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1 Introduction

The widespread rise of income and wealth inequality is acdyt@ane of the most
conspicuous economic phenomena of the last few decadesonmcingly sug-
gested by Piketty (2014), this tendency could even be amantrfeature of cap-
italist economies due to the continuous process of capitalraulation and rein-
vestment. To same conclusions seems to lead Scheidel (2013 points out that
historic periods of substantial reduction in inequality@always been caused by
such catastrophic events as wars, revolutions, statgpselicand plagues. Besides
the intrinsic mechanisms of the capitalist economic systewever, also more ac-
cidental causes may well have played an important role ireaging inequalities
in recent periods. Among them are certainly skill-biasezhit®logical progress
and globalization, which have conspired to reduce the ircehare represented
by wages, especially those of low-skilled workers (Atkinsa015, ch. 3; Autor
et al, 2008). In addition, crisis of Welfare State and fiscal gebgenerally more
oriented to less progressive tax regimes have also cotedla the general surge
in inequality (OECD, 2011; Forster and Toth, 2015).

Less attention has been drawn by labor market reforms, whibéed have
been much debated but not because of their potential negatpact on inequal-
ity, at least until recently. This kind of reforms is in geakaimed at removing
frictions and rigidities impeding the smooth functioninfjdemand and supply
of labor and therefore the achievement of full employmentparticular, an im-
portant goal pursued by labor market reforms in OECD Countrdasseen that of
increasing the degree of flexibility of employment relasbips between employer
and employee (OECD, 1994).

Essentially, we can distinguish two types of flexibilitytemal and external
(Atkinson, 1985). The former indicates adjusting workingds andintra-firm
workforce reallocation, whereas the latter refers balsidal temporary (fixed-
duration) job contracts andter-firm workforce reallocation.

External flexibility enabled by temporary jobs is pursuedaiese it decreases
firing costs. As a consequence, from a microeconomic standganay help
worker reallocation among firms, with positive effects ondarctivity; and from
a macroeconomic perspective it may increase the willingeshire by firms,
thus reducing unemployment. The idea that temporary jobsexduce unemploy-
ment consolidated during the 90’s of the XX century, whenhigély deregulated
American job market used to record unemployment rates aatislly lower than
those produced by the much more regulated (i.e. “rigid”)dpe&an counterparts.
Besides obvious political and theoretical reasons basetdendoclassical anal-
ysis of the labor market, this view was also supported by abmrrof empirical
studies (such as for instance Lazear, 1990; OECD, 1994; 8itarf996; Siebert,
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1997), which systematically found positive correlatiomivieen unemployment
and measures of labor market rigidity.

As temporary job contracts are supposed to foster growthreghace unem-
ployment, they can therefore also be thought to be conducil@ver inequality.
However, more recent empirical studies have cast doubtseretiability of ear-
lier works, and the evidence about labor market rigiditied anemployment (and,
as a consequence, about rigidities and inequality) is ndesttequivocal. Indeed,
several recent studies suggest that more rigid labor regatamay actually de-
crease inequality (for a review of recent works see e.g. Brarioet al, 2018).

The presence of such contrasting evidence hints that thie tmight simply
lie in the middle. In other words, both very flexible and veigid labor markets
might hamper growth and increase inequality. A second ptesseason is that the
impact of labor flexibility on the economy could be influendgdother factors. If
such an interaction exists, therefore, labor market refomay have very differ-
ent effects according to the particular economic enviramnie which they are
implemented. Thus, the aim of this paper is to investigagepthusibility of such
hypotheses, with a focus on the effects of temporary jobractd on personal
income and wealth inequality.

Our investigation will be carried out through an extensinalgsis of a stock-
flow consistent agent-based macro model already present@ukein and Desiderio
(2018). Stock-flow consistency, which has witnessed irggngaapplication in
agent-based literature in recent years (e.g. Cincotti eR@lLL0O; Delli Gatti and
Desiderio, 2015; Riccetti et al., 2015; Caiani et al., 2016siCa al, 2017),
basically consists in the implementation of precise actingrrules, and is of
particular importance to our scope as it provides a coriektdetween income
and wealth.

The analysis of inequality in the context of agent-basedroemnomics has
gained momentum in recent years. For instance, Desided&aen (2016), Ric-
cetti et al. (2016) and Russet al. (2016) study how functional and personal
income distributions are affected by financial factors, levidosi et al. (2013),
Dosiet al. (2015) and Chen and Desiderio (2018) analyze the interalbgtween
inequality and monetary policy. A work that gets closer te firesent paper is
Dosi et al. (2017), where the authors find a negative correlation betviegor
market rigidity and inequality, probably caused by the pasieffect that longer
job contracts exert on employment through an increasedaaacnomic coordi-
nation. This result was also found in Desidegiaal. (2015), where short contract
duration generally increases the likelihood of having domation failures and,
thus, unemployment. Results of this kind were partly foursd & mainstream
labor search-and-matching literature, which however hadimitation of taking
a microeconomic perspective and thus of ignoring the iot@mections among
different markets (e.g. Cahuc and Postel-Vinay, 2002).
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In the model that we use here, firms, households and one barkdhon the
markets for labor, credit and a consumption good. Housahwdde two income
sources: labor income (wages) and capital income (in®reghe former comes
from temporary jobs and the latter is the result of the inwesit of households’
accumulated savings in financial assets sold by the bankpdery jobs will be
the major concern of our analysis, as changes in the job acingngth (that is
the external flexibility of the labor market) will affect umployment and worker
reallocation among firms. Both unemployment and reallooaéice important
drivers of income inequality. Whereas the role of the formsearetty obvious, the
way the latter works is less straightforward. When in factgobtracts are shorter,
in our model firms have to increase wages more often in ordeo&od labor. As
a consequence, competition among firms on the labor mar&etases and high-
wage employers will be more successful than others. Thiscenitribute to rise
both average wage and wage dispersion.

