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Appendix 1

Al.1l Proof of Lemmal

Suppose that for a given compact space X, for some agent i (this index will be

suppressed in this section) at time t employment is the preferred labour market regime for some

value = =z'." This particular choice of the agent implies the following:

Va @' 117 =1) >V (@, hy 'y [ 17 #1) (L.1)

Since a larger value of the shock strictly increases future human capital while working
(something that does not happen in the other states) and in turn this (strictly) increases future
earnings and thus future consumption possibilities, and because the period’s returns from wages

increase as well, for any larger value of the shock (z">z"), the person works as well:

Va@oho 7" 117 =D >Va (g 'y |17 =1 >V (g, hy 'y [ 17 20)
= (L.2)

Va @, he " [T =) >V (g h, " [ 17 #1)

This establishes that there is a value of 7z, say ="', beyond which the agent will always
choose employment (w) among all other labour market options. But then there is a range of
values in the distribution of = below which contemporaneous and future earnings from
employment are so low that the agent’s optimal choice would be non-employment. Say this
happens at 7= =" . Then for any lower value (z~, 7z~ <), the individual won't work either,
because when the value of the shock declines employment becomes less attractive compared to

the non-employment options. Thus, a threshold 7z defined in terms of X, exists that completely
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characterizes the decision between choosing employment or not. The threshold z; depends on

assets and human capital accumulated so far as well as on state of nature (i.e. the realisations of

the shock), and determines the circumstances upon which the agent is willing to work.

For the case 7 <z, it remains to analyse the choice between the two non-employment

alternatives. From the financial capital accumulation equation we see that the shock does not
influence current period physical returns for the non-employment states. If there would be no
effect of the shock on human capital accumulation, then individuals would all choose state

I+ =1. However, the larger shock, the less attractive alternative ‘n” becomes in terms of human
capital, because the depreciation is increasing in the shock. Suppose there is a value =}
(= <x%) such that individuals are just indifferent between q and n. Because of Assumption 8
(i.e., positive prices including P, >0), if ~ decreases below ~{ alternative n become more
valuable, i.e., further loss of human capital declines such that below z5: h, |1} —h, |1 and
P, |1 =0. Ifthe shock increases above 7%, the alternative ‘g’ gains in value. Thus the monotone

reservation policy is proved.

Proof of Lemma 2

This proof extends that in Lemma 2 Costa-Dias (2002) to cover a third labour market
regime. In both cases the proof uses backward induction starting with the valued function at age
T and showing similar properties for ages 0to T -1 (the index i is suppressed for simplicity, so

that for any i, W,

s(it =W, etc.)

At age T the agent maximizes the contemporaneous utility only as function of

consumption suchthat ¢; = (1+r;)a, + Iz, W, + 17 (B,; — P, ) + I/ B,; ; the agent decides to work

1 The first part of this proof is similar to Costa-Dias (2002), but allows for a third labour market regime. The second
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or not according to the realization of =, conditional on past labour market history and
characteristics. Whatever labour market regime the agent decides to select, E_V;,(.) =0 and each

of the (partitioned) value functions are characterized by the utility of final time period resources:

Ve(ar by ) =u(@+n)a + h W (1-77))  if 17 =1
VTS(aT'hT’”T):U((1+rt)aT+(BsT_PsT)hT) if ITq:]-; (L-4)

Ve (ar,he ) =u(@+r)a; +Bsh;) if I7=1

Allow for Assumption 2 at age T : the same properties for the utility function carry
through for the value function for all the three labour market regimes. Allow for Assumptions in

3.3 and use the conditions in Lemma 1. Let V°(-| 1) =1) be the short hand notation of the

conditional (on j=w,n,q) value function:

EVE (@ h) =V (I =DP(Y =D+ V(17 =DP(IF =D + V(| 17 =DP(I} =1) =

zz§ ”hR z L5
= [Ve(ar b [y =D f (m)dr+ [ Ve ap by (17 =D f (m)d+ [ Vi ar e |1 =0) f (z)d (L-3)

