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ABSTRACT 
The goal of this paper is to analyze the connections Hungarian income and wealth 

distribution on the one hand, and the macroeconomics impacts of the global financial 

crisis of 2007-2008 on the other hand. To do this, I build a heterogenous agent, 

dynamic, general equilibrium model, which I calibrate using Hungarian income 

distribution data before the crisis. The model is then used to study both the impact of 

the financial crisis on income and wealth inequality, and the role of income and 

wealth inequality in the macroeconomic developments after the crisis. Results 

indicate that (i) the long-run capital stock rises, and the interest rate falls, but the 

effect is quantitatively small; (ii) the long-run income and wealth distributions only 

change moderately; and (iii) the short-run consumption response of low-wealth 

household is very strong, and drives a sizable aggregate consumption drop as well. 
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Pénzügyi válság és egyenlőtlenség Magyarországon 

KÓNYA ISTVÁN 

ÖSSZEFOGLALÓ 

A cikk célja a magyar gazdaság jövedelem eloszlása, illetve a 2008-2009-es pénzügyi 

válság makroökonómiai hatásai közötti kapcsolat vizsgálata. Ehhez egy heterogén 

szereplős, dinamikus, általános egyensúlyi modellt építünk, amit magyar adatok 

segítségével számszerűsítünk. A modell segítségével vizsgálni tudjuk mind a pénzügyi 

válság hatásait a jövedelemegyenlőtlenségekre, mind a jövedelem egyenlőtlenség 

szerepét a válság makroökonómiai lefolyásában. A fő eredmények a következők: (i) a 

tőkeállomány hosszú távon nagyobb, a kamatláb pedig kisebb lesz, de a változás 

mértéke csekély; (ii) a hosszú távú jövedelem- és vagyoneloszlás kis mértékben 

módosul; (iii) az alacsony jövedelmű háztartások fogysztása rövid távon jelentősen 

csökken, és ez az aggregált fogyasztás érdemi esését is maga után vonja. 
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Financial crisis and inequality in Hungary∗

István Kónya†

Abstract

The goal of this paper is to analyze the connections Hungarian income and wealth distribution on the one

hand, and the macroeconomics impacts of the global �nancial crisis of 2007-2008 on the other hand. To do

this, I build a heterogenous agent, dynamic, general equilibrium model, which I calibrate using Hungarian

income distribution data before the crisis. The model is then used to study both the impact of the �nancial

crisis on income and wealth inequality, and the role of income and wealth inequality in the macroeconomic

developments after the crisis. Results indicate that (i) the long-run capital stock rises, and the interest rate

falls, but the e�ect is quantitatively small; (ii) the long-run income and wealth distributions only change

moderately; and (iii) the short-run consumption response of low-wealth household is very strong, and

drives a sizable aggregate consumption drop as well.

1 Introduction

Allowing for household income heterogeneity is becoming more and more common in macroe-

conomic modeling. Since the seminal work of Aiyagari (1994) many articles have explored var-

ious extensions of the representative agent framework assumed in forward-looking, optimizing

macroeconomic models.1 Originally, the literature wanted to understand the e�ects of house-

hold heterogeneity on macroeconomic outcomes. It is easy to see that if �nancial markets are

complete, (income) heterogeneity on its own has no e�ect on aggregate variables. If households

can fully insure against idiosyncratic income shocks, the model behaves as if there was a single,

representative household.
∗This research was supported by the Higher Education Institutional Excellence Program 2020 of the Ministry of

Innovation and Technology in the framework of the ’Financial and Public Services’ research project (TKP2020-IKA-02)
at Corvinus University of Budapest.
†Corvinus University and Centre for Economic and Regional Studies

1 Additional important examples include Huggett (1997) and Marcet, Obiols-Homs and Weil (2007). Kaplan and
Violante (2018) presents a broad recent overview of the literature.
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Aiyagari (1994) and the subsequent literature therefore assumes that �nancial markets are

incomplete. A typical modeling device is to assume an exogenous borrowing constraint, below

which household net worth cannot fall. This implies that household behavior includes a pre-

cautionary saving motive. A standard consequence of such behavior is that in models with het-

erogenous households and incomplete �nancial markets, the aggregate capital stock is higher,

and the equilibrium interest rate is lower than in the representative agent framework. While the

literature mostly worked with real models in the past, a recent development is the appearance of

so-called HANK (Heterogenous Agent New Keynesian) models (Kaplan, Moll and Violante, 2018),

which try to integrate household heterogeneity into the transmission mechanism of monetary

policy.