The rest of the paper is organized as follows. In Section 2 vesgnt the
model along with its basic properties. In spite of its refatsimplicity, we will
show that our model is able to match a good deal of empiricaleexe, per-
forming particularly well in replicating business cyclglgted facts. In Section 3
we will study the relationship between job contract duraémd inequality using
three techniques: a local sensitivity analysis (LSA), églcsensitivity analysis
(GSA) and a third kind involving only two parameters at tirhattwe take the
liberty to label 'pairwise’ sensitivity analysis (PSA). &Hatter two will be car-
ried out employing the approach proposed by Chen and Desi(#018), which
economizes on the computational effort necessary to paréansitivity analysis.
In general, we will see that the three techniques point ateedsing relationship
between contract duration and inequality, although noedrities cannot be ruled
out. Moreover, PSA reveals that contract duration interadth other parameters
as formerly guessed, in particular with the policy rate dmellbank lending atti-
tude. Basically, what we find is thateteris paribusa tighter monetary policy and
a lower credit supply reduce the ability of longer job cootsao curb inequality.
The last finding suggests that the final effect of institudioneforms may depend
also on the macroeconomic context and warns against pietgrakcy making.
Although this is a mere computational result, it is also arpkically testable
prediction that deserves to be further investigated. Fingection 4 concludes.

2 Themodel and itsproperties
The model is the abstraction of a closed economy populatdirby, households

and one commercial bank, while Government and central bemkat explicitly
modeled. There are three markets: for labor, consumptiodgyand bank loans,
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Households Firms Bank Total
Deposits Dn Di —(Dn+Dg) 0
Reserves H H
Loans —L L 0
Total En E; Ep H

Table 1: Balance sheets

plus an implicit market for bank deposits. Agents enter reerkaccording to
a decentralized search-and-matching process, and theavioe follows simple
adaptive rules based on small amount of private informatldouseholds repre-
sent the supply side in the labor market and the demand sitie igoods market.
Firms are on the demand side in the labor and credit marketattte supply side
in the goods market. Both households and firms hold depodite dtank. On its
turn, the bank receives deposits and extend loans to firmsvhat follows we
will first describe the agents and then the markets. Fina#ywill present some
simulation results.

2.1 Theagents

In this section we are going to give a general descriptiomefagents’ character-
istics and of the sequence of actions they take every period.

Agents’ state variables can be represented at any poimhatiy their balance
sheets (stocks), which reflect all the market transactioderiaken (flows). The
relationship between stocks and flows is regulated by rilasfollow coherent
accounting principles. This stock-flow consistency is iempénted as it increases
the degree of realism and reliability of the model. In paute, it is very important
for our analysis because it assures that income and wea&tfuatity are not af-
fected by an incorrect updating of individual variables.ghgpate balance sheets
are reported in Table 1. Items with positive sign are assdigreas those with
negative sign are liabilities.

Households and firms’ deposits (liquid assets) are denotddhandD+ re-
spectively, wheredls represents bank loans aHds the monetary basé/Ay). The
difference between assets and liabilities constitutesi&tavorth (equity), which
is denoted by, Es andEy, for households, firms and bank respectively. In the
aggregate assets and liabilities must sum to zero, thustmaiating identity

En+Eif+Ep=H (1)

holds. We suppose that there is no currency, and that tramssare settled
directly by bank deposits. For the sake of simplicity we dasré¢fore seH = 0.
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Households Firms Bank Total

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

Table 2: Flow of funds

The evolution of the balance sheets is due to market transact The cor-
responding flows are reported in Table 2, where items reptieseoutflows are
identified by the minus sigrC is consumption spendingyN is the wage billY
is total production] is the change in inventoriesis the loan interest rate amds
the return on bank deposits. As the economy is closed, savingt be equal to
investments, that is

S=S$+S+S =1, 2)

where§, = AEy,; Sf = AEs; § = AE,. However, we assume that firms do not
retain unsold goodd & 0). As a consequence, total savings are always equal to
zero.

Market transactions are the outcome of the actions thattagepeat every
periodt = 1...T. The sequence of these actions is summarized below:

1. The labor market opens. Firms decide prices, quantineswaage offers,
then post vacancies. Unemployed workers send applicatbanfixed num-
ber of potential employers, choosing the one offering tighést wage.

(a) The credit market opens. Firms whose internal finanesdurces are
insufficient to pay wages try to get a loan from the bank. Thakba
pays interests on households’ deposits. The credit maltst<.

Firms whose resources are still insufficient fire or do na@ Bmme workers.
Workers who succeed to get a job sign a contract with their employer
for D periods. Firms pay wages. The labor market closes.

2. The consumption goods market opens. Households alldbate total
wealth to consumption and savings and buy goods from a fixesbeu
of randomly picked firms. Firms collect revenues. The corgion goods
market closes.
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3. After markets close, all agents update their balancetshEgms pay inter-
ests and principal to the bank. Firms that cannot validae trebt commit-
ments go bankrupt and are replaced by an equal number of mag. fin
case of bankruptcies, the bank registers a bad debt.

2.2 Thelabor market

The actors of the labor market are firms and households. Flemsnd labor and
offer wages, households supply labor services. Houselawksonstituted by a
single worker who offers one unit of labor per period.

Labor demand

Firm i produces using labor and a technology with constant retarnsor sim-
plicity, we assume that technology is uniform across firms @me. Ruling out
technological progress implies that our model is best pneted as a description
of the economic activity at business cycles frequencies.

