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Computational evidence on the distributive
properties of monetary policy

Siyan Chen and Saul Desiderio

Abstract

Empirical studies have pointed out that monetary policy may significantly affect income
and wealth inequality. To investigate the distributive properties of monetary policy the
authors resort to an agent-based macroeconomic model where firms, households and one
bank interact on the basis of limited information and adaptive rules-of-thumb. Simulations
show that the model can replicate fairly well a number of stylized facts, especially
those relative to the business cycle. The authors address the issue using three types of
computational experiments, including a global sensitivity analysis carried out through a
novel methodology which greatly reduces the computational burden of simulations. The
result emerges that a more restrictive monetary policy increases inequality, even though
this effect may differ across groups of households. In addition, it appears to be attenuated
if the bank’s willingness to lend is lower. The overall analysis suggests that inequality can
constitute valuable information also for central banks.

The Matlab file to simulate the model is available from the authors upon request.
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1 Introduction

Common wisdom about monetary policy holds that its real effects are only tamypand that,
consequently, its role be to keep the macroeconomy ‘in order’ by provaliman-inflationary en-
vironment. One logical consequence of this view is that central banksdshe as independent as
possible from political influence because independence has been shpwomote price stability
(e.g. Alesina and Summers, 1993).

Although arguments in favor of independence are convincing, in the lomgnonetary policy
could have deeper implications for the economy than just affecting pricesng other things, in
fact, its potential ability to influence income, wealth and consumption inequalitgdesargued.
This prompts that central banks may possess more social responsibilitysihally deemed, and
that inequality may well be taken into account when central bankers septiliey goals. In
principle, just as it happens for fiscal policy decision-makers, it coudthenake the case for a
more democratic control of monetary policy actions.

Monetary policy can affect inequality through different channels.example, an expansion-
ary monetary policy that reduces unemployment can also reduce incomalityegin addition,
low interest rates decrease capital income, which is relatively more impdotanther individ-
uals. As a consequence, income inequality may decline. But at the same timddosgimates
boost financial assets prices and therefore increase wealth ineq@alithe other hand, a con-
tractionary monetary policy aimed at reducing inflation may well have the dppeféects!

Clearly, the overall effect of monetary policy on economic inequality cadlde predicted
in advance because of the many channels through which it operategel@itieely few empir-
ical studies which have investigated the redistributive effects of monetdigyrovide con-
trasting evidence. Among these, Coibiehal. (2017) find that expansionary monetary pol-
icy has decreased both income and consumption inequality in the US, whémamz and
Theophilopoulou (2017) find the same evidence for the UK. ConverBalytyan (2017) finds
the opposite result for the US if the top 1% of the population is included in thgsasaAlong
the same line is a study of the Bank of England (2012), which also suggestexipansion-
ary unconventional (asset-buying) monetary policies might have ireddaequality in the UK.
Romer and Romer (1999) found a decrease of inequality and poverty daxg@ansionary mon-
etary policies in the short run, but their result is quite the opposite in the lamgwhere it is
prudent (non-inflationary) monetary policy that appears to have egbimequality through price
stability. The effect of monetary policy through inflation is considered ajsBrbsa and Ventura
(2002), who find that generally lower-income households are lessgpedtagainst inflation than
higher-income classes; by Doepke and Schneider (2006), who finddimay inflation can redis-
tribute wealth in favor of middle-class households; and by Albanesi (201 finds a positive
correlation between inflation and income inequality.

Because of the different data-sets, methodologies and time spans cedsated because of
the very nature of observational data, the answer provided by empiragék is far from unan-
imous. Thus, resorting to economic models could contribute to make greatity. cladeed,
from the theoretical point of view the subject has attracted very little attentiamly because

1 A detailed taxonomy of the different channels can be found in Nakajifa52
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the assumption of representative agents in mainstream methodology is dpuaaequate to
address distributional issues. Recent exceptions are NK-DSGE modeisttbduce some kind
of household heterogeneity (‘(HANK’ models) such as Gornenwtral. (2012), Areosa and Are-
osa (2016), Gornemarst al. (2016), Kaplaret al. (2016) and Sterk and Ravn (2017), which
in general find that rising interest rates increase inequality. Howewesetmodels can be ques-
tioned under different angles. Besides being subject to usual criticisthagply to mainstream
macro models, such as the use of representative agents, perfedligtiand excessive central-
ity of equilibrium solutions (for a thorough discussion see e.g. Delli Gattil,, 2011), HANK
models also lose some of the appeal which generally characterizes NicD@@els as they
“typically require heavy computational methods which may obscure intuitiorosedook equi-
libria” (Sterk and Ravn, 2017). But we want to point out that anotherranre subtle issue has
gone unnoticed thus far — namely that NK-DSGE models are inadequate$s assnetary policy.
Monetary policy in fact produces real effects on the economy mainly gsdsiit influences nom-
inal variables, for instance through the ‘balance sheet’ channehfid&e and Gertler, 1995). On
the contrary, as NK-DSGE models embody the classical dichotomy throtighabexpectations,
the transmission of monetary policy to the real economy can be attained in tliso€lasdels
only by introducing nominal stickiness. In other words, in NK-DSGE modelsetary policy
generates real effects as long addes noinfluence nominal variables. We therefore believe that
something deeply flawed lies in mainstream macro models.

If inequality and monetary policy are the objects of interest, a valid (if notddi@rnative
to HANK models are agent-based models, as individual heterogeneity isfaheir constitu-
tive features. Moreover, this modeling approach can easily accommartasdi the complex
relationships that characterize real economies. The principal goalsopéiper is therefore to
shed some light on the distributive properties of monetary policy throughrthlysas ofartifi-
cial data produced by computational experiments in a multi-agent environmentoMay the
usefulness and advantage of computer simulations is that, unlike empiricaisstingy allow to
study a given subject in a trieteris paribugashion. The second goal of the paper is therefore
to assess whether the distributive effects of monetary policy are affegtether variables. In
particular, we will consider the role of banks’ lending attitude, which is an itambd channel for
the transmission of monetary policy. This is another advantage of ouragpover NK-DSGE
models, which in general do not include a banking sector. Finally, the toatiaf the paper is
to provide a methodological contribution, as we will propose a computatiohghiyapproach to
global sensitivity analysis.

Our experiments will be conducted in the virtual economic environment gexados a novel
agent-based model which builds upon previous works like Delli @atél. (2011), Delli Gatti
and Desiderio (2015) and Chen and Desiderio (2018). An importamactegistic of our model
is stock-flow consistency (SFC), which has witnessed increasing ajplica agent-based liter-
ature in recent years (e.g. Cincattial, 2010; Delli Gatti and Desiderio, 2015; Riccetdti al,,
2015; Caianiet al,, 2016). SFC, basically consisting in the implementation of precise account-
ing rules, is of particular importance when money and credit are explicitlydotred into the
model and monetary policy is considered. Besides, SFC provides &tkimkebetween income
and wealth, whose evolution constitutes the main focus of the paper. SFCafotieantroduced
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to increase the degree of realism of the model as well as its ability to simulate mopeliay
interventions.

