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Abstract

Recently Dagsvik and Karlstrom (2005) have demonstrated how one can compute Compensating Variation and
Compensated Choice Probabilities by means of analytic formulas in the context of discrete choice models. In
this paper we offer a new and simplified derivation of the Compensated probabilities in the case with
independent random utility models. Subsequently, we discuss the application of this methodology to compute
compensated labor supply responses (elasticisities) in discrete labor supply models. Whereas the Slutsky
equation holds in the case of the standard microeconomic model with deterministic preferences, this is not so in
the case of random utility models. Note that since the non-labor income elasticity is negative the Slutsky
equation implies that the compensated wage elasticity is higher than the uncompensated one. With a random
utility model we show empirically that in many cases the uncompensated wage elasticity is in fact the highest
one.
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1. Introduction

In recent years labor supply analysis based on the theory of discrete choice and random utility formulations has
become increasingly popular. A major reason is that discrete choice labor supply models are much more
practical than the conventional continuous approach based on marginal calculus, see the surveys by Creedy and
Kalb (2005) and Dagsvik et al. (2012). In the literature there are basically two versions of discrete models of
labor supply that have been proposed. Van Soest (1995) and van Soest et al. (2002) proposed to analyze labor
supply as a standard discrete choice problem. In contrast, Dagsvik et al. (1995), with further extension by
Dagsvik and Strem (2006), proposed to analyze labor supply as a job choice problem, where the set of feasible
jobs is individual specific and latent. With the discrete choice approach, it is easy to deal with nonlinear and
non-convex economic budget constraints, and to apply rather general functional forms of the utility
representations. Whereas it is fairly straight forward to compute uncompensated responses and elasticities in
discrete choice models, the computation of the corresponding compensated effects is, however, not trivial.

Dagsvik and Karlstrom (2005) have demonstrated how one can calculate Compensating Variation (CV)
and compensated choice probabilities (Hicks choice probabilities) in random utility models, in the general case
when the deterministic part of the utility function may be nonlinear in income. Dagsvik et al. (2009) applied the
methodology of Dagsvik and Karlstrom (2005) to compute welfare measures such as CV in the context of
selected tax reforms.

In this paper we show how one can apply the methodology of Dagsvik and Karlstrom (2005) to compute
Hicks choice probabilities and corresponding compensated wage elasticities (Slutsky elasticities). To this end
we base our analysis on the model proposed and estimated by Dagsvik and Strem (2006). Specifically, we show
how one can compute Hicks joint choice probabilities of being in particular states before and after wage rate
changes or tax reforms. The states are non-working, working in specific sectors and with different working
loads. Slutsky elasticities are derived from the Hicks joint probabilities.

We report uncompensated as well compensated wage elasticities, and also non-labor income elasticities.
These calculations show that the compensated wage elasticities (Slutsky elasticities) tend to be higher at the
extensive margin than at the intensive margin, while the opposite is true for uncompensated wage elasticities.
The elasticities vary considerably with the wage level (the higher the wage is, the lower is the elasticity) and
with household characteristics. Moreover, the calculation of the three elasticities demonstrates that to which
extent the Slutsky equation is violated in this type of models.

Second, we calculate Slutsky elasticities based on the sample values that were used in estimating the
model. It is shown that the mean value of the uncompensated elasticities of expected hours with respect to the

wage exceed the compensated elasticities, which implies that the Slutsky equation does not hold.



The paper is organized as follows. In the next section we review some basic definitions and formulas
given by Dagsvik and Karlstrém (2005) for computing compensated choice probabilities. Subsequently, we
discuss special cases such as the binary and the ternary choice setting. This is done for the sake of bringing out
the essentials of the methodology of Dagsvik and Karlstrom (2005), also when it is applied to labor supply.
Section 3 gives a brief description of the empirical labor supply model that is the main focus of our application

and reports numerical results. Section 4 reports elasticities and section Sconcludes.

2. Compensated choice in random utility models

The history of random utility models (RUM) dates back at least to Thurstone’s (1927) analysis. It took more
than 30 years before this type of models were applied in economics. See Quandt (1956), Luce (1959), and
McFadden (1973, 1978, 1981, 1984) for extensive discussions on motivation, exposition and applications. An
early discussion of the potential of the random utility approach within economics is provided by Quandt (1956).
He confronts the established wisdom at the time by arguing that it might be better to define preferences in a
probabilistic sense and thereby making the model more realistic by weakening the postulate of strict rationality.

In micro economics, the theory of compensated (Hicksian) demand and supply plays an important role.
Until recently, there has been very little focus on a corresponding theory in the context of random utility models.
To our knowledge, the first systematic analysis of compensated choice in random utility models was undertaken
by Dagsvik and Karlstrom (2005). In this paper we offer a simplified proof of a fundamental result obtained by
Dagsvik and Karlstrom (2005), which we shall now discuss.

