents become unproductive next period with probability §, and
unproductive agents become productive with probability nd, where n < 1. We use superscript ¢
for the agent types, p for the set of agents that are productive, and u for the set of unproductive
agents. The production function of both types exhibit constant returns to scale, but the total factor

productivity of productive agents is higher than the one of unproductive agents:

i\ O ; l1-0o
i ki i ,
Yip1 = a<a> (1—0) Vi€ p (1)
; B k% o ﬂ?% l1—0o ‘
Yigr = 7 (g) (1 — 0) Vieu (2)

To maximize their expected utility every agent chooses a path of consumption, land holdings,

where vy < ¢ and 0 < 0 < 1.

investment, output and debt subject to the technology constraints (1) and (2) and the corresponding
flow-of-funds constraint:

b
et +xr + q (ke — k1) :yt-i'%l—bt’ (3)

for all t > 0, where ¢; denotes the price of land, b; is the debt repayment in period ¢, by is the new
debt in period ¢, and r; is the real interest rate at time ¢. More precisely, ¢; is the price of a unit of
land at time ¢ that can be used in production during the period ¢ + 1.

Every period, agents face the following borrowing constraint:
bt+1 S 9qt+1k:t, 0 S [0, OO) (4)

This implies that the debt repayment cannot exceed the adjusted value of the collateral at period t+1,

where the adjustment is given by 8. We allow this adjustment parameter to vary in the cross-section



and regard # = 1 as the benchmark value, which corresponds to the model of Kiyotaki (1998). When
f is smaller than 1, the collateral constraint is further reduced because lenders can only recover a
fraction of the collateral. On the other hand, when # > 1, the borrowing constraint problem is reduced
because it implies lenders can recover the whole collateral plus a fraction of the non-collateralized
credit.

We interpret the parameter 6§ as a reduced form summary of potential factors that allow expand
or constrain the borrowing and lending between productive and unproductive agents. Factors that
constrain the borrowing potential are for example weaknesses in the legal system that hinder lenders
from collecting the collateral from borrowers. Factors that expand the borrowing potential are for
example the ability of financial institutions to lend on margin. For the case when 6 > 1, note that

some conditions have to be met for the existence of equilibrium which we clarify below.

2.3 Equilibrium types

Depending on the value of § and the productivity parameters o and 7, we can have one of three
types of equilibrium which we describe in detail below. An equilibrium is defined in the standard
way: a set of sequences of state-contingent allocations for each type of agent {ct, ks, bt }72, and prices
{qt,7}72 such that i) unproductive agents maximize lifetime expected utility subject to their period
budget constraints, ii) productive agents maximize lifetime expected utility subject to their budget
and borrowing constraints, and iii) land and goods markets clear. Kiyotaki and Moore (2005) analyze
financial deepening in a similar way by looking at the different steady state equilibria in three regions
of their parameter space.

Given the logarithmic preferences, a simpler way to characterize the equilibrium is in terms of the
aggregate wealth, the share of wealth that productive agents hold, the land price and the user cost of
capital. We focus on describing the equilibrium using the real interest rate, whether the borrowing
constraint is binding or not and the holdings of land. This characterization will allow us to provide

intuition in the simulations we present in section 3. Proofs can be found in the Appendix.

2.3.1 Equilibrium Type [

Equilibrium type I occurs when the borrowing constraint is binding for all productive agents and in-
vestment is positive for all agents. In each period, both productive and unproductive agents optimally

chose to consume a fraction (1 — ) of their wealth w;:
e = (I—PB)w. (5)
where agents’ wealth equals their output plus the value of the land minus the value of their debt,

wi = y; + qki_ — b} (6)



Unproductive agents. The investment-to-land ratio of unproductive agents is given by

! 1-0 )
I = — u Vi € u, (7)

where we define uy = ¢ — qi+1/7¢ as the user cost of land. In this case (verified in the Appendix),

the real interest rate is given by:

1 kl o—1 l’i 1—0o
= — (a1t <t> < . )
qt o 1—0

[

= yu; 7. (8)

The real interest rate is given by the opportunity cost of unproductive agents’ land holdings. In-
tuitively, in this equilibrium since unproductive agents’ investment is positive, the rate of return of
lending and investing have to be equal. Therefore, the real interest rate is determined by the oppor-
tunity cost of unproductive agents. Moreover, the evolution of wealth of unproductive agents is given
by:

Wiy = yuy °Pw; Vi € u. 9)

This means that the wealth of unproductive agents next period is equal to their lending and investing
this period, which equals a fraction S of current wealth, times the rate of return of their lending and
investing, given by the equilibrium real interest rate.

Productive agents. Now we turn to the choices of productive agents. In this type of equilib-
rium, the rate of return on investment of productive agents exceeds the real interest rate, therefore

productive agents borrow up to the credit limit given by:
b1 = OqkiViep. (10)

In this equilibrium type, the optimal investment-to-land ratio of productive agents:

! )
o= 9(w) viep, (11)
t
where g (wy) is defined implicitly by:
o 1-0 o 7 Qi1
1—5Y (wt) + g1 o <1 e (wt)> - <Qt - 92) =0 (12)

where w; stands for (gi+1, q¢, r; @, 0,6). See the Appendix for the derivation.