R
a2

But (L.4) implies that V;* (-] 1] =1) is strictly increasing, twice differentiable and concave
in assets for any of the je{w,q,n} labour market alternative, therefore, so is the expectation
E,V; (a;,h;); notice that this is also taking into account that at any point in the lifetime of

individuals, including at T , the reservation thresholds depend on past information and not in the

present levels of assets (as determined in Lemma 1).

part of the proof refers to the third regime explicitly.
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Atages 0to T —1: The proof has four steps (following Costa-Dias (2002) and adapting

Stokey and Lucas (1989) to be applicable to any number of labour market regimes)

Let EV;

t+]

(a,h) =E_V;(a,h): The previous step shows that given Lemma 2, the RHS is

strictly increasing, twice differentiable and a concave function in assets (&,).

Step 1: We show that the conditional value functions V,*(-| I} =1) are increasing, twice

differentiable and concave in (physical) assets. Given that u(c;

t+]

) is concave (Assumption 2) and
E,V:, () are strictly increasing, concave and twice differentiable in ¢, and a,, standard
recursive methods show that for bounded objective functions, V), (-|) has identical properties
that E V().

The proof can be found in Stokey and Lucas (1989), Chapter 9, page 261. Furthermore,
take expectations on V), () over the support so that we define E V.3, ,(:]). The latter could be

represented as E_ V5, (-|) forany t in the working life of an individual. Then, the same standard
recursive methods in Stokey and Lucas (1989) imply that with u(c.,) and E_ V.S, (-|) strictly
increasing, twice differentiable and concave in ¢, and a,,,, respectively, the value function

VZ:(k,h,z|.) is strictly increasing, twice differentiable and a concave function in assets (a,) .

Step 2: We show that the reservation value = for the labour market shock 7, is
continuous in assets (a) . The monotonic relation between 7% and =} implies that both

reservation values are continuous and differentiable (at least once) in assets (a,) .

The reservation values z7 and z; both solve the equalities between the three value-

functions determined by the three labour market choices. Furthermore, Step 1 implies the

continuous differentiability (with respect to assets) of the value functions for any given labour
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market regime. Since assets are an increasing, continuous and differentiable function of human

capital h, , the value functions are also strictly increasing, twice differentiable, concave functions
with respect to human capital. Take, for example, the threshold 7. We know from Lemma 1
that this threshold solves the equality given by V*(a,h, 7 | 1" =1) =V’ (a,h, 7 | 17 =1) , where the

latter is a function of the same arguments in the neighbourhood of 7 . All the above implies the

following:

(@) The partial derivatives V, (| 1), V, (1), and V_(|I) exist. That is, Assumption 1
and Step 1 guarantee the existence of these partial derivatives for any labour
market option (notice that for V, (|1)=V, (%) so that the existence of the
partial derivative with respect to human capital is also guaranteed.)

(b) Suppose we can define a point (a®,h®,z7) . From Lemma 1 we know that 7

solves the equality V,*(a,h, 7z | 1" =1) =V,*(a,h, 7 | 17 =1), therefore, this must
also happen so that V,*(a®,h®, 73 | 1" =1) =V,*(@%,h®, 77 |17 =1) . That is, at
this point the equality is also true. Since the value function is continuous and
differentiable over the support of 7, and z;* is in the support [z, 7], then the

oV (@®,h?, 27| 1)
T

derivative

# 0 in the neighbourhood of that point.

The Implicit Function Theorem says that if a function V (a,h,z): D" — R™,m < n, complies
with conditions (a) and (b), then, there exists a function g(h,a) such that
V. (@®,h?,g(a,h) [ 1" =1) =V, (@",h?,g(a,h)| 17 =1) in the neighbourhood of (a®,h®,z%). This
function has an implicit representation, say z® =g(a,h), satisfies =} =g(a®,h%), and is

continuous and at least once differentiable in its arguments. Notice also that in our model

a=a(h), and not the other way around. Assume both (a,h) follow monotonically the same
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direction as is the case for fixed labour market regimes. Stokey and Lucas (1989, page 290) show
that the model can be reformulated in terms of only one endogenous variable with the recursive

solution applying identically to the reformulated problem. Thus, we can let z =z (a) . The one-

to-one mapping is guaranteed.

