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Abstract

The consequences of business cycle contingencies in unemployment insurance sys-
tems are considered in a search-matching model allowing for shifts between "good"
and "bad" states of nature. We show that not only is there an insurance argument
for such contingencies, but there may also be an incentive argument. Since benefits
may be less distortionary in a recession than a boom, it follows that counter-cyclical
benefits reduce average distortions compared to state independent benefits. We show
that optimal (utilitarian) benefits are counter-cyclical and may reduce the structural
(average) unemployment rate, although the variability of unemployment may increase.
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1 Introduction

Optimal unemployment insurance systems trade off incentives and insurance. Since unem-
ployment risk is intimately related to the business cycle situation, one often finds calls for
improved benefit generosity in periods with slack labour markets'. The standard argument
against is that this will reinforce distortions and therefore come at the costs of an increase in
structural unemployment. However, as the gains from unemployment insurance in general are
dependent on the state of nature, so are distortions. We show in a standard search-matching
framework that the distortions of search incentives created by unemployment insurance may
be larger in periods with low than high unemployment. Hence, there may both be an in-
surance and incentive argument for making benefits depending on the state of nature in a
counter-cyclical fashion; that is, benefit generosity is high when unemployment is high, and
low when unemployment is low.

However, the key parameters of unemployment schemes are business cycle independent
in most countries. Though, there are cases where elements of the unemployment insurance
system are explicitly linked to the state of the labour market. Probably the most sophisticated
scheme is found in Canada where benefit eligibility, levels, and duration depend on the level of
unemployment according to pre-determined rules?. The US has a system of extended benefit
duration in high unemployment periods (see Committee on Way and Means (2004)). Some
countries have pursued a more discretionary approach - in some cases in a semi automatic
fashion® - by adjusting labour market policies to the state of the labour market; i.e. extending
benefits or labour market policies in general in high unemployment periods, and tightening
the schemes in periods with low unemployment.

There is a large literature on the design of unemployment insurance schemes. Since
Baily (1978) it is well-known that the optimal benefit level trades off insurance and incen-
tives. Recent work has extended these insights in various directions (for a survey see e.g.
Frederiksson and Holmlund (2006)). Surprisingly, there is neither a large theoretical liter-

ature on the effects of business cycle dependent unemployment insurance nor an empirical

IThe issue of business cycle contingencies in unemployment insurance has gained further interest in
perspective of the downturn induced by the financial crisis. Calls for increases in unemployment benefits or
extension of benefit duration have been made by e.g. the IMF and the OECD (see Spilimbergo et al. (2008)
and OECD (2009)), and if such changes are made, it is an important issue whether they should be made
contingent on the business cycle to prevent that these changes become permanent. OECD (2009) reports
that 15 countries have made unemployment benefits more generous as a response to the crisis, and in many

countries additional steps have been taken towards support for jobless.
2See http://www.hrsdc.gc.ca/eng/ei/menu/eihome.shtml.
3Sweden is an example of a country which has used labour market policies in this way.



literature! exploring the state of nature dependencies in the effects of various labour market
policies including the benefit level. Kiley (2003) and Sanchez (2008) argue within a search
framework that the initial benefit level should be higher and its negative duration depen-
dence weaker in a business cycle downturn compared to an upturn. Both models are partial
and rely on the assumption that benefits are more distortionary in a boom®. In Andersen
and Svarer (2010), it is shown that the optimality of counter-cyclical benefit levels depends
not only on the possibility of using the public budget as a buffer but also on the extent
to which distortions move pro-cyclically. If this is the case, counter-cyclical unemployment
benefits may also contribute to lower the structural (average) unemployment rate. However,
the model is static and does not allow for changes in the business cycle situation.

This paper develops a general equilibrium search-matching model in which the business
cycle situation may change between "good" and "bad" states of nature®. Matching frictions
imply a co-existence of unemployed persons and vacant jobs, but the underlying job sepa-
ration rates and job finding rates are business cycle dependent. The unemployment benefit
scheme is tax financed, and benefits are allowed to be business cycle dependent. Since the
main issue in this paper is the trade-off between insurance and incentive, the model is cast in
such a way that it focuses on how unemployment benefits affect job search incentives. The
paper addresses both the positive issue of how such state contingencies affect labour market
performance and the normative issue of the optimal (utilitarian) state of nature contingencies
to build into unemployment insurance schemes’.

In the search context considered in this paper, the response of job search to both un-
employment benefits and the business cycle situation plays a crucial role. It is shown that
the distortion of search incentives caused by benefits tends to be business cycle dependent
in a pro-cyclical way; i.e. a high benefit level distorts incentives more in a good than a bad

business cycle situation. At the same time, insurance arguments may call for counter-cyclical

4The few exceptions are: Moffitt (1985), Arulampalam and Stewart (1995), Jurajda and Tannery (2003),

and Rged and Zhang (2005), see section 2.
°In a related study, Costain and Reiter (2005) analyse a business cycle model with exogenous search

state, allowing for contingencies in social security contributions levied on firms and unemployment benefits.
In this model the public budget does not need to balance in each state due to contingent assets traded with
risk neutral capitalists. It is shown that it is optimal to have pro-cyclical social security contributions, while

benefits are almost state invariant.
6The main modelling difficulty here is to ensure stationarity of public finances under a tax financed

unemployment insurance scheme. This is done by the specific assumptions concerning state transitions and

the tax policy.
"In addition, business cycle dependent unemployment benefits would also strengthen automatic stabilizers,

which may have effects via aggregate demand effects. Such effects do not arise in the present framework,

which focuses on the structural consequences of business cycle dependent benefit levels.



benefit levels. This has two important implications, namely, first that optimal benefits may
be counter-cyclical, and second that the structural (average) unemployment rate could be
lower with business cycle contingent compared to business cycle independent benefits. How-
ever, as a consequence the actual unemployment rate may become more variable.

In addition, it is shown that accounting explicitly for business cycle fluctuations has an
important effect on search behaviour and therefore on unemployment and other key variables.
The reason is that agents perceive the possibility of a change in the business cycle situation,
and this affects the search behaviour of the unemployed. Clearly, this effect depends on both
the difference between the two states of nature and the likelihood of a change in the business
cycle situation. This may even imply that counter-cyclical benefits increase search effort
in both states of nature, and therefore cause a fall in unemployment in both states. This
arises if the business cycle situation is not too persistent, in which case agents in a downturn
expect a shift to an upturn with a higher job finding rate.

The paper is organized as follows: In section 2 we introduce a search model with business
cycle fluctuations. The issue of business cycle dependent incentive and insurance effects are
analysed in section 3. The consequences of business cycle dependent benefits are addressed
in section 4, while section 5 considers optimal benefits for a utilitarian policy maker. A few

concluding remarks are given in section 6.

2 A search matching model with business cycles

Consider a standard search matching model of the Pissarides-Mortensen type in discrete time
(see e.g. Mortensen and Pissarides (1994) and Pissarides (2000)). To economize on notation,
we suppress the time index, which is possible since interest is confined to stationary equilibria
(see Appendix A). All workers are ex-ante identical and have the same productivity. Workers
search for jobs, but a matching friction implies that unemployment and vacancies coexist.
Firms create vacancies, and filled jobs are destructed by some probability.