For a given desired level of productidff, labor demand is obtained as

d_
Nit—a

3)
Then, the firm posts vacanci® given by the difference between the desired
workforce and the operating workfor®g 1, that is the workers still employed at
firm i at the beginning of period

Because of market imperfections, firmpossesses some degree of market
power, which allows it to decide how much to pay its employe@&fe wage
offered by the firm at timeé is determined by the following adaptive rule:

o w1 (A+ &) if Vi >0
Wit _{ Wit 1 if Vi =0 (4)

wherew;; _; is the wage offered to the workers employed at timel and the
variableéj; is an idiosyncratic shock uniformly distributed on the soipig0, hy ).
Because of labor homogeneity, we assume that atttei¢éhe workers employed
by firmi receive the same wage@ . This means that the wage of previously-hired
workers is also updated to the new wage.

Through Eq. (4) we basically incorporate into the model thergant em-
pirical evidence on the downward rigidity of nominal wagékimerous surveys
have shown in fact that even during recessions firms preyeffiato wage cuts,
mainly because the latter could increase workers’ turnamerdecrease labor ef-
fort from remaining workers (Campbell and Kamlani, 1997; Bawl999; Daly
et al, 2013).
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Labor supply

For simplicity we suppose that only unemployed workers @deéor a new job.
Job search takes three steps. First, one by one each uneuplaykerj enters
the labor market in random order, and contacts a fixed nuMbafrfirms sending
as many applications. If his/her contract has just expwad,of the applications is
sent to his/her last employer. Parameéikrtherefore, tunes labor market frictions
due to search costs. Second, onceltheontacted firms have revealed their wage
offers, those paying wages below worksrreservation wage are discarded. The
worker’s reservation wage is given by

W — Wit_1 if employed int — 1 5
7 wi_a(2—x3t) if unemployed irt — 1, )

where xjt is a random shock uniformly distributed on the suppdxt, ). Eq.
(5) therefore implies that workers who have experiencedédorspells of unem-
ployment will have in general lower reservation wages ankl véi more prone
to accepting lower wages. Finally, the applicant workeras®es, among the re-
maining firms that still have open vacancies, the one offetite highest salary.
The newly employed worker and the firm sign a fixed-term jobtiaan lastingD
periods.

Workers with an active contract can be fired only in case time'Sifunds are
not sufficient to pay for the wage bill. If this is not the cabesrefore, on average
every period a share/D of job contracts expires, and the newly-unemployed
workers will search for a new employer. Consequently, algfoon-the-job search
is ruled out, the reciprocal of the contract duratidrcan be interpreted as the
probability for a worker to change job.

2.3 Thecredit market

Firms and bank participate to the credit market.

Credit demand

After the closure of the labor market firrmeeds to pay a wage billf;. At the
beginning of period firm i is endowed with liquid resourcdd;, i.e. its bank
deposits. Following the “pecking order” theory on businesgital structure (e.g.
Myers and Majluf, 1984), we assume the wage bill to be firstiea by internal
resources and then, if these are not enough, by externas form/ided by the
bank. The demand for new bank loans is therefore given by

Bg — max(vvlt - Dlt ) 0)7 (6)
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with the corresponding interest ratgegiven by Eq. (8).

As we explain in detail below, the firm may be rationed by thelaéits credit
rating CR; is too low. As a consequence, the amount of new criggiactually
supplied by the bank may be lower than credit demand. In #gs dotal financial
resources are not sufficient to pay for the wage bill, and thei§ allowed to fire
redundant workers at zero costs.

Credit supply

The bank acts as a reduced-form financial system and hasfthreons: it is
the center of the payment system, supplies credit to firmspayd interests on
households’ deposits.

If a firm experiences a shortage of financial resources to [@ayey it will ask
for a bank IoarBi? (see EqQ. (6)). The bank signs with firma long-term debt
contract, stating the interest ratg and the share of the principal to be repaid
every period. For simplicity we suppose that the share the same for every
borrower.

The flow of new crediB;; is granted by the bank to firmaccording to the
following adaptive rule:

[ B} ifCRt>6
B"_{o if CR; < 0, (7)

whereCR; is the firm’s credit rating and is the parameter which regulates the
bank’s lending attitude. The higher the paraméigtherefore, more frequently
credit rationing will occur.

The firm’s credit rating at time is defined as 1 minus its probability of de-
fault. To keep things simple, we suppose that the bank coespthe probability
of bankruptcy simply as the firm’s relative frequency of ddfaver the window of
the last® periods, whereb is a parameter. For example, if the firm has defaulted
twice during the periods— @,...,t — 1, we haveCR; = (® —2)/®. Hence, the
bank will resume lending to firmonly if the latter’s credit rating increases above
the threshold.

The interest rate;; is determined as a mark-up over the policy ratset by
the central bank:

rie = it(14+ p(A)). (8)

The mark-up in turn is an increasing functigi-) of the borrower’s leveraga.
Functionu(-) is the hyperbolic tangent, whereas the firm’s leverage isiddfas

L +Bﬁ|
At = D 9)
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Equation (8) is based on the “external finance premium” théBernanke and
Gertler, 1989; 1990), stating that in presence of asymmetformation the in-
terest rate increases with the borrower’s financial frggfhere straightforwardly
captured by the leveragh ).

Finally, the bank pays out interests on households’ depasithe current pol-
icy rateiy.

2.4 The consumption goods mar ket

The players on the consumption goods market are firms (spyppty households
(demand).

