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Abstract

The paper studies the labor allocation decision by households faced with non-insurable labor
income risks and establishes a case for a government sponsored public employment program
as a provider of self-insurance to such households. We study the equilibria of a two period
general equilibrium model with incomplete markets and two types of firms - a privately

owned one offering a risky wage contract and a public works program offering a relatively
riskfree one. We show that the employment level in the public program is higher in our

model economy compared to that in a benchmark complete markets economy.
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1 Introduction

The paper studies the labor allocation decision by houdsHhaked with non-insurable idiosyncratic
labor income risks and establishes a case for a governmensesged public employment program
as a provider of self-insurance to such households. Mangloing economies uses these programs
as a poverty alleviating device (see Murgai and Ravallid08)) and several OECD countries have
used similar programs over the last two decades, as a labdetngolicy tool to move the long-
term unemployed into employment or to assist the most da@atdged segments of the labor market
(see for example, Brodsky (2000), Fredriksson (1999), R28@1), Dahlberg and Forslund (2005)).
A common feature of these programs across nations is thajdhernment committs to employ a
part of the household’s labor supply at a relatively stabbgevrate. The present paper analyzes
the importance of this feature as a means whereby housefamdd with unisurable labor income
risks can achieve a smoother consumption stream. The tlitezature is predominantly focused on
the effectiveness of these programs as an anti-povertycel@rias a means of raising employment
levels. Little attention has been paid on their role as aigesvof self insurance and the present
work attempts to fill that gap. The paper complements thdiegisiterature on formal and informal
methods of risk sharing and consumption smoothening in tegegnce of idiosyncratic risks (see for
example, Arnott and Stiglitz (1991), Townsend (1994, 1996)vnsend and Mueller (1998), Lim and
Townsend (1998)).

We consider an economy with multiple sectors of productesch subject to an idiosyncratic
productivity shock and incomplete asset markets, so thwdit sliocks cannot be completely diversified

away. A working household with a sector specific skill ch@ogeallocate its available time between



a private and a public firm in that specific sector. Privatedipay a wage rate equal to the marginal
product which is therefore risky. The public firms on the othand pool their output across all
sectors together and distibute the total output as wages@malb their workers. By pooling their
output, public firms are able to diversify some of their sesfecific risks and the resulting wage rate
they provide is less variable than the private wage rates.

The paper compares the equilibrium employment levels inptivate and public firms in our
model economy with those in a benchmark economy in which gotete set of Arrow securities are
traded - that is all diversifiable idiosyncratic risks areedsified away.

The main qualitative result of the paper is that the emplaytrfevels in the private firms are lower
and in the public firms higher in the incomplete markets eaoncompared to their counterparts in
the benchmark complete markets economy, for reasonakitslefrisk aversion. Thus public firms,
by offering a relatively more stable wage rate than privatadj act as a provider of insurance in the
incomplete markets economy. Preliminary results alsacatdi that several factors can influence the
difference in the employment levels of the two economieschsas the degree of risk aversion, the

correlation between the sectoral shocks etc.

2 TheModed

The economy consists & sectors of production or activities, lasts for two periodar@ 1, and
experiencess possible states of Nature at date 1. It is inhabited by agouth of households who
are either workers or entrepreneurs. In either capacitgusdhold has sector specific skills which

allow it to seek employment or operate a firm in one sector tivigconly, that is there is no mobility



between sectors. We shall indicate household type by therdaavhich it has specific skill.

In each sector, output is produced by numerous private fimdsaastate owned or public firm.
Thus a worker-household of tygechooses to allocate its available time between a privatettzand
public firm. At date 1, at statg, each sectoj suffers a total productivity shooiﬁ' with probability
ps. Shocks are multiplicative. The output of a private firm iatss, in sectorj is given byyf(s) =
njf(lj.kj) wherelj andk; stand for labor and capital respectively.

The private wage rate in any sector is state contingent ighldgpends on the productivity shock
realized at date 1. Employment decisions however are matha@d and adhered to regardless of the
state of nature. The present model thus fits situations igwiabor is contractual rather than casual -
such as sharecropping, jobs in unionized industries etis flither implies that production risks are
shared by entrepreneurs and workers through fluctuatiotieithe wage rate rather than in the level
of employmenths denotes the wage rate paid to the worker in the private firnedtos j in states.