In the model we are going to present, households have two differemhimsources: wages
and capital income (the latter being generated by the return on bank dgpbkitsetary policy
affects income and wealth inequality through the so-called ‘income chaaséf'influences both
wages (along with unemployment) and the return on financial assets. Hgvesvthe relative
weight of the two income sources is generally different for differentdedolds, the impact of
monetary policy will vary from household to household. Thus, the oveftdct can hardly be
determined in advance, also because it is the result of the interaction bhatweetary policy and
other mechanisms like the availability of credit. We point out that one important limtafiour
model is that the effect of monetary policy on asset values is not coresgidelence, changes in
wealth inequality are mainly a consequence of changes in income inequalit{hexrimitation
is given by the absence of households’ debts, which have probalylgdokanon-secondary role
in the increase of inequality witnessed in the last decades. Basically, in thel medvill not
consider the so-called ‘portfolio channel'.

In recent years the analysis of inequality has been a hot topic in the tarfitegent-based
macroeconomics. For instance, Desiderio and Chen (2016), Rietatt(2016) and Russet al.
(2016) study how functional and personal income distributions aretaffeby financial factors.
The role of monetary policy is considered by Desal. (2013) and Doset al. (2015). These two
works, however, differ substantially from ours as they study the imdanequality on monetary
policy, whereas we will focus on the opposite direction of causality, i.e. ffleeteof monetary
policy on inequality.

The paper continues as follows. In Section 2 we describe the model ardtios3 we run
simulations. In spite of its relative simplicity, we will show that our model is able to maigood
deal of empirical evidence, performing particularly well in replicating besicycle stylized
facts. In Section 4 we will study the distributive properties of monetary polioythis scope we
will use three different techniques: a policy experiment, a local sensitwiglysis and a global
sensitivity analysis. The latter will be carried out employing an original @ggin aimed at econo-
mizing on the computational effort necessary to perform this kind of aisalf#l the techniques
employed suggest that a more restrictive monetary policy increasesrmecomequality, in line
with findings obtained in HANK literature. But our inequality analysis is cotddat a finer
level of detail than mainstream models: we will in fact consider differergsela of households
and the role of the banking sector. Finally, Section 5 concludes.

2 The model

We consider a dynamic economy populatedrofirms, H infinitely lived households (workers-
consumers) and one commercial bank, while we leave both the Governntktiteacentral bank
unmodeled. All agents take decisions on the basis of limited private informdtimnhouseholds
supply labor, buy consumption goods and hold deposits at the bank. riteedemand labor,
produce and sell consumption goods, demand bank loans and holdtdefd® bank receives
deposits and extend loans to firms. There are therefore four marketiabfor, consumption

www.economics-ejournal.org 4
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goods, bank loans, and deposits. Agents enter their relevant marketgenact with a number of
partners according to a decentralized search and matching procesgans#ictions are therefore
characterized by persistent uncertainty.

The economy evolves over time for a number of peribgsl1...T. Each period the same
sequence of events takes place:

1. Firms decide the amount of output to be produced, the level of desoddakce and the
price to be charged.

2. Firms post their vacancies along with wage offers.
3. Unemployed workers randomly contact a given number of firms to gét a jo
4. Newly employed workers sign a job contract lastihgeriods.

5. Firms pay the wage bill. If internal financial resources are insufficfems may borrow
from the bank.

6. The bank extends loans to credit-worthy firms and pays interests celmolds’ deposits.

7. Households decide their consumption budget and enter the goods.nteakb consumer
randomly chooses a fixed number of firms.

8. Firms collect revenues and validate debt commitments to the bank.

9. Firms not able to validate debt commitments go bankrupt and are replaeadcyal num-
ber of new firms. The initial capital of new firms is financed by taxes leviedaurseholds’
deposits.

10. As a consequence of firms’ bankruptcies, the bank registers ddidqnon-performing
loan).

11. Households update their wealth according to their income and consuraggienditure.

2.1 The balance sheets

Agents are characterized by state variables summarized by their balaate. sfihe evolution
of these variables satisfies the rules of a complete accounting system, whigie® consistency
between flows and stocks (assets and liabilities). This consistency implie$ chugige, in the
sense that no external resource is incorrectly added to the systeno amténmal resource is lost.
This property is clearly important in itself, but it is even more so to our anahesiause it assures
that income and wealth inequality do not undergo undue alterations. In agditianges in the
balance sheets play a relevant role in the transmission of monetary policyafike and Gertler,
1995).

Table 1 shows the aggregate balance sheets for each group of agents.

Dy, andD+ are households and firms’ deposits (liquid asséts@presents bank loans,, E¢
andE, are households, firms and the bank’s equity (net worth) respectideiy;high powered
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Economics: The Open-Access, Open-Assessment E-Journal 12 (2018-62)

Households Firms Bank Total
Deposits Dn DF —(Dn+ D) 0
Reserves H H
Loans —L L 0
Total En Ef Ep H

Table 1: Balance sheets

money (HPM). There is no currency in circulation so that the only use @ liPas a liquidity
buffer for the bank (reserves). Hence, for simplicity weldet 0.

In the aggregate assets and liabilities must sum to zero, thus the followingraicgpidentity
holds:

En+Ef+E,=H=0 Q)

Agents’ behavior determines the dynamics of stocks. Market transagtiodacing flows of
funds are illustrated by Table?2.

C is consumptionwN is the wage bill (v is the wage rate an is employment)yY is total
production,| is the change in inventoriegjs the loan interest rate andis the return on bank
deposits. As firms invest only in inventories, the flow of current savingstrbe equal to the
change in inventories:

S+SE+S=1, (2)

where$, = AE, = ADy; S¢ = AEf = AD¢; S, = AEy. As we will explain later, we assume that
firms do not retain unsold goods-£ 0). Hence, total savings are always equal to zero.

As already stated, we assume that there is no currency in circulation agfithteouseholds
keep always all their liquid assets in form of bank deposits. This implies sataglation going
from loans to deposits. In fact, every transaction between firms aneholds is implemented
through bank accounts without any actual exchange of currencigledtee bank. Hence, the level
of deposits changes only when a new loan is granted, an outstanding legaid and interests
are paid to, or paid by, the bank.

2.2 Firms

Due to uncertainty, firms have only an imperfect knowledge of marketitons and, conse-
quently, they have to form expectation$ on demand. Because firms do not accumulate invento-
ries (see below), the desired quantity of goods to sugplis set at the level of expected demand.
However, actual productiory may differ from the desired lev&); if firms are constrained on the
credit market or on the labor market.

Though firms produce the same homogeneous consumption good, impErfepetition
caused by uncertainty and consumer search costs entails that theyohaveagree of market

2 |tems representing outflows are identified by the minus sign.