We can write the investment and land holdings of productive agents as a proportion of their wealth
by using the borrowing constraint (10), the flow of funds constraint (4), and the optimal consumption
choice (5):

zt + (Oug + (1 — 0) giy1) ki = Buwl. (13)

Note that term in front of land is the user cost of capital plus an adjustment term which is positive

for values of # > 1 which represents the additional wedge introduced by financial development. Using



the previous equation and equation (11), we get the investment and land in terms of their current

wealth and the user cost of capital:

5= o) T a0y ) (14)

i g(wt) W'
T )+ Gut (L Oy (15)

The evolution of wealth of productive agents is given by:
wiyr = hi(w) fup (16)

where

ne) =a (1 Za) (7)

1-0
and ¢ (w;) is defined in equation (12). This means that the wealth of productive agents next period
is equal to the non-consumed fraction of today’s wealth times the function h(-), which is decreasing
in the investment-to-land ratio of productive agents (see the Appendix).
Finally, in equilibrium the land market, the goods market, and credit markets must clear. The
perfect-foresight equilibrium type I at time ¢ given state variables (W4, s¢, q¢) is described by a se-
quence of aggregate wealth W;, productive agents’ wealth ratio s;, land prices ¢;, and user cost of

land w, {Wit1, St+1, qe+1, we |t =0, 1, 2, ..}, satisfying the following dynamic equations:

1. Aggregate wealth evolution:

Wipn = wiydi + / Wiy di
1€Ep €U
= (h(w) st + 1 (1—st)) BWe (18)
where r; is defined in equation (8) and h (w;) is defined in equation (17).

2. Evolution of the productive agents’ share of aggregate wealth:

Jic » wi, di

Wit
(1 — (5) h (wt) St + TL(STt (1 — St)

St4+1 =

19
h(w)se+re (1 —s4) (19)
3. Land price evolution:
Q1 =1t (qr — ) - (20)
4. Aggregate wealth W can be expressed as:
l1—0 g (wy) — 17—"ut
BW; = ug + o) = 5 stBWi + qu. (21)

g(we) + (4 — %)



2.3.2 Equilibrium Type [I: Constrained Productive Agents and Zero Investment of
Unproductive Agents

The second type of equilibrium, which we call type 11, is the one in which the borrowing constraint is
binding for productive agents and investment is zero for unproductive agents. The equilibrium type
I and I only differ in the land holdings between both types of agents since all the land is owned by
productive agents in each period.

As before, when productive agents are constrained, they borrow up to the credit limit and the
credit market clearing condition, — [;_ bidi = [; e bidi, together with the unproductive agents’ bud-

get constraint determine the amount of land held by unproductive agents:

1-— , Oqii1ke
<Qt+ JU) / ki =B(1—st) Wt—/ . tdi, (22)
=0

1<) Tt

which is a non-negative. Hence, for the equilibrium described in the previous subsection to be the
prevailing one, the right hand side of equation (22) must be non-negative when the interest rate is
the one defined in equation (8).

If this is not the case, then productive agents hold all the land and, using equation (22), the

interest rate is equal to
0qi+1

6(1_37&)Wt'

Note importantly that this does not imply that the borrowing constraint of productive agents is not

(23)

Tt =

binding and that productive agents can freely choose their optimal amount of borrowing. In particular,
the ratio xy/k; is lower than in the unconstrained equilibrium case, since productive agents cannot
buy as much intermediate good as it would be optimal for them.

As before, the perfect-foresight type Il equilibrium is described by a sequence of aggregate
wealth Wy, and productive agents’ wealth ratio s;, land prices ¢;, and user cost of capital wuy,
{Wis1, St41, Gr1, ug |t =0, 1, 2,..}. It satisfies the same dynamic equations of equilibrium I (18)-
(21) with the difference that the interest rate is given by (23) and the definition of aggregate wealth:

BWi = gi(we) + g (24)

2.3.3 Equilibrium Type I/]: Unconstrained Productive Agents

The third equilibrium type, which we call type 111, occurs when the borrowing constraint of produc-
tive agents is not binding and the non-negativity constraints of unproductive agents are binding. In
this type of equilibrium productive agents can achieve a higher rate of return and the real interest rate
is equal to their opportunity cost of land. If the parameters of the model and the wealth distribution
are such that the borrowing constraint does not bind, the land holdings of unproductive agents is zero,

therefore do not undertake any investment. For productive agents, the first order conditions are the
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same as the ones for unproductive agents in equilibrium type 11, which imply an investment-to-land

ratio of productive agents: ‘
r;  1-—
L ST % Vienp, (25)
ky o

where the real interest rate is

re = auy °. (26)

Notice the slight difference in the equilibrium condition where the interest rate reflects the produc-
tivity level of productive agents, «.
As before, the perfect-foresight type 111 equilibrium is described by a sequence of aggregate wealth
W, productive agents’ wealth ratio sy, land prices ¢, and user cost of land w, {Wit1, Se41, Gy1, we |t =0, 1, 2,..}

which satisfy the following dynamic system of equations:

1. Aggregate wealth is equal to:
Qo
W, = gu,}_f + q;. (27)

2. Aggregate wealth evolution:
Wig1 = rifWr. (28)

where 7 is defined in (26).

3. Evolution of the productive agents’ share of aggregate wealth:
Ser1=(1—9)s;+n0 (1 —s¢). (29)

2.3.4 Equilibrium types bounds

Here we examine the boundaries between the three types of equilibria. If we keep all the parameters
constant except the borrowing constraint parameter 6, we can think of two equilibrium thresholds 8}
and 6} such that

< oF the period-I equilibrium type is I
if 04 € (0f,0) the period-I equilibrium type is IT , (30)
> 0 the period-I equilibrium type is 111

where 0 denotes the lower bound of equilibrium type IT and 6/ denotes the upper bound of equi-
librium type I1.

Equilibrium type /I lower bound. Equilibrium type I is feasible if the solution to equations
(21) - (20) in section 2.3.1 is such that productive agents do not own all the productive inputs and,
consequently, unproductive agents produce positive output. For equilibrium I to be feasible, on the
other hand, it must be that unproductive agents optimally choose to lend their saving to productive

agents instead of investing in land, which is the case when r 17 > yu, 7;.
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Thus, when 6 is such that r; ;7 < yu, 7; equilibrium type /7 is unfeasible. Let 0 denote the lower

bound of equilibrium 77, which must satisfy

—0

rerr (0F) = yugrr (6F) (31)

Using equations (12), (20), (23), and (24), we can rewrite (31) as

gL« ﬂ[ﬁWt—Qt]}g[ 1

1ok (1= s) AW, q — BW; |:(1_3t)+0:|:| {qt—ﬁ(l—st)Wt 0:7, (32)

1—0 1—0 QtL

as we explain in detail in the Appendix.