We assume that the economy shifts between two states, good (G) and bad (B), according

to a Markow process with the following symmetric and stationary transition probability



matrix®

present\past state ‘ B G
B T 1—m
G l—7m

where 0 < 7 < 1.9 If the economy is in a boom (recession), this state of nature may continue
with probability 7 and terminate and turn into a recession (boom) with probability 1 — 7.
Hence, 7 is also a measure of the persistence in the current business cycle situation. Given
this assumption we consider a stationary Markov equilibrium to the model.

The job separation rate p is in the four possible states of nature given as follows

present\past state ‘ B G

B PBB PBG
G PGB PGG < PBB

i.e. the basic transition is between a regime with a low level (pg¢) or a high level (ppp > pac)
of job separations'®. Upon transition there is an extraordinarily high (ppe > prg) or low
(paB < pac) level of job separations (see below)!'!.

There is an unemployment benefit scheme providing a flow benefit b to unemployed
workers, and it is financed by a proportional wage income tax (7) and a lump sum tax
(T') (see below). The inclusion of lump sum taxes facilitates the analysis involving four
possible states of nature in a setting which does not impose a balanced budget requirement
for each state of nature. The key problem is that the debt level in general will display path

dependence violating the possibility of having a stationary Markov equilibrium!2. To cope

8We assume a symmetric transition matrix to simplify the analysis. Empirical evidence indicates some
asymmetry with more persistence in good than in bad business cycle situations. The estimated value of 7
in discrete models on quarterly data is in the range 0.7 to 0.9, see Hamilton (1994). In a three state model

(recession, normal and high growth), somewhat higher levels of persistence are found, see Artis et al. (2004).
9Note that the unconditional stationary probability of being in a given state B or G is Pr(G) = Pr(B) =

The unconditional probabilities of the four possible states are: Pr(BB) = Pr(GG) = im and Pr(GB)
Pr(BG) = 3(1 —m).
10Djfferences in the business cycle situation may be generated by changing other variables in the model

1
5

like job creation, the costs of vacancies, matching efficiency etc., but the qualitative results would be the

same, see Andersen and Svarer (2010).
' There has been some debate on the extent to which changes in the job separation rate are a driver of

unemployment fluctuations, especially in the US (see Shimer (2005)). Elsby et al. (2008) find that the US is
an outlier compared to other OECD countries where fluctuations in both inflow and outflow rates are found

to be important.
12This is so since the initial debt level depends on the past history of the economy if the budget is allowed

not to balance in each state of nature. The budget requirements to ensure debt sustainability are in general

path dependent.



with this and to ensure stable debt levels, policies will in general have to be path dependent.
This problem is addressed via the lump sum tax. The income tax rate is assumed state
independent, while the benefit level may depend on whether the state is "good" or "bad".
Note that there are no marginal labour supply decisions (intensive margin) in the following,
hence the use of lump sum taxation does not affect any results, but serves the purpose
of making the analysis more simple and transparent. Search is affected by the gains from

employment and thus net taxes and benefits.

2.1 Individual utility and search effort

Consider an infinite number of identical households, and normalize the population size to
unity. Employed workers receive a wage w and work [ hours. Both w and [ are business
cycle independent, and the instantaneous utility is assumed to be separable in the utility

from consumption (first term) and leisure (second term), i.e.
V(w7T7ﬂj> Eg(w {1 _T] _ﬂj) +f<1 _l)

where 7 is the income tax rate, and 7;; is the lump sum tax paid if the current state is
© and the previous state j. Working hours [ are exogenous, and the time endowment has
been normalized to 1. Both g() and f() are concave increasing functions. The instantaneous

utility for unemployed is similarly assumed separable over consumption and leisure and given

by

1ubi; Tig, si5) = g (b = Tyg) + f(1 = s35)
where s;; is time spent searching for a job if the current state is i and the previous state j.'?
Note that the separability assumption ensures that search is not dependent on current income
(see below)'. In addition, note that the benefit level only takes two values conditional on
the current state, whereas the lump sum tax also depends on the past state. This results in

four different levels of net compensation to the unemployed.

Value functions
The value functions for being employed when the current state is bad and the past state

was either good or bad are in stationary equilibrium given as (see Appendix A)

13The underlying utility function is assumed to be the same for employed and unemployed workers. In
a more general formulation, stigmatization and other factors may cause both the utility from income to
depend on its source and the disutility from work to depend on the type of time use. In an earlier version,

we allowed for such differences, but they did not have any qualitative implications for the results.
14 There is no on-the-job search since all jobs are assumed identical and have the same wage.



FpprB = v(w,7,Tpp) + 1 j_ ppBB (Wi — W]
1—
+ 1 _|_Z [(1 — peB) [WGEB - WgB] + PGB [WgB - WgBH
1% WE - Wk ™
Whs = vt Tg) + (0 Whel v pyr
1—
"’% (1= par) [(WEs = WEg] +pas [Was — Wig]]

where p is the subjective discount rate. Similar value functions exist when the current
state is good. To save space these are delegated to the appendix A.
Similarly, the value functions for current unemployed workers when the current state is
bad and the past state was either good or bad are:
P U

mWBB = (bs, Tsp, sBB) + 1 +paBSBB (Wi — Wip]
1—m
+ 1 i P [(1 — OCGSBB) [WgB — WgB] + aAGSBB [WgB — WBUBH
p U WgB - WgG i E U
—W = bg,T Wgsn —W
1+p BG ﬂ( B BGaSBG)+ 1+p + 1+p@BsBG[ BB BB]
l1—m
+ 1+ P [(1 — OéGng) [WgB — WgB] + aGSBaG [WgB — WgBH .

Again similar value functions for when the current state is good can be found in the appendix.

We focus solely on risk sharing via the unemployment insurance scheme. One issue is
the role private savings may play as a buffer and thus self-insurance mechanism'®. Allowing
for interaction between different forms of insurance will complicate the analysis, and since
risk diversification offered by savings is incomplete!, we focus only on the unemployment

insurance scheme!”.

15The issue of how individual savings can be a buffer and thus a form of self-insurance in the case of
unemployment has been analysed in relation to unemployment insurance benefits in e.g. Lenz and Tranzes

(2005) and the wider context of so-called welfare accounts by Bovenberg, Hansen and Sgrensen (2008).
16The scope for self-insurance via savings is restricted both due to capital market imperfections affecting the

scope for intertemporal diversification and the fact that savings and accumulation of wealth do not provide
much insurance for young workers (see e.g. Bailey (1976) and Chetty (2008)). Empirical evidence shows
that unemployment is associated with reductions in consumption, and that a large fraction of unemployed
are liquidity constrained, see e.g. Gruber (1997) and Bloemen and Stancanelli (2005). The argument that

risk diversification via savings is incomplete is here taken to the limit.
"However, note that in the special case where utility functions over consumption are linear (

gw[l—7]-T;;) = w[l—7] — T and g(b; — T3;) = b; — T3;) and the discount rate p is interpreted as
the market rate of interest, the value functions equal the expected present value of income (net of disutility
from work/search). This special case can therefore be interpreted as reflecting a situation with a perfect

capital market allowing individuals to smooth consumption via saving/dissaving.