Wwww.economics-ejournal.org 6
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Households Firms Bank Total

Goods —-C Y=C+I I
Wages WN —wN 0
New loans AL —AL 0
Loan interests —iL iL 0
Deposit interests rDp —rDy, 0
New deposits —ADp, —ADs AD 0
Savings S St S I

Table 2: Flow of funds

power. The firm’s strategy is therefore the cou(g,Yi;), whereP is the firm’s price level at
timet.

At price P, and given the competitors’ prices, the actual demand for firsnDj;, which
may differ from productionyy;. The difference between production and demand shows up in
inventoriedi = Yit — Dj.

We assume the goods to be perishable and non-storable. This meansrikatafimot take
inventories to the next period to satisfy future demand. Ignoring the ingentale is clearly
a limitation of the model, but it can be considered as quite a realistic approximdtiondern
economies, whose GDP is mainly composed of non-storable services.

Although goods cannot be stored, inventories are used by firms astrsagkels: positive
inventories, in fact, signal that demand has been overestimated (exqgdg) swhereas no in-
ventory accumulationl{ = 0) indicates that demand has been underestimated (excess demand)
or exactly estimated (equilibrium).

Price and quantity decisions

At the beginning of each period, the generic firadjusts the pric®; or the desired quantity to
supplyY; to adapt to changing market conditions. We assume that the firm cannot sieuultdy
change price and quantity. This is of course a simplifying assumption, It #ame time it is
consistent with the empirical evidence on price and quantity adjustment ofdirenshe business
cycle (Kawasaket al,, 1982; Bhaskaet al., 1993).

The firm’s strategies depend both on its internal conditions and on marketisigrhe rele-
vant information at timeé for firm i consists of the average market prige; (which is a proxy
for the prices of firm’s competitors) and of the individual excess demand/supply recorded in th
previous period and captured by unsold inventokjes.

The firm adjusts the price according to the following adaptive rule-of-thumb

®3)

P, — Pi—1(1+ni) if li-1=0 and Ri_1 <R_1
' Pe_1(1—ny) if lg1>0 and By 1 >R 4

wheren; is an idiosyncratic random variable uniformly distributed on the sup@oh, ). More-
over, priceR; is supposed to be not lower thﬁh i.e. the minimum price at which firmis able

www.economics-ejournal.org 7
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to cover its average costs:

PltZF,i|t:V\"uﬁ\;rit'—it7 (@)
it
whereW; is the current wage bill and;L;; is the service on outstanding debts. The logic of this
rule is that excess demanig (1 = 0) is conducive to upwards price revisions only when the firm
is competitive (price below the average market price). In this case the dinmaise the price in
order to widen its profit margins.
The firms decides to update the desired activity level as follows:
Yi = { Ye-s(L+pr) if li1=0 and Rs >Ry )
Yi-1(1—p¢) if lz—1>0 and Ry_1 <R3
wherepy is an idiosyncratic shock uniformly distributed on the supposh4d.
The rationale behind above rules is that positive inventories (excepdysuipgger down-
wards quantity revisions only when the price is already low enough (belevavhrage market
price). In this case the firm does not want to further decrease thefprio®t compromising its
profit margins.

Vacancies and wages

Firms carry on production by means of a linear production function usiray abthe only input.
For firmi we have

Yi =aNy a >0, 6)

whereaq is labor productivity andN;; is the employed workforce. For simplicity, we assume that
technology is uniform across firms and time like for instance in Assehzd (2015). Hence,
neglecting productivity growth entails that our framework is best intergratea model of the
economic activity at business cycles frequencies.
From Eg. (6) we get the desired workfomiﬁ, i.e. demand for labor:
Yie

NG =4 W)

whereY; is the desired level of production.

The firm then posts vacanci®g equal to the difference between the desired workforce and
the operating workforc@li;_1, given by the workers still employed at firimat the beginning of
periodt.

Alongside vacancies, firmhas to decide whether to update the wage level to be paid to its
employees. The wage offered by the firm at time determined according to the following rule:

) w1 (T4 &) if Vi >0
" _{ Wit -1 if Vi =0 ®)

wherew; _1 is the wage offered to the workers employed at tirrel and the variablg;; is an
idiosyncratic shock uniformly distributed on the supp@th;). Because of labor homogeneity,
we assume that all the workers employed by firat timet will receive the same wage; .

www.economics-ejournal.org 8
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The downward rigidity of nominal wage embodied in rule (8) reflects the @dminempirical
evidence on firms’ wage-setting policies. Numerous surveys have simofant that wage cuts
are unlikely even during recessions, mainly because they could inonemkers’ turnover and
decrease labor effort (Campbell and Kamlani, 1997; Bewley, 1998, &aal., 2013).

External finance

At the beginning of period firm i is endowed with liquid resourcd3, i.e. its bank deposits.
Following the “pecking order” theory on business capital structure {@yegrs and Majluf, 1984),

we assume that the wage Bi\}; is first financed by internal resources and then, if these are not
enough, by external funds provided by the bank. The demand forbaglk loans therefore is
given by

B} = maxW; — Dy,0), (9)

with the corresponding interest rategiven by Eq. (20) in Section 2.4.

The firm may be rationed by the bank if its credit ratidg; is too low. Consequently, the
amount of new loan8;; actually supplied by the bank may be lower than credit demand (see
Section 2.4).

Once the firm has received the loan, if total resources are still notieuffito pay for the
wage bill, the firm is allowed to fire redundant workers at zero costs.

Entry and exit

After the closure of the consumption goods market (see Section 2.3), fiassold quantit®;
at priceP;. Accordingly, its revenues aiR; = Q;P;. Unsold production is eventually destroyed
at zero costs.

The firm then computes its profitg, equal to revenues minus wage bill and interests:

T = Rt — Wit —ritLit. (10)
Hence, firmi's net worthA;; will evolve according to the law
At 11 = Ait + Ti. (11)

At the end of each period, the firm has to pay back a fractiohits outstanding debt, which
therefore will evolve according to the following rule:

Lit+1 = (1—7)Lit + Bi. (12)

In principle, above proportional repayment scheme imposes a highderban the first time steps
after a firm has borrowed money. However, this bias is mitigated by the faictitins generally
ask for loans several times to finance production. Hence, not neitg$sa average per-period
repayment decreases monotonically over time.

The total cash flow generated by all the transactions occurred dunirogpes

CFt = R +Bit — Wk — (rie + 1)L, (13)

Www.economics-ejournal.org 9
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whereby we get the law of motion of the firm’s liquid resources, i.e. bankslep
Dit+1 = Dit +CF. (14)

The firm is declared insolvent and exits the market if it is not able to serveelistd the
bank. Hence, the firm may remain active even if it is “technically” in defaudtt ibif Ay .1 < O,
provided that deposit®;j .1 are positive. When the firm defaults, its employed workers get fired.

The bankrupt firm is replaced by a new one, whose initial capital is fewhmy the Gov-
ernment through a flat tag levied on households’ wealth. This mechanism is not particularly
realistic but is functional to our purposes: firstly, it is important to asstareksflow consistency
without affecting wealth inequality and, secondly, it determines a negativadhenm the economy
by reducing households’ spending capacity.