Equilibrium type I1I lower bound. Equilibrium type II1 is feasible if the solution to equa-
tions (27) - (29) together with equation (20) is such that productive agents hold all the land and
their borrowing constraints are not binding, so that fz p bf; 11di < 0qi11. Hence, the lower bound of

equilibrium type II1 is the one determined by the following equation:

/ £+1 (etH) di = 0qt41 (95) : (33)
1EP

If we then use equations (3), (25), (20), and (24), we get that the lower bound of equilibrium I77 is

equal to
HH — (1 - 0) ﬁ (1 - St) Wt (34)
! q — oWy ’

as explained in the appendix. Note that if 7 < 6/, there is no coexistence of equilibrium types at a

given point in time.

2.4 Steady State

In this section we summarize the relationship between the three types of equilibria and the level of
financial development.

Let w now represent the vector of parameters (3, a, 7, d,n). We focus on 6 separately as it is the
source of variation we are mostly interested in. Let 8 be the threshold between the equilibria I and
II, and let @ be the threshold between IT and III. Note these thresholds may be different from the
ones discussed before. Table 1 summarizes the main equilibrium quantities for each steady state. The
most important is the real interest rate which for steady state type I is given by the opportunity cost
of land of unproductive agents. For § < § < 6, the real interest rate depends on the level of financial
development and the share of wealth of productive agents. Finally for # > 6 the real interest rate is
given by the opportunity cost of land of productive agents.

From equation (??) we can write the bounds ¢ and 6:

12



Table 1: Description of the Steady State Equilibria

I II I
Interest rate r=yu ¢ r= B(lgﬁ r=au ¢
Land holdings Interior solution KV =0KF =1 KV =0KF =1
s s € [nd, 1 — 0] se(1—-4,5) s€s1)
0 [0,6] with § > 1 (6,0) [0, 0)

Description  Constrained /Interior borrowing Constrained/All land ~ Unconstrained

and _ _
Gq'! (w,H)
BIL— s (w,0)] WIT (w,0)

where w and @ are parameter values consistent with each type of equilibria.

=« [uH (w,é)]fg, (36)

The threshold between type Il and type I1I equilibria can be derived from the borrowing con-
straint. In the steady state type 111, productive agents are unconstrained, therefore their borrowing
is given by:

by < 0qui1ky,
for any t. At the same time, unproductive agents lend all their non-consumed wealth to productive
agents, which implies:
by ydi =1y (1 — s¢) BWL,

€U
and productive agents hold all the land, fz ep kidi = 1. Thus, in the type II] steady state it must
be the case that the borrowing of productive agents (which equals lending of unproductive agents by

market-clearing conditions of credit markets) is smaller or equal to the total value of their collateral:

/ by, 1di < 0gi1 / Eidi.
i€p 1€p
Using the previous two conditions we can write:

,rIII (1 _ SIII) BW]]I < quII,

which implies with equality the solution for the upper threshold 6:

S 1-8
ot (14150). o

Note that 8 has no closed form solution.

3 Numerical results

3.1 Parametrization

To understand the different equilibria we plot the regions for a range of parameters using the following

parameter values. For the share of land in the production function we set ¢ = 0.5. The discount factor

13



O'03.95 0.965 0.98 0.995 1.01 1.025 1.04 1.055 1.07 1.085 1.1
0
Figure 1: Regions of each type of equilibria as a function of o — « given 6. This plot maps the
corresponding combination to # and a — vy to the type of equilibria with the rest of the parameters
calibrated as in Table 2. The upper bound between regions I1 and II1 is given by equation (37) which
does not depend on o — . The boundary between regions I and I occurs at a higher level of § when

the difference between the productivity levels of each type of agent is smaller.

Table 2: Summary of the parameter values of the calibration

Parameter Value

I5; 0.95
o 0.5
o 0.7
n 0.03

is set to 8 = .95. For the Markov process we set the following values: & = 0.7 for the probability that a
productive agent becomes unproductive, and n = .03 which is the ratio of productive to unproductive
agents. Note that nd is the probability that an unproductive agent becomes productive next period
and that nd + 6 < 1. Figure 1 shows the different equilibria for a range of feasible values of § and
the productivity difference between productive and unproductive agents, o — . Notice first that
the upper bound between regions II and I11 does not depend on productivity, a — ~. However the
boundary between regions I and I does depend on productivity differences and occurs at a higher

level of # when the productivity difference between each type of agent is smaller.
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3.2 Dynamics

This section describes the exercise to evaluate the transition dynamics after an unexpected aggregate
productivity shock. Figures 2 and 3 summarize the dynamics of different aggregate quantities after an
unexpected shock of 1% to aggregate productivity for five different values of 6 = [.75,.95,1,1.04, 1.12].
These values were chosen so that given our parametrization of « and -y, the first three values of 6
lie in region I, the fourth in region /I and the last in region I1/1. When the borrowing constraint
parameter is below the benchmark level the computation of the dynamics are straightforward but
when the parameter is above this level, the computation is more involved. For simplicity, we choose
paths in which the equilibrium at every point in the transition is of the type achieved in steady state.
We describe in detail the particular algorithm to compute the dynamics in the Appendix. We do not
rule out other potentially convergent paths with cycles or jumps between the three types of equilibria.