Consider a setting with a finite number of alternatives. Assume that the utility of alternative j has the

structure U, (y)  logv,(y) !/,. where V,(y) is a positive, deterministic and monotonically increasing

function of y and it may also depend on prices, non-pecuniary and alternative j - specific attributes, whereas

is a stochastic term that is supposed to account for the effect on preferences from variables that are not observed
by the researcher.* For our purpose in this section we only need to introduce income in the notation. In the

context of this paper we consider situations where a reform is introduced, and it is therefore convenient to

introduce additional notation. To this end let U? log V? ; log V?(yo) ; denote the ex ante utility of
alternative j, where yU denotes the initial income and VJU () is the deterministic term associated with the utility
of alternative j ex ante, and let U, (y) logv,(y) '/, be the corresponding utility of alternative j ex post. The

respective systematic terms VJU( ) and v, () may differ due to exogenous changes in taxes or alternative specific

attributes, suppressed in the notation here. Here it is assumed that the stochastic terms of the utility function are

* With no loss of generality we apply the logarithm transformation for the sake of simplifying the expressions below.



not affected by the reform. Let J° and J denote the ex ante and ex post choice given that the ex ante and ex
post utility levels of the chosen alternatives are equal. Let P¥ (j,k) ' P(J° ' j,J | k) denote the joint

compensated (Hicksian) probability of choosing alternative j ex ante and alternative k ex post under the
condition that the respective utility levels of the chosen alternatives before and after the reform are the same. In

other words,

(2.1) PA(j.k) P@U] max U U (Y) max U (Y).max U’ max U, (Y)).

where Yis the income required to maintain the utility level equal to the original utility level. Note that the
income Y is stochastic due to the utility function containing a stochastic term. Assume in the following that the
random error terms are iid with ¢.d.f. exp(' ‘exp( X)). Let y; be determined by V?(yﬂ) v;(y;)- Thatis,y, is
the ex post income that ensures that the ex ante and ex post utility of alternative j are equal. Also let

(y)  max(v(y°).v,(y)). For simplicity we shall in the following write v;-](yﬂ) VJU For j to be the most
preferred alternative ex ante and k the most preferred alternative ex post this implies that U, (Y) U ].U UIE,
which implies that Y | 'y, . Furthermore, since alternative k is the most preferred one ex post, U, (Y) U, (Y).

which together with the above result yields U j ) U?. The latter inequality implies that Y Y- Hence, for

transitions from alternative j to alternative k to take place, under constant indirect utility level it must be the case

that y, 'Y V- The following result was obtained by Dagsvik and Karlstrom (2005, Corollary 3).

Theorem 1

Assume an additive random utility model with independent and extreme value distributed error terms.

Then the joint density Tj,k,y) of (J°,71,Y) is given by

Ol (v
22) Gy —e)

IOl

provided v, (y) is differentiable, k ' j and Y, 'V %

The full proof of Theorem 1 is given in Appendix A. As mentioned above, the proof given in Appendix
A is a very simplified version of the one given by Dagsvik and Karstrom (2005).
For the sake of bringing out the essential idea we shall provide a brief outline of the argument of the

proof: Consider the case with m = 3. Assume that y, | y; and let y! [y,,y;]. We have that

P I LT 2Y [y.y WU )



P(max(U,.U3) | Uy.max(U;(V).U5(Y)) U,(V.Y (5.5 9IU] | ®)
Sincey, | 'y vy and UIU TIx it follows that U,(y) _UIU and U,(y) _Ug. Hence
PI° LI M2 Y Mly,y T7¥) TP(max(U3,Us(y)) TxU,(y) Tx U, (y 791U TTx)
TP(max(Us, Us(y)) T)PU(y) Tx U, (y Tdy) U7 71x)
Texp(Te ™ 5(y)) exp(Te 7V, (¥))e~dv, (y)-
Thus, one can readily obtain the formula for P(J° 71,7 72,Y [y, y 717y)) from
EP(max(U3,U3) MU}, max(U; (Y),Us(Y)) U, (V). Y Ty, y Tdy) [U})
Vi dv, ()
KRG IO

which is the desired expression.

Similarly to Corollary 3 of Dagsvik and Karlstrom (2005) it follows that

Corollary 1

The Hicksian (Compensated) choice probabilities are given by

(2.3) PE(jk) v ;[%

2
s [ /eyl

when k' j and y; ' Y,. In the case where jand k are distinctand y; ' 'y, then P (j.k) 0. Furthermore,

when j = k then

—_ \A
2.4 P (j.j) ———.
[ 'r(yj')

It may be instructive to consider a couple of special cases, such as the binary and ternary cases, which

we shall do below.

2.1. The binary case
For the sake of providing more intuition to the formalism displayed above we shall discuss the binary and
subsequently the ternary case in more detail. We shall now consider the binary case in more detail. From (2.2) it

follows by straight forward integration that when y, | 'y,



i s R 0 |
(25) PH(L 2) VlD —_ "J(}')d)‘ Vi Vi

—2 0 ] 0 oy
T wel W R w0

According to (2.3) P¥(2.2) is given by

0 0
(2.6) PEQ22) 2 4
- ) v |V
k (33 ) -
k3
Consequently, it follows that
H H H v, (¥;)
2.7) PTIPT(L2) I PT(2,2) 5

v vy (yy)

in this case. The corresponding ex ante probability of choosing alternative 2, is given by

(2.8) P, 2

Thus, it follows that the compensated effect, when measured by the relative change (PzH P,)/P,.is given by

P71 P L (y A
2.9) 2 (Bl w0 Y

0 0, .0
P, vi wy) v v

v, (¥y) V.E v, (¥) | V5 (y,)