7



Job Search

Individuals choose search effort s;; to maximize VVijU-,

given. Current search may result in a job match the next period. The first order conditions

taking all "macro" variables as

to the search problem when the current state is bad read'®

, 1l—m
f'(1—spp) = T 08 (WEp — Wgs] + 15,0 (W — W] (1)
1l—m
f/(l — SBG) = 1t pOéB [ng - WEB} + T,OQG [WgB - WgB} . (2>

Similar relations hold for the good state.

Note that search depends, in the usual way, on the gain from shifting from unemployment
into a job in the next period in the case of as successful job match. However, since the
business cycle situation may change, job search depends on the gain from finding a job if
remaining in the current state (probability 7) and the gain if there is a shift in the state of
nature (probability 1 — 7). The higher 7, the more search is affected by the current state,
and vice versa.

It follows immediately that search is independent of the past state of nature, and hence

there are only two levels of search, i.e.
$BB = SBG — SB
SGG = SGB = Sa

The intuition is that the search decision is forward-looking since current search influences

the future labour market status, and therefore it is independent of the past state'”.

2.2 Firms

A filled job generates an output (exogenous) y, and firms can create job vacancies at a
flow cost of ky (K > 0). A filled job may be destroyed in the next period if there is a job

separation. The value of a filled job in a given state of nature is

18 Concavity of the f function ensures that the second order conditions are fulfilled.
19Note that the separability assumption is crucial for this property.



P q4E ™ 1% E l—m v E E E
—y— 0 _ -7 _ 1— _
1+pJB y—w+ T+ [pBB(JB JB)] + T+ [pGB(JG Jg)+ (1 —paes)(Jg ‘]B)}
(3)
P JE =y —wt —— [pac(l — JE)] + + [pwalTY — JE) + (L= pe)(JE — JE)]
1+p°¢ 1+ p ¢TI, G G

(4)

Note that the value of a filled job does not depend on the past state. A vacant job may be
filled in the future if there is a job match, and hence the current value of a vacant job in a
given state is

1—m

™ — T

P 1% E 1% 1 E 1% 1% 1%
P v _ _ _
T8 =kt U = ) + T aelIG = Jg) + 1 (U = )
P v 7T E_ qvy, 1—T E_ vy, 1T v v
= —k - — -
1+,0JG Y+ 1+qu(JG Jg) + 1+qu(JB Jp) + T, (J& = JT5)

where ¢; denotes the probability of filling a vacant job in state i (see below). Vacancies are
created up to the point where the value of a vacancy is zero, i.e. J% = JY = 0. From this
it follows that

4dc

Jp = —Jg (5)
aB

i.e. the relative value of having a filled job in either state (B or G) depends on the ratio of
the job finding rates, and J§ > JE if gp > qg, or vice versa. Hence, the value of a filled job
is higher in the G state than in the B state, provided the job filling rate is lower ¢ < ¢3.
The intuition is that the more difficult it is to fill a vacant job, the higher is the value of a
filled job. The value of a filled job is

B TP
4qB

JE _ ky(1+ p)

AL
qc

2.3 Wages

Wages are assumed to be set in a Nash-bargain after a match has been made. Employed
workers are represented by unions having the objective of maximizing wages for employed
workers. As has been argued in non-cooperative approaches to justify this bargaining model,
the relevant outside option is what can be achieved during delay in reaching an agreement
(see Binmore, Rubinstein and Wolinski (1986)). This outside option is assumed to be zero

for both workers and firms, and hence the wage setting problem is given as the solution to

Mazx,, [w]ﬁ ly — w]lfﬁ

9



where 0 < 8 < 1. The bargaining power of firms is thus /3, and for workers (1 — ). This

wage setting model implies that the wage is given as

w = Py (6)

The main attraction of this approach is that it gives a simple wage relation which implies
that the wage is rigid across states of nature®’. Alternative routes may be pursued in
modelling wage rigidities (see e.g. Hall (2005) and Hall and Milgrom (2008) for recent work
in a search matching context), and the specific formulation adopted here is to be considered
as an illustrative workhorse model. The crucial property is that wages do not respond to

variations in unemployment (job separations etc.)?!.

2.4 Public sector

The public sector provides the benefit level b; to unemployed in a given state of nature ¢ and
finances this by a proportional tax rate 7 and a (path dependent) lump sum tax 7;;. The
income tax rate 7 is assumed to be constant across states of nature; i.e. any business cycle
dependency runs via the benefit level and the lump sum tax.

The primary budget balance in any state is
Bij = (1 — Ul'j)T’lU + T;j — bZ’LLU

Hence, the debt level D when the current state is bad (similar expressions when the current

state is good are easily derived) is:

P 1—m

—Dgp =bpugg — Tw(l —u —Tsp + Do — D

T+ BB BUBB ( BB) BB 1—|—,0[ GB BB)

p s 11—

——Dpa =bgupg — Tw(l —u — Tha + Dpp—D + Deg — D
T+, BG BUBG ( BG) BG 1+p[BB BG| 1+,0[GB BG

Since the primary budget is dependent on the current state of nature, nothing ensures
that the debt level is stationary. A sequence of bad draws in combination with debt servicing
may lead to a non-sustainable debt level. Several budget policies contingent on the debt level
could be conceived to ensure that the intertemporal budget constraint for the public sector

is fulfilled. To find a stationary Markov equilibrium, we choose here a simpler procedure and

20The issue of the cyclical properties of wages is a controversial question in macroeconomics. However, the
empirical evidence on cyclical properties of wages is inconclusive (see e.g. Abraham & Haltivanger (1995)

and Messina et al. (2009)).
21 Allowing for wages to be different across states of nature may contribute to dampen unemployment

variations via lower wages in downturns and higher wages in upturns, see e.g. Coles and Masters (2007).
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propose a tax policy rule and an implied budget profile, ensuring that each state of nature
is associated with a well-defined and finite debt level. Therefore this policy is sustainable
and introduces risk sharing via the public budget, but clearly it is dominated by more
sophisticated policies. Accordingly the gains from risk sharing across states of nature are
downward biased in the following.

Specifically, consider the following rule for the state contingent lump sum taxes
ﬂj = blu” — Tw(]_ — uij) for Z,j = {B,G}

It can be shown that this policy ensures a stationary debt level in all states of nature, and
thus satisfies the no-Ponzi condition (see Appendix B).

The policy rule outlined above implies that the primary balance is given as

B =0
BBG = [bGuGB — Tw<1 — uGB)] — [bBuBG — TU)(l — UBg)]
BGB = [bBUBG — Tw(l — uB(;)] — [bGuGB — Tw(l — UGB)]

Bae =0

Hence if upg > ugp and/or bg > bg (see below), a budget deficit arises when a bad state
follows a good state (Bpg < 0), and a budget surplus arises when a good state follows a
bad state (Bgp > 0). If the state of nature is unchanged, the budget is in balance. It is
thus implied that there is an across state of nature insurance mechanism when the state of
nature changes, but not when it persists. Broadly speaking, this captures that transitory

shocks can be diversified, while persistent shocks can not.