State firms are subject to the same productivity shocks aatprfirms are in any sector. For
simplicity, we assume state firms to operate with fixed stadlapital. The output of the state firm
in sectorj, in statesis given byy?(s) = r]?g(ljg) Whereljg represent labor employed by the state firm.
Private and public production functions are assumed tsfgatie usual neoclassical assumptions of
linear homogeneity and Inada conditions.

In addition to engaging in production, households can tiadimancial assets, which allow them
to diversify the sectoral shocks. In particular, housetidtede in equities or ownership shares of the
private firms. These are assumed to be the only assets indherag. Thus there arkindependent

assets in the economy. We assuine S implying that markets are incomplete and households can



only partially diversify the sectoral shocks using these d&note bySij the share of a firm in sector
i purchased by an entrepreneur household of ljyrﬁ denotes the share of a representative firm in
sectori purchased by a worker household of typaVe denote by; the full price of a firm in sector
i and bstj the dividend paid to the shareholders of a private firm in®ejcin states.
Finally all households have identical preferences and miae expected utility over two periods.
The state independent utility function satisfies the usuadlia conditions and concavity.
Entrepreneur’s decision At date 0, firms purchase capital stock for the next period strares
of other firms. Denote by = {xs} S , the consumption vector and lgf = {es}&o the given en-
dowment vector of the entrepreneur household of typehen the feasible consumption set of tyjpe

entrepreneur is given by,

x=e+(1-8)Q zaQ.
i)

. o J
X\ =el+ _Zéi‘vs',vS (1)

Entrepreneur households chood;ekj,l and{é’)J j—1, tO maximize

. . S
U (X)) = u(xp) + ;psu(%)

subject to the budget constraint ( 1) and given asset pritgdsvage rates.

Worker’s decision A worker household in any sector is assumed to have 1 unitnf &vailable
to allocate between the private and the state firms. Witloast bf generality, we assume that working
for the private firm is costly (in terms of effort and leisut®jt working for the state firm is not. The

cost of supplying labour to the private firmag(l;), wherecj(lj) > 0 andc{ > 0. Since it is costless



for households to work for state firms, it is optimal for thesrstipply any residual labour to it. Hence
19 =1-1;.
Denote bym! = {m_l,}_f;o the consumption vector, by = {w_l,}io the endowment vector and by

Gs the wage rate at a state firm. The feasible consumption séeokiorker household of typgis

given by,
] ] S ]
mO:(*)O_iZ\eiQi
. . . J o
mg:wg+wsllj+(1—lj)es+Ze{vs',vS (2
i=

The household chooses, i, and{eij }Ll to maximize
U(m',1j) = u(mp) + Y psu(ml) —cj(l)
s=1

subject to the budget constraint ( 2), given private andipwirhges and asset prices.
Government's decisionWe assume that state firms pay a uniform wage rate acrossctdrs and
are also self financing. Hence the total ouput of the statesfiram all the sectors are pooled and

distributed through an uniform wage rate. Hence

i n?gj(l— lj)
Gs=
Zlle(l_ |j)

®3)

Note that the state firm wage rate is state contingent bubrmifacross the sectors because of
the pooling of output. Thu&s has less variance thaddsj, as the pooling of output diversifies away
some of the sector specific risks. This is the key featureefiibdel which drives most of the results

reported.



Finally profit maximization by private firms ensure that pti¥ wages are equal to marginal prod-
ucts at each state. Moreover under competition firms eam mefits in equlibrium. Hence, output

net of wage costs are paid out as dividends to the sharekolder

- oYP(s) _
WSJ - ,VS,VJ (4)
al;
VP =yP(s) — W]l (5)

3 Preliminary Results

The model has closed form solution if preferences are as$tmrteave constant absolute risk aversion
(CARA) and shocks are normal. CARA preferences however deatsfy the Inada conditions. This
combined with normal shocks lead to the possibility (allagih a vary small probability) of negative
consumption in some state in equlibrium. Hence CRRA utiiityction is preferred. With CRRA
preferences however closed form expressions for equiibeliocations are no longer possible. The
preliminary results reported here in the tables are thezdfased on numerical solutions of the model
for reasonable parameter values.