0 ; 0 ;
v vy (yy) v, v (y,)

when yi = y,.
In the case where y, | 'y,, P¥(1,2) 770, and Py’ TP (2,2), so that we now obtain

0

v,
(2.10) P PR(2.2) —1—.
vy | vi(yy)

Hence, in the case with y, 'y,

(2.11) PP P v iv(y) wi(y) w(yy)

PJ VS V1 ( YJ ) V_EI v1 ( YJ )

Consider next the special case with only a reduction in the price (or cost) of alternative 2 whereas other

attributes (or tax rules remain fixed). This implies that v,(y) V] (y) in this case so that y, 'y’. Since

0

v,(y) 'V;(y) forany y, and v, is determined by v,(y,) 'v;(y'), it must be the case that y, 'y’ |y,

According to the analysis above, this means that the compensated (Slutsky) price elasticity can never be

negative in this case, which is intuitive.



2.2. The ternary case

Consider finally the case with 3 alternatives, i.e., m = 3. Then (2.3) reduces to

(2.12) PE(j.k) v?_:%,

00

7l
for j, k=1.2.3, and distinct j and k. Suppose for example that y; | 'y; | 'y,. Then it follows that

P (1,2) 70, PHE(1,3) 70, PH(3,2) 70, whereas P¥(2,3) TP F(3,1) TP E(2,1) T0. We obtain that

dv, (¥)

A 2
¥ _‘f’1D vy (¥) Vg L

H
(2.13) P(3,2) v =

vy vy

3 3

V10 VJ (YE ) VE? V10 VJ (yl ) VE?

‘?3?(‘73(3'1) vy (}1))
CERACAIRS CRRACAHINS!

However, for P¥(1,2) one can in general not express the integral on closed form. The ex post Hicksian

probability of choosing alternative 2 equals
(2.14) P71 PH(L,2) P(3,2) PF(2,2).

and similarly for the other cases. Since P ¥ (3,1) TP ¥(2.,1) 70, we get for alternative 1 that

0
(2.15) P PE(LD) v

0

1
Vi v (y) ' vs(yy)

2.3. Examples of compensated effects in discrete labor supply models

Consider now the case of a model for labor force participation (binary case, j=1,2) and subsequently a model for

labor force participation and choice of working in one out of two sectors (ternary case, =1.2,3).

Example 1: Labor force participation (the binary case)
Consider first the choice of whether or not to work. Let w be the agent’s wage, I the agent’s non-labor income

and let full time hours of work be normalized to one. Let f(hw,I)denote income after tax, where h =1 if
working and h = 0, otherwise, and let u(C,h) denote the mean utility of disposable income and hours of work
(C.h). U/ (y) ! u(f(0,y),0) '/, be the agent’s utility of not working and U, (y) | u(f(w,y).l) ' /4, the utility
of working, were the random error term /. j= 1, 2, are supposed to account for unobserved heterogeneity in

preferences across alternatives and agents. The agent will work if U,(y) ' U,(y). In this example it is assumed



that the agent has no problem with finding a job, and consequently the event of being employed will therefore be
determined by the agent’s preferences.

Consider now the effect of a change in economic incentives (such as a wage increase or a tax reform)
that makes the working alternative more (or less) attractive. We assume that the random part of the utility
function is unaffected by the change in taxation. Let w’, f° be the ex ante wage and tax system, and w, f . the
corresponding wage and tax system ex post. Moreover, let Y be the non-labor income that makes the ex post

indirect utility equal to the ex ante indirect utility. Write log v?(yo) logv? u( 2 DWW, ¥"). 5 D),
U’ logv?(yo) - logv, () u(f((j DwY),j 1. and U;(Y) logv,(Y) /{, forj=1, 2. Thus U? is the

]

ex ante utility of being in labor market state jand U, (Y) the corresponding ex post utility. The random parts,

i .J=1, 2, are assumed iid extreme value distributed across alternatives. The deterministic utilities may also

depend on other alternative specific attributes. Let y; be defined by v?(yo] v;(y;), j=1, 2. The income y; is a

money metric measure of the initial deterministic utilities. The compensated probability of “working™ (“not
working™) can now be analyzed as outlined about in section 2.1. In particular, it follows that the compensated

wage elasticity (Slutsky) will never be non-positive.

Example 2: A two sector labor supply model (the ternary case)
Consider next the following two sector labor supply model. In this case there are 3 alternatives, “not working”
(1), “working in the public sector” (2) and “working in the private sector” (3). Here, and for expository reasons,

in each sector the only option is to work full time. As above let U, be the utility of not working, U, the utility
of working in sector 2 and U, the utility of working in sector 2. Assume that U, (y) = u;(f(w;,y),1) /| for j=
2, 3, where w; is the wage of sector j. Note that the function u; may depend on j because the systematic part of
the utility function may depend on attributes of the sectors other than wage. Let logv,(y) ' u(f(0,y),0) and
logv;(y)  u;(£(w;,y),1), forj=2,3,and U;(y) v;(y) /. Similar to the analysis in the previous example,
let UJ[-] logv?(y”) { be the ex ante utility representation and U, Y) logvj (Y) { the corresponding ex

post utility representation. The analysis now proceeds similarly to the ternary case discussed above.