2.5 Matching

Vacant job may be filled with a one period lag, and matches are determined by a standard
constant returns to scale matching function; i.e. the number of matches in state ¢ are given
as

m(Si;, Vij) = ASEVES 0<e<1

YR
where V; is the number of vacancies in state i, and aggregate search is given as
Sij = Sillij
The job finding rate is therefore
m(Si, Vij)

=g = m(1,0;;) = AHZ-lj_E

11



i = % measures market tightness, and «(6;;), ay(6;;) > 0.

where 0,
Firms fill vacancies at the rate
m(Si, Vis) _

Vij

m(0;',1) = A6F

’L]’

qij

where ¢;(6) < 0.

2.6 Inflows and outflows

The unemployment rate is a stock variable displaying inertia due to the matching fric-
tion. Hence, in general the unemployment rate adjusts sluggishly to changes in the state
of nature??, and therefore it displays path dependence. A stationary Markov equilibrium is
ensured if it is assumed that job separation rates differ at state transitions, so as to ensure
that the unemployment rate only takes on two values, up and ug. The intuition is that
if there is a shift from the "good" to the "bad" state, there is an extraordinarily high job

separation rate, and vice versa when shifting from a "bad" to a "good" equilibrium. Hence,

Upg = UBB = UB

ugp = Ugg = Ug
The change in unemployment is given as the difference between job separations and hires.
Hence, to ensure that the economy fluctuates between two levels of unemployment ug and

ug for given exogenous job separation rates ppp and pgg, it is required that the following

restrictions are met

( UB)PBB — BSpUp (7)

ug —up = (1 —up)per — agsaua (8)
up —ug = (1 — ug)ppe — apspup (9)
0= (1 —ug)pec — agsgua (10)

Note that o and s only depend on the current state, and w; is the unemployment rate in
state i(= B,G). It is an implication that the above conditions determine pgp and ppg*
From (7) and (9) we have

up —ug (1 —up)

1—ug)  (1—ug)®? (11)

22Gee e.g. Pissarides and Mortensen (1994) and Shimer (2005) for business cycle versions of the search

PBG =

model in which the unemployment rate evolves from the initial unemployment rate conditional on the

realization of shocks.
23Note that this makes the job separations at "switching" states a jump variable to ensure that unem-

ployment only varies between two levels.

12



and from (8) and (10) that

b = ELIG__;;B) 8 : ngGG (12)

It follows that ug — up < 0 implies that a shift from the G-state to the B-state is associated
with extraordinarily high job separations, i.e. pge > ppp, and a shift from the B-state to the

4

G-state is associated with an extraordinarily low level of job separations®!, i.e. pgp < paq-

2.7 Equilibrium

In Appendix C' it is proved that there exists a stationary Markov equilibrium in which
market tightness is larger in a good than a bad state of nature 65 > €. This implies that
i) unemployment is higher in a bad state than a good state, i.e. up > ug, ii) the job finding
rate is lower in a bad state ap < ag, iii) the job filling rate is higher in a bad state gz > qq,

and therefore iv) the value of a filled job is higher in a good state JZ > J§.

2.8 Numerical illustrations

Below we present some numerical results to clarify various mechanisms, and they are based

on the following functional forms. The utility from income is

and from leisure
F1 1) =log(1-1)

where 3 = 4. Following Frederiksson & Holmlund (2006), among others, the matching
function is assumed to be Cobb-Douglas of the form m = As'~¢v, with e = 0.5 and A = 0.29.
Time is quarterly, and we discount utility at p = 0.003 and assume that workers spend 30%
of their time at work, [ = 0.3. The tax rate is £ = 0.01 and 5 = 0.5. Finally, output is set to

y = 1, vacancy costs are set to k = 0.2.

3 Optimal business cycle dependent benefits

We now turn to the issue of how unemployment benefits should depend on the business cycle

situation. We follow standard practice and consider a utilitarian social welfare function. In

24Conditions ensuring that pgp > 0 are assumed fulfilled.
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the general case, we have that total utility can be written

U = Z O0ij [(1 — UU)WZ? + ’LLUW;J]}
i,j=B,G
where 0;; is the ex ante unconditional probability of being in state (4, j) (Z O 1),
27.]: b
and the value functions are evaluated for the tax payments implied by the budget constraints
given above. Solving for the optimal benefit levels (bp and bg), we have the following first

order condition

> oy |(1- Uz‘j)WkJ + i (%’: + [ = wy] ab,j =0fork=B,G. (13)

i,j=B,G

2nd order conditions are assumed fulfilled.

3.1 One state model

Although the main interest is to analyse the design of unemployment benefits over the cycle,
it is useful to start by considering the one state version of the model to bring out some basic
points. This applies both in terms of interpreting the expression for optimal benefits (13)
and in relation to stressing why an explicit modelling of business cycle shifts makes a crucial
difference.

Consider the one state version of the model, i.e. there is no shift in the state of nature
(m = 1), or alternatively that the job separation rate is state invariant (pgg = pge = p) (for
details see Appendix D). In this case there exists a stationary equilibrium (see Appendix D)
with a given unemployment rate u and the budget balances. Equilibrium unemployment is
larger, the higher the job separation rate (‘g—z > 0), and the higher the benefit level (2% > 0).

In this case the condition for the optimal benefit level (13) reads

i )8WE+ oW du
R T T TA

(WY —wF] =0

Note that in the one state case there is only one policy decision since if the compensation
to unemployed is determined, then the tax payment for the employed follows directly from
the budget constraint. The first order condition for the optimal benefit level can be rewritten
as (see Appendix F)

U _au

l—u) _%

ulg'(b) — g (w— (WE—wv]. (14)

This expression has a straightforward interpretation in terms of marginal gains and costs

of providing unemployment benefits both measured in units of utilities. The LHS gives the
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marginal benefit as the difference in marginal utility of consumption for unemployed relative
to employed times the unemployment rate. The larger the difference in marginal utilities or
the unemployment rate, the larger the marginal gains from providing higher benefits. The
RHS gives the marginal costs as the effects of benefits on unemployment (the distortion)
times the utility gain from being employed rather than unemployed. If either the distortion
is large or the utility loss from being unemployed is large, the marginal costs of providing
benefits are high.

The expression (14) thus implies that the marginal gains from unemployment benefits
tend to be large in a state of nature with high unemployment, while the marginal costs are
low if the gain from being employed is small, and vice versa. These effects turn out to be
crucial when we allow for different business cycle situations below.

To gain more insight into the effects involved, it is useful to consider the special case
where there is no distortion, i.e. % = 0 (follows if % = 0, i.e. no incentive effects of unem-
ployment benefits). In this special case, optimal benefits are determined by the condition,

cf.(14),
u

gb) = gw— 1) (15)
i.e. the optimal benefit level ensures that the marginal utility of income is the same for
employed and unemployed?®. This is known as the "Borch condition" for full insurance
(Borch (1960)). The insurance effect is not directly related to the unemployment rate in this
case but depends on the conditions prevailing as either unemployed or employed. However,
there is a budget effect since the benefits are financed by taxes levied on the employed, and
we have

»  Jw- ey 0

ou g"(b) + g"(w — $b)

i.e. a higher unemployment rate is accompanied by lower benefits. The intuition is that

higher unemployment raises the financing requirements to maintain a given benefit level,
which in turn reduces the disposable income of employed and thus raises their marginal
utility of income. To rebalance the marginal utility of consumption between the two groups,
it is necessary to lower benefits. While non-distortionary benefits are a special case, this
shows that a one state model (implying a balanced budget requirement) tends to imply

pro-cyclical benefits.