PricePR;. 1 and wagewi . 1 of the new firm are set to the level of their corresponding average
market value$} andw;. Moreover, the new firm inherits from the defaulted one a skanéits
outstanding debts;;, whereas the remaining pdft— k) is absorbed by the bank’s capital as bad
debt.

The perfect replacement of bankrupt firms is a working hypothesisdp tatal firms’ popu-
lation constant, but it can be motivated on the basis of two widely acceptecesityézts: first,
in established industry the number of firms tend to settle down around a rocgidyant level;
second, the inflows and outflows of firms show strong positive correlé@enoski, 1991). What
we are doing, therefore, is to implicitly assume a correlation equal to 1.

2.3 Households

We suppose that households are made up of a single worker/consupré&er$\supply one unit
of labor per period, search for a job if unemployed, buy consumptiodgiand save their money
in the form of bank deposits.

Once a period, the bank pays interests on households’ deposits atittyeratei;. Basically,
we model deposits as a risk-free interest-bearing financial investmeemefore, we use them
as a proxy for an unmodeled “financial sector". Thus, deposits costiue of the channels
through which monetary policy exerts its influence on income and wealth itigguehen in fact
changes in the policy rate affect the return on deposits, monetary polwatdsts households’
capital income.

We suppose that only unemployed workers search for a new job (ejotitsearch is excluded
mainly for simplicity, but also see below). The unemployed enter the labor msekeentially,
and contact a given number of firms to get a job. Moreover, the unentglapekerj has a
reservation wage given by

(15)

B { Wijt_1 if employed int — 1
it

Wit = Wi 1(1—xjt) if unemployed irt — 1,

where xjt is a random shock uniformly distributed on the supp@t,). Eq. (15) therefore
implies that workers who have been inactive longer will have in generarlogservation wages
and will be more prone to accepting lower wages.

www.economics-ejournal.org 10
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In general, because of uncertainty demand and supply of labor doinatade and involuntary
unemployment, therefore, may occur. The unemployed wqri@rdomly send# applications
to as many firms. If his/her contract has just expired, one of the applisas@ent to his/her last
employer. Once thM contacted firms have revealed their wage offers, those paying walpes be
worker j’'s reservation wage are discarded. Subsequently, the applicanemar&oses, among
the remaining firms that still have open vacancies, the one offering thestigilary. The newly
employed worker and the firm sign a fixed-term job contract ladbiqgriods.

Workers with an active contract can be fired only in case the firm’'s famesot sufficient
to pay for the wage bill. If this is not the case, therefore, on averagy @egiod a share /D
of job contracts expires, and the newly-unemployed workers will sefamch new employer.
Consequently, although on-the-job search is ruled out, the reciprbtted ocontract duration can
be interpreted as the probability for a worker to change job.

Before the consumption goods market opens, households receivevdggrfrom the firms
(if employed) and the interests from the bank. Hence, we can define totahan(labor income
plus capital income) of individugl at timet as:

itDjt +wjt if j is an employed worker
ljt = (16)
itDijt if j is an unemployed worker
whereDj; are householgs depositsat the beginningf periodt. Given available financial re-
sourceDj; + ljt, the consumer allocates a share 1 to consumption and the remaining part to
savings. The consumption budget is therefore defined as

For simplicity we suppose the sharéi.e. the marginal propensity to consume out of wealth) to
be the same for all households.

Consumers randomly enter the goods market and, because of sestshvigit only a fixed
numberZ of firms, one of them being the largest (in terms of production) firm visited én th
previous period. We assume consumers to adopt this sort of “pré@@raitachment” mechanism
in order to minimize the probability to be rationed.

Each consumer seeks to implement the desired consumption plan startingdriirmtbharg-
ing the lowest price among the selected firms. If goods available at therinsafe not enough,
the consumer will turn to the second cheapest firm, and so on. Becauseastainty, therefore,
households may not be able to purchase all the desired quantity of goods.

Finally, the wealth (i.e. deposits) of individught the end of tim¢ is defined as

Djt+1=Dj +1jt = Cjt, (18)

wherel ; is given by Eq. (16) an@j; is the expenditure on consumption.

2.4 The bank

The bank has three important functions: it is the center of the paymentrsysieplies credit to
firms and pays interests on households’ deposits. By its last function tikeblagically acts as a
reduced-form financial system through which households can ithveistsavings.
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When a firm is in short supply of liquid resources to pay wages, it will askafbank IoarBft‘
(see Eg. (9)). The bank signs with fiina long-term debt contract, stating the interest ratand
the share of the principal to be repaid every period. For simplicity we suppose thatttager
is the same for every borrower.

The flow of new crediBy; is granted by the bank to firiraccording to the following adaptive
rule-of-thumb:

an{ BY if CR; > 6

0 ifCRt <8, (19)

whereCR; is the firm’s credit rating and is the parameter which regulates the bank’s lending
attitude. The higher the paramet&rtherefore, the more frequent credit rationing will be.

The firm’s credit rating at timeis given by 1 minus its probability of default. This probability
can be determined in many different ways, for example through the estimdtiobamit model
as in Assenzat al. (2015). However, in order to keep things simple we suppose that the bank
computes the probability of bankruptcy simply as the firm’s relative frequehdefault over the
window of the lastb periods, whereab is a parametet. Hence, the bank will resume lending to
firm i only if the latter’s credit rating increases above the thresBold

The interest rate; is determined as a mark-up over the policy ligtet by a central monetary
authority:

rie = it(1+ H(Ait))- (20)

The mark-up in turn is an increasing functipn-) of the borrower’s leverag#;;. Functiony(-)
is the hyperbolic tangent, whereas the firm’s leverage is defined as
Lit + BY

At = Dy (22)
Equation (20) is based on the theory of the “external finance premiunthé®&e and Gertler,
1989; 1990), stating that in presence of asymmetric information the intatesincreases with
the borrower’s financial fragility (here straightforwardly capturedisy leverag@\).

At the end of the period the bank calculates its profits:

= ie% ritLit+1 — BDy, (22)

where Q is the bank’s loan portfolio an®D; is the bank’s bad debt (non-performing loans)
recorded at the end of the period. As explained in Section 2.2, bad de#fined as a fraction
(1— k) of bankrupt firms’ outstanding debts.

Total bank credit evolves according to the following law of motion:

Liy1=A-1)Lt+ ) By —BDy, (23)
ic

whereQ is the set of firms that borrowed in peritd

Finally, the law of motion for the bank’s equity can be defined as

Eiy1=E 4+ =Lyy1— D (24)
3 For instance, if the firm has defaulted twice during the pertod®, ....t — 1, we haveCR; = (® —2) /.
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Parameter Description Value
T Number of periods 500

F Number of firms 100

H Number of workers 600

Z Number of firms visited by a consumer 2

M Number of labor applications 4

D Job contract length 8

c Marginal propensity to consume 0.8
hn Maximum growth rate of prices 0.1
ho Maximum growth rate of quantities 0.1
hg Maximum growth rate of wages 0.05
hy Maximum % decrease of reservation wages 0.05
1] Recapitalization coefficient 0.01
it Policy rate 0.01

6 Credit rating threshold 0.2

T Debt repayment rate 0.05
O] Defaulting window 10
1-«k Share of bad debt 0.05

Table 3: Parameters.