Goods supply

Firms produce the same homogeneous consumption good loatdee of imper-
fect competition caused by uncertainty and consumer seasth, they have some
degree of market power. Firiis strategy at the beginning of each pertasthere-
fore the couplgRy,Y; ), wherePy is the price and/;" is the desired production
level. We suppose that firincan adjust either the price or the desired production
level, but not both. The assumption of ruling out simultareeohanges of price
and quantity is a rather strong simplification, which noeéths can be justified
on the basis of the empirical evidence on price and quantiysement of firms
over the business cycle (Kawasakial, 1982; Bhaskaet al., 1993).

Firms’ knowledge of market conditions is always imperfeetause of uncer-
tainty and, consequently, they need to form expectatidfh®n current demand.
We assume that the goods are perishable, which means thatcammot take in-
ventories to the next period to satisfy future demand. Wetharefore think of
our model as a representation of a modern service-basedmgorAs a conse-
quence, the desired quantity of goods to supgjlyis always set at the level of
expected demand. However, actual productiork may differ from the desired
levelY; if firms are constrained on the credit market and/or on therlatarket.

The relevant information at timefor firm i to choose its strategy consists
of the average market prid8_1 and of the individual excess demand/supply
recorded in the previous period and captured by unsold toviessl;; 1. Although
goods cannot be stored, inventories are used by firms as tsagkals: if invento-
ries are positive, the firm argues that demand for its goodbas overestimated,
otherwise the firm infers that demand has been underestintaitexactly esti-
mated.

The firm adjusts the price according to the following adaptivie:

P = { Rt-1(1+ni) If li1=0 and Rt 1 <R3

) 10
Pea(l—m) if li_1>0 and P1 >R (10)
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wherenj; is an idiosyncratic random variable uniformly distributadthe support
(0,hy). The logic of this rule is that excess demarg_f = 0) is conducive to
upwards price revisions only when the firm is competitivédg@below the average
market price). In this case the firm can raise the price inra@eviden its profit
margins. Conversely, positive inventories lead to a dowdwavision of price
only if this is above the market price. At any rate, priggewill never be set below
the firm’s average costs.
Desired production is determined as follows:
v :{ Yii-1(1+pi) if lg1=0 and Pt 1 >R 3 (11)
& Yiiea(1—pit) if li1>0 and Pt 1 <R

wherepi is an idiosyncratic shock uniformly distributed on the soip0, h,).
The rationale behind this rule is that positive inventofescess supply) trigger
downwards quantity revisions only when the price is alrelagyenough (below
the average market price). In this case the firm does not wdntther decrease
the price to avoid a deterioration of its profit margins.

Goods demand

Before the consumption goods market opens, householdsedbeir wage from
the firms (if employed) and the interest®j; from the bank. Hence, individual
income (labor income plus capital income) at titrie defined as:

itDjt +wijt if j is an employed worker
ljt = (12)
itDijt if j is an unemployed worker

whereDj; are householgls deposits at the beginning of periadGiven available
financial resourceBj + 1, the consumer allocates a share 1 to consumption
and the remaining part to savings. The consumption budgberefore defined
as

Cit =c(Djt +1jt). (13)

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

Consumers randomly enter the goods market and, becausedi seats, can
visit only a fixed numbefZ of firms, one of them being the largest (in terms of
production) firm visited in the previous period. Consumeesassumed to adopt
this “preferential attachment" mechanism in order to miaarthe probability to
be rationed.
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Each consumer attempts to spend his/her consumption bstégthg to buy
from the firm charging the lowest price among the selectedsfirtingoods avail-
able at the first firm are not enough, the consumer will turinéosiecond cheapest
firm, and so on. Because of uncertainty, therefore, houssmoéy not be able to
purchase all the desired quantity of goods.

2.5 Accounting, bankruptcy and replacement
Upon the closure of the consumption goods market agentsteiplagir balance
sheets.

Firms

At the end of period firm i has sold quantityQ; <Y; at priceP;, collecting
revenuexy; = Q;itPi. Firm’s profitsrg; are equal to revenues minus costs, which
are the sum of wage bill and loan interests:

i = Ry — W —rieLit. (14)
Hence, net wortl\; will evolve according to the law
Ait 1= Ait + TE. (15)

At the end of each period, the firm has also to pay back a fraatiof its
outstanding debt, which therefore evolves in the followivay:

Lit+1 = (1—1)Lit + Bi. (16)

In principle, above proportional repayment scheme impaskigher burden on
the first time steps after a firm has borrowed money. Howehes,ias is miti-
gated by the fact that firms generally ask for loans severagito finance produc-
tion. Hence, not necessarily the average per-period repalydecreases mono-
tonically over time.

The total cash flow generated by all the transactions ocdulueing period
is

CFt = Rt +Bit — Wi — (rit + 1)L, (17)
whereby we get the law of motion of the firm’s liquid resourdes bank deposits:

Dit+1 = Dit +Ch. (18)

We assume that the firm is declared insolvent only if it is rmé do serve its
debt to the bank, in which case it exits the market. This iegpthat the firm may
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remain active even if it is “technically” in default, thatifsA; .1 < 0, 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 ehstfinanced
by the Government through a flat tgxevied on households’ wealth. This mecha-
nism, although not very realistic, assures stock-flow ciaacy without affecting
wealth inequality and, at the same time, determines a negatpact on the econ-
omy by reducing households’ spending capacity, as realrbaitdies actually do.

PricePR; .1 and wagewi 1 of the new firm are set to the level of their corre-
sponding average market valu@sandw;. Moreover, the new firm inherits from
the defaulted one a shakeof its outstanding debts;, whereas the remaining part
(1— k) is absorbed by the bank’s capital as bad debt.