2> Note that the participation constraint is implicitly assumed fulfilled. Otherwise there is an additional

constraint, in which case the benefit level is determined by the "corner" condition that

u

h(w———b) —e(l =)} —[g(b) = f(1 = s4)] =0
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Returning to the role of distortions, the question is whether benefits are more or less

distortionary in a situation with a high unemployment rate. The driver of the unemployment

rate in this model is the job separation rate (p), and hence the sign of 8%% is crucial. If
0 Ou

por > 0, it follows that benefits are more distortionary with a high job separation rate

and thus unemployment rate, and this goes in the direction of making optimal benefits pro-
0 Ou
Op 0b
is seen by noting that (see Appendix F)

oub _ —bos
obu s Ob

cyclical, and vice versa for < 0. The distortion arises in this model via search, which

1 —u.

Hence, benefits tend to increase unemployment (2¢ > 0) because they make individuals

search less (% < 0). Note that the distortion of search matters more for the unemployment
effect if the unemployment rate is low. The sensitivity of the search distortion to the job

separation rate turns out to depend crucially on how search is affected by the job separation

= %((1)_8) to be constant (as assumed in the

numerical illustrations), we have for a given tax rate

. 0 [0sb , 0s
sign | — |=—1| | =sign | — | .
g Jp | 0bs g op
Since g—; < 0, i.e. individuals search less, the higher the job separation rate, this implies
3% [%g] < 0, and therefore search is more distorted by a marginal benefit increase at a

high job separation rate (high unemployment level) than at a low job separation rate (low

rate. In Appendix F it is shown that for 7(s)

unemployment rate). The fact that the one state model implies that job search moves pro-
cyclically therefore tends to imply that distortions move counter-cyclically. As is pointed
out below, when allowing for changes in the business cycle situation the search response may
be different, and this has important implications for how the optimal benefit level depends
on the business cycle situation.

In sum, we find in the one state version of the model that both the budget effect and
the distortion effect tend to call for pro-cyclical benefit levels. However, this result arises
by comparing steady states, and as shown in the next section this changes when allowing
explicitly for changes in the business cycle situation, which both opens for risk diversification
across states of nature and a different response of search and thus distortions to the benefit
level.

In Figure 1 we show the optimal benefit level in the one state model for the parameter
values presented above. The figure shows as expected that equilibrium unemployment is
higher, the higher the job separation rate. The optimal benefit level (net compensation)

is seen to be decreasing in the job separation rate and thus falling in the unemployment
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rate. Hence, in the one state case optimal benefits are pro-cyclical; if unemployment is high,
net compensation is low, and vice versa. The main driver behind this is the budget effect
discussed earlier.

Insert figure 1 here

3.2 Two state model - insurance and distortions

Crucial in the two state model is the explicit modelling of changes in the business cycle
situation. The possibility of a business cycle change captured by 7 (0 < 7© < 1) affects
behaviour since these possible changes are anticipated by individuals. The following considers
this in detail both to explain the difference to the one state model and to work out the

implications for business cycle contingencies in unemployment benefits.

Business cycles and search Job search is the key behaviourable variable, and its response
to the business cycle situation is crucial. The standard version of the matching model with
a stationary equilibrium (one state of nature) implies that a higher job separation rate and
thus unemployment rate is associated with less search (see above). Making inferences from a
comparison of stationary equilibria would thus lead to the conclusion that search is lower in
bad than in good states of nature. This conclusion does not hold when business cycle changes
are explicitly accounted for, and this underlines the need to model fluctuations explicitly.
To see how changes in the business cycle affect job search, consider for the sake of

argument search in the bad state determined by (10)
f'(1 = spp) = map [Wgp — W] + (1 = m)ag [Wp — Wig] -

Two factors determine the return to job search, namely, the probability of finding a job and
the gain from finding a job. Both of these effects go in the direction of strengthening job
search in the bad state and weakening job search in the good state. To see this consider first
the ex ante perceived job finding probability, which is given as the probability of being in a
given state of nature in the future times the job finding rate in that state of nature. Suppose
for the sake of argument that Wk, — WEy = Wk — W5, in which case it follows that the
possibility of shifting to the "good" state (0 < 7 < 1) will increase search in the "bad" state
compared to a situation with no chance of a change in the business cycle situation (7 = 1).

Since ag > apg, we have
mag+ (1 —mag > ap forall m < 1

i.e. the possibility of a shift to a state with a higher job finding rate increases, other things

being equal, the search level, and the effect is stronger, the larger the difference in job finding
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rates between the two states. The effect is obviously the opposite for search in the good state
of nature, i.e.

mag+ (1 —m)ap < ag for all m < 1.

Moreover, shifting business cycle situations affect the gain from having a job (W¥ —WVY).
We have from the value functions that

A+[1—7](1=pep — agspp) (WEs — Wig]
p+1+4+7([ppp +assps — 1]

[WgB - WgB} =

where
A=gw[l—71]=Tgp)+ f(1—=1)—glbp — Tsg) + f(1 — spp)

is the instantaneous utility gain from being employed rather than unemployed. If there is

no chance of a change in the business cycle situation (7 = 1), we have

A

p+peE+ apspp

(Wes = W] |ra1=
Hence, using that Wk, — Wkg > 0
[WgB - WgB} > [WgB - WSB} le=1 -
By similar reasoning it can be shown as follows
[WGEG - ng} < [WgG - W(L;]G] le=1 -

Hence, the possibility that the business cycle situation might change tends to increase the
gain from having a job in the bad state of nature, and to decrease it in the god state of
nature. This goes in the direction of increasing search in the bad state and lowering it in
the good state?®. In sum both the difference in the job finding rates and the gains from
employment induced by shifts in the business cycle situation tend to induce more search in
the bad state, and less search in the good state.

The role of the business cycle situation for job search is illustrated in Figure 2 showing
on the x axis a widening of the difference in the job separation rate between the two states
of nature (zero difference corresponds to a one state model). It is seen that job search is
higher in bad states of nature. The difference widens as expected as the two states become
more different.

Insert figure 2 here

26Shimer (2004) similarly argues that search intensity need not be pro-cyclical in a discrete time setting,

focussing on the fact that job search is affected by how easy it is to find a job.
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3.2.1 Business cycles and insurance

Turning to the insurance aspects, there are two dimensions of insurance. One is between the
employed and unemployed in a given state of nature. The other dimension is across states

of nature. To see this, note that disposable income for the employed (yf]j ) is
yg =w(l—7)—=Tj; =w— (bp + Tw) u;; for i,j = {B, G}
and for the unemployed
ys; = by — Tji = bi + 7w — (b + Tw)uy; for i, j = {B,G}.