3 Simulation and validation

In this Section we are going to show the general properties of the modeltavwWevgh a sample
simulation of 500 periods using the parameter values reported in Table 3hemdve present
some robustness checks. The aim of this Section, therefore, is to valigateoael by con-
fronting its properties with comparable empirical evidence. In spite of its simpltbigymodel is
able to replicate several stylized facts both at macro and micro level.

Fig. 1 shows six time series relative to a representative simulation. In ourl loosieess
cycles are not the consequence of exogenous aggregate shoeke baused by a combination
of idiosyncratic random shocks and non-linearities. Bounded-ratiodzidual decisions and de-
centralized interactions produce an alternation of periods of economémsxms and recessions
with no tendency to settle down to some long-run equilibrium (Panel 1(a}.uflemployment
rate (Panel 1(b)), although not very realistic in absolute value, clostyms the business cycle.
This cyclical behavior cannot be explained in terms of microeconomic frietsuch as down-
ward nominal wage rigidity and search costs (which are fixed), but isrthaupt of coordination
failures within and between markets. In fact, the close similarity between thatievoof unem-
ployment and unsold production (that we do not report) signals the contamgous occurrence
during recessions of excess supply for both labor and goods amefdtes points in the direction
of a Keynesian (demand-driven) interpretation of unemployment.

A key variable in shaping fluctuations is firms’ cash flow. During exparssionfact, unem-
ployment drops, wages rise and firms build up debts to finance increasidggbion. As long as
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Figure 1: (a): Real output (on logarithmic scale); (b): Unemployment rate; @@nsumption; (d): Real wage; (e):
inflation rate; (f): Gini coefficients for wealth (blue line) and income (iied).
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Lag -4 -3 -2 -1 0 +1 +2 +3 +4
GDP  .4248 5560  .6955 .8496 1 .8496 6955 5560  .4248
(.0455 (.0392 (.0312 (01833  (0) (01833  (.0312 (.0392 (.0455
Cons 5336 .6173 .6993 .7669 .8362 .7088 5574 4090 .2644
(.0468 (.0431) (.0380 (.0304 (.0212) (.0297) (.0389 (.0425 (.0469
Unem —-.3514 —-.4750 -.6093 —-.7627 —.9283 —-.8263 —.7148 —-.5963 —.4731
(.0495 (.0441) (.0364) (.0257) (.0132 (.0242) (.0353 (.0406) (.0455
CPI —.5365 —-.5198 —.4757 —-.3915 -—.2547 —-.1089 .0233 .1307 .2119
(.0749 (.0791) (.0801) (.0805 (.0817) (0812  (.0787) (.0742 (.0689

Table 4: Cross-correlations between the cyclical component of GDP atttimitl those at timé+lag of (a): Real GDP;
(b): Consumption; (c): Unemployment rate; (d): CPI. Averagesr &00 simulations (standard errors in parentheses).

revenues allow firms to validate their financial commitments with the bank, produaiittinues
to expand. However, rising costs and accumulation of debts reduce Gasis’flow, eventually
increasing the rate of default. If the number of bankrupted firms is largegm or if big firms
are among them, aggregate production starts shrinking and unemploynresisiee. Then, the
subsequent loss of employment causes a reduction in householddirgpéimat negatively re-
verberates on other firms’ sales and profits. Furthermore, this vicials igyexacerbated by a
'financial accelerator’ mechanism: bankruptcies, in fact, lower firmsditmworthiness and leads
to credit rationing by the bank (Eg. 19). However, recessions haeeaalsmportant function:
they wipe less efficient and more indebted firms out. This natural selectiomamisen makes the
economy financially sounder and, eventually, leads to a new expansage.ph

We now show the model properties at business-cycle frequenciesomfeace artificial and
empirical cyclical components of four variables: real GDP, real comsion, unemployment rate
and CPI. Cyclical components are extracted by applying the HodricseBttefilter with smooth-
ing parameter set at 1600. Empirical data are post-war U.S. seasodijaléyesi quarterly time
series, retrieved from FRED databdsesig. 2 shows the results of a co-movement analysis
exercise: against each valuelad on thex-axis we plot the correlation between the cyclical com-
ponent of GDP at timéwith the cyclical component of the other variables at tirlag (with a
negativelag corresponding to &ad). We can see that artificial cross-correlations are more pro-
nounced than the observed ones, but their patterns are very similarsatesfactory is the result
for labor productivity (computed as the ratio between total production dabiemployment) and
real wage (which we omit to report). The former in fact, although able twrge the pattern of
real data, shows cross-correlations substantially smaller than the empaigakrparts. On the
contrary, the latter features a strong (and leading) pro-cyclicality whiecham barely find in real
time series.

To assess the robustness of above results, we also calculate theeasressycorrelations for
the same set of variables over 100 independent simulations. Table 4 gtaitise averages are
quite close to the cross-correlations of the representative simulation oMarehe Monte Carlo
standard errors shown in parentheses are small, proving that olis i@@gurobust.

Finally, we end our business cycles analysis by reporting in Table 5 théeMiarlo averages
of the first-order autocorrelations of the cyclical components of theVariables, showing that

4 We used the files GDPC1, PCECC96, UNRATE and PCECTPI, U.S. BurEconomic Analysis, retrieved from
FRED, Federal Reserve Bank of St. Louis; https://fred.stlouisfetberngs/GDPC1, March 13, 2018.
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Figure 2: Cross-correlations for simulated (continuous line) and observedith& series (dashed line). The pictures
show the correlation between the cyclical component of GDP atttiwith those at time+lag of (a): Real GDP; (b):
Consumption; (c): Unemployment rate; (d): CPI.
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GDP  Consumption Unemployment  CPI
Observed| 0.8773 0.8977 0.8992 0.8675
Simulated| 0.8496 0.7238 0.8374 0.9489

Table 5: First-lag autocorrelation of cyclical components. Averages over itodlations.

the agreement between simulated and real data is rather satisfactory. dashjshe agreement
is good also for labor productivity and real wage (which we do notntgpo

In terms of replication of stylized facts our model works quite well also at taggregation
levels. Fig. 3 reports three well-known statistical regularities describingethgonship between
business cycles and labor market dynamics, which we calculate for tfesegpative simulation
after discarding the first 100 transient periods. Panel (a) showshitig® Curve, featuring a
strong and statistically significant negative correlation (-0.6128) betindlation rate and unem-
ployment rate. Panel (b) shows a negative relationship between the gutputh rate and the
unemployment growth rate - i.e. an Okun curve (correlation of -0.86078.third emerging reg-
ularity is the Beveridge curve (Panel (c)), i.e. a negative relationsiwpees the rate of vacancies
(the ratio between the number of job openings and the total number of wpesed the unemploy-
ment rate. Also in this case the correlation between the two variables, altmotigilery strong
(-0.3936), shows the correct sign and is once again statistically significeaddition, Panel (d)
shows the households’ wealth distribution, which coherently with empiricsdations exhibits
positive skewness and a fat right tail.