This perfect replacement of bankrupt firms, used to keeptaohshe num-
ber of firms, can be motivated on the basis of two widely acxptylized facts:
first, in established industries the number of firms tend tdesdown around a
roughly constant level (Sutton, 1997); second, the inflomd @utflows of firms
show strong positive correlation (Geroski, 1991, reportsmelation coefficient
of 0.796 for a sample of 95 industries in United Kingdom in Zp8So, in the
model we are implicitly assuming a correlation equal to 1. &§e therefore
imagine that our model describes the behavior of a “maturel’ stable econ-
omy characterized by little innovation. Moreover, a consfaopulation may also
be interpreted as a statistical equilibrium, where at theronlievel firms contin-
uously enter and exit the market but at the macro level thallptipn remains
rather stable.

We point out that the replacement can be interpreted notasby true substi-
tution of an old firm with a new one, but also as a mere finaneistructuring of
the same defaulting firm.

Households

At the end of tim& householdj’s wealth is totally held in bank deposits, which
evolve according to to the following:

Djt+1=Djt +1jt —Cjt — ¥, (19)
wherelj; is given by Eq. (12)Cjt is the expenditure on consumption asgl is

the household’s total contribution to help the Governmenefinance defaulted
firms (see above section 2.5).
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The bank

At the end of the period the bank calculates its profits:
- H
=) ritkit41— ) Intj —BDy, (20)
22,

whereQ is the bank’s loan portfoliontj; = i;Dj; are the interests paid on house-

hold j’s deposits at the beginning of periddand BD; is the bank’s bad debt

(non-performing loans) recorded at the end of the periodeXfutained in Section

2.5, bad debt is defined as a fractidn- k) of bankrupt firms’ outstanding debts.
Total bank credit evolves according to the following law aftion:

Liy1=(1-1)Lt+ ) Bi —BDy, (21)
i€
whereO is the set of firms that borrowed in peritd
Finally, the law of motion for the bank’s equity can be defimsd

Eti1=E+ ™ =Lt11—Dri1. (22)

2.6 Results

In this Section we present a brief overview of some generapgmties of the
modell Fig. 1 shows four time series relative to a typical simulatiobtained
using the parameter values reported in Table 3. These bageirameters will be
changed in Section 3 when performing sensitivity analysis.

Panel 1(a) shows real GDP, while the closely related uneynpot rate is
reported in Panel 1(b). We can see that the economic adsviyaracterized by a
rather regular alternation of expansions and recessiah®uiia tendency to con-
verge to some steady-state. This cyclical behavior cane@xplained in terms
of microeconomic frictions such as search costs (which aeslfior exogenous
aggregate shocks (which are not), but is caused by a contmratidiosyncratic
random shocks and non-linear relationships. A major dgiforce behind fluc-
tuations is firms’ cash flow. During expansions, in fact, upEyment drops,
wages rise and firms build up debts to finance increasing ptmatu As long as
revenues are sufficient for firms to pay interests on theikbbaans, production
can continue to expand. However, debt accumulation angrisibor and finan-
cial costs reduce firms’ cash flow and, eventually, may leashtkruptcy. If the
number of bankrupted firms is large enough, or if big firms difeaggregate
production shrinks and unemployment increases. The Igsbsfdetermines are-
duction in households’ income and consumption, which in tggatively affects

1 The model was implemented in MATLAB, and the code is ava@alpon request.
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Table 3: Parameters.

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 4

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
he 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
) Defaulting window 10
1-k Share of bad debt 0.05
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firms’ sales and profits. Moreover, a second-order ‘finaratalelerator’ mech-
anism adds to the ongoing recession, because bankrupbgidsyering firms’
credit worthiness, lead to credit rationing by the bank (E}. However, reces-
sions have also the important function of wiping less effitend more indebted
firms out of the market. This natural selection mechanisrhénang run helps to
make the economy financially sounder and, eventually, lemdsew expansion
phase.
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Figure 1. (a): Real output; (b): Unemployment rate; (c): Gini coeéfittis for wealth (blue line)
and income (red line); (d): Wealth distributiontat 500.

Strictly speaking, the levels of unemployment displayedh®/model in the
baseline simulation (between 20% and 45%) are difficult éoisenodern, devel-
oped Countries. Nonetheless, we should take into considertitat the model
does not feature a public sector. Government expenditaricis, is the main
stabilizer of modern economies together with active maggtalicy, and in our
model we have neither of the two. In addition, the model isaadibrated, that is
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the baseline parameter configuration was not chosen to rmak&rulated data
close to the real ones. As a consequence, absolute valaesfi(st moments)
should not be given too much importance whereas, on theamgntelative val-
ues such as co-movements should be considered. A co-movemalysis, in
fact, reveals that the model is rather realistic at bustogske frequencies, as the
cyclical components of GDP, unemployment, consumptioniafidtion display
cross-correlations that are very similar to the empiricairderparts of U.S. econ-
omy at quarterly frequencies (for more details we refer torChed Desiderio,
2018).

At a lower level of aggregation the model reproduces qualély several em-
pirical regularities concerning job flows. We find in fact thenemployment is
positively correlated to long-term unemployment (definedree workforce that
has been unemployed for more than three periods), thatftagofl hirings are
strongly correlated both in levels and in differences, dad layoffs show higher
volatility and are more correlated to unemployment thamgs (Blanchard and
Diamond, 1990; Daviet al, 1996). Moreover, the model also replicates three
well-known statistical regularities describing the imptey between labor market
and aggregate activity at business cycles frequencieseglgaire Phillips curve,
the Beveridge curve and the Okun law.

As all in all our model displays quite realistic features, de=m it as a valid
tool to perform computational experiments. Thus, in thet sextion we will use
it to study the relationship between job contract duratiod @equality.