This paper uses the original Aiyagari (1994) approach to study income and wealth hetero-

geneity in Hungary. The main research question is to see how incorporating household hetero-

geneity the impact mechanism of the global �nancial crisis of 2008-2009. To answer this question

I implement the shock caused by the �nancial crisis in such a way that requires household het-

erogeneity to be present. I do not aim for a full description of crisis impact, these were already

studied in representative agent models by Benczúr-Kónya (2016), Baksa-Kónya (2019) and Baksa-

Kónya (2021). Results here indicate how household heterogeneity modi�es the previous picture,

and what additional e�ects we �nd from the fact that the crisis hit wealthy and poorer households

di�erently.

The main assumptions are as follows. The source of household heterogeneity is the presence

of exogenous, idiosyncratic income shocks. Since households react to these shock with their

consumption-saving decision, exogenous (labor) income heterogeneity translates into endoge-

nous wealth di�erences. As mentioned above, possible wealth levels are bounded from below,

which means that the ability of households to borrow - and hence adjust to a negative shock - is

imperfect.

The solution algorithm is based on the assumption that there are no recurring aggregate

shocks in the economy. Therefore, the long-run position of the economy can be described by

a stationary equilibrium, where although the position of individual households changes each

period, the aggregate wealth distribution is ergodic, and hence macroeconomic aggregates are

constant.2 It is possible, however, to study the e�ects of unforeseen, one-time shocks. In this case
2 A classic reference that allows for aggregate shocks in this framework is Krussel-Smith (1998).
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we �rst describe the stationary equilibrium before the shock, then calculate the new stationary

equilibrium after the shock. It is also possible to study the transition between the initial and new

steady states. This paper uses this approach to study the impact of the global �nancial crisis.

I model the �nancial crisis as a one-time, permanent tightening of �nancial conditions. This

is achieved by increasing the borrowing constraint, where the extent of the increase is calibrated

to the rise in the fraction of non-performing loans among Hungarian houeseholds after the cri-

sis. After the shock I calculate the new stationary equilibrium, and compare it to the initial

wealth distribution. The main conclusion is that due to the stronger precautionary behavior the

aggregate capital stock rises, and the equilibrium interest rate falls. This is in line with the ob-

served behavior of macroeconomic aggregates in Hungary, but the e�ects in the model are small.

The (additional) impact caused by household heterogeneity is not insigni�cant, but quite modest

compared with observed aggregate changes.

It is likely that short-run e�ects are larger, especially for vulnerable households. I use a simple

method to quantify this. I assume that after the crisis shock the consumption-saving decisions of

households can generally be well approximated by the decision rules under the new stationary

equilibrium. There are, however, households whose wealth is below the new minimum level.

For these agents I assume a faster “wealth convergence”. Overall, I study howe consumption

changes in the �rst period after the shock for di�erent households and in the aggregate. Re-

sults indicate that for households whose wealth is too low, consumption drops on impact by 40%.

For other households consumption does not decrease. Since the number of vulnerable house-

holds was initially fairly high, aggregate consumption falls by 3%, which is solely due to income

heterogeneity.

The paper is structured as follows. Section 2 describes the model. Section 3 details the solu-

tion algorithm. The fourth section presents results from the crisis simulation: �rst it describes the

initial, pre-crisis stationary equilibrium, then the new stationary equilibrium is presented, and

�nally the short-run consumption impact is quanti�ed. Section 5 summarizes the main results,

and discussed future research directions.
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2 The model

The model uses the well-known Aiyagari (1994) approach, calibrated using Hungarian data.

There is a large number of heterogenous households consuming and saving. The source of het-

erogeneity is the presence of idiosyncratic income shocks hitting each household. Although

households are identical ex ante, di�erent shock histories mean that incomes and wealth will

di�er ex post. Besides the exogenous shock, the other main determinant of income heterogene-

ity is the savings behavior of households, with which they react to the random events hitting

them.

The other main assumption of the modeling framework is that borrowing opportunities are

limited. I assume that while households can save any amount, they cannot become net debtors.

Since there is only a single �nancial asset available for borrowing and saving, this means that

this asset cannot be negative. In a framework with more assets, the analogous assumption would

be that borrowing requires a collateral (for example real estate).

Household savings represent the supply side of the capital stock. Demand for capital comes

from perfectly competitive �rms, whose behavior can be described by a representative �rm. In

the stationary equilibrium the sum of individual savings have to equal capital demand .

2.1 Households

The problem of a typical household can be written as

max
∞∑
t=0

βtu (ct)

s.t. ct + xt = ztwt + (rt + δ) at

at+1 = (1− δ) at + xt

at+1 ≥ 0,

where c is consumption, w is labor income, a is net assets (capital), r is the net interest rate, x

is savings (capital investment), and z is an idiosyncratic labor supply (or income) shock. The

last inequality is the borrowing constraint, which implies that the net wealth of households (or
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their net capital stock) cannot be negative. When writing capital income we take into account

depreciation, i.e. the value of the interest rate is net of capital amortization.