At a lower level of aggregation the model replicates, at least qualitat@isly,some empirical
regularities concerning job flows. We find in fact that unemployment is pesitcorrelated to
long-term unemployment (defined as the workforce that has been ungedplor more than
three periods); layoffs and hirings, i.e. job destruction and job creatiame strong positive
correlation both in levels and in differences; layoffs show higher volatitity@re more correlated
to unemployment than hiring (Blanchard and Diamond, 1990; Detvés., 1996).

In conclusion, although relatively simple, the model is able to reproduced deal of styl-
ized facts at different levels of aggregation. Hence, in the next Sesticare going to employ it
as a computational laboratory to study the distributional effects of monebéicyp

4 Monetary Policy and inequality

In this Section we are going to assess the effect of monetary policy oonagiscome and wealth
inequality. Changes in monetary policy will be captured by changes in theypaliei;, and the
two transmission mechanisms are the return on households’ financial inmstane the bank’s
loan rate. Inequality will be measured through two indexes. One is the Gafficient, which
will also be computed for three different groups of households: the tndd@o, the middle 40%
and the top 10% of the distribution. The other index is the r&8of the cumulative income (or
wealth) belonging to the top 20% households to the cumulative income (or wbaltinjging to
the bottom 20%. In both cases, the higher the indexes, the higher thelibequa
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Figure 3: (a): Phillips curve, (b): Okun curve, (c): Beveridge curve, (deahh distribution at = 500.

In the following we will make use of three kinds of analysis: first, in Sectionwielwill
perform a policy experiment simulating a more restrictive monetary policy ietgion; second,
in Section 4.2 we will perform a local sensitivity analysis exercise involvinly the policy rate
and, finally, in Section 4.3 we will conduct a global sensitivity analysis aimedsessing how
monetary policy distributive properties are influenced by the bank’s lerattitgde.

Before turning to the results, we want to remark how inferring causality émalgased mod-
els may be a delicate issue. Unlike mainstream micro-founded models, in fact |tiragant
frameworks there is in general no one-to-one relationship between mdronacro variables.
Consequently, the lack of clear causal links between emergent maenmiplena and individual
behavioral equations makes the interpretation of the results quite an arthsiu Nonetheless,
we can expect a rising interest rate to increase capital income and tleetefsumption by the
rich. However, higher rates affect negatively the supply side of thea@uy, as they reduce firms’
cash flows and increase the default rate, which on its turn triggers ca¢idining. Simulations
confirm the intuition. When looking at the data, we can in fact identify three maicro effects
produced by the policy shock: unemployment increases, both avesgeand wage dispersion
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fall (as in general firms paying higher wages are more likely to fail) andalapcome increases.
We therefore believe that the impact of monetary policy on inequality passegththe composi-
tion of these three effects, which in addition seem to have different waagiurding to the group
considered.

4.1 A Policy experiment

In this Section we show the consequences of a restrictive monetary pokicwill consider two
scenarios: in the first one the policy interest rate is fixed and equal té; 29(01vt), whereas
in the second scenario a policy shock occurs at time 301, when the ratedasad to 2%. For
both scenarios we will run 100 independent Monte Carlo simulations, andaevill consider
the average across simulations.

Figs. 4 and 5 show the evolution of Gini coefficient relative to income araltiveespectively,
whereas Fig. 6 shows tl&Sratio. Qualitatively, the results are the same. In Panel (a) of Fig. 4 we
can see that the Gini index for the overall income distribution decreateglad interest rate is
raised to 2% (red line). Hence, the restrictive policy intervention redincesne inequality. This
overall effect can be broken down into the partial effects on the thubgreups of households,
which show heterogeneous responses to the policy shock. Panbb(is & fact that inequality
increases for the bottom 50%. This group is made up of unemployed (mosty&raployed
workers with little or no capital income. Hence, inequality increases beacmesaployment in-
creases (so labor income becomes zero for many of the householdgibgltmthis class). Panel
(c) reports the Gini for the middle 40%. This group is mainly made up of emplayekiers with
some capital income who are not hit by increasing unemployment. At the samé¢heimcrease
of wages lower the differences in labor income, whereas capital incamadme grossly the same.
Itis no surprise therefore that inequality decreases for this groupsaime is true for the top 10%
group, constituted by employed workers with large capital incotn@iso in this case, increasing
inequality due to increasing capital income is totally offset by falling wages. Simpé&erns
are displayed by wealth, with inequality increasing for the bottom 50% ancbasiag for the
wealthier groups.

We now repeat the same experiment, with the difference that at time 301 thg raibcis
increased to 4%. Again, for both scenarios we will consider the avergess 100 simulations.
The results for the income Gini index are reported in Fig. 7: unlike the puevéxperiment,
after the shock inequality increases for all the three sub-groups rtieydar, after a short period
in which the Gini goes down, inequality surges also for the wealthier groasically, the
rich get richer because the higher return on deposits amplifies the diffesén capital income
(refer to Eq. (16)). This is particularly true for the middle-income classckvis initially the
most homogeneous group and then experiences the largest increasquality. The long-run
dynamics of inequality is however less clear for the top class, which disptaya §harp decrease

5 The composition in terms of income and wealth of the three groups is cantsigith the extensive empirical
evidence reported by Piketty (2014), according to which the share alflweelonging to the bottom 50% group is in
general no more than 5%, while the top 10% group may own a share asaa@0% (like in Europe at the beginning
of the 20th century).
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Figure 4: Shock 2%, Gini coefficient for income. Panel (a): total; (b): bottor#o5Qc): middle 40%; (d): top 10%.
Blue line: no shock; red line: shock &301. Averages over 100 simulations.
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and then a somewhat erratic increase. These wide fluctuations arélgrdba also to the smaller
size of the group.

Increasing income inequality then reverberates also on wealth inequalitgh(wie do not
report).

0.8 T T T T T T T T T 1

Figure 7: Shock 4%, Gini coefficient for income. Panel (a): total; (b): bottor#o5Qc): middle 40%; (d): top 10%.
Blue line: no shock; red line: shock &301. Averages over 100 simulations.

To summarize, when wages decrease, also their dispersion decrelisbdeads to an over-
all decrease in inequality for the 40% and 10% groups in the first “low-sdenario (fig. 4),
when capital income does not increase much. Conversely, in the “highs@enario (fig. 7) the
increase in capital income inequality becomes the driving force, as thgelmmonetary policy
is more pronounced. As a consequence, in the long-run inequalityssiamgieoth groups.