We are interested in showing the non-monotonic relationship between the transition dynamics
and the particular value of 6. Figure 2 shows the dynamics of the land price, ¢;, and the dynamics of
the real interest rate, ;. On impact, the land price falls more when 6 is larger if the equilibrium is in
region I. In fact, the largest potential fall in the land price in our model occurs when the equilibria
is around the threshold value 6, between equilibria I and II. For values of 6 that lie in the region of
equilibria IT1, with # > 0, the change in the land price on impact is smaller the larger the value of
#. This reversion of the effect on land price is consistent with our idea that financial constraints have
non-monotonic effects. Recall that the lager the value of 6 the steady state level of wealth is higher.
Intuitively when productive agents are unconstrained, shocks to productivity reduce the value of land
through the reduction in output but do not interact with the borrowing constraint through the value
of their collateral.

The mechanism is the following. Productivity shocks reduce the value of the collateral resulting
in a reduced level of borrowing. In the case of high level of # borrowing is reduced more. With
less borrowing, productive agents buy less land. Land is used more inefficiently. Its value is further
depressed. On the other hand, a higher level of 8 accelerates the recovery after a productivity shock.
In other words, the higher the financial development, the more productive agents can borrow as their
collateral gains value. This speeds recovery and a more efficient use of the collateral over time. The
combination of these two effects provides the non-monotonicity of the dynamics with 6. A similar
mechanism has been explored in a production environment by Tomura (2011).

Figure 3 shows the dynamics of the investment-to-land ratio of both types of agents, the share of
wealth of productive agents and output. Output falls on impact 1% for the four paths as a response
to the fall on productivity but clearly recovery occurs at different rates. For the two extreme values
of 6 recovery is almost at an identical pace, but recall that they converge to different absolute values
of output and wealth. For the benchmark value 8§ = 1 the recovery of output is the slowest of the
four equilibria. The recovery path of output of equilibria II falls further after period 1 but recovers
faster than the benchmark path. This fall is due to the reallocation of investment between productive

and unproductive agents. When productive agents hold all the land but are still restricted a shock
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Deviation of wealth from the SS (in % of the SS): 1% shock to productivity
T

0 T T
-0.002 - 4
-0.004 4
-0.006 - bl
-0.008 - bl
—0=75
-0.01F 0=.95 [
—0=1
—0=1.04
—0=1.12
_0012 1 1 1 1 1 1 1 1 I
0 2 4 6 8 10 12 14 16 18 20
Time after the shock
Interest rate along the path to the SS: 1% shock to productivity
1.058 T T T T T T T
1.056 - b
1.054 - B
1.052 bl
1.05F bl
1.048 bl
1.046 - b
1.044 - n
0=.75
- 0=.95
1.042 ] 6=1 |
0=1.04
—6=1.12
104 1 1 1 1 1 1 1 1 T
0 2 4 6 8 10 12 14 16 18 20

Time after the shock

Figure 2: Dynamics towards the steady state after a 1% unexpected shock to the aggregate productivity
level. This plot shows that the fall in percentage terms from the steady state is larger at impact for larger
0 but the recovery is faster. Notice that the steady state value of wealth is higher for a larger value of 6.

The right panel shows the level of real interest rate for the different paths. Frequency is quarterly.
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Deviation (in % of the SS) of investment/land of productive agents: 1% shock to productivity ~ Deviation (in % of the SS) of the investment/land of unproductive: 1% shock to productivity
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Figure 3: Transition dynamics towards the steady state of the investment-to-land ratio, share of wealth
of productive agents, and total output after a 1% unexpected shock to the aggregate productivity level.

Frequency is quarterly.

to the aggregate productivity has the effect of reducing the next period collateral value of land. This
reallocation can be seen in the top two panels of the figure.

Our model maintains the amplification mechanism observed in other models of endogenous col-
lateral constraints. When the equilibrium is in I, a higher § amplifies the effect of the shock in terms
of current wealth. On the other hand, when the equilibrium is in region /11, a higher value of the
parameter dampens the effect of the shock. One interpretation of this effect is the negative effects on
growth from financial liberalization. Empirically, Beck et al. (2000) found that financial liberalization
in economies with underdeveloped financial system usually is followed by financial crises. Developing
the financial sector when it is underdeveloped amplifies the effects of real shocks in the economy. On

the other hand, a highly developed financial sector dampens the effect of real shocks.
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Borrowing along the path to the SS: 1% shock to productivity

0 T T T T T T T

-0.01 .
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=95
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=112
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0 2 4 6 8 10 12 14 16 18 20

Time after the shock

Figure 4: Transition dynamics towards the steady state of the total amount of borrowing after a 1%
unexpected shock to the aggregate productivity level for different values of financial development. This
plot shows that the size of the financial sector, measured by the total borrowing and lending, falls the
most relative to the steady state value when # = 1 after an aggregate productivity shock. Farther from

this value, the response is smaller. Frequency is quarterly.
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4 Concluding remarks

This paper develops a model of endogenous borrowing constraints to analyze the effects to income
volatility from the variation of the borrowing constraints. One key difference in our model from
previous work with borrowing constraints is that we allow for lending to occur in equilibrium when
the value of the collateral is smaller than the value of the loan. We do this by introducing a parameter
of financial development in the borrowing constraint of agents that expands the borrowing capacity
of productive agents. We show that there are three types of equilibria in our model corresponding
to three regions of the parameter of financial development. The first is the well-known equilibrium
were the economy faces aggregate borrowing constraints, reduced output and lower level of wealth
for the lower levels of financial development. The second type of equilibrium in the second region of
the financial development parameter, productive agents hold all the capital available yet they remain
credit constrained and the economy achieves a higher steady state level of wealth than in the first
one. The third region, with higher values of the parameter of financial development, the third type
of equilibrium occurs in which the borrowing constraints are not binding.

With this model we analyze the volatility of income in each type of equilibrium. The financial
sector can amplify the technological component of business cycle fluctuations through the effects of the
endogenous borrowing constraints as in the traditional models of endogenous collateral constraints.
We show in addition that the financial sector can also dampen business cycle fluctuations in excess
of the technological shock when the equilibria is of the third type as in the Arrow-Debreu complete
markets equilibrium. Under this interpretation the financial sector has an intermediate level of
development in which it introduces excess volatility.