The labor supply shock is independent across households, but follows the same �rst-order

Markov process:

Pr [zt+1 = zj |zt = zi] = pij .

Let P denote the constant transition probability matrix, where the typical element is pij and by

de�niton
∑

j pij = 1. Also, let Z denote the vector of labor supply outcomes at period t across

households.

The exogenous evolution of the labor supply distribution is given by

Zt+1 = ZtP.

I assume that the number of households is large enough that the cross-sectional distribution is

given by the ergodic distribution, i.e. Zt = Z . Let us further normalize the z shock provess so

that Ez = 1.

The problem can be written in recursive form, using the following Bellman equation:

v (a, z) = max
a′≥0

{
log
[
zw + (1 + r) a− a′

]
+ βEz′|zv

(
a′, z′

)}
,

where v (a, z) is the value function of the problem. The �rst state variable is exogenous (the

income shock), and the other is endogenous (household wealth). The solution to the problem is

given by the policy function:

a′ = g (a, z; r) , (1)

where a′ denotes assets chosen for the next period. The optimal asset choice also depends on the

aggregate state of the economy. We show below that the interest rate is a su�cient statistic for

this purpose.
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2.2 Firms

The problem of the representative �rm is described by a simple, intratemporal pro�t maximiza-

tion:

maxπt = AKα
t N

1−α
t − wtNt − (rt + δ)Kt,

where n is labor input, k is capital input, and rk is the rental price of capital.

The �rst-order conditions are as follows:

wt = (1− α)AKα
t N
−α
t

rt + δ = αAKα−1
t N1−α

t ,

i.e. the marginal products of capital and labor equal their respective factor prices.

2.3 Equilibrium

To describe the equilibrium of the model, we need to study factor markets. Individual labor

supplies zj,t are random variables. Since shocks are idiosyncratic, and the number of households

is large enough, aggregate labor supply is known and constant. Let this be denoted by the variable

N . Formally, we have that

Nt = NEz = N,

since by our earlier assumption the expected value of the shock (which equals its cross-section

average) is 1.

Using the labor market equilibrium, we can write down demand for capital as follows:

Kt

N
=

(
αA

rt + δ

) 1
1−α

. (2)

Note that on the left-hand side we write capital per person, which is seen to be a function of the

equilibrium interest rate rt. Using this equation and the �rm �rst-order condition for labot we

can also express the equilibrium wage rate as a function of the interest rate:

wt = (1− α)A

(
αA

rt + δ

) α
1−α

. (3)
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To characterize capital market equilibrium, we need to aggregate the supply side across

households:

Kt =
∑
a

∑
z

atµt (at, zt) , (4)

where µt (at, zt) denotes the endogenous distribution of household according to labor supply and

wealth.

The solution of the model is the following competitive equilibrium:

1. Given factor prices (w, r), �rms maximize pro�ts.

2. Given factor prices, households decide optimally, given by the decision rule (1).

3. The labor market clears, i.e. labor demand equals the constant aggregate labor supply N ,

and the wage is given by equation (3)

4. Aggregate household assets (capital) equal capital demand, as described by equation (4).

5. The evolution of household distribution is given by equation

µt+1 (at+1, zt+1) =
∑
a

∑
z

Pr [g (at, zt) , zt+1|zt, at]µ (at, zt) ,

where we take into account that changes in household wealth are described by the optimal

decision rule.

3 Solution method

The model is solved numerically. The main complication comes from household heterogeneity,

intermediated via the savings behavior. Aggregating individual assets gives us the economy-

wide capital stock, which in turn determines the equilibrium interest rate. Households, on the

other hand, need to forecast the interest rate for their optimal savings choice, which includes

forecasting the endogenous wealth distribution. This, unfortunately, means that the full problem

is mathematically intractable.

3.1 Numerical algorithm

The algorithm targets �nding the long-run, stationary equilibrium instead of the time-varying

short run outcome. Since there is no aggregate uncertainty in the economy - labor supply shocks
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are idiosyncratic, uncorrelated and the number of households is large -, the economy will con-

verge to the stationary equilibrium from any initial wealth distribution. The stationary equilib-

rium is described by constant aggregate variables, and the ergodic distribution of households:

rt = r

Kt = K

wt = w

µt (at, zt) = µ (a, z) .

Stationary equilibrium does not mean that the economy is static. Household income and

wealth changes each period. This, however, only means changing position within the ergodic

distribution: according to the law of large numbers, aggregate savings and the capital stock

remain constant.

We can write down the solution algorithm as follows:

1. First, we solve the household problem for a given interest rate. This leads to the decision

rule describing optimal savings behavior, g (a, z; r).

2. Second, we simulate household behavior for a su�ciently large number of periods, given

the policy function and the exogenous Markov process for labor supply shocks.