In conclusion, the two experiments suggest that monetary policy may exentbnear effect
on inequality. Thus, in the next Section we will further investigate this hyidtierough a local
sensitivity analysis.
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4.2 Local sensitivity analysis

In this Section we analyze the behavior of inequality for increasing valtigeeolicy ratei;.
For each value of the interest rate we run 100 independent simulatiof® giesiods; for each
simulationi we compute the average Gini coefficigptrelative to the variables of interest and
then we take the average= 1001 ¥i0i across simulations.

Panel (a) of Figures 8 and 9 confirms our hypothesis of a non-linéstiareship between
monetary policy and inequality: asraises from 0.5% to 5% with increments of 0.5%, in fact,
inequality first decreases reaching a minimum; at 2% and then starts raising. Moreover, a
visual inspection of Panels (b) and (c) reveals that the behavior oftddeGmi index is probably
driven by the Gini indexes relative to the bottom 50% and middle 40% greupyeas the richest
group behaves somewhat differently. Panel 8(d) shows in fact dhahé richest 10% income
inequality decreases, before stabilizing around a slightly lower levah(fibout 0.12 to about
0.1). The initial decrease is consistent with the outcome of the first poliggriempnt showed in
Panel 4(d), whereas the subsequent stabilization may be due to theafaet thigh interest rates
regimes, labor income loses relevance for the top 10% group and thagqemmdly, increasing
wage inequality does not affect the Gini index. The decrease in ineqtalitye rich is even more
evident in the case of wealth (Panel 9(d)). Basically, more restrictive tagnpolicy regimes
increase both income and wealth inequality for the totality of households duteeghem within
the richest group. We point out that this result is compatible with findingsrteg in Davtyan
(2017), according to which expansionary monetary policy reducesiatigg only if the top 1%
households are not included in the analysis.

4.3 Global sensitivity analysis

Experiments conducted in Sections 4.1 and 4.2 involve solely changes inlityerpte, whereas
other parameters are kept fixed at their baseline values. The strergitbaf sensitivity analysis
is that it allows to assess how the parameters interact with each other. alhef ¢jus Section is
therefore to investigate the distributive consequences of monetary politsotling in particular
for the bank’s lending attitude, captured by paramefleasd 7. Moreover, as additional controls,
we will allow also other parameters to vary, namely the job contract dur&jaihe marginal
propensity to consumeand the recapitalization coefficiegt (see Section 2.2).

We will first illustrate our computationally-light method to perform global sevisjtianalysis
in Section 4.3, and then we will report our findings in Section 4.3.

The general procedure

Consider a statistis computed on the output of a single simulation of the agent-based model.
This statistic will be a function of initial condition8y, model parameterg belonging to the
parameter spadeand random numbers

5= (Ao, V). (29)

www.economics-ejournal.org 23



Economics: The Open-Access, Open-Assessment E-Journal 12 (2018-62)

0.75 T T T T T

0.7

0.6

0.55 -

0.45 -

0.4 L L L L L
0.005

Policy rate

@)

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

0.5 T T T T T

0.4

0.35

0.15

01

0.05
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

Policy rate

©)

Figure 8: Gini coefficient for income. Panel (a): total; (b): bottom 50%; (c): diéd40%; (d): top 10%.

over 100 simulations.

www.economics-ejournal.org

0.9

0.88

0.86

0.84

0.82

0.8

0.78

0.76

0.74

0.72

0.7
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

0.125

0.115

0.11

0.105

0.1

Policy rate

(b)

\
\

\
\
/
/
/
_ /
- /
/
/
/
/

0.095
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

Policy rate

(d

Averages

24



Economics: The Open-Access, Open-Assessment E-Journal 12 (2018-62)

0.72

0.7

0.68 |

066 /

0.64 -

0.62 - :

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

Policy rate

@)

0.4

035

03

0.25

0.2

0.15

01 —

0.05
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

Figure 9: Gini coefficient for wealth. Panel (a): total; (b): bottom 50%; (c): nkéodi0%; (d): top 10%. Averages over

100 simulations.

www.economics-ejournal.org

Policy rate

©)

0.9

085

08

0.75

0.65
0.005 0.01

0.54

Policy rate

(b)

0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

051

05

. \
053 / \
\
\
\
\
\
0.52 \

0.46
0.005

Policy rate

(d

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055

25



Economics: The Open-Access, Open-Assessment E-Journal 12 (2018-62)

Suppose to be interested in measuring the effect ofthen s. To this scope we can estimate the
auxiliary regression meta-model

s=By+u(r), (26)

where the meta-parametgBsmeasure the linear effect of the model paramejess s The
regression erron may depend on the initial conditions, on the stream of random numbers and,
possibly, on the model parameters (if the relationship wighnon-linear). For simplicity, though,
we suppose that the error does not depeng. dn addition, we suppose that we are not interested
in the initial conditions (if the data generating process of the model is ergbdids just a natural
assumption).

As afirst step to the estimation of Eq. (26) we have to generegetorsy; randomly sampled
from the parameter spaée Then, we simulate the modeltimes — one for each of the vectors
¥ — obtainingn valuess for the statistic of interest. Consequently, we can estimate Eq. (26) by
OLS using the samples farand for the parameters, obtaining

§=By. 27)

The OLS estimateé will certainly depend on the particular stream of random numbers
used during the simulation of the model. Hence, in order to get rid of the imfduefr, for
each parameter vectgra numbelk of Monte Carlo replications have to be performed so that the
averagek ! Zkﬁk can be taken. Consequently, one has to run the modeiimes.

What we have just illustrated is a procedure which can be computationallyndiégmga The
approach we are going to employ is simpler than the one described aboveagsiies onlyn
simulations. Basically, we hold that there is no need tokihonte Carlo simulations for each
parameter vector to eliminate the effect of the random numbdrsfact, when we sample the
vectorsy, at the same time we can randomly sample alstreams of numbers,” and then we
estimate the relationship

s =By +u(ri), vi=1.n. (28)

Just like in Eq. (26), by construction the error term of the meta-model wiledd on the unob-
served stream of random numbeys The difference now is that we can regard the numbgers
in Eq. (28) simply as an omitted explanatory variable influengrtgrough the error term. But
as the stream; was randomly selected, it is uncorrelated with the regresgand, therefore,
its omission from the equation does not generate correlation between dhe;eandy,. Hence,
maintaining the assumption that the regression model (28) is hot misspecifi€al, estimators
[3 applied to it are consistent for— +co.

6 This is a simple implementation of the Kriging meta-modeling approach. Rellativ agent-based economics, see
for instance Bargiglet al. (2018) and Doset al. (2018).

7 In practice, when for a givel we run a simulation of the model to generate the corresporslinge randomly
choose the seed of the random number generator.
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Results

In this Section we are going to apply the approach explained above to tad@qu
s=py+u, (29)

wheresis the income Gini index ang= (i, 8, 7,D, g, c)’ (similar results are obtained for wealth,
SO we are not going to report them). For each parameter we restrictrttesgonding parameter
spacd’ to a suitable range of values, as summarized by Table 6. From the parapstenge
randomly draw 500 parameter vectgrsand run the model 500 times (so~= 500), choosing
randomly also the seed of the random number generator. Then, fosieaghation we take the
average Gini coefficients after discarding the first 100 periods.