It is seen that in a given state of nature an increase in the benefit level increases the
disposable income of the unemployed and decreases it for the employed. By changing the
benefit level, it is thus possible to provide insurance (redistribute) between employed and
unemployed?”. Second, by running a non-balanced budget in the swing states (GB and
BG), it is possible to insure across states of nature. In the present context, this possibility
arises when the state of nature changes, and it is seen that for bg > bs and ug > ug both
employed and unemployed are compensated when the state shifts from G to B, and vice
versa. The latter is also seen by considering how a change in the state of nature affects the
overall position of employed, where we have

ﬁ [WBEG - WgB] =h(w[l —7] = Tpe) — h(w [l — 7] — Tpp)

ﬁ [WGEB - WgG] =h(w[l —7] —Tgp) — h(w[l — 7] — Tgq).
Hence, if Tpp > Tpe and Tgp > Toe, it follows that Wk, > WE, and Wk, < Wi; ie.
employed are better off when a bad state follows a good state than when it follows a bad
state, and they are worse off when a good state follows a bad state rather than a good state.
To put it differently, a shift from a good to a bad state is compensated, whereas a shift from
a bad to a good state implies a contribution.

Similarly, a change in the state of nature affects the overall position of the unemployed

by
9(brr — Tpa) — g(bs — TBB)
p+1

ng - WgB =
and
g(be — Tep) — 9(be — Tee)

WgB_WgG: o+ 1

27Tt is easily verified that it is not possible with the state dependent policy to achieve complete insurance
as defined by the Borch condition for employed and unemployed across the four different possible states of

nature.
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and if Tgg > Thg and Tgp > Tqq, it follows that ng > WgB and WgB < WgG; i.e.
unemployed are better off when a bad state follows a good rather than a bad state, and

worse off when a good state follows a bad rather than a good state.

3.2.2 Business cycle dependent distortions

The distortionary effects of the benefit level on unemployment are crucial for the optimal
benefit level (see also below). Intuitively, one would expect the benefit level to be more
distortionary in good states of nature with higher job finding rates than in bad states of
nature. To address this issue, we can rewrite optimal search in a given state 7 from (1) and
(2) by the implicit function

si=¢(z;) ¢ >0

where the expected gain from shifting from unemployment into employment is given as

2y = o [WE = Wi e W = W)

1+p IL+p

i.e. search is increasing in the expected gain from becoming employed. It follows that

881‘ Zij . 1 1—81'

8Zij S; - E(Si) S;

where 7(s;) = —]},,/((11:;))

the case in the numerical illustrations), we have that if unemployed search more in a bad

(1 —s) > 0. Assuming that the latter elasticity is constant (as is

than a good state sg > sg, then it follows that

O0sp zpc _ O0sg zgm

0ZBc S 0zaB Sc

i.e. the elasticity of search wrt. the expected gain from becoming employed is smaller in a
bad than a good state; i.e. search tends to be less distorted in a bad than in a good state of
nature (see also section 3.1)

The following tables consider this issue and report the elasticities of search and unem-
ployment, respectively, with respect to the benefit level in the two possible states of nature.
Consider first search. As expected, higher benefits lower search. There is both a direct
effect in the state of nature for which the change applies and an effect in the alternate state
since agents perceive the possible shift in the business cycle situation. The direct effect is
numerically larger in the good than in the bad state; i.e. search is affected more by benefits

in good than in bad states of nature.
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Table 1: Effects of changing benefits: elasticity of search intensity wrt. benefit

level

T =0.7 m=0.9
bg ba bg ba

Elasticity of search,
—1.58 —-0.87 —-1.87 —-0.33

bad state: sp

Elasticity of search,
—0.90 -1.69 —-0.34 —1.92

good state: sg
Note: ppp = 0.042 and pge = 0.038.

The effect of benefits on the unemployment rate derives from its effect on job search, and

we have
Oug bgp
T T
and a similar relation holds for the good state (see Appendix E). Using this we can easily
characterize distortions in terms of unemployment effects, and table 2 provides numerical
illustrations. As should be expected, the direct effect is stronger, the more persistent the
business cycle situation, whereas the indirect effect on the alternate state is stronger, the less
persistent the business cycle situation. It is seen that the direct effect of benefit increases is
larger in good than in bad states of nature; i.e. the distortions are business cycle dependent,
and we have that they are larger in good than in bad states. This goes in the direction of
making optimal benefit levels business cycle dependent, and we explore this issue in the next

section.
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Table 2: Effects of changing benefits: elasticity of unemployment rate wrt. ben-
efit level

m=0.7 m=09
b be b bg

Elasticity of unemployment,
1.47 083 1.72 0.35

bad state: upg

Elasticity of unemployment,
0.88 1.61 0.36 1.79

good state: ug

Elasticity of mean
1.20 1.18 1.07 1.04

unemployment:u
Note: pgp= 0.042 and pee= 0.038.

3.3 Optimal business cycle contingent benefits

We can now return to the issue of how optimal benefits depend on the business cycle situation;
that is, should they be counter-cyclical or pro-cyclical? Figure 3 shows how the optimal net
compensation (benefits less taxes paid) for the four possible states of nature depends on the
underlying persistence in the business cycle situation®. It is seen that the net compensation
is highest when a bad state follows a good state, and the intuition is that unemployed are
compensated for the more bleak outlooks and lower possibilities of finding a job. Oppositely,
we have the lowest net compensation when a good state follows a bad state. The net
compensation offered when the bad state persists (BB) is higher than when the good state
persists (GG). It is seen that the differences in net compensation are largest for intermediary
levels of persistence. The intuition is that the expected gains from shifting status become

lower in bad states and higher in good states of nature.

Insert figure 3 here

Figure 4 shows that optimal business cycle dependent benefits imply more variability in
unemployment rates than business cycle independent benefits. The reason is that benefits
are increased in bad times with high unemployment, and decreased in good times with low
employment. Hence, the optimal state contingent policy shifts compensation from good to
bad times, and search effort from bad to good times. In this way insurance and incentives

are better aligned with the business cycle situation.

28We present the optimal net compensation imposing a symmetry condition; that is, increases in bad
states equal decreases in good states. Considering whether optimal policies imply asymmetric adjustments,

we found only small differences to the symmetric case.
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Insert figure 4 here

This shows that it is possible to improve the insurance properties by making benefit
levels business cycle dependent without causing an increase in the structural (average) un-
employment rate. However, this gain may be achieved at the cost of more variability in

unemployment.

4 Conclusion

In this paper the effects of making unemployment benefits conditional on the business cycle
situation have been shown to depend not only on an insurance effect but also a budget
and an incentive (distortion) effect. We have shown in a stylized business cycle model that
the benefit level tends to distort more in good than in bad times, and this strengthens
the argument for counter-cyclical benefit levels. It is an important implication that such a
dependency is welfare improving (utilitarian) since it shifts utility for unemployed from good
to bad times. Moreover, it can reduce structural (average) unemployment, but it may imply
that the unemployment rate becomes more sensitive to the business cycle situation. The
present analysis therefore shows that a business cycle dependent unemployment insurance
system may provide better insurance without resulting in higher structural unemployment.

The preceding analysis considers a very stylized unemployment insurance scheme fo-
cussing entirely on the benefit level. In practice, it may be an equally important dimension
of the unemployment insurance to make the benefit duration business cycle contingent. We
conjecture that the case for such a business cycle dependency is qualitatively the same as
the one found in this paper for the benefit level.