3. Over the course of the simulations the economy eventually reaches the stationery distri-

bution for the given interest rate. Leaving out a suitable number of initial periods, we

take the time-series average of aggregate capital supply, which are computed as the sum

of individual assets in each period.

4. Steps 1-3 trace out aggregate capital supply as a function of the interest rate. Aggregate

capital demand is given by equation (2). The equilibrium interest rate is the one where

capital market is in equilibrium, i.e. aggregate capital demand equals aggregate capital

supply.

5. With the equilibrium interest rate in hand, we can calculate the other economy-wide vari-

ables, such as the wage rate, the capital stock and the ergodic distribution of household

income and wealth.
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3.2 The method of endogenous gridpoints

I solve the household problem with the so-called endogenous gird method (EGM), introduced by

Carroll (2006).3 The method is based on the functional Euler equation derived from the Bellman

equation of the household problem. This can be written as follows:

1

c
= β (1 + r)

nz∑
j=1

πij
c′

(5)

c = wz + (1 + r) a− a′. (6)

Moreover, we can write the policy function for the optimal consumption choice as

c = wz + (1 + r) a− g (a, z) = h (a, z) .

First, we discretize the state space for assets, and - according to the Markov assumption -

the state space for labor supply. Let these are given by the sets A = [0, . . . , amax] and Z =

[zmin, . . . , zmax]

Next, we select an initial policy function for consumption, h0 (a, z). Substituting the pol-

icy rule into the right-hand side of equation (5) for c′ = h0 (a′, z′), we can calculate current

consumption c for a given zi ∈ Z and a′l ∈ A wealth level:

1

cl,i
= β (1 + r)

nz∑
j=1

πij

h0

(
a′l, z

′
j

) .
Using this in equation (6), we can calculate the implied starting level of assets:

al,i =
cl,i + a′l − wzi

1 + r
.

The {al,i} initial asset levels are the endogenous grid points in which we determine the up-

dated decision rules for savings and consumption. Since {al,i} are not necessarily elements of

the setA, we need to interpolate. For simplicity and computation speed I use linear interpolation.

Let us denote the continuous interpolation function for assets with ãi (ak), where ak ∈ A.

The last step is to recalculate savings and initial consumption in the original, exogenous grid
3 A similar, alternative solution method is value function iteration. The main advantage of the EGM algorithm is

that it is signi�cantly faster.
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points:

a′k,i = max {ãi (ak) , 0}

ck,i = (1 + r) ak + wzi − a′k,i. (7)

Note that in the savings rule we essentially invert the relationship between (a, a′), taking into

account the borrowing constraint, i.e. that assets cannot be negative.

Equation (7) de�nes a new, updated policy rule h1 (a, z) for consumption, which we can

compare to the original, h0 (a, z) decision rule. If the suitably de�ned distance between the two

is smaller than a pre-determined tolerance level, we accept the policy rule h1 as the solution

to the household’s problem. When the two decision rules are di�erent, we update our guess to

h1 and restart the process. We iterate until the update to the decision rule is smaller than the

tolerance level.

The relationship h0 → h1 is called the Coleman operator (Coleman, 1990), and can be written

as

ht (a, z) = Ω ◦ ht−1 (a, z)

for an arbitrary iteration step t. The optimal decision rule of households is thus a �xed point

of the Ω operator. The operator is function values, hence we need to �nd the �xed point - in

the steps describe above - with a discrete approximation. It can be shown that the �xed point is

unique, and the iterative process converges to this unique function from any initial policy rule.

The logic behind the endogenous grid method is illustrated on Figure 1. The exogenous,

initial grid points - where the policy rule is de�ned - are denoted by {a1, a2, . . .}. Using the

Coleman operator, we invert the policy rule, and for each grid point on the vertical axis, we �nd

the corresponding initial, endogenous wealth levels. These are shown on the horizontal axis

as points
{
a01, a

0
2, . . .

}
. We need the updated policy rule, however, in the original grid points.

Therefore, we interpolate the decision rule de�ned in the
{
a0l
}

points for the grid points ak ∈ A.

In this step, we need to take into account the borrowing constraint: on the �gure, initial asset

levels a1 and a2 (on the horizontal axis) would imply negative assets for next period (on the

vertical axis). We thus need to exchange this part of the policy rule with a′ = 0. The �nal,

updated decision rule is shown in blue on the �gure, now incorporating the borrowing constraint
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Fig. 1: The endogenous grid method

as well.

3.3 Calibration

For the numerical solution of the model, we need to calibrate various parameters. We set β =

0.95, which is a standard value in the literature at an annual frequency. The depreciation rate is

chosen to be δ = 0.08, also often used in the literature. The elasticity of the production function

with respect to capital is set to α = 0.4, which corresponds to the time series average of the

annual Hungarian wage share �gures (Kónya, Krekó and Oblath, 2020).