Column (1) of Table 7 reports the results relative to the income Gini coefficeemputed
for all the households. Overall, the meta-model explains almost the 50% Gfitineoefficient
variability and, therefore, can be considered informative enougtofasdalth inequality, th&?
is even larger). Consistently with our previous findings, a more restrictovgetary policy (higher
ratei;) increases income inequality. Inequality is also increased by a stricter ¢gepdlity by
the bank (highe®), while decreases when the debts are to be repaid more quickly (higjher
Moreover, longer job contracts reduce inequality, whereas a highapitalization coefficient
and marginal propensity to consume increase it. All the estimated coefficientdadistically
different from zero, except fap.

Now, in order to discover how the distributive properties of monetary palieyaffected by
the bank’s behavior, we augment the basic model by adding the interaatins ¢ the policy
rate with8 andt. Column (2) of Table 7 reports the results, which confirm our previousfgs.

In addition, we can see that the effectipbn the Gini index is attenuated by a more restrictive
bank’s lending attitude (the estimated coefficientior® is negative). This means that changes
in monetary policy may have a stronger impact on inequality during normal timasdilnéng
recessions, when commercial banks are more reluctant to make loans.e Matic although
the two interaction terms are not individually significant (probably bec#usie introduction
generates multicollinearity), they turn out to be jointly significant when petiiog F tests with
the other parameters.

Our analysis can be refined by estimating the complete model with the interactimnatso
for the usual three sub-groups of households: bottom 50%, middle 4@%oa 10%. Table 8
shows that rising interest rates increase income inequality for the bottomaridsin particular,

Parameter N. of values Range
it 100 [0.001-0.05]
0 100 [0.2-0.9]
T 100 [0.01-0.2]
D 14 [1-14]
1] 100 [0.005-0.2]
c 100 [0.1-0.99]

Table 6: Parameter space.
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Regressors (1) 2)
it 5.11185**  6.85907**
(.4196 (140744
6 .38738** 44829**
(.02888 (.061083
T —.36972*  —.23129
(.10946 (.22761)
D —.00756** —.00749**
(.00149 (.0015
1] .09282 .09511
(.10572 (.1058
c A773% 1784
(.02359 (.02361)
ii- 6 - —2.29057
(2.0702)
it-T - —5.04173
(7.73829
constant .2953 24743
(.02945 (.04714
R? 0.4898 0.4915

Table 7: Dependent variable: income Gini index. Observatiers00. Significant at 196%*.

Regressors D 2) 3)
it 3.06367** 11.7852** —.94368
(1.08758 (2.2985 (.88026
¢] .22586** 75475** .13804**
(.0472) (.09975 (.0382)
T —.2310 .02182 .08023
(.17589 (37172 (.14236
D .0025* —.0087** .00336**
(.00116 (.00245 (.00094
)] .27582** .08684 —.29696**
(.08175 (.17278 (.06617
C .26373** .32139** .18745**
(.01825 (.03856 (.01477
it-0 —1.25337 —1.93154 6.25041**
(159972 (3.38087 (1.29478
it T .020356 —16.52367 —7.55663
(5.97967) (12.63749 (4.8399
constant 4472 —.35583 —.08137
(.03643 (.07699 (.02948
R2 0.4494 0.5259 0.5480

Table 8: Dependent variable: income Gini index. Column (1): bottom 50%; col(@jirmiddle 40%; column (3): top
10%. Observations: 500. Significant at 196**; significant at 596%*.
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for the middle class, whereas the effect is null or even negative for fhel&ss. These results
are again consistent with our previous findings. Moreover, we canentitecasymmetric effect
of the bank’s lending attitude: a more restrictive monetary policy increasdaesphclass income
inequality more when the bank’s willingness to lend is lower (the estimated deaffimi; - 6 is
positive), while the opposite is true for the other two classes.

In conclusion, a more restrictive monetary policy appears to increasallowmeome inequal-
ity, but this effect is different according to the sub-group considevmteover, the distributional
properties of monetary policy seem to be affected by the bank’s lendingdattitu

5 Conclusive remarks

Recent empirical studies have pointed out that monetary policy may sigti§iedfect income
and wealth inequality through several channels. This influence is exestauhly because mone-
tary policy can affect different income sources in different waysatgo because households are
heterogeneous with regards to the relative size of their income sources.

Despite its relevance, this subject has gone relatively ignored by ecornbedry, mainly
because the use of representative agents makes mainstream modelsdtategssess distribu-
tions and inequality (with the recent exception of the HANK models). To pippevestigate
the distributive properties of monetary policy, therefore, in this paperesert to agent-based
techniques in which agents’ heterogeneity plays a fundamental role. €beetlral framework
we set up is an agent-based macroeconomic model where firms, houssaholdne bank interact
on the basis of limited information and adaptive rules-of-thumb. Simulations slahtnmodel
is able to replicate fairly well a number of stylized facts, specially those relédithe business
cycle.

Subsequently, we employ the model as a computational laboratory through wh can
simulate changes in monetary policy and assess their influence on income=aitial wequality.
Our analysis is three-fold. As a preliminary step we simulate a monetary pobck shat consists
in arise of the policy interest rate occurring in the course of a single simuldtfmmsecond step is
to perform Monte Carlo experiments involving the policy rate only. Finally, areycout a global
sensitivity analysis exercise in order to control for other parametersariticplar to evaluate
possible interactions between the monetary policy and the credit policy adoptée banking
system. We point out that the last kind of analysis is implemented through ametieodology
which greatly reduces the computational burden of simulations.

Consistently with part of the empirical literature, from all the three experimietsobust
result emerges that a more restrictive monetary policy increases econ@gi@lity, the main
reasons being increasing unemployment and increasing capital inconie.isTn interesting
result as it suggests that the social responsibility of central banks magygmd their role of
keeping price stability and that inequality can be a very important informatiocefatral bankers
when they set their policy goals. Moreover, our finding could eventitatesan argument in favor
of a more democratic control of monetary policy actions.

Moreover, we find that the effect of monetary policy on inequality seems &nimller when
the bank’s willingness to lend is lower. This entails that the ability of monetary ptiaffect
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inequality may be reduced during recessions, when “credit crundresinore likely to occur.
As a consequence, fears of possible distortionary effects causeghbysionary monetary policy
interventions may be unmotivated if the economy is in recession.

Finally, our analysis highlights that the influence of monetary policy on iddgismasymmet-
ric, as different groups of households are hit by policy shocks irdifft ways. In particular, a
restrictive monetary policy appears to increase inequality for the lowemégdile-income classes,
but not for the top class. This additional insight hints that it could be u$afempirical studies
to focus not only on the whole population of households but also on supsg.

Although rich enough to provide non-trivial insights, we concede thatmdel suffers from
some important limitations such as the absence of households’ debts andiveosdied portfo-
lio investment opportunities. However, the introduction of these featureft fedduture works.
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