There are several possible extensions of the current analysis. First, we completely ignore
aggregate demand effects (automatic stabilizers) of running a business cycle dependent pol-
icy. We conjecture that incorporation of this aspect will strengthen the case for having a
state dependent benefit level. Second, the model used in this paper relies on a very stylized
description of the business cycle and a somewhat rudimentary policy rule for diversification
across states of nature. It would be interesting to extend the model in these two dimensions

- something which we leave for future work.
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4.1 Appendix A: Value functions
Consider first the value functions for currently employed workers (W}}) in a given current
state (i) and past state (j).

v
WEs(t) = v(w,7,Tpp) + T+ (pesWEg(t+1) 4+ (1 — ppp)Whp(t + 1)]

1—m
(1 = pas)Wp(t + 1) + pasWip(t +1)]

+
1+p

Using that in stationary state Wig(t) = Wiy for all ¢, and similarly for all other value

functions W, (v = e,u;i,j = B, G) we have

Wk = v(w,7,Tsp) + SR [pBB [WgB - WgB] + WBEB}
1+p

1 —
1, (0= pen) Wes = W] +pos [Wés = Wis] + W)
or
?ppWéEB = v(w,7,Tsp) + 1 +p]UBB (W — Wig]
1—
gy (0= pem) (W — WES] + pen (W8 — W)

Similarly we have

v
Wia(t) = v(w,7,Tpe) + T+, (1= pp) WhE(t + 1) + ppeWig(t + 1)]

+1—7T
1+p

(1= pen)WEp(t +1) + pasWip(t +1)]
which in stationary state can be written

ng = v(w,7,Tpg) + %p [pBB [WgB — W,?B} + WgB}

+1 17; (1= paB) (W& — WEs] + pas [Wis — Wis] + W]
and hence
L WE = v, Tee) + —— [pes [Whp — Whp]]
1+p IL+p
+1 ;Z (1 = pa) [Wen = Wip] + pan [Wep = Wi]] + 17— [WEs — W]

A similar procedure follows straightforwardly for the remaining value functions.
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4.2 Appendix B: Stationary debt levels

To see that the proposed policy rule ensures stationary debt levels in all states, note that
the primary budget balance now can be written
Bpp =0
Bpa = [bauas — Tw(l — ugp)] — [bpupe — Tw(l — upa))
Bgp = [bpupe — Tw(1 — upg)] — [bgugs — Tw(1 — ugp)]
implying
Bpe = —Bgp

i.e. if the public sector is running a budget deficit when a bad state of nature with high job
separations (Bpg < 0) replaces a good state of nature with low job separations, then it will
run a similar surplus when a good state of nature replaces a bad state of nature. In this way
the scheme allows some risk diversification. To see that this is consistent with a stationary

debt level in any state of nature, observe further that

pDep = bgugp — Tw(l —ugp) — [bpupe — Tw(l — upe)]
+ [DGG — DGB] + (1 — 7T) [DBG — DGB]

pDpe = bpupe — Tw(l — upg) — [beugp — Tw(1l — ugp)]
]

+ 7 [Dpg — Dpgl+ (1 — ) [Dap — Dpa

implying that
(p+7) [Dgp + Dpg] = 7 [Dac + Dyl

and since we have from the debt level equation for Dgg and Dgg that
(p—l— 1-— 7T) [DGG + DBB] = (1 — 7T) [DGB + DBg]
it follows that

Do+ D=0
DGG + DBB = 0.

The debt levels in the different states of nature can be found by using that

pDBB = bBuBB — TU}(]_ — UBB) — TBB + (1 — 7T> [DGB — DBB]
pDep = bougp — Tw(l —ugp) — Tep + 7 [Dae — Dagl + (1 — ) [Dpe — Das|

28



which implies (by use of bpupp — Tw(1l — upg) — Tpp = 0)

(p‘|—1—7T)DBB = (1—7T)DGB
(p—|—71'+2(1 —7T)) Dap = bogucp —7'11)(1 _UGB) —Tap — mDpgR

Hence

1—m

m [bGuGB — ’7"UJ(1 — U'G’B) — TGB]il

Dgp=|p+7n+2(1—7)+n

which is finite, and hence Dgg, Dpg, and Dgg are finite.

4.3 Appendix C: Proof of equilibrium to the two state model

Note that from (7) and (10), we have

m(1,0p)
(1 — up) PBB
m(1,0q)
1 — uc) = PGa
and hence
(1 —ug)m(1,0p) _ PBB (16)

(1 —up)m(1,0c) pcc

Since % > 1, it follows from a sufficient condition that ug > u¢ is 2823 <lorfg<6bg.

From the value functions for a filled job (3) and (4), we have by use of JY% = Jg = 0 that

P E i E l—m E E E
— = —  — —J —_— —J 1-— J~—J
1+pJB y—w+ 1+ [pBB( B)] + 1+ [pGB( 5)+ (1 —peB)(Jg B)]

P E @ E 1—m E E E

J~ = - —_— —-J —_— —-J 1-— Jy — J
1+p7¢ y—w+ 1+ [pGG( G)] + 1+ [pBG( ¢)+ (1 —pse)(JE G)]
Hence
p 1 411 &
— + + — + (1 - 1—-= Js=y—w
[l—l—p 1+ppBB 1+ p {pGB ( pGB)( C]G)H B=Y
p T 1—7 qa B
— 4+ + — + (1 — 1—— JA =y —w
Lij 1+pPGG 1+ [pBG ( pBG)( qB)H G=Y

and
D Rl L T | N

[P+7TPGG+ (1 —m) [1 - (1 —PBG)Z—g)H B

where the last equality follows from (5).

(17)
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Using (11) and (12), we have
(1

UB)

1_pBG:m(l_pBB)
1_pGB:(1:—g(1_pGG)

Implying that (17) can be written

[p+7TpBB +(1—m) [1 - 8:53 (1= pce) 2_2” _ 4B

[p+7rpcc+(1 — ) [1— 8:33 (1_pBB)Z_g)H el

and using (16), we get

1,0
[ptmon+ (1= [1 - B2l (- pocy ],

pce m(1,0B) q (1)
[+ 7o+ (L= m) [1 — B2 2} (1 —ppg) 12)| | 4o
We have that . B N
45 _ m(fp 1) _ 05" _ [Q_G]
g m0g,1) 05" |0b
and -1 —a pl—a
gsm(1,0)  m(03 ) m(10) 0505 0o
gam(1,05)  m(05,1)m(1,05) 05205 Os
Condition (18) can now be written
[P+7TPBB+(1—7T) [1—%(1—]900)%“ 01
=13, (19)

[P‘HTPGG +(1—m) [1 — Pes (1 - ppp) z—g)H
It is seen that the LHS of (19) is decreasing in Z_C;? and the RHS is increasing in g—i. It follows
that there is a unique solution to gﬁB, from which all other variables can be found. To prove
that Z—g > 1, observe that for z—g = 1 we have that the RHS of (19) equals one, whereas the
LHS is larger than one. Hence, it follows that z—g > 1. Note that this implies Z—g < 1, and
hence ug < ug.