The same argument can be applied to the reservation value =} that solves for the equality
between the value functions V,*(a,h, z5 | 17 =1) =V’ (a,h, z5 | 1" =1).. In both cases we have shown

that Assumptions 1 and Step 1 allow for the application of the Implicit Function Theorem, and
this ensures that both reservation policies are continuous differentiable functions (at least once)

of assets (a,). This is to be used in further steps.

Step 3: Allowing for Assumption 1 and the interpretation of the reservation policies in

Lemma 1, the expected value function at time t can be written as follows:

EV (@0 = [V (@ h 1 =D f ()dr+

+ TV @R 117 =D F () + [ Ve (a1 =D f (2)dr (L6)

Step 1 determines that V,*(-| 1) =1) is strictly increasing, twice differentiable and concave

in physical assets for all three labour market regimes. Step 2 determines that the reservation
policies are continuous differential functions of assets, and the differentiability of the joint
density function of the productivity shocks is also guaranteed in Assumption 1. Therefore,

E,V. (a.h) isalso twice differentiable with respect to assets a, . This is a necessary condition for

Step 4 below.

A.6



Step 4: We show that the value function E_V°(a,h) is an increasing and concave

function of assets a, .

Step 3 allows for the following representation for the first derivative of E V,’(a,,h):

aEVtS(a,h)z’];a(VtS(J|n=1))dF(ﬂ)+’]"5(1(|q_l) ()I t(| =1)

0z A X dF (x)
" 872’ (VT =)=V (1 =1)) dF (a5) + (L7)
onR

(VO =D -V (1 =) fdF (2

The last two terms in the RHS vanish at the reservation value in the density function of =
(the value functions are identical), while the first derivatives with respect to assets are all

positive since Step 1 ensures that the conditional value function is strictly increasing. Therefore

it follows that (aEVf(a,h)/aat)>0. All what is needed for concavity is to show that

(GE*V;*(a,h)/0%a,) < 0. From (L.7), the second order derivative is given by:

EV(@h) 7O (WM =D) F(Ve(I1=1) (Ve(I1 =)
2 —i A OR f a dF(rc)+”th O
0% {[5(\45(-' =) a(v el 'Wl)J}dF(n&H (L8)
oa, oa, o8, |

ont {[a(vm 1"=1) oVl ﬂ”}dF(n:t)-
da, o8, %, |

The first three terms in the RHS of (L.8) are negative because of the concavity of the

conditional value functions. But the value of the last two terms in (L.8) depend on the relative
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degree of concavity between paired labour market regimes (i.e. between 1 and 1,*, and between

R
I and 1), and the degree of absolute risk aversion (given by the derivatives (a”t/aaj and

R
(aﬁa/aaj ).2 Assumption 4 states that individuals are risk averse in the sense that an increase in

assets reduces the reservation policy (subjective valuation of labour market choice) thus making
employment more likely than non-employment in the future for any random shock. Likewise, an
increase in assets as result of non-decreased in human capital (rather than depreciation) implies

that program participation becomes more likely than ‘unemployment without program

R
participation’, also for any given random productivity shock. Therefore, (aﬂt/aaj <0 and

R
(aﬁa/aaj <0 are implied by Assumption 4 as well as being consistent with our model (see

introductory notes). But, if an increase in physical assets implies reducing the respective
reservation policies through an increase in the willingness to take risk the implication is that for

any given assets level, a,, comparing the value functions between labour market regimes implies

that (aV (-] 1) =1)/6a)>(oV (- 1! =1)/6a) > (aV (-] 1] =1)/éa) .* Decreasing absolute risk aversion

2 Thatis, as stated in the introduction, individual’s hold latent valuation on each of the labour market regimes that
we define as ‘reservation valuation policy set’. These sets depend on individual’s taste for risk possible

determined by individual’s history, characteristics, etc: Lemma 1 embodies this idea. Each time the agent has to

evaluate the labour market conditions as the shock is realized, they compare the realized shock 7,to own
reservation policy that explains individual’s taste for risk (7Z'tR) , and make a labour market choice. Since the risk

attitude is given by the set of reservation policies (7Z'tR) , risk aversion is measured by the change on this with
respect to assets, where assets includes human capital as part of the individuals wealth. This justifies that the

derivates (3”‘76&1) explain the concept of risk aversion (coefficient of risk aversion).