The main challenge for the calibration is to chose the labor supply grid points, and to quantify

the corresponding probability transition matrix. Note that given the equilibrium wage rate, the

individual labor supply shocks also indicate labor income. We thus use data on labor income

from Eurostat, where these are reported by income deciles. The data contains both average labor

income for a given decile, and transition probabilities among di�erent deciles. The exact data

sources are the following:

1. “Transitions of income within one year by decile” - Eurostat Table ilc_di30a.
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2. “Distributions of income by quantiles – EU-SILC and ECHP surveys” – Eurostat Table

ilc_di01.

The exogenous labor supply distribution is chosen to replicate the income distribution in 2007.

The values are relative to the full sample average, i.e. we work with relative income levels. Based

on the 2007 observations, the distribution of (relative) labor supply is as follows:

z = [0.35, 0.51, 0.64, 074, 0.84, 0.94, 1.04, 1.18, 1.41, 2.37] .

To calibrate the transition probabilities, we take values from 2006-2007. Unfortunately, Eu-

rostat does not report the full matrix, but only �ve transition categories:

1. a fall of more than one decile,

2. a fall of one decile,

3. no change,

4. a rise of one decile,

5. a rise of more than one decile.

For the two extreme cases (1 and 5), I assume that the change means either 2 or 3 deciles. I split the

category into 2 and 3 decile changes following an ad-hoc 2/3-1/3 rule, based on the assumption

that smaller income changes are more likely. In cases where a change of more than 2 deciles are

not possible (such as a more than 2 decile fall for someone initially in the third decile), I naturally

assigned all the change to a 2 decile change. These considerations lead to the following transition

12



matrix:

P =



0.49 0.24 0.18 0.09 0 0 0 0 0 0

0.21 0.31 0.19 0.16 0.13 0 0 0 0 0

0.11 0.18 0.29 0.15 0.14 0.13 0 0 0 0

0.04 0.09 0.19 0.26 0.17 0.14 0.11 0 0 0

0 0.07 0.12 0.19 0.24 0.17 0.13 0.08 0 0

0 0 0.07 0.12 0.14 0.23 0.23 0.13 0.08 0

0 0 0 0.1 0.16 0.16 0.25 0.2 0.08 0.05

0 0 0 0 0.08 0.14 0.14 0.3 0.26 0.08

0 0 0 0 0 0.1 0.16 0.16 0.33 0.25

0 0 0 0 0 0 0.12 0.16 0.16 0.56


For the numerical solution algorithm, we also need to select the grid points for the endoge-

nous state variable. I choose 1000 grid points on the interval [amin . . . amax], where amin is given

by the borrowing constraint, and amax = 40 is a large value (about 7 times the per capita steady

state in the representative agent benchmark, see below).4 Since solution accuracy is more sensi-

tive to low values (where the borrowing constraint binds), I assign grid points more densely in

this region.

As explained earlier, capital supply is calculated by simulating individual decisions and ag-

gregating across households and over time. I set the number of households to N = 1000, and

simulate individual decisions for T = 300 periods. Over this horizon the cross-sectional distri-

bution of assets reaches the ergodic state. I calculate the time series average - after aggregating

across households - for periods t = 201 . . . 300. This gives us capital supply for a given interest

rate, taken as given by individual households. I set the initial level of assets to a common value

across all households, which equals average wealth in the representative agent benchmark. Since

the stationary equilibrium and the ergodic distribution of households are unique, the choice of

an initial wealth distribution only a�ects the speed of convergence.

The simulations and the solution algorithm are implemented in Julia.5 The advantage of us-

ing Julia compared to other software packages is twofold. First, Julia is free and there are many
4 Results are robust to reasonable variations in the upper bound.
5 https://julialang.org/
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supplementary packages available for macroeconomic research. One such package is QuantE-

con,6, which also includes teaching material for an advanced macroeconomic course. The second

advantage of Julia is speed: with appropriate programing, Julia is almost as fast as lower-level

languages used for such purposes in the past, such as the Fortran implementation in Aiyagari

(1995). Using Julia, on the other hand, is much simpler. Its syntax is very similar to high-level

matrix languages, such as Matlab or Octave.

4 Results

After presenting the model and the solution algorithm, I now turn to simulating the income ad

wealth distribution. First I study the period before the �nancial crisis of 2008-2009, which gives

the model baseline. Next, I look at the long-run and short-run e�ects of the �nancial crisis.

4.1 Before the crisis

The calibration discussed in the previous section uses this period, particularly for the income

distribution and the transition probabilities. Let us now see the implied long-run equilibrium for

the calibrated economy.