We assume CRRA preferences, Cobb-Douglas productionifunscior the state and private firms
and linear disutility from labor. We assume two sectors avel $tates of Nature. We then solve for
the equilibrium of the model numerically for some reasoaaldlues of the preference, technology
and shock parameters. For purposes of comparison, we aiserivally solve for the equlibrium of a
benchmark Arrow-Debreu economy with the same preferenué$eghnology but having a complete

set of Arrow securities. The numerical results are repoitetiables 1-3 and the qualitative results



are summarized below. The interested reader is also rdftorthe Appendix for the first order and
market clearing conditions which characterize the equiibrof our model.

The main conclusion that emerges from a comparison of théieium employment levels of
the private firms in our model and the benchmark economidsaisthese levels are higher (public
employment levels are lower) in the benchmark (completekaetgy economy. By offering a wage
contract which is less variable than the wage contract edffdry private firms under competitive
settings, public firms enable workers to smooth their comion across states. Thus public firms
provide insurance to workers when markets fail to do so.

The difference between the private employment levels undarplete and incomplete markets
depends amongst other factors, on the degree of relativeavisrsion of workers. The difference
is higher the lower the coefficient of relative risk aversioAs this coefficient increases workers
seek employment in the private firms less and lessspective of whether markets are complete or
incomplete The difference between the two cases also diminishes asith.re

The difference between the private employment levels underplete and incomplete markets
also depends on whether the sectoral shocks are negativpbsitively correlated and on how high
these correlations are. A comparison of the three tablesatdkis. When sectoral shocks are neg-
atively correlated, the public firms are better able to diifgrthese shocks by pooling together their
output across sectors. This results in a less variable wageacross states in the public sector com-
pared to a situation in which the shocks are positively dated. Thus public firms are able to insure
better when shocks are negatively correlated than whenategptherwise. The higher the absolute

magnitude of the negative correlation, the greater theramme gains from working in public firms



and the greater the difference in the private employmemiden the two cases.

The preliminary results show that public employment progggrovide insurance when markets
are incomplete. Itis futher reinforced by the fact that wivenallow private firms to adopt a different
wage setting (instead of wages equal to marginal produaby instance one under which a fully
informed entrepreneur take the worker’s optimal labor §upgsponse into account in setting a wage
rate - there is no difference between the employment lewetisden our model and the benchmark

model (Tables 4-5).

4 Appendix |

Here we lay down the agents’ first order and the market clgaromditions which characterize the
equilibrium of our model economy. Numerical solutions of #mployment levels for selected pa-
rameter values are reported in the tables.

Individual first order conditions

For each worker household of typethe optimal choice off; andeij must satisfy,

S . .

> puf(m)(W - G9) ~ci(ly) = 0 ©)
S .
Yy pstf (M) (YP(9) ~Wel) —U'(M)Qi = 0,V (7)
s=1

For each entrepreneur household of typéhe optimal demand fdr;, k; and the optimal choice

of tSij must satisfy,



2 PUQ)(5= W) = 0 t)
fpsu'<xg><a::"f;i?s>>-u/<xa> =0 (9)
s=1 J

i@M%W@©—Mm—W%mi: ovi (10)

market clearing conditions
Since all assets are shares of the private firm, in equilibtive shares in each sector must add up

to one. Hence asset market clearing conditions are given by,

J J
3 +5 6 =1V]j (11)
25720

The first order and market clearing conditions above togetiith equations ( 4) and ( 5) charac-

terize the equilibrium of the model economy.

5 Appendix Il

This section describes the benchmark Arrow-Debreu ecoragmainst which we compare our model
numerically.

An Arrow security pays an unit of the consumption good at dat®ntingent on the realization
of a specific state of Nature. Let represent the price of an Arrow security which pays an unthef
good contingent on the realization of statd_et E_l, represent the quantity of such an Arrow security

purchased by the entrepreneur household of fydden the budget set of theh type of entrepreneur



is given by

. . S )
X =€) —kj— ;pszé

xh=el+YP(s) —WJIj + &L Vs (12)

Let Zi represent the quantity of an Arrow security which pays oni¢ ainthe good at stats,
purchased by a worker household of typeThe budget set of th¢h type of worker household is

given by,

. . S
o =Wp— 5 psld
My O;Ss

ml=WJ + W]l + (1—1))Gs+ 2}, Vs (13)

An entrepreneur of typgchoosesd, kj, | andé! for all sto maximize its expected utility subject
to its budget constraint. A worker household of tyjpehoosesmj, I andZé for all sto maximize its
utility subject to its budget constraint.