That is, expected value of a choice is the weighted sum of the three possible choices so that expectations of the

value functionis EV =V (| I =w)P(w)+V (| I =q)P(q)+V (] I =n)P(n), and the choice among the
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and derivatives of value functions that are increasing as taste for risk increases implies that the
second and third terms in the RHS of (L.8) can be positive and overtake the negative value of the

first three terms. Then, concavity of the valued function can only be guaranteed if we assume

R R
‘constant absolute risk aversion’ in which case (a”t/aa) = (a”%j =0. This would imply that

the reservation policies are not responsive to changing wealth that is neither a realistic

assumption, not is it completely consistent with our structural model. Thus, Assumption 4 is

R R
required so that “decreasing absolute risk aversion’, i.e., [a”t/aaj <0 and (a”e/aaj <0, butbya

magnitude that is ‘not too large’ (both values are assumed to be bounded from below in the
neighbourhood of zero) guarantees that the positive terms in the last two parts of the RHS in
(L.8) never overtake the negative values of the set of second derivatives. This is the only way to

guarantee concavity.

Al.3 Proof of Lemma 3

Given Lemma 2 (i.e., having established the conditions for a well behaved value function), the
Euler Equation is the necessary and sufficient condition for the optimal consumption decision
“for fixed labour market regimes’ (since it is within labour market regimes that the value function

is continuous, twice differentiable and concave function of assets). Recall the Euler Equation:

ou

oc,

ou
=E 1+r
" [ﬂ( ) p

t+1

V]
mn] (L9)

three alternative depends on the realization of the shock that will determine the weight (probability). But
independently, each of the value functions is an increasing, twice differentiable and concave function of assets,
while the value of the value function for the working choice has to be steeper than for the non-employment

alternatives and in turn. At this point is when we need to apply Assumption 5 (no crossing of the value functions).

A9



But (L.9) gives the optimal intertemporal relation for the choice variable assuming
concavity of the value function only with respect to assets, when in reality the problem in (2)
implies a more complex set of dynamics in the state space. Then, there must be as many optimal

consumptions paths that are consistent with (L.9) as possible values of h,; that are consistent
with the assets path (a,) that underlines (L.9). Then identification/characterization of the optimal

consumption path is only possible if we find an expression analogous to (L.9) such that the new
expression implies restrictions for human capital. Recall Step 1 in the proof of Lemmaz2. This
step states that under the regularity assumptions for u(c) and E_V,(:|) in ¢, and a,,,, Standard
recursive methods show that V,*(-| I =1) has identical properties than E_V,*,(-]) . First we apply
the envelope theorem to V,.°(-| 1) =1) so that at the optimal consumption choice and for fixed

labour regime, a change in assets implies zero additions from future changes in the value

function:

(avmli%j:@ 4 BE N (|1
a) aalemin S R
i
:a_u@ since E, N (1 -0 (L.10)
oc da ORI 08y, ONIER))
=u'(c)+r)

Since (ov(|1")/ca,)=(@+r)u'(c) and V:(|1)=1) has identical properties than
E, V.5, (1), we take expectations so that E, (6V,3,(.|1')/da,,, ) = (L+1,.,)Eu'(c,,) ; the result is labour

market regime and skill specific. The result is then applied to the Euler Equation in (L.9):

au(c,)
oc,

_pog| Vi)
i aa‘Hl

|(J'):l (L]l)

(1)
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Expression (L.11) maintains the same properties as the Euler condition in (L.9) but we
have now established a relation between current consumption and the other dynamic variable in
the system, human capital. We are now closer to identifying the optimal condition for
consumption (optimal consumption path) taking into account the full dynamic system. Notice
from the dynamics in (1) that the two endogenous state variables always follow the same
direction, while the value function is concave in assets. This means that the derivative in the

RHS of (L.11) is positive for any value of h,,,, with this latter variables also increasing as a,,,

+17
increases. At the same time (L.11) explains that any marginal change in utility today has to be
matched by an equal but weighted expected marginal change in tomorrow’s utility establishing a

precise relation between the concavity of u(.) and EV (.) with respect to the variables c,and a, .