3. Compensated choice in a labor supply model with latent choice sets of

available jobs

In this section we consider compensated choice probabilities for the discrete labor supply models with latent
choice constraint developed by Dagsvik and Strem (2006), see Dagsvik et al. (2012). Here we only give a brief
review of the model. For expository reasons only the case of a one-sector labor supply for married females is
considered here. The two sector labor supply model is outlined in Appendix B. The wage income of the husband
is assumed exogenously given. The household derives utility from household consumption, here set equal to
household disposable income, leisure and non pecuniary latent attributes of jobs.

Letz=1, 2,.., be an indexation of the jobs and let z = 0 represent not working. The utility function is assumed
to have the form U [C.h,z_| logv C,h| /(z), for z B where B is the set of available jobs, (C, h) denotes
disposable income and annual hours of work, v(-) is a suitable positive deterministic function. The set B is
individual specific and latent. The terms {/{z)} are positive sector-and job-specific random taste shifters. The
taste shifter accounts for unobserved individual characteristics and unobserved job-specific attributes. These
taste shifters { {z)}, are assumed to be i.i.d. across jobs and agents, with c.d.f. exp("e™). forreal x. The

reason why the index z enters the utility function is that job-specific attributes beyond wage and hours of work
may affect the utility of the agents. For given hours of work h and wage rate w, disposable household income is
given by C | f(hw,I), where f{-) is a function that transforms pre-tax incomes into after-tax incomes, w is the
woman’s wage and [ denotes non-labor income. It is convenient to decompose the set B as the union of the sets
{B(h)}, where B(h) is the set of available jobs with hours of work equal toh. Let /+ be a measure that
represents the number of available jobs and g(h) the fraction of jobs with hours of work that are feasible. Thus

g(h) is the number of jobs in the latent set B(h). We call /' g(h) the opportunity measure of the agent. Let

(h) be the probability (uncompensated) of choosing hours of work h (for a utility maximizing agent), and let
D be the set of feasible hours, which here is assumed to be finite. From the assumptions above it follows readily
that

v_f(hw,I Jh)g(h)
v(£(0,1),0) I v_f(xw,I.x)g(x)

x0,x7D

(ERY (h)

for h 710, see Dagsvik and Strem (2006) or Dagsvik et al. (2012). Forh =0, / (0) is obtained from (3.1) by
replacing the numerator by v(f{0, 1), 0).
Similarly to Section 2, consider a setting where a tax reform, a wage change or some other change is

introduced. For example, the framework above allows for changes in latent choice constraints through the



opportunity measure | g(h). The corresponding compensated effects can now be calculated in a similar way as

outlined in Section 2. To this end, let

Vi(h,y) max g, (logv’ (£ (hw’, y).h) | 1/ (2)

where the zero superscript denotes the initial ex ante situation. Thus Ve (h, ¥) is the ex ante utility of working h
hours when non-labor income is equal to y. Similarly, the corresponding ex post utility of working h hours can
be expressed as
V(h.y)  'max 5, (logv(f(hw,y).h) ' (2)).

Lety(h) be the real number that solves:

V(£ (hw’,T).h) Pg"(h)  v(f(hw, y(h)),h) g(h)
when h is positive and

V(£°(0,1),0) ' v(£(0, y(0)).0)
when h = 0. Furthermore, let D ' D ' {0}. Define the joint compensated probability
(3.2) PEm.h)

P(max__V°(x, 1) V'(h,1),V(h,Y) max_,V(x,Y),max _,V'(xI) max_,V(x,Y)}.

The probability defined in (3.2) is entirely similar to the corresponding one defined in section 2. It is the

probability that the ex ante labor supply is equal to h and the ex post supply is equal to h , when the ex ante and
ex post utility levels are equal. It follows from Corollary 1 that

53) PR 1y gy e &) SN (). WV (v dy). )

v K(y)

for h 'k andh >0, k' 0, where the indicator notation 1{} means that 1{y = x} ify > x and zero otherwise
and

(3.4) K(y) max(+"(£7(0,1),0),v(£(0.¥),0)) max[ g (V' (f°(xw’.1).h), g(x)v( f(xw, y),X)].

o

Note that (3.3) allows for changes in the opportunity measure, where ' *g’(h) and ' g(h) denote the ex ante and
€X post opportunity measures, respectively. Furthermore, we get from Corollary 1 that

0_0 0 0 0
(3.5) pE (p1y & @V (W, D)
K(y(h)

forh=0.Forh=0, k' 0 it follows that

(3.6) PE(0,B 1{y(0) y(ﬂ)}}'(o[) BRIV (£°(0.L. O (i, dy), )
v(B) K(yY

10



and similarly for h 70,5 70. For h 7k 770, we have that

v (£°(0.1).0))

3.7 PE(0,0
G- (©.0 K(y(0))

Let U(h) denote the ex ante choice probability, which is obtained from (3.1) by inserting the initial tax system,
wage and opportunity distribution. The marginal ex post compensated choice probability, A (h) is given by

(3.8) () JPxh).
D
Hence, the compensated relative change in the probability of choosing h hours of work induced by the reform
equals
ORI
JOVN
The corresponding compensated change in the mean labor supply is given by

|_}:ZDX H(X) |_}:ZDX D(X)
LxZDX D(X) .