4.1.1 Representative household

As a benchmark it is useful to calculate the equilibrium aggregates for a version of the model

without household heterogeneity. The interest rate and the capital stock are given by the follow-

ing equations:7

r̄rep =
1

β
− 1

K̄rep =

(
α

1/β − 1 + δ

) 1
1−α

N.

The calibration above implies that r̄rep = 0.0526 and K̄rep/N = 6.3.

To determine labor supply, we need to calculate the ergodic distribution of the Markov pro-
6 https://julia.quantecon.org/
7 Both here and in the next sections equilibrium quantities are presented in a per capita form. Values for the total

economy can simply be calculated by multiplying the per person values with the number of households, chosen to be
N = 1000 in the simulations.
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cess, which is

pergz =

[
0.06 0.07 0.09 0.10 0.12 0.12 0.13 0.12 0.10 0.09

]
. (8)

Using this, the implied labor supply in the heterogenous agent model is N = 1.03.8 Assuming

the same labor supply for the representative agent version, total capital stock is K̄rep = 6.49.

Finally, total output - given by the production function - is Ȳ rep = 2.15, which implies a long-run

capital-output ratio of K̄rep/Ȳ rep = 3.02.

The ergodic distribution of labor supply - and hence labor income - is somewhat di�erent

from the calibration assumption, where information about income deciles was used. This is

not surprising, since the Hungarian economy was bu�eted by large shocks over a brief time

period even before the �nancial crisis, and hence initial stationarity is a strong assumption. That

said, the ergodic distribution is fairly close to a uniform one, which is the de�nition of deciles.

Relative to the uniform distribution, we �nd somewhat fewer households at low income levels,

and somewhat more households at medium income levels.

4.1.2 Heterogenous households

Let us now turn to predictions from the heterogenous household case. Here we only have nu-

merical results, based on the solution algorithm discussed above. The equilibrium interest rate

is r̄het = 0.0463, which is lower than for the representative agent benchmark. The equilibrium

capital stock is K̄het = 7.03, which is higher than in the model without heterogeneity. Finally,

output and capital-output values are given by Ȳ het = 2.22 and K̄het/Ȳ het = 3.17.

What is behind these di�erences? In the representative household case, there is no borrow-

ing and lending, since all households are the same and they all make the same decisions. This

means that assets (capital) are the same for each household. In the heterogenous case, however,

assets also serve as insurance against negative idiosyncratic shocks, which lead to a decline in

income. Precautionary savings behavior would not lead to sizable changes without the presence

of a borrowing constraint. With assets bounded from below, households want to insure them-

selves against a series of negative income shocks, which would take them close to the borrowing
8 In the calibration labor supply was determined by incomes for particular deciles relative to the population average.

If the ergodic distribution of labor supply was uniform, as assumed in the calibration, total labor supply would be 1.
The di�erence is from the actual value is small, because the ergodic distribution is not very far from being uniform.
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constraint, hitting which would prevent them from further consumption smoothing. Overall,

idiosyncratic shocks and the borrowing constraint lead to the result that average wealth - and

hence average capital - are higher, than for the representative household. From this it directly

follows that the equilibrium interest rate is lower, since it id determined by the marginal product

of capital.

Note that the di�erences are quite sizable. The reference study (Aiyagari, 1995) �nds much

smaller deviations from the representative agents case (Table II). There are two reasons why

in the current case we �nd bigger di�erences, both caused by the properties of the labor supply

shock. In the current calibration the shock is fairly persistent, and income �uctuations are sizable.

This means that households need a bigger bu�er against income risk. It is more likely that income

drops signi�cantly, and if a household �nds itself with low income, it has a bigger chance to

remain in that position. According to Aiyagari (1995), both e�ects imply that the equilibrium

interest rate falls (relative to the representative agent benchmark).

Fig. 2: Policy functions for wealth under low income

Let us see the conditions under which the borrowing constraint binds. Figure 2 plots decision

rules for next period assets when the labor supply shock is the lowest (z0) or the second lowest

(z1). The �gure shows that the borrowing constraint only binds for very low current asset lev-
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els, mostly when labor supply is the lowest. This may seem surprising, but it follows directly

from household precautionary behavior. Since households want to avoid a binding borrowing

constraint, they hold enough wealth to help them over even an extended period of low income.

For the borrowing constraint to bind when labor supply is the lowest, assets have to be below

a = 0.096, which is very low compared to average assets (āhet = 7.03). It is an important

question, of course, to see what fraction of households have such a low level of assets.

Fig. 3: Household wealth distribution

The ergodic distribution of household wealth is presented on Figure 3. The distribution is

quite skewed: median wealth equals 5.76. Only a few households hold a lot of assets, but the

majority of households have fairly signi�cant wealth holdings (relative to the condition of being

borrowing constrained). In any given period, out of the 1000 households only 15 is subject to the

borrowing constraint, based on the ergodic distribution. This is only 1.5% of all the households.