We parametrize the model to analyze the transition dynamics in each of the three regions in
our model after a unexpected aggregate productivity shock. The well-know amplification channel of
Kiyotaki and Moore (1997) remains in our model for equilibria of the first type. In the middle region
of financial development the impact to output is further amplified but its recovery rate is faster than
on the first type of equilibrium. Finally, in the last region, the financial sector does not amplify
the shock and its rate of recovery is constrained simply by the recovery allowed by the aggregate
technology.

In future work we will extend our model to allow capital accumulation to explore the tradeoff
of the short-run costs of income volatility and long-run effects on income growth induced by the
size of the financial sector. As argued by Barlevy (2004), the potential costs of business cycles
under endogenous growth may be substantially higher than the ones computed by Lucas (1990)
among others. Another related avenue we plan to explore is to analyze the relationship between
the likelihood and severity of shocks with the level of the parameter 8 to evaluate potential optimal
choices. Finally, an important extension we will explore is to endogenize 6 to recognize that changes
in the level of financial development are a costly choice and to address the relationship between the

the rate of growth of financial aggregates that is associated with sharp subsequent contractions in
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income.

References

Aizenman, J. (2004). Financial opening and development: Evidence and policy controversies. The

American Economic Review 94(2), pp. 65-70.

Barlevy, G. (2004). The costs of business cycles under endogenous growth. The American Economic
Review 94(4), 964 — 990.

Beck, T., R. Levine, and N. Loayza (2000). Finance and the sources of growth. Journal of Financial
Economics 58(1), 195-209.

Bernanke, B. and M. Gertler (1989, March). Agency costs, net worth, and business fluctuations.

American Economic Review 79(1), 14-31.

Brunnermeier, M. K. and Y. Sannikov (2010). A macroeconomic model with a financial sector.

Princeton working paper.

Darrat, A., S. Abosedra, and H. Aly (2005). Assessing the role of financial deepening in business
cycles: the experience of the United Arab Emirates. Applied Financial Economics 15(7), 447-453.

Denizer, C., M. Iyigun, and A. Owen (2002). Finance and macroeconomic volatility. Contributions

in Macroeconomics 2(1).

Easterly, W., R. Islam, and J. Stiglitz (2001). Shaken and Stirred: Explaining Growth Volatility. In
B. Pleskovic and N. Stern (Eds.), Annual World Bank Conference on Development Economics.

Gertler, M. and N. Kiyotaki (2010). Financial intermediation and credit policy in business cycle
analysis. NYU working paper.

Jorda, O., M. Schularick, and A. M. Taylor (2010, December). Financial crises, credit booms, and
external imbalances: 140 years of lessons. Working Paper 16567, National Bureau of Economic

Research.
Kiyotaki, N. (1998). Credit and business cycles. The Japanese Economic Review 49(1), 18-35.
Kiyotaki, N. and J. Moore (1997, April). Credit cycles. Journal of Political Economy 105(2), 211-248.

Kiyotaki, N. and J. Moore (2005). Financial deepening. Journal of the European Economic Associa-
tion 3(2-3), 701-713.

Kose, M. A., E. Prasad, and M. Terrones (2003). Finance and macroeconomic volatility. Working

Paper 03/50, International Monetary Fund.

20



Kose, M. A., E. S. Prasad, and M. E. Terrones (2009). Does financial globalization promote risk
sharing?  Journal of Development Economics 89(2), 258 — 270. New Approaches to Financial

Globalization.
La’0, J. (2010). Collateral constraints and noisy fluctuations. MIT working paper.

Loayza, N. and R. Ranciere (2005). Financial development, financial fragility, and growth. Interna-
tional Monetary Fund, Research Dept.

Lucas, R. (1990). Models of business cycles. Basil Blackwell Oxford.

Mendoza, E. G. (2010). Sudden stops, financial crises, and leverage. The American Economic
Review 100(5), 1941-1966.

Moll, B. (2010). Productivity losses from financial frictions: Can self-financing undo capital misallo-

cation? Princeton Working Paper.

Tomura, H. (2011). Endogenous selection of producers, asset prices, and productivity slowdown.
Japanese Economic Review 63(1), 104-130.

A Derivation of the equilibrium conditions

At each period, agents choose the amount of consumption good ¢;, debt to be repaid next period by41,
intermediate good, x¢, and land, k;, for next period’s output to maximize their expected intertem-
poral utility. Their optimization is subject to the budget constraint in equation (3), the borrowing
constraint in equation (4) and the non-negative production input constraints k! > 0 and 2% > 0.!

The agents’ optimization problem is

max E, (Z ﬁt In Ct>

{Ct7$tvktvbt+1} t=0

subject to

b
Ct+$t+%(kt_kt71):yt+%1_bt
t

bir1 < Oqii1ky
ct 20, 1 >0, k > 0.
Let pi and A! be the multipliers on the flow-of-funds and borrowing constraints of agent i at period

t, and let n{ and v} be the multipliers of the non-negative input constraints of an arbitrary agent 1.

The first order conditions from the utility maximization problem are the following four equations:

t
Z.é_ i — 0
Ct - i Hy =
C

!To be rigorous, consumption must also be positive but this constraint is not included in the optimization problem.
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aIt

t+1 - M1 t =

Tt

Depending on the parameters of the model and the wealth distribution, the constraints may or may
not be binding, so the multipliers may or may not be equal to zero. This gives rise to different types
of equilibrium, as we analyze next. We say the equilibrium is type I if the borrowing constraint
for productive agents is binding but the non-negative production constraints for unproductive agents
are not binding; type I if the constraints are all binding, and type III if the non-negative input

constraints are binding for unproductive agents but the borrowing constraint is not.