(3.9)

(3.10)

4. Elasticities

Here, we report numerical results based on the two sector discrete labor supply model developed by Dagsvik
and Strem (2006). In Appendix B we give a summary of the model with estimates. Summary statistics, tax

functions and estimates are given in Appendix C.

4.1. Selected cases

We have calculated compensated wage elasticities and uncompensated wage and income elasticities for 48
different cases. We have chosen three wage levels (NOK 1994), which is low (NOK 70 per hour), high (NOK
200 per hour) and super-high (NOK 300 per hour). Non-labor incomes (which includes the income of the
husband) are NOK 50 000 (low), NOK 100 000 (lower than average) and NOK 200 000 (above average).
Household characteristics are no children or 2, and the age of the woman is either 30 or 40. The results below
clearly show the extent of heterogeneity in the labor supply responses. Further detailed results can be found in
Appendix D. The levels of participation and expected hours of work prior to the wage increase are given in
Appendix E. The tables in Appendix E show that participation and hours worked, given the wage decline with
non-labor income, number of children and age. Hours worked increase with the wage level.

The elasticities vary to a great extent. The highest uncompensated elasticity of conditional expected
hours with respect to the wage is above 4 (public sector) and 2.5 (the private sector) times higher than the lowest
elasticity (Table 1). For the uncompensated elasticity of unconditional hours the ratios are around 8.5 (public

sector) and 6 (private sector). The differences between the highest and lowest compensated elasticities are
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smaller (Table 2) than for the uncompensated. Table 3 shows that for the non-labor income elasticities the

difference between the lowest and the highest elasticities is sizeable.

Table 1. Uncompensated wage elasticities
High: Woman aged 40, two children, non-labor income NOK 200 000, wage level NOK 70
Low: Woman aged 30, no children, non-labor income NOK 50 000, wage level NOK 70

Elasticity  Probability of working  Conditional mean hours Unconditional mean
hours

All  Public Private All Public Private All  Public Private
High 0.620 0670 0465 0649 0660 0599 1309 1.374 1.093
Low 0.000 0.007 -0.043 0.163 0.152 0.222 0.163 0.160 0.178

Table 2. Compensated wage elasticities
High: Woman aged 40, two children, non-labor income NOK 50 000, wage level NOK 300
Low: Woman aged 30, no children, non-labor income NOK 50 000, wage level NOK 70

Elasticity  Probability of working  Conditional mean hours Unconditional mean
hours

All  Public Private All Public Privatte All Public Private
High 0.419 0.331 0.765 0.267 0.259 0.292 0.687 0.590 1.057
Low 0.131 0.135 0.119 0.186 0.174 0.254 0.318 0.310 0.368

Table 3. Non-labor income elasticities
High: Woman aged 30, no children, non-labor income NOK 200 000, wage level NOK 200
Low: Woman aged 30, two children, non-labor income NOK 100 000, wage level NOK 70

Elasticity Probability of working Conditional mean hours Unconditional mean hours

All Public  Private All Public  Private All Public  Private
High 0.000 0.000 0.000 -0.010 -0.010 -0.013 -0.010 -0.010 -0.013
Low -0.126 -0.137 -0.075 -0.149 -0.148 -0.146 -0.273 -0.284 -0.221

The uncompensated wage elasticities are higher at the intensive margin than at the extensive margin,
with only two exceptions (out of 48 cases). The compensated wage elasticities are more equal at the extensive
and the intensive margin, but with a weak tendency to be higher at the extensive margin. The non-labor income
elasticities tend to be lowest (more negative) at the intensive margin.

The elasticities tend to decline with the wage, in particular for women with two children. For example,
for a woman aged 30 with two children and non-labor income NOK 200 000, the uncompensated elasticity of
conditional expected hours (all sectors) declines from 0.634 (wage level NOK.70) to 0.244 (wage level NOK
300) and the uncompensated elasticity of unconditional expected hours from 1.177 to 0.344. For the same
woman and for the same wage levels, the decline in compensated elasticity is smaller: The compensated
elasticity of conditional expected hours declines from 0.410 to 0.266, and the compensated elasticity of

unconditional expected hours drops from 1.093 to 0.635.
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The participation elasticities are higher related to working in the private sector than in the public
sector. The elasticities of conditional expected hours tend to be higher when the wage is low compared
to when the wage is high. The reason is that when the wage is high the woman works long hours and
hence the impact of a higher wage is lower compared to the case where the wage rate is low and initial
hours are lower. This is particular the case given that the woman works in the private sector, where hours
are less constrained.

If the woman has children the elasticities of conditional expected hours is higher compared to a
childless woman. The reason is that the presence of small children reduces hours of work and hence the
impact of wage increase becomes stronger compared to a case for a childless women who works initially
longer hours.

Recall that in the traditional deterministic micro economic models the Slutsky equation will hold. That
is, the difference between the uncompensated and the compensated wage elasticities equal the non-labor income
elasticity multiplied by the ratio of non- labor income to hours of work times the marginal wage. In random
utility models, however, the Slutsky equation does not necessarily hold. Table 4 below illustrates this feature. In
particular, when non-labor income is equal to NOK 200,000 the Slutsky relation is very far from being met. See
Appendix D for more detailed results.