Moreover, this state is not very persistent, and constrained households escape in a few periods.

Besides the distribution of wealth, it is instructive to also look at the distribution of labor

income and total income, where the latter also includes returns to asset holdings. These are

illustrated on Figure 4, with the two distributions overlaid on each other. For labor income the

histogram simply shows the values in z, together with the pergz ergodic probabilities (equation
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[8]).

Fig. 4: The distribution of labor income and total income

Total income is the sum of labor and capital income:

yj,t = w̄zj,t + r̄aj,t.

Factor prices do not change over time, since we are looking at the stationary equilibrium. In the

distribution of total income, wealthy households have a higher weight, since they have signi�cant

capital income. Note, however, that for most households capital income is not very important.

Average labor income is 1.33, and 99% of households have a capital income below this level.

This, of course, if in line with reality, since only a very small fraction of households hold enough

assets that yields signi�cant capital income.

4.2 The e�ects of the financial crisis

I assume that the main transmission mechanism of the �nancial crisis was a tightening of the

borrowing constraint. This is implemented the following way. The Stability Report of the Na-

tional Bank of Hungary (MNB, 2012) states that the share of non-performing household loans
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increased from 1.5% to 16% between 2008 Q2 and 2012 Q2. I calibrate the increase in the bor-

rowing constraint to this statistic, i.e. I select the wealth level below which 16% of households

fell before the crisis (according to the ergodic distribution). This value is apost = 0.83. The

borrowing constraint therefore changes to

at+1 ≥ apost

after the crisis. All other parameters remain the same as before.

4.3 The new stationary equilibrium

The new equilibrium interest rate is somewhat lower, r̄post = 0.0458. The equilibrium capital

stock rises to K̄post = 7.08. With the new, higher borrowing constraint the precautionary

saving motive becomes stronger, since households have to hold more wealth to avoid hitting the

borrowing limit. The e�ects are small: the capital stock rises by 0.7%. GDP increases by even

less, since it is proportional with the α power of the capital stock. Tighter �nancial conditions

thus lead to an “investment boom” in the long run, but the quantitative extent of this move is

negligible.

The new wealth distribution is shown on Figure 5, compared to the pre-crisis distribution.

Although not visible on the chart, recall that the minimal wealth level post-crisis is apost = 0.83.

This explains why the number of households with very little wealth decreases, but the share

of households with medium wealth rises. Interestingly, the share of high net worth households

does not increase, probably because for these households the probability of running into the

borrowing constraint remains negligible.

Boldizsár et al. (2016) studied the wealth distribution of Hungarian households in detail,

using the 2014 Household Finance and Consumption Survey (HFCS). They �nd a Gini coe�cient

of 0.58. According to the simulations, the Gini was 0.49 before the crisis, and falls to 0.45 after

the crisis. The reason behind the decline is that low net worth households increase their asset

holdings by proportionately more in order to avoid the higher borrowing constraint.

It is well known that models of this type have trouble to fully replicate the empirical con-

centration of wealth. That said, there were additional shocks hitting the Hungarian economy,

whose e�ects countered the crisis impact studied in this paper. First, the economy was hit in
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Fig. 5: Wealth distribution under the higher borrowing constraint

2012 by the second wave of the �nancial crisis in Europe. Second, personal income tax rates

fell signi�cantly, especially for high income households. This latter shock can be studied in the

current model framework, and can be a subject for future research.

Let us know see what happened to the number of constrained households, and with the

condition to fall in this category. Using the policy rule for assets, the constraint is e�ective when

(i) labor supply takes on its lowest value, and the level of wealth is below 0.94, or (ii) labor supply

takes on its second lowest value and the level of wealth is below 0.85. Using the new ergodic

distribution, 51 out of 1000 households have assets below 1, which is 5.1% of the population.

This is still a low value, but higher than the previous 1.5% - a signi�cant increase of about 300%.

Figure 6 shows the distribution of income before and after the crisis. Note that for labor in-

come the two distributions are the same, since the exogenous stochastic shock does not change.

There are no major di�erences for total income either. The number of very low income house-

holds is somewhat lower, since their wealth is now higher due to the increased borrowing con-

straint.
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Fig. 6: The distribution of income under the higher borrowing constraint

4.4 The impact of the crisis on consumption

The new stationary distribution shows how the economy adjusts to the crisis shock over time.

It is also worth studying, however, how households adjust in the short run. A full investigation

would require the computation of the transition path between the old and new stationary equi-

libria (Kirkby, 2017). Here we chose a simpler approach, which can give us a quick answer to

how the consumption of heterogenous households changes, with a particular attention to those

with low wealth.