3 Computational experiments

In this Section we will assess the effect of job contract lareon income and
wealth inequality, measured by the Gini index. We start bpaall sensitivity
analysis exercise (Section 3.1) involving paramé&gthen in Section 3.2 we will
check the robustness of our result by a global sensitiviéesis, that is by control-
ling for other relevant model parameters. Finally, in Sat8.3 we will examine
possible non-linearities and interactions with other paaters through a pairwise
sensitivity analysis.

3.1 Local sensitivity analysis

In this Section we analyze the behavior of inequality for@asing values of the
job contract lengtiD, going from 1 to 16. For each value of contract duration we
run 100 independent simulations of 500 periods; for eachlsitioni we compute
the average Gini coefficiegt relative to the variables of interest and then we take
the Monte Carlo avera@:_m(rlzi gi across simulations.
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Figure 2 shows the resulfsin Panel (a) we can see the average Gini index for
wealth decreasing monotonically. As for income, from Pghgelve can see that
the relationship is less clear, with the Gini index first gesing and then decreas-
ing monotonically forD > 2. We also fit the two curves using different regression
models of contract duration, involving levels, quadraaes! logarithms. These
models are then ranked according to their coefficients afrdehation. With an
R? of about 99% we rank as the best fit for wealth a model with bo¢hloga-
rithm and the squared logarithm of paramde(implying a theoretical turning
point at abouD = 35), while for income the best model includes the Iedeind
the quadratic ternD? (R? of about 86% and estimated turning point between 12
and 13). In both cases the estimated models prompt thatldtereship between
Gini index and job contract duration is decreasing over thesitlered parameter
space, but also that it might be non-monotonic for largenesiofD.
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Figure2: Monte Carlo Gini index as function of job contract duration fa): wealth; (b): income.

Different mechanisms link inequality to job contracts. Tgrncipal chan-
nel through which contracts affect inequality is probabtgmployment, because
when more workers are employed income distribution becolaes unequal
among the poorer classes of the population, that is thoseswfier more from
the loss of jobs. This is confirmed by Panel (a) of Figure 3, ne@tthe Monte
Carlo unemployment rate is reported. A glance at this vagiaibl fact, reveals
that its response to paramet2closely follows that of the income Gini index: as
D increases, unemployment first increases and then decneasedonically for

2 The Gini coefficients are pretty high, but Piketty (2014, B¢8-249) reports a wealth Gini of
0.67 for a medium-high inequality, of 0.73 for a high inedtyadnd 0.85 for a very high inequality,
and an income Gini of 0.49 for high inequality and 0.58 foneigh inequality.
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D > 2. The reason why this happens is straightforward: wherraotstare longer,
in fact, firms can fire workers less frequently and therefbey tare forced to pay
wages even when this is not economically efficient from thdividual point of
view. On the other hand, however, this microeconomic iniefficy has the un-
intended consequence of sustaining aggregate demancefootisumption good.
In other words, longer contracts increase the likelihookdasfing macroeconomic
coordination between aggregate demand and supply, thusingdthe probabil-
ity to experience recessions and long periods of high uneynpént. However,
we will see that this mechanism works specially when mogepaficy and the
commercial bank’s credit policy are loose.

Another channel through which contracts affect inequaditywage dispersion.
Longer contracts, in fact, reduce wage dispersion just &g tbduce income in-
equality. This can be seen in Panel (b) of Figure 3, which shihat the Monte
Carlo coefficient of variation of nominal wages behaves vanjlarly to income
inequality. There are basically two reasons for this to leappFirst reason: if
jobs terminate less often, then firms need to open less veesaaied, according to
Eq. (4), to raise less frequently their wage offer in ordeattoact workers. Thus,
longer contracts reduce wage competition among firms and, @msequence,
also the dispersion affferedwages. There is also a second reason: if contracts
are longer, reallocation of workers among firms occurs lesguiently and there-
fore workers have less chances of finding jobs paying higakaries. This, on
average, will reduce the dispersionaaftually paidwages. Taken together, these
two mechanisms cause longer contracts to reduce wage sispend income
inequality.

Income inequality is also tightly connected to wealth irsdy. Not only does
the former affect the latter through Eq. (19), but the laptesitively feeds back
into the former as well. Besides wages, in fact, income is détermined by fi-
nancial revenues (see Eqg. (12)), which depend on accurdulaalth. Hence,
income inequality is exacerbated by wealth inequality dlgio capital income.
Moreover, wealth inequality feeds positively back intceits Combining Egs.
(12), (13) and (19), in fact, we get the following reducedsidaw of motion for
wealth:

Dei1=(1— )W+ (1—c)(1+ir)Dy,

proving that inequality is partly cause of itself.

3.2 Global sensitivity analysis

The results emerging in Section 3.1 are obtained by charagilyghe job contract
durationD, while all the other parameters are fixed at their baselihgega The
obvious objection is that the relationship between inaguahd contract length
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Figure 3: (a): Monte Carlo unemployment rate; (b): Monte Carlo cogdffit of variation of
nominal wages.

may change if the other parameters change. The aim of thiso8es therefore
to investigate this possibility through a global sensigianalysis exercise, con-
sisting in changing several parameters simultaneouslyhisosscope we will use
the technique already introduced in Chen and Desiderio (2@8ch we briefly
illustrate in Section 3.2 for the reader’s sake. Subsedyemée will report our
findings in Section 3.2.