An Arrow Debreu equlibrium is charaterized by the first ordenditions of the entrepreneurs and
workers with respect to their choice variables, the laborketeclearing conditions and the following

Arrow securities market clearing conditions,

J
I+ =0V 14
;@ ) s (14)
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The specific first order conditions are not provided here &oklof space but are availble on

request.
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Table 1: Private employment levels under competitive wagtngs in the incomplete markets and
Arrow-Debreu economies

Sector 1 Sector 2
B | Ih 1 P P

0.9] 0.78| 0.85| 0.60| 0.72
1.0/ 0.50| 0.56| 0.41| 0.51
1.1 0.32| 0.37| 0.28| 0.36
1.3 0.15| 0.18| 0.14| 0.18
1.6| 0.06| 0.07| 0.06 | 0.07
2.0/ 0.02| 0.02| 0.02]| 0.02

IT= private employment in sectqrunder incomplete markets (model econorﬂfy}\-T private employ-
ment in sectorj in an Arrow-Debreu (benchmark) econommy, = {1,6,6,1,1}, n> = {4,1,1,2,2};
correlation = -O.75%(r]1) =0.91; l‘—j(nz) =0.75
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Table 2: Private employment levels under competitive wagtngs in the incomplete markets and
Arrow-Debreu economies

Sector 1 Sector 2
B | Ih 1 P P

0.9|10.79|10.81] 0.77] 0.81
1.0/ 051 0.53| 0.51| 0.55
1.1 0.33| 0.35| 0.34| 0.37
1.3 0.15| 0.16| 0.16| 0.17
1.6| 0.06| 0.06| 0.06 | 0.06
2.0] 0.02| 0.02| 0.02| 0.02

IT= private employment in sectgrunder incomplete markets (model econorﬂfy)-T private employ-
ment in sectorj in an Arrow-Debreu (benchmark) econommy, = {2,6,6,2,2}, no = {4,4,2,3,3};
correlation = -0.223%(n1) = 0.61; i(n2) = 0.26

Table 3: Private employment levels under competitive wagtngs in the incomplete markets and
Arrow-Debreu economies

Sector 1 Sector 2
B | Ih 1 P P

0.9]0.81|0.83| 0.77| 0.79
1.0/ 0.52| 0.54| 0.52| 0.54
1.1 0.34| 0.35| 0.35| 0.36
1.3/ 0.16| 0.16| 0.16 | 0.17
1.6| 0.06| 0.06| 0.06 | 0.07
2.0| 0.04| 0.04| 0.05]| 0.05

IT= private employment in sectqrunder incomplete markets (model econorﬂfy}\-T private employ-
ment in sectorj in an Arrow-Debreu (benchmark) econommy, = {2,6,6,2,2}, n, = {4,4,3,2,3};
correlation = O.33ﬁ(r]1) =0.61; %(ﬂz) =0.26
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Table 4: Private employment levels under full insurancd@ihcomplete markets and Arrow-Debreu
economies

Sector 1 Sector 2
B I I I I

0.85] 0.71| 0.71| 0.70| 0.70
0.9 | 0.55] 0.55| 0.55]| 0.55
1.0 [ 0.34] 0.34| 0.34| 0.34
1.1 | 0.22| 0.22| 0.22| 0.22

IT= private employment in sectqrunder incomplete markets (model econorﬂfy}\-T private employ-
ment in sectorj in an Arrow-Debreu (benchmark) econommy, = {2,6,6,2,2}, n, = {4,4,2,3,3};
correlation = -O.Zzﬁ(nl) =0.61; %(ﬂz) =0.26

Table 5: Private employment levels under full insurancé@ibhcomplete markets and Arrow-Debreu
economies

Sector 1 Sector 2
B 1 1 P >

0.85| 0.71| 0.71| 0.69| 0.69
0.9 | 055|055|0.54| 054
1.0 [ 0.34] 0.34| 0.34| 0.34
1.1 [ 0.22] 0.22| 0.22| 0.22

IT= private employment in sectgrunder incomplete markets (model econorﬂfy)-T private employ-
ment in sectorj in an Arrow-Debreu (benchmark) econommy, = {2,6,6,2,2}, n2 = {4,4,3,2,3};
correlation = o.33;-j(n1) =0.61; ﬁ(ﬂz) =0.26
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