From the dynamics in (1) we see that this must imply that we are pinning down the optimal

human capital path. That is a_, =(1+r)a +INC(h,W, )|, —C, . Then, for fixed working

conditions, any increase in assets has to be met by an increase in consumption so that (L.11) is

satisfied, and this leaves no room for h,,, to move other than whatever value satisfies (L.11). In

other words, (L.11) can be re-written as:

au(c,)
oc

=p-E

t ol

aV st+1 (at+l’ ht+1 | ht+1)
o8, |I(j) 2

Then, given the properties of the value function, the values of the state variables and for
fixed skills and working decisions, the optimal condition for consumption is given by (L.12).
With this (allowing for all regularity conditions and assumptions above), the problem in (2) has a
unique solution “for fixed labour market regimes’ and for given skill type. In the development of
(L.12) we have seen that agents are restricted to be risk averse. Expression (L.12) places further

restriction in the variables that determine the behaviour of individuals: consumption (c,) and
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savings (a,,,) must both be normal goods in the sense that an increase in net income must be

followed by an increase in both consumption and assets for fixed labour market regimes. The
reason is the following: suppose ‘total net income’ increases (for example as result of an increase
in human capital, but also as result of any other change in the state space ). From the low of

motion in assets (see (1)), the implication is that either (a,,,) or (c,) increase. But both u and

EV are concave functions, therefore, both must increase to keep the equality in (L.12) satisfied.

Another way to interpret this is as follows: allowing for EV (a,h) in L.11 does not pin down a

specific optimal path among all possible optimal paths given all admissible h paths, so L.11 is
necessary but not sufficient. Conditioning on h implies that the Euler is now based on

EV (a,h|h) thus restricting the relation between assets and consumption so that the marginal

intertemporal gains are now fixed for given labour market conditions. This latter is what allows
to identify the optimal path but at the expense of further restrictions on the type of consumption

and savings that individuals are allowed to consume and hold.

Lemmas 1, 2 and 3 complete the set of regularity conditions that allow for expression (2)
to represent the individual’s problem, for the problem to be well defined and for this to have a
unique solution (identification of an optimal consumption path). At the same time, expression (2)
is based on (1) and we have shown that the structural model as specified in (1) is well behaved.
This is what allows us to use the characterization of the endogenous variables to specify the
reduced form specification, and with this to estimate the parameters. In reality, what is crucial is
to make sure that for fixed labour market regimes the dynamic endogenously changing variables
change all monotonically in the same direction. Our specification is correct because the newly
introduced labour market regime still maintains such monotonic relation. Assuming a well

behaved bounded functions in a bounded support (for anyone of the three labour market
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regimes), the problem boils down to ‘maximising a concave function’ subject to a set of
constrain that ‘do not jump in different directions in some unspecified form’: this is also
guaranteed. Because in our case these constrains also behave monotonically, the problem can be
placed in the shape of a value function with behaviour that is driven by the dynamics in the
model, thus the value function is also well behaved. The regularity conditions for the value
function implies three constrains (risk aversion, consumption is normal and savings is also a

normal good). This completes the theoretical part (the structural model and its conditions).