Table 4. Comparison between uncompensated, compensated and non-labor income
elasticities.
Woman aged 40, two children, wage level NOK 70.

Non-labor income NOK 50 000 Non-labor income NOK 200 000

Elasticity Conditional mean hours Conditional mean hours

All Public Private All Public Private
Uncompensated 0.508 0.500 0.521 0.649 0.660 0.599
Compensated 0.566 0.557 0.571 0.412 0.376 0.487
Non-labor Income -0.145 -0.143 -0.146 -0.116 -0.118 -0.108

4.2. Numerical results using sample values
This Section contains numerical results for compensated wage elasticities for the two-sector model using sample
values. This allows us to show how the compensated elasticities vary across deciles of the (endogenous) income
distribution.

The income deciles limits are calculated from the expected household disposable income, using the
probabilities (in B.1, Appendix B). For each possible hour we have calculated the mean of the probabilities
based on 50x50 draws from the normal distribution to account for the fact that the wage equations contain

random terms. Summing over all possible hours and sectors, including not working, we are then able to identify
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the expected income, inclusive of the exogenous incomes, and hence the income decile limits. Within each
decile we then use (eqs. B.4- B.13) to calculate the relative change in compensated probabilities for each hours
and sector and finally we calculate weighted average over hours, given the sector, using the compensated
probabilities as weights. Again, we have to make draws from the distribution of the error terms in the wage
equation since these enter in (eqs. B.4-B.13). In order to calculate the elasticity of working, we take the
weighted average over all deciles and sectors. To calculate the elasticity of working in a specific sector we do an
equivalent calculation.

In Tables 5-7 we give the uncompensated and the compensated elasticities related to an overall wage
increase. Table 5 gives the elasticities of working, and working in the two sectors, Table 6 gives the elasticities
of conditional expected hours, conditional on working and working in specific sectors, while Table 7 gives the

elasticities of the unconditional expected hours (which is the sum of the two above).

Table 5. Compensated wage elasticities of the probability of working, and of working in the
public or private sector, across deciles in the household income distribution

Uncompensated Compensated
Sector 1" decile 2-9" decile 10™ decile 1% decile 2-9"decile 10" decile
All sectors 0.2360 0.2805 02623 0.4170 0.4650 0.4752
Public 0.0790 0.0854 00811 0.2840 0.2670 0.2495
Private 03660 0.4880 0.4383 0.5232 0.6609 0.8180

Table 6. Compensated wage elasticities of conditional expected hours in the public or private
sector, across deciles in the household income distribution

Uncompensated Compensated
Sector 1% decile  2-9" decile 10™ decile 1% decile 2-9"decile 10™ decile
All sectors 03523 0.3529 03511 0.3069 0.2963 0.3256
Public 03700 0.3645 03655 0.3156 0.3052 0.324
Private 03373 0.3354 03337 0.3021 0.2903 0.3409

Table 7. Compensated wage elasticities of unconditional expected hours in the public or private
sector, across deciles in the household income distribution

Uncompensated Compensated
Sector 1% decile 2-9" decile 10™ decile 1 decile 2-9" decile 10™ decile
All sectors 0.5966 0.6433 0.6226 0.7238 0.7613 0.8009
Public 04519 0.4531 0.4495 0.6005 0.5772 0.5734
Private 0.7156 0.8399 0.7866 0.8253 0.9512 1.1590
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A striking result is that both type of elasticities of conditional expected hours seem to be nearly the same
across deciles and sectors. For the private sector the compensated elasticities at the extensive margin tend to be
higher than at the intensive margin. This is in accordance with the results reported in the previous section. The
elasticities indicate that a utility constant overall wage increase shift labor into the private sector and towards
longer hours. Another string result is that the uncompensated elasticities of conditional hours exceed the
compensated elasticities in both sectors and all deciles, except for the 10™ decile in the private sector. Thus, for

the mean elasticities in the sample the Slutsky equation does not hold.

5. Conclusion

‘We have demonstrated how Slutsky elasticities can be calculated in random utility models (RUM) and we also
show numerical results based on a model estimated on Norwegian female labor supply data from 1994. We have
compared the results when using the whole model with the results when only the deterministic part of the utility
function is used. The elasticities of conditional expected hours, conditional on working, are around 1/3 in the
RUM compared to in the case with deterministic preferences. Moreover, the individuals are assumed to choose
between working or not, working in the public and private sector, and to work different hours of work. Thus, a
constant utility wage increase may give rise to different substitutions.

The results in Section 4 and in Appendix D clearly indicate that the uncompensated and the
compensated wage elasticities vary considerably between agents. Thus, heterogeneity seems to be an important
issue in labor supply. The uncompensated wage elasticities is higher at the intensive margin than at the extensive
margin, while the opposite tend to be the case for compensated elasticities. Both elasticities tend to decline with
the wage level.

In standard microeconometric models with deterministic preferences the Slutsky equation implies that if
the non-labor income elasticity is negative, then the compensated wage elasticity is higher than the
uncompensated. With random utility models the Slutsky equation does not exist and we demonstrate empirically
that in a many cases a negative non-labor elasticity does not imply that the compensated wage elasticity is the

highest.
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Appendix A

For convenience we first prove the following elementary Lemma.