The GSA procedure

The method is an instance of indirect inference based on stimagion of an
auxiliary regression model (Richiardi, 2018). Supposewetvant to assess how
the model parameteng belonging to the parameter spdceaffect a statistics
computed on the output of the agent-based model, which iargéwill also be a
function of initial conditionsAg and random numbers

s=s(Ao,Y,r). (23)
To do this we resort to the estimation of an auxiliary regmesmeta-model
s=By+u(Ao,y,r), (24)

where the meta-parametgdsmeasure the partial effect of the model parameters
y ons.2 In principle, the regression errarmay depend on the initial conditions,
on the stream of random numbers and on the model parametarsiniplicity,

3 This is a simple implementation of the Kriging meta-modglapproach.
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we will assume that the error does not depend on the initiadlitions, which is
true if the data generating process of the model is ergodit,omy. Assuming
that error ternu does not depend oy amounts to assume that the relationship
betweens and the model parameters be indeed linear. If this is not mngelel
(24) can always be augmented with non-linear functiong. dflence, from now
on we will suppose that the error depends only on the strearamoom numbers

r.

In order to estimate the meta-model we have to genaragetorsy randomly
sampled from the parameter spdcandn streams of numberns. Then, for each
vectory, and streanr; we simulate the agent-based modeimes, obtainingn
valuess; for the statistic of interest. Consequently, using the samples $mand
for the parameters we can estimate by OLS the relationship

s =By +u(ri), vi=1.n, (25)

obtaining estimated meta—parametérs Clearly, these estimates depend on the
unobserved sequences of random numbers. However, thalgaoitnt of our ap-
proach is that we treat the numbersn Eqg. (25) simply as omitted explanatory
variables influencing; through the error term. And as the stregrwas randomly
selected, necessarily it is uncorrelated with the regresgowhich therefore are
not correlated even with the errar. Hence, under the assumption that the re-
gression model (25) is correctly specified, the OLS estinsgdcapplied to it are
consistent fo3 whenn — 4o,

The strength of our approach, therefore, is both its siriplaf implementa-
tion and its parsimony in terms of required computationfdréef

Results

As already explained, we perform GSA to make sure that thelteesbtained
in Sec. 3.1 are robust to changes to other parameters. IrS#duson we are
going to apply the approach explained above to equation @birolling for a
set of parameters that we deem relevant for inequality. Bedilde job contract
durationD, these are the number of job applicatidisthe policy rate; (which
is actually held fixed within a given simulation), the banlkéading attitude®,
the maximum wage growth rate: (see Eq. (4)) and the marginal propensity
to consumec. Hence,y = (D,M,it, 8,hg,c)’ ands will be both the income and
wealth Gini coefficient.

For each parameter we restrict the corresponding parasgded to a sulit-
able range of values, as summarized by Table 4. From the péeaspace we ran-
domly draw 500 parameter vectgssand run the model 500 times (365 1...500),

4 In practice, when for a givey we run a simulation of the agent-based model to generate the
corresponding;, we randomly choose the seed of the random number generator.
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choosing randomly also the seed of the random number genefaien, for each
simulation we take the average Gini coefficients after diiog the first 100 pe-
riods.

Table 4: Parameter space.

Parameter N. of values Range

D 15 [2-16]
M 9 [2-10]

i 100 [0.001-0.05]
0 100 [0.1-0.9]

he 100 [0.005-0.2]
c 100 [0.1-0.99]

Table 5 reports the results. Overall, the meta-model explabout the 73%
of the variability of wealth Gini coefficient and about the%8®f the variability
of the income Gini. As we can see, our previous result is coafth by GSA:
longer contract duration decreases inequattgnwhen other parameters change.
Inequality is reduced also when labor market frictions dase (higheM), prob-
ably because a more efficient matching between demand amptysefdabor re-
duce unemployment (Table 6, column (1)). Conversely, alldtner parameters
increase inequality, with only slight differences betwaamome and wealth.

Table 5: Global sensitivity analysis. Dependent variables: (1)lthe@ini index; (2) income Gini
index. Observations- 500. Significant at 196%*; at 5%**; at 10%?.

Regressors (1) (2)

D —.0032487** —.0040573**
M —.0071622** —.0088425**
i 2.578706** 3.737546**
¢] .5541099** .6499673**
he 1.479424** 1.877328**

C .4308005** .1739708*
constant .0775336** .0788892**
R2 0.7325 0.7027

Another important application of global sensitivity arsityis that of discover-
ing possible interaction effects among parameters, ana@jgonoach is no excep-
tion. In order to assess how job contract duration intenattsother mechanisms,
in fact, it would be sufficient to augment equation (25) witbesies of interaction
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Table 6: Global sensitivity analysis. Dependent variables: (1)npleyment rate; (2) coefficient
of variation of nominal wages. Observations00. Significant at 19%**; at 5%:*; at 10%:.

Regressors (1) (2)

D —.0071242** —.0394336**
M —.0050102* —.0164015

i 3.643887** 11.57396**

6 5434112+ 3.813831**
he 1.552907** 8.93351**

C .1597501** .6994892*
constant  .1082692** —1.091638**
R? 0.6888 0.7122

terms betwee and the other parameters, along with non-linear terms. Mexye
because of limited sample variation in the model paramegtdarsour case multi-

collinearity turns out to be an issue. So, we devote the rextian to the partial

solution to this problem.

3.3 Pairwise sengitivity analysis

In this Section we are going to assess the interaction sffeetween contract
durationD and the other parameteysp = (M, it,8,hg,c)’. To this scope we
will apply for five times the same approach to GSA illustratedsec. 3.2 but
allowing only one parameter at time to vary along widh In addition, besides
an interaction term we include also the quadratics in ordezantrol for non-
linearities.