Appendix 2
Probit estimates for the conditional probabilities P(1;" =1|K{;7,,), P(1%, =1|K{;7.,) and
P(1"=1|K{;7.), P(I7, =11 K] 7...) - The samples used in each of the four cases are based on the

t+1

distribution from Table 1 so that estimates for period t are based on 48,653 units, and estimates
for period t+1 are based on 45,222. The 3,431 drop in sample between periods results from

those who move to be non-classified in one of the labour market regimes after period t.
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Table A2.1: Probit Estimates for the outcomes working (versus not working) and

unemployment without ALMP (versus working and unemployed with ALMP)

Dependent Working Unemployed without ALMP
Variable
Time Period t t+1 t t+1
Coefficient s.e Coefficient s.e Coefficient s.e | Coefficient s.e
Constant 5373 0184 4828 0205 4104 0251 3714 (1k7
Age 0218 0006 01% 0007 vzl 0000 0191 o011
 Agesquare 00 0 (V) 0 003 0 002 0
L'Vezgnugsr:g]gnsizmon 0 0 0B 0w a9 o 019 006
Permanent Partner present 008 0oL oo oot 008 0015 Ogﬁ O%O;
Household ownership 0463 0029 038 006 043 004 i "
Primary Industry (Agro, fishery, 01% 0026 0164 00z omo  0os3 033 00%
mine) 0us 008 018 008 B 0 007 00
Secondary Industry (Manufacturing) 0649 oot 06% 0023 054 00S -0.089 0087
Skill Class 1 0008 003 0012 003 0064 009 0421 0.031
Skill Class 2 035 005 0263 0026 0404 oo 0018 00w
Natural Logs, Net household income o 0012 o 0013 Q157 0016 03 0036
Labour market experience <= 6 0 0% 023 0018
months omr o1 106 0Bl 033 026
Labour market experience <=12 028 014 031 ot 0% 018 025 025
months 0086 0146 0645 0176 0281 028 025 025
Labour market experience <=18 001 01 07 016 0 026 s 01%
months 0% okl 0B 008 o™ ol 0m o3
Labour market experience <= 2 years 0485 0059 012 0083 048 0072 018 0071
Labour market experience <= 4 years 28 006 0045 0048 033 0083 P 0072
I!me dummy, 1991 0w 008 006 00 02500 ou6  oom
ime dummy, 1992 o0 0019 0%l 0064
Time dummy, 1993 00 005 002 0or4
Time dummy, 1994 0152 0062 03l 008 uz 00 0313 0105
Time dummy, 1995 0261 005 0216 0053 0L aarr 0347 0,08
Time dummy, 1996 0281 0049 038 0067 038 0% 0265 008
Time dummy, 1997 0 0019 032 0059 0137 0071 01% 0082
Time dummy, 1998 0% 0% 0418 0059 0% 002 0076 0075
Time dummy, 1999 Q8 057 0453 0064 017 0073 008 0072
Time dummy, 2000 P 006 0274 0083 007 006L 0031 0077
Time dummy, 2001 Py Od% 019 002 0081 009 00 0058
Time dummy, 2002 ’ ' 029 0086 0317 0085
Unemployed for 6 or less moths 005 1% 017 0115
Unemployed for 12 or less months - 0 P 018
Unemployed for 18 or less moths ' !
Unemployed for 24 or less months 2138 ona 2168 0112

Note:

All estimates are based on truncated probits (expressed,15, Section 4) with points [, 7] =[0.000001, 23.8] as the

points used for truncating the likelihood function. Table 1 explains the sample sizes used for estimating each of the
specifications in the table. For example, estimates for the working outcome at period t , conditionally compares 45,826
working males to (980+1,847) non-working males to estimate the coefficients in columns 2, whereas for column 3 (at
t +1) the comparison is between 42,438+322+264 working males against (545 + 607 + 236 + 128 + 97 + 585) non-
working individuals who are still active labour market participants. Similarly, Table 1 shows the sizes involved in
estimating the coefficients in columns 4 and 5. The omitted variables are ‘lives in a non-German speaking canton’,
tertiary (service) sector, skill class 3 (the highest skill considered), ‘has working experience greater than 48 months’ and
specifically for columns 4 and 5 *has been unemployed for more than 2 years'. Furthermore we omit the time dummies
for 2002 and 2003. We consider significance at 5% level or below with bold coefficient suggesting such level of
significance. All p-values for the diagnostics suggest rejecting overall heteroscedasticity and acceptance of the
specification by means of the likelihood ratio.
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