Lemma 1

_[exp( e™(a  b)e *bdx b

5 -

(al )’

Proof of Lemma 1:

Integration by parts yields

b;[exp( e™(a ' b))e~rdx ﬁ —eexp(le™(a b)) b

a b

_[exp( e~(a b)e~dx

b
a b

5 -

b)”

Proof of Theorem 1:

_[exp( e~(a ' b)e~dx

We shall first derive the proof of P (1,2) for the case with m = 3. Assume that y, 'y, andlet y' [y,.y;]. We

have that
PU° LT 2Y [y.y y)
P(max(U],U7) Uy, max(U,(Y),U;(Y)) U,(¥).Y (y,y = 9)[U] %)
P(max(U;,U3) 'x,max(U;(Y),Us(V)) | U,(Y).Y' (v.y ' 9)IU 1 %)
P(max(U7,UJ) | xmax(U;(y),Us(y)  xU,(y) x Uy(y ' y)[U %)
Note that since y, 'y 'y, and U, | x it follows that U,(y) U, and U,(y) UJ. Hence
PO LI 2Y [y.y y) P@max(Us.Us(y) xU,(y) x Uy(y ' 9IU] )
P(max(Us . Us(y)) 0PU,(y) x U,(y ' 9)|U] %)
P(4(y) g DPE() R YY) )
exp( ™ 5(Mexp( e (y) exp( e~ v(y  ¥))

exp( e 5(y)exp( eV, (e (v 1) vy o( ¥).
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The last expression above implies that

A.D)  P@max(U3.U3)  xmax(U;(V).Us(Y) | U,(Y).Y dy)|U7 )
exp( 6™ s(y)exp(l eV, (¥))e~dv,(y)-

Thus, using (A.1) and Lemma 1 we obtain that

(A2) PUI° LI 2Y [y.y 'y) EP(max(U;.U3y) U{ max(U;(Y).Us(Y)) Uy(Y).Y' dy)|Uy)

dv,(y) [exp( ™ 5(y)exp( e™vy(y))e™ exp( e™v)e v dx

vy, (y)
— )
—vlo Vz(y) 3 (YJ_
from which Theorem 1 follows. In the general case with more than 3 alternatives we have that

P LT 2Y [y.y 1y

P(max, 1 U; | xmax, U () U,(N)Y (v.y | 9IU] %)
P(maxrjUE x,max -, U (y) xU,(y) x U,(y y)|U10 X).
P(max, g5 (U7 U, () xUs(y) 'x Us(y  y)|Uf %)
P(max, -, (log |, (y) /) xUy(y) x Uy(y ' 9IUL %)
P(max, .y, (log /() /) DPULY) x Uy(y ' yIU ).
The rest of the proof in the general case is entirely similar to the ternary case.

Consider finally Corollary 1. The result for P¥ (j,k) for distinct j and k follows immediately from
Theorem 1. Consider P (j. j). For this to happen it must be the case that U]Q U;(Y) which implies that
Y ' 'y;. Furthermore, one must have that U? max, - (Urﬂ,Ur(yj ) 'max,-;(log/ (y;) ' /{)- The

corresponding probability is equal to

PR VD ‘.rD
(A-3) PR ) —— P
Vj |—r:l:ij r(YJJ |—r:l r(YJ)

The last equality follows from the fact that V? v (¥;)-

QED.



Appendix B. The two sector discrete labor supply model

This section outlines the two sector job choice model for married females. Here it is assumed that the female
takes her husband’s income as given. Letw, denote the wage the female receives when working in sectork, k=
1,2, and letw ' (w;,w,). The budget constraint when working in sector k, k=1, 2, is given by

C, ! f(hw,I) hw ' T(hw)' I,
where T is the tax function, h is hours of work and I is the sum of three income components. These three
incomes are the after tax wage income of the husband, the capital income (taxed at 28 per cent) of the household
and child allowances, which vary with the number of children up to the age of 18. Child allowances are not
taxed. All details of the tax structure T(.) are taken into account in the estimation and simulation of the model.

Let / ;(h) be the uncompensated probability of choosing a job in sector k with hours of work h (for an utility
maximizing agent), and let D be the set of feasible hours (assumed to be the same across sectors). Similarly to
Section 3, it is demonstrated by Dagsvik and Strem (2006) that

v f (w1 Lh)g, (h)

viE©yLo) O [ vFGw.ILx)g, (),

rd x20.x7D

B.1) ¢l

forh 710, kL2, where g, (h) denotes the fraction of jobs with hours of work that are available in sector k

(available to the agent). The term /yis a measure of the total amount of jobs available to the female in sector k, k
=1,2. Forh=0, / (0) is obtained from (B.1) by replacing the numerator by
V(f0. y). 0).
The deterministic part of the utility function is specified as a Box-Cox transformation of consumption and
leisure:
10%cC ¢ 1 10%cC ¢,) " ;
logv(C.h) ' '/, ’ 0 ’ (11 h/3640)7 |1

(B.2) T 1 [ [ 1 [ 3

11 h/3640)% |1
( 4 SIOgA 5(10g A)z }‘Xc:e SX?J?)- % 1

Here C; is minimum consumption; A is age and X, X?:” are the number of children below 6 and between 7
and 17, respectively. The alfa-s are unknown coefficients. If [ and 5 are below 1, the deterministic part of the
utility function is strictly concave. In order to make the paper self-contained, information about data, tax

functions and estimates is appended (see Tables C.1 + C.4).