Tables 7, 8, 9, 10 and 11 show the results. In gen€alppears to interact
with other parameters, in particular with the policy ratand the bank’s lending
attitude. In fact, the coefficient on the interaction terisi¢ andD - 8) are both
positive and statistically significant. This means that afdity of longer job
contracts to curb inequality is reduced in presence of a mesteictive monetary
policy (higheri;) or credit policy (higher8). In principle, one can even figure
out a level fori; and 8 such that longer contracts actuallycreaseinequality.
To corroborate our claims, in Figure 4 we report both Giniftioients plotted
against parametd but conditional to different values of the policy ratewhat
we can see is that the relationship is decreasing f00.02 and increasing faf >
0.02 (the same happens if we condition on different values cdrpaterf). The
explanation is straightforward. As before argued, longmrtacts help sustain
aggregate demand but, at the same time, place a higher fashdoeden on firms.
So, when monetary policy is loose and/or there is easy adoesedit, firms
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can continue to operate normally by getting more into deibt,io the opposite
situation high cost of money and reduced availability ofldrancrease the firms’
probability of bankruptcy and, thus, unemployment.

These findings suggest once more how economic mechanismtaety in-
tertwined. In particular, we can see that microeconomitcpsd aimed at affecting
the rigidity of the labor market may interact with macro pas: more flexible la-
bor markets may decrease inequality and/or foster growmtim@émacroeconomic
framework, but may well have opposite effects in other mammnotexts. Thus,
neglecting the interconnections operating through défiémarkets and different
levels of the economic activity can lead to biased theaaeficopositions and con-
sequently to wrong policy-making. This could even explahywarlier and more
recent empirical investigations on labor market rigidigwe produced rather con-
trasting results: simply, they referred to very differerdaaroeconomic contexts.

Table 7: Dependent variables: (1) wealth Gini index; (2) income @idiex. Observations 100.
Significant at 1967*; at 5%:*; at 10%?.

Regressors (1) (2)

D —.0212296** —.0240443**
D? .0008061** .0009428**
M —.0408372** —.0739105
M? .0025112** .0048221**
D-M —.0002063  —.0003974
constant  .8959761** .7982146**
R? 0.9566 0.8709

Table 8: Dependent variables: (1) wealth Gini index; (2) income @idiex. Observations- 100.
Significant at 196*; at 5%:*; at 10%?.

Regressors (1) (2)

D —.0252143* —.0242421**
D2 .0005836* .0000874

i —8.352666** —10.4918**
i2 1287976**  1432883**
D-i 5299984 .9531615**
constant .8429809** .6739915**
R2 0.6530 0.6585
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Table 9: Dependent variables: (1) wealth Gini index; (2) income @idiex. Observations- 100.
Significant at 196; at 5%:*; at 10%?.

Regressors (1) (2)

D —.0303895** —.0511326**
D2 .0009897**  .0019148**
6 —.6169521** —1.010256**
62 .9640496**  1.585148**
D-6 .0135256**  .0169756*
constant .874455** .8030813**
R2 0.9275 0.9158

Table 10: Dependent variables: (1) wealth Gini index; (2) income @idex. Observations: 100.
Significant at 196; at 5%:*; at 10%?.

Regressors (1) (2)

D —.0136754** —.016991%1
D2 .0005007* .0007818*

hg 1.601388** 2.6395971**
h% —2.8548071 —2.539246
D-hg —.027055 —.073807*
constant .6470349** 4035157
R? 0.6523 0.6263

Table 11: Dependent variables: (1) wealth Gini index; (2) income @idiex. Observations: 100.
Significant at 196; at 5%:*; at 10%?.

Regressors (1) (2)

D —.0253802** —.0413F**
D2 .001139** .0017461**
c .0320147 .2068659**
c2 5478875  —.1262083*
D-c —.0049221  —.0019306
constant 4590701 .5695174**
R2 0.9440 0.7854
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4 Conclusiveremarks

Structural labor market reforms have been on the politigahda of many OECD
Countries for more than two decades. In particular, these baen aimed at in-
creasing the degree of flexibility of the employer/employelationship, in the
presumption of fostering growth and decreasing unemployntédowever, recent
empirical evidence has shown that flexibility may have detntal effects on un-
employment and social welfare.

The main concern of this paper is how a major source of flagidike tem-
porary job contracts affects income and wealth inequalitythis scope we use
an agent-based macroeconomic model already presented mabkeDesiderio
(2018), which is quite effective at replicating a numbertyfized facts.

By using the model as a computational laboratory, we assessnjpact of
different job contract durations on inequality throughetiikkinds of sensitivity
analysis. The first experiment is a canonical local seriitanalysis involving
contract duration only. The second experiment, involviagesal parameters at
the same time, is carried out as a robustness check. Fimalyropose a pair-
wise sensitivity analysis performed by changing two patenseat time. This
experiment is aimed at discovering possible interactideces between contract
duration and other factors. We want to stress that the laskinds of analysis
are implemented through a methodology first introduced bynCGimel Desiderio
(2018) that reduces the computational burden of simulation

In line with recent empirical evidence, the three experita@tearly indicate
that longer contract length decreases inequality. Thezarainly two reasons
behind our result. One is that longer contracts reduce thigyadf firms to fire
workers and therefore force them to pay wages even whenglmstieconomi-
cally convenient for the individual firm. This has the ma@@esomic consequence
of sustaining aggregate demand during downturns, thucieglunemployment.
The second reason is that longer contracts reduce wage tdorpamong firms
and, consequently, wage dispersion.

We also find that the positive effects of longer contractsraguality are di-
minished by tighter monetary policy and credit policy. Thstlresult might be of
particular interest for policy makers, as it prompts that final effect of institu-
tional reforms may depend also on the macroeconomic context

Admittedly, our findings could be biased in favor of longentact duration
because of the absence of international linkages. In faccanomy with a rigid
labor market is likely to suffer from the international coetiion exerted by an-
other economy with more flexible working relationship. Hepoconsidering open
economies as an additional robustness check will be thetdijéuture research.
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