A.1 Equilibrium type I
A.1.1 Consumption policy function

For unproductive agents, using the first order conditions with respect to ¢i and b 41 When o= i =

ni = 0, we get their the Euler equation when the equilibrium type is I
Cip1 = Pricy.

And using then the first order conditions with respect to kf, zj and b, , when A} = ¢} = nj = 0
together with equations (13), (6) and (20), we get equations (8) and (7), as well as the flow of funds

of unproductive agents when the equilibrium type is I:
wéﬂ =7y (w@ — cff) .

It is then possible show that the policy function ¢ = (1 — 3) w} is consistent with these two conditions
that summarize the optimal choices of unproductive agents when the equilibrium type is I. When
the equilibrium type is I1 or I1I, the Euler equation of unproductive agents is exactly the same.
The flow of funds also looks identical, given that they do not hold any land or investment good, so
their wealth next period is equal to their current non-consumed wealth times the interest rate paid
on savings.

For productive agents, using the first order conditions with respect to ¢! and ! when 1! = n = 0,

together with equation (1), we get their Euler equation when the equilibrium type is I:

o i\’
i t i
., = Ba — C;.
1 =P <1 —O’k%) t

And using the first order conditions with respect to ki, 2% and b 41 When i =t = 0 together with

equations (4), (4) and (20) we get the flow of funds of productive agents when the equilibrium type
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is I:

i\ =0
W, =a <1j02> (wi — ).
As before, it is straightforward to show that the policy function ¢! = (1 — 3)w} is consistent with
these two conditions summarizing the optimal choices of productive agents in equilibrium type I.
When the equilibrium is of type I, the Fuler equation and flow of funds of productive agents are
exactly the same as in type I, so their optimal policy function is also ¢ = (1 — 8)w!. When the
equilibrium is of type 111, productive agents are no longer constrained, so their Euler equation and
flow of funds are the same as the ones of unproductive agents as well as the optimal policy function

of consumption.

A.1.2 Wealth evolution of unproductive agents

Using the first order conditions with respect to ki, i and b 41 When A\ = o = ni = 0, we obtain
equation (7) shown in the text. If we then use equation (7) together with the first order conditions
with respect to z} and b 41 We get the interest rate shown in equation (8).

Using equations (2) and (7), we can rewrite next period production as:

7 —0o kl
Yiq = yu; <t> : (38)

g

Moreover, from the budget constraint in equation (3), and using equations (5) and (6), b, can be

written in the following form:
b1 = ey ey +reqe (kg — ki_y) — rey; + b

= rwj + (@) + qeki — Bup) = roly; + aki_y — by)

= e} + ki — fwyp).
Then, using this last result and the evolution of ¢;11 in equation (20), we can rewrite next period
wealth as

Wit = Yhpr e (@ — ) kg — e (2 + gk — Buw})
= yzﬂ — rtutki — rtxi + rtﬁwi

Finally, using this last equation together with equation (38), the real interest rate in equation (8), the
optimal investment-to-land ratio of unproductive agents in equation (7) in the next wealth equation,

we get:
. e o 1—0 . _ ,
wba =yt (B —ud k=0 A B
= u; 7By,

which is equation (9) in the text.
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A.1.3 Derivation of g(wy)

Using the first order condition with respect to k; and by 1 when ¢! = 5! = 0, dividing by p; and

replacing the Lagrange multiplier A\;, we obtain:

He+1 & ki ot l‘% e Hi+1 qi+1
—| = = G410 + g —0——.
e o\ o l-o Ht Tt

Now, replace pi41/p¢ from the first order condition of x;

et = asnfe () ()

which can be rewritten as

Ty O 1-6 e o\’ Qt+1
— — — f—— = 0.
k‘tl—0'+ [0 Qt+1<k‘t1—0> Qt+ Tt

—1
‘|‘Qt - 0@7
Tt

Using our definition of the investment-to-land ratio, it yields the equation that determines the optimal

investment-land ratio of productive agents:”

o 1-0 o 7 qt+1
e - 06— =0.
11— O_g(wt) + Gr+1 o <1 — 9 (Wt)> qt + Tt

A.1.4 Wealth evolution of productive agents

Following a similar strategy as for unproductive agents, we can get the wealth dynamics for productive
agents deriving the factor demand function and using the assumption of the binding borrowing
constraint.

Start by replacing the borrowing constraint in equation (4) in the budget constraint in equation
(3) and the definition of wealth in equation (6) to obtain:

01k

c§+mi+qtk§:wi+ o

If we then replace the optimal consumption rule from equation (5) and rearrange, we obtain:

o 9 .
sioa i (o 2250) = g

Equations (15) and (14) follow easily using the optimal investment-to-land ratio of productive agents

in (11):
1

b= )+ Gt (A=0)q)
rf = g1) us

g (wg) + (Oug + (1 —0) qr)

ZNote that a solution to this equation exists and is unique when # < 1 because the LHS of the previous equation

strictly increases with g(w:) .
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Finally using the production function of productive agents in equation (1), we can rewrite next period

output as:

WQ (W)l_g

Y )+ o+ (0 0

Using the last result, together with real interest rate of the benchmark equilibrium in equation (8)

and the investment-to-land ratio of productive agents in equations (11) and (12):

Wi = Yigr + @kl — b
= ?Jg+1 + (1= 0) g1k

1—0o
L W Y
g(w)+ (Out—f—(l— 0 ar) ' g(wn) + Ou+(1—0)ag
oo (1— 0)1 Ug a( igg( ) [ -9 (Wt)+Qt G(Qt_ut):|l3 ;
= w
g (W) + (0ur + (1 - 0) qr) !
o 7 g (W) - 1*9( we) + (Qug + (1 —0) q¢)
= a|——g(wt)
1- g (W) + (Qus + (1 —0) q1)
o —0
= a7 g(w)) 7 Bu
Hence,
O- —0
hen) = a1 2—g(wn))
A.1.5 Aggregate wealth evolution
Let s; be the wealth share of productive agents, i.e. sy = flngi}}dz and 1 — s; = LE"TTW

equations (16) and (9), aggregate wealth evolution can be written as

Wip1 = / wzﬂdi—i—/ wiyqdi
1EP €U

= / h(we)Bwidi + / yuy  Bwidi
1ED €U

= (h(wt)St + ’)/Ut_g (1 - St)) LW,

which is equation (18).
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A.1.6 Evolution of productive agents’ wealth share