4.4 Appendix D: One state model

In the one state case (ppp = pag = p), we have that the model is summarized by

Value function employed WP =glw=T)+g(1 1)+ (WU —Ww¥]
Value function unemployed ﬁWU =g(b)+ f(1—s)+ s (WE —wY]
Search fl=s)=15 (WE—WwY]

Inflow outflow 0=(1—u)p—af)su

Job filling rate [p+pl ﬁ =1-7

Budget balance (1—u)T =ub
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Note that the job filling rate is found from (3), which in the one state case reads

p E p E
1+p° 7 1+p

and using (22) we have
k
[0+ p] i 1-p

This determines the job filling rate (¢) and thus also the job finding rate («). It follows
straightforwardly that % =% =0 and gzg = €[0,1] and aap = eelpip < 0.
Note for later reference that

p+as

F”p (W= W] = glw = 1) + g1 = 1) = [g0) + F(1 = )]+ 5> W0 =07
and hence
2 =) = (= 1)+ A=) = o) + =) 0
From the inflow-outflow relation, we have
u o p
l—u as (21)

Job separation
First consider the response of the unemployment rate to the job separation rate. From
(21) we have

_ |Qap 4 Osp
op sa

—f"l=s5)—=[WF-W'] —+a

op dp dp
and hence
dsp 1 1-s Qozp_i_@[WE—WU} p
ops e(s) s |Opa op (WE —WU]
where 7)(s) = —fﬁ(}f(l)fs) > 0.

From (20) we have

a[wr -wv] ( 1+p ) ,(1_8)@_8(p+as)(1+p)[h(w—T)+e(1—l)—[g(b)+f(
dp -~ \p+p+as dp dp (p+p—+ as)
B 1+p a 5 ds  O(p+as) [WE—WU]
B (P+p+a8)1+/)[w _WU]a_p_ dp  (p+p+as)



Hence, using that f'() = & [W¥ — W] we have

T+p
3[WE WU] D 1 O
= —p |1+ s—
op (WE—-WUl  p+p+as Op
It follows that
O9sp _ 1 l-sfbap 1 | dop
dps  €(s) s dpa  p+p+as P Jp «
1 1—8|:|: p+0p ]aap P }
- PP <o
e(s) s p+p+as| dpa p+p+as

It is an implication that s [1 — [‘g—zg + g—;g“ > 0 and hence g—; < 0.
Benefits

From (21) it follows that
Jub —bOs
Bu~ sopl
i.e. the elasticity of unemployment wrt. the benefit level depends on the elasticity of search
wrt. the benefit level times the employment rate. To find the latter, we have from the search

equation (1) that
Os o[WE —wv]

—f"()% =a 9%
and hence el ; -
obs  f'O[p+p+as)s " )1 —u%;—'—g/(b) <0
In the special case where % = 0, we have
0sb ab ,
s~ FOprprads’
70 1-s b' (0
f'OQ=s) s [Aw—=T)+e(l—1)—[g(b) + f(1—s)]]
Assuming n(s) = - ”(}f(l)*s) to be constant, we get
9 {8_9} — () bg'(b) { 10
Op |Obs [h(w—=T)4+e(1—=1)=[g(b)+ f(1—=3)]] |Mw—-T)+e(1—1)—[gd)+ f(1—
= —n(s) by'(b) [QS(S —1)—p—p]| 0s
[h(w—=T)+e(l—1)=[gb) + fA=9)]] [ s*(p+p+as) | dp

Hence, since 0 < s < 1, we have



Returning to the general case, we have from the budget constraint

oT U %
-1 % (1_u)26>0
or
OTb L oub 1| osh
oT obul—u ob s
Hence,
Osb ab S U oub 1 ,
Bs = P0G prads 0T | i)+ 90)
ab u dsb
= ! ]____ ,b
f%ﬂp+p+aﬂ8{fol—U[ mw}+g(ﬁ
and b
Osb m[f’()%uﬂLg'(b)]
i <0
Ob s =

The sign follows by noting that 1 + 7
see the latter, note that search is a decreasing function of the tax rate, and that the tax rate
is a decreasing function of the search level. The former gives the chosen search level for a

given tax rate, and the latter is giving the required search to balance the budget for a given

tax rate.

1+ mrpteras /O

Foptsrasd O

Specifically we have from (1)

O0s

af'()

— > 0 is required for stability. To

A |behaviour— <0

oT 1Mo = F [ p
and 7' = :*-b = b, and hence

or —1p -1

— |budee =b= b<0

8s|bdgt 82 a s 1—u

Stability requires that the required search level exceeds the chosen search level for a tax rate

below the equilibrium value, and vice versa, and this is ensured if

or

and hence

Os Os

a |behav1our < = a ’budget

af'(w

frOlp+p+as) 1t

ah'()b u

f"Olp+p+as)sl—u
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4.5 Appendix E: Distortions

First, notice a recursive structure of the model. We have from (3), (4), and (6) that

Jp =

JE -

and using that in equilibrium that

we get (using that ¢ = ¢(0))

ky(1+ p)
Q(QB)

ky(1+p)
q(0c)

From Appendix B we have

and from (11) and (12) that
PBa

PcB

1=B)y+ 551 —pep) I

(22)
1‘«%,0 + 1+ppBB + i 1+p
E
(L= By + 550 = poc) o

1+p + 1+ppGG + 1 1+p

(A Rt
4B

gE _ ky(L+p)

o=—"
qa

ky(1
(1_B)y+1+p(1_p 3)%
#ﬂﬂLlerpBB+ 1+p]
ky(1
(1—5)y+m(1— G)%

1+p + 1+ppGG + 1+p

(1,03)
(1 — UB) = DPBB
m(1,0c)
1- uZ) = Pca
up — uUqg (1 — UB)
(—uo)  (1—ug)’”
ug —up (1 —ug)

(1 —UB) (1—UB)pGG

The last six equations determine the six endogenous variables: 0g, 0g, up, ua, prc and pgg,

given the exogenous: ppp and pag.

Using this and from (7) that

PBB
upg = —————
pPBB + apsSp
we have
Oup bp Osp bp
ZBIB (1 —up) 2B
81)3 up (%B SB

and similarly for the good state of nature.
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4.6 Appendix F: Optimal benefits

The optimal benefit level solves

Maxy ¥ = (1 —u) WP +ulW?
This problem has the first order condition

owE oWl ou
F=(1-u) T +%[WU—WE}:O (24)

and the second order condition

Fy<O

Using the envelope theorem, we have from the value functions for employed and unem-

ployed, respectively

p owrE | u p [owWY owE
L = - T) -
1+p 0Ob l—u 14p| O 0b
p OWY , as [oWE  owY
LT =)+ -
1+p Ob 1+p | Ob 0b
and hence
p owr , P owv oWk
Ty = Tl =T+ =0 “>{ b o
p u@WU _ ug(h)+ as owE B owv
1+p o0 Y 1+p | ob ab
It follows that
p B ow¥® p owv , B
=) T e = () g (w( = 7)

which implies
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Figure 1: One state model: unemployment and net compensation to unemployed
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Figure 2: Widening business cycle differences: search
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n = 0.5



Figure 3: Business cycle dependent net compensation to unemployed and persistence
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Note: The net compensationiis given as b — Tjj. The optimal level is found inthe class of symmetric business cycle dependencies in benefit levels; i.e. the
increase in the bad state equal s the decrease in the good state.

Figure 4: Relative unemployment: constant vs business cycle dependent benefits
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Note: The figure shows the unemployment with business cycle dependent benefits relative to the level

of unemployment in a model with business cycle independent benefits. The level of unemployment in

the latter model is normalized to 1.
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