I use the following procedure. The tightening of the borrowing constraint directly impacts

households whose wealth is suddenly below the new limit, ai < apost. Clearly all other house-

holds are also impacted indirectly, �rst because of changes in aggregate variables, and also be-

cause they might be subject to the new constraint in the future. For these latter households, I

simply assume that their behavior is given by the new, stationary decision rules. Since this takes

into account the new borrowing constraint, these households will not hold less wealth in the

future.

For households with initially lower assets I assume that they will try to reach the new

minimum wealth level as fast as possible. Let a0 and c0 denote assets and the consumption
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choice when the crisis hits, while let a1 denote the new, chosen level of assets. Furthermore, let

∆0 = āpost − a0 indicate the shortfall in assets relative to the new borrowing constraint. Fi-

nally, let hpost (a, z) stand for the new stationary decision rule, extended to include wealth levels

that are no longer feasible. Using this notation, I postulate the following consumption rule for

households with two little initial wealth:

clow0 = max
{
hpost

(
apost, z0

)
−∆0, λh

post
(
apost, z0

)}
.

The interpretation of the equation is the following. When the income and wealth of the

households are su�cient, consumption falls on impact so that the household can immediately

save the “missing wealth”. If this leads to negative consumption, I allow the household to increase

its assets more slowly. In particular, I assume that consumption must at least reach a subsistence

level. This is controlled by the parameter λ, which - in the absence of better information - I set to

0.66, i.e. consumption of such households falls by 1/3 relative to households that are also poor,

but whose assets are above the new borrowing constraint.

The calculations are for one period only, which measures the immediate, very short run e�ect

of the crisis. It would of course be possible to simulate more periods, and see how the balance

sheet adjustment of the most impacted households takes place.

The main results can be summarized as follows. Total, aggregate consumption falls by 3.2%,

which is a fairly signi�cant e�ect. Within this, the fall of consumption is almost 40% among

households whose initial wealth is below the new borrowing limit. This is a function of the

parameter λ, but the fall is to a larger extent due to households who have enough income to �ll

the wealth gap fully. It is interesting to see that consumption for those households who are not

directly impacted does not change on average.

Figure 7 plots the consumption choice of low wealth households, compared to the decision

rule of the same households without the crisis. The signi�cant di�erences in consumption levels

are due to the fact that the labor income wz of these households can be quite di�erent. Although

wealth levels and actual income are positively correlated, the correlation coe�cient is not too

high (around 0.35). This means that some low wealth households do not have very low incomes.

The �gure shows that among all impacted households, only a small fraction is unable to cover

the required increase in wealth (the horizontal section of the red line). Most households have
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Fig. 7: The direct impact of the crisis on households with low wealth

enough income to �ll the gap, but many experience large drops in consumption as a result.

It is important to acknowledge the main limitations of the exercise, which is the usage of the

new stationary decision rules. This means that factor prices are perceived to be at the new, long

run equilibrium levels. This may lead to errors in the calculation, especially when convergence

to the new ergodic state is slow. It is beyond the scope of the current paper to analyze this, and

I relegate the problem to future research.

5 Summary

This paper built a heterogenous household macroeconomic model to study how the global �nan-

cial crisis impacted the wealth distribution and the short run consumption decisions of Hungar-

ian households. The modeling framework is a well-known approach, which assumes idiosyn-

cratic income shocks and incomplete �nancial markets (a borrowing constraint). The model was

calibrated to Hungarian data from 2007, especially for income distribution and the transition

probabilities across di�erent income states.

Results from model simulations are as follows. The Hungarian wealth distribution is fairly

skewed, with the majority of households holding relatively little wealth. That said, the logic of
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the model implies that only a small fraction of households is subject to the borrowing constraint.

The reason is that households try to avoid this possibility, and build up a su�cient wealth bu�er

against realizations of negative income shocks.

To study the impact of the �nancial crisis, I assumed that there is a permanent tightening in

the borrowing constraint. This leads to a necessary balance sheet adjustment for many house-

holds. The new, long run wealth distribution is not very di�erent from the old one. The number

of households with very little wealth falls somewhat, which is a direct consequence of the tighter

borrowing constraint. Interestingly, the number of high net worth households also falls a bit.

Finally the paper also looked at the short run impact of the �nancial crisis on consumption.

Results showed that low wealth household directly impacted by the tighter budget constraint cut

back their consumption levels signi�cantly. The aggregate consequence of this is a 3% drop in

total consumption. Therefore, taking into account household heterogeneity is important from

an aggregate perspective, especially when looking at short-run e�ects.

The most important open question is treatment of short-run transition in a more model con-

sistent way. This requires the implementation of an algorithm, which takes into account the

gradual change in factor prices towards the new stationary equilibrium. Such an algorithm is

available in the literature, and its incorporation into the paper is the subject of future research.
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