Using equations (16) and (9) and the fact that a fraction ¢ of productive agents at ¢ become unpro-

ductive at t + 1 and a fraction nd of unproductive agents at ¢ become productive at ¢ + 1,

Z’ .
Lepwt—l-ldl
St41 = T

(1 —0) h(we)s:BWy 4+ noyuy © (1 — s¢) BWs
(R(we)se +yu; 7 (1 — s4)) BWy
(1 =96) h(we)se +ndyu; 7 (1 — s¢)
h(wt)st +yuy 7 (1 — s¢)

which is equation (19).
A.1.7 Evolution of land price
Using the definition of w;, we get that

gt+1 =Tt (Qt - Ut) )

which gives us equation (20) once we replace r; using equation (8):
1 = vuy 7 (g — ).

A.1.8 Aggregate Wealth

Equation (21) is derived using the definition of aggregate wealth and the land market clearing
condition i, kidi + [, kidi =1, as well as equations (5), (7), (11) and (14):

/yidiJrqt/k,f_ldi—/bidi

= /c;’di+/x;'di+qt/k:§d¢

= (1—6)/ dz—}-/ :cdz+/ zidi + g
% cu S

Wi

1-— ;.
= (1-p)Wi+ ut / k‘tdz + g (wy) / kydi + q
€U 1€EP
1-— 1-— g Q7.
= ( ﬁ) Wt—F Ut+ < ( ) — ut) ktdZ+(]t
ep

l1-0o g (wy) — =20
= (1-B)W,+ + G W, +
=B Wert ==t o+ Gu v (1= By gy e+ 4
= 1
l—0o g(w) — =7
BW; = - ug + () ! 5tBWy + qi,

g (@) + (40— 0%21)

which is equation (21).
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A.2 Equilibrium type I/

As it was the case in equilibrium type I, the credit constraint is binding for productive agents, so
their optimization conditions are the same and the evolution of their wealth is also given by equation
(16):

wi g = h (W) Bwi Vi € p.

Unproductive agents, on the other hand, do not produce anything so their wealth evolution is

determined by the equilibrium interest rate
wi, = riPw; Vi € u,
where 7 is specified in equation (23). The aggregate wealth evolution is also given by
Wipi = (hlwy)se + 1 (1 —s¢)) BV,

which is equation (18). Likewise the evolution of productive agents’ wealth share is given by

(1 —0) h(w)se + ndry (1 — s¢)
h(we)se +yre (1 — s¢)

St+1 =

which is equation (19).
When the equilibrium is type I1, [, kidi = fiEp ridi = 0, Jicu kidi = land fiGp zidi = g (wy).

Thus, aggregate wealth can be written as

W, = /@Mi+%/kgﬂi/MM
= /}wm5/ﬁm+qﬂ/@ﬁ

= a—m/@m+/)ﬁm+/'ﬁm+%
i i€y 1€p
= (1=B)Wi+g(wi)+ @

BWyi = g (we) + qi,

which is equation (24).

A.3 Equilibrium type 117

When the equilibrium type is 111, unproductive agents do not produce anything, as it was the case

in equilibrium type II. Thus, their wealth evolution is determined by the equilibrium interest rate
wi_H = rfw! Vi € u,
where r; is specified in equation (26).
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For productive agents, on the other hand, the borrowing constraint is no longer binding, so that

xl 1—0 .
=t = ug Vi € p,
ky o

as it was the case with unproductive agents in equilibrium type I. As a result, using equations (3),
(5), (6), and (20)

Wip1 = Y+ @k — by

= yio1 e (@ —w) ki — ry (2} + @k — Bwy))

1

1
0 1—0qi —0 3,0
U ki + au, 7 Bw;

k .

= ou ° <t> + —au; Tkl — «
o

= ou; 7wl Vi € p.

Hence, the evolution of aggregate wealth is given by

Wi = / wi, di +/ wiﬂdi
1ED €U
= / oy % Bwidi +/ oy fwidi
1ED €U
- aut_U/Bth
and the evolution of productive agents’ wealth share is given by

fiepwéﬂdi
Wi
(1 —9) au, 7s:W; + ndau, 7 (1 — s¢) BV,
auy 7 Wy
= (1—5)8154-77,5(1—815).

St+1 =

o

When the equilibrium type is I11, [;_ kidi = Jiep widi = 0, [, kidi =1 and Jiep ridi = =%,

Thus, aggregate wealth can be written as

/Qmm+%/%gﬂf—/wm
= /}wm+/§wrwh/@m

= u—m/@w+/)@m+/'ﬁm+%
i i€y 1€p
1—0
= (1-8)Wi+

Wi

U + Q¢
o

which implies
1-0

W =

Ut + G-
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A.4 Equilibrium type bounds
A.4.1 Equilibrium type II lower bound

As explained in section 2.3.4, the equilibrium 77 lower bound 6} is defined as TeIT (HtL ) U 11 (QtL )U =7.
Using equations (12), (20), and (24), we get that

Ut 11 = <Qt - g (1 - St) Wt> )
and
<Qt —B(1—s) Wy — ﬁg (wt))
q+1 = o G
(ﬁg (Wt))
(% =B (1 —s) Wy — ﬁ (BW — %))
(ﬁ (BW; — C]t)>a .

= «

Hence, using equation (23), we can rewrite the condition that defines 6 as:

or o(a—40—s)W) (a—B01-s)Wi— % (5W - a)
1-06f (ﬁ (BW: — C]t))aﬂ (1 —s) Wi

:’y_

A.4.2 Equilibrium type II/I lower bound

When equilibrium is of type I11, productive agents are no longer credit constrained, so that their

optimal borrowing is lower than their credit limit 6¢; 1k}, so that
/ bé+1di < 0gi41-
1ED

The equilibrium type I11 lower bound 07 must then satisfy equation (33). Using equations (4)
and (25), we can rewrite b = ry (Bw] + ki (g + =%u;)), which implies that

; . 1—0
bip1di =1t (55tWt +qt + . Ut) .

i€p
Then, using also equation (20) we get
l1-0
o

BstWi + g + Ug (‘9tH) = 0{1 (Qt — U (#I)) )

and using also equation (27),

5(1—8t)Wt=9(Qt+1:75Wt— 1i0ut(95)>

HH: (1—0’)ﬁ(1—8t)wt
! q — oW, '
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A.5 Steady State
A.5.1 Type I Steady State

From equations (21) - (20) together with equation (8), we can derive the conditions that define type
I steady-state variables (Wl,sl,ql,ul):

e Aggregate wealth:

B g(w) 1J"u - 1—
W_[B_Bg(wH@u—(l—@)qS] ( u+q>’ )
1=8h(w)s+yu7(1-3s)] (40)
where .
re=a (17 0w)
and o
o)+ S0 (15 gw) —ou-a-0)g=0

e Productive agents’ wealth share:

_ (I=6)h(w)s+ndyu=?(1—s)
T T h@stquc(los) (41)

e Land price:

A.5.2 Type Il Steady State

From equations (21)-(20) together with equations (24) and (23), we can derive the equations that
define the type I Steady-State variables (WH, st ¢!, u”):

o Aggregate wealth:

W =g (w) +4q, (43)
l=h(w)s+r(l—s) (44)
where h (w) and g (w) are defined above, and
0q
r= .
B(l—s)W

e Productive agents’ wealth share:

_ (1=6)h(w)s+ndr(l—s)
o= h(w)s+7r(1—3s) ’ (45)

e Land price:
1
=y AW
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A.5.3 Type II] Steady State

From equations (27)-(29) together with equations (20) and (26), we can derive the equations that
define the type I11 Steady-State variables (WIH, sTT gl uHI):

e Aggregate wealth:

1—0o 1 1
= - . 4
W ( . +1_ﬁ>mm (47)
e Productive agents’ wealth share:
n
= 48
S=11n (48)
e Land price:
1
(af)-
= . 4
=73 (49)

A.5.4 Steady-State types thresholds

From equation (31), the threshold € between type I and type II steady states is determined by:

1 (©) = ! ()7

0q" (9)
B(1—s(0)) W (6)

Note that 8 has no closed form solution.

=~ (0)77. (50)

From equation (34), we get that the threshold 6 between type I and type II] steady states is

equal to
P (é) (1 _ I (é)) gwl (9—) — 0g"" (é) '

Using equations (47) - (49), we find that

-1 1-8
1= (1+50). 651)

B Computational details

Since we only consider equilibria where there are no exploding bubbles in the land price,

. qt
lim ———— =0,
t—o0 1roT]....T¢t—1

the equilibrium path is the one that converges to the steady state, where all variables are constant.
There are three types of steady states, as described in section 2, and the parameter values determine

to which one the economy converges.
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B.1 Model simulation

The initial conditions of the economy are given exogenously, and at each period during the transition
path there are also three possible types of equilibria, as described in section 2. The state variables
at each period together with the parameter values, determine which one is the prevailing equilibrium

at each period.

e Simulations steps:

1. Specify value of model parameters: (0,7, 3,0,n;6)

2. Specify value of initial conditions (YOJ, B | K’ 1)j:up

(a) initial wealth Wy , which depends on the initial output of agents, given by the initial

stocks of land, ki_l, and intermediate good, .Ti_ll

i o i l1—0o i o i l1—0o
o kfl xil . k,l xfl .
Wy = al| — di+ v — di +qo
iep o l1-0 icu o l1-0

= Y(Jp = You

(b) initial sg, which depends on the initial outputs and initial debts:

o (10 (Y + oK, — BY) +nd (¥ + a0k, — By)
0= .

Wo

3. Solve for the value of the variables of interest (W, s, q,u) in the steady state:

(a) Solve for the steady state thresholds f and @ using equations (35) and (36) or (37).
Compare them with the actual 6 and determine which one is the prevailing steady

state.
(b) Solve then for the steady state value of variables (¢*, W*, s*, u*) using the right system
of equations:
i. If steady state type is I, use system in subsection 2.3.1.
ii. If steady state type is I, use system in subsection 2.3.2.
iii. If steady state type is 11, use system in subsection 2.3.3.
4. Use a forward shooting algorithm to solve for the time path of the variables of interest,

{Wi,st,qe,u | t =0, 1, 2,..T}, where T is a large enough number:

(a) Guess an initial value for the variable qo, and use it to obtain values for
Wo = Yg' + Y + qo,

L, _1=9 (YY) + qoK? | — BY) +nd (Y + K", — BY)
0= .
Wo

(b) Solve for #F and 6}
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(¢) Fort =1,2,...T, use the appropriate equation system to solve for (W4, s¢, q;, ut) given
(Wi—1,5t-1,qt—1):
i. If @ < 0}, use the system of equations in (18) - (21).
ii. If 6 € (6F,6{7), use the system of equations in (22) - (24).
iii. If @ > 0/, use the system of equations in (28) - (29).
5. Check whether (W4, s¢, qi, ut) is close enough to the steady state (W*, s*, ¢*, u*) for some
te[1,T].
(a) If it is, stop the code because we found a good enough approximation to the solution.

(b) If it is not, go back to step 3 trying a different initial guess for gq.
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