Consider now the calculation of the compensated choice probabilities in the context of a reform of the tax

system or a change in the wages. Here we shall assume that the opportunity measures /g, (h) remain
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unaffected by the reform. Let £ and frepresent the initial and ex post tax system and WE and w, the initial
and ex post wage in sector k Let y, (h) be defined by v( fﬂ(hwﬁ, I).h) | v( f(hw, y,(h)).h), for positive h and k.
and let y,(0) ' 'y(0), forh = k=0.The function y, (h) is the ex post non-labor income that makes the ex ante

deterministic part of utility equal to the corresponding ex post part. Since the function vand the opportunity
measures are unaffected by the reform it follows that the equation above is equivalent to

(B.3) £°(hwi. 1) f(hw,, Y, (h)).

Similarly to the definition in (3.2) let pH (j.h,k,h) denote the joint probability of being in sector j working h
hours ex ante and in sector k working h hours, given that the ex ante and ex post maximal utilities are the same.

Here j, k=0,1, 2, where by sector 0 we understand the alternative not working. As in (3.3) it follows from

Dagsvik and Karlstrom (2005) that

g, () 7 Zv( £ (hw?, 1), H)v( £ (. d
B4 PT(LhKE iy, 0) Ny ) ["-’ (e (175 2v( ;(y)l) WV(E i, dy). B
¥ ()

which is valid for positive hours and k>0, j=0, (j.h) (k h).Due to (A.2) it follows that

K(y) Mmax(v(£°(0,1),0),v(£(0,¥).0))

.5
. (] max(g, (0) 7v(£* (0w}, 1).h). g, () 7v( £ (hw,..y),h)
h=

|
ol e
o

and

I 171h/3640)=
®6  W(Iv.dy.h) E505 &

3

mo 3 E(hw,, y) TC) V(£ (hwg, ). hdy.

The cases where one or two alternatives are “not working™, are given by:

¥ (h) 0 . .
(B.7) P (§,1,0,0) 1y, (h)  y(0)} [u](h) \(f (hwy. 1), hyv( £(0. d))O)

v(0) K())
¥(®)
(B.8) P (0,0, 1{y(0) 'y, (B} [gk(ha (£ (01)0)\(f(hwk,d3)
5 (B K(y)’
_g; () V(0 (hwy,1),h)
.9 pE h, j,h )
"2 OB K(y,(h)
for positive h and j, and
0
.10 P%(0,0,0,0 v(£(0,1).0)
®10 ( : K(y(0))
forj=h=0.
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To calculate the compensated elasticity, we have to sum the transitions probabilities from one initial
state to all possible states. Let 7} (h) be the probability that the agent chooses (k.,h) ex post, given that utility is

the same as before the reform. Then forh = 0,

(B-11) BEmy 177 7 PE(xk) 0 7] PEGxk.h) I TPE(j.h k) | PE(k bk h),

jTk x"D\{h} 2D\ {h} jdk
forh, k=0, and
(B.12) F) [] :PH(j,X, 0,0) TP #(0,0,0,0).

xID i
The compensated and the relative change, for all (h, k) is given by

®13)  F(h)Eh) and W

Appendix C. Data, tax functions and estimates

Data on the labor supply of married women in Norway used in this study consist of a merged sample of the
“Survey of Income and Wealth, 1994 and the “Level of living conditions, 1995 (Statistics Norway, 1994 and
1995, respectively). Data cover married couples as well as cohabiting couples with common children. The ages
of the spouses range from 25 to 64. None of the spouses is self-employ ed and none of them is on disability or
other type of benefits. A person is classified as a wageworker if their income from wage work is higher than
their income from self-employment. All taxes paid are observed and in the assessment of disposable income, at
hours not observed, all details of the tax system are accounted for. Hours of work are calculated as the sum of
hours of the main job as well as those of any side jobs. A large majority of the women have only one job.
Wage rates above NOK 350 or below NOK 40° are not utilized when estimating the wage equations.
The wage rates are computed as the ratio of annual wage income to hours worked. When computing annual
wage income, we take into account the fact that some women have multiple jobs. The size of the sample used in
estimating the labor supply model is 810. Descriptions of variables and summary statistics are given in Table

C.L

Table C.1. Descriptive statistics, number of observations = 810 (values in NOK, 1994)

Variable Mean Std. Dev. Min Max
Number of children (age 0-2) 0.23 0.45 0.00 2.00
Number of children (age 0-6) 0.54 0.77 0.00 3.00
Number of children (age 3-6) 0.30 0.56 0.00 3.00

3 As of June 2013, 1 USD! NOK 5,80
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Number of children (age 7-17) 0.66 0.85 0.00 4.00

Age in year (men) 42.80 9.17 25.00 66.00
Education in year (men) 12.05 2.49 9.00 19.00

Age in year (women) 40.07 9.04 25.00 64.00
Education in year (women) 11.61 2.15 9.00 17.00
Sector (1=Public, 2=Private) 1.34 0.61 0.00 2.00
Work experience (woman age — woman

education in years) 2245 9.63 2.00 49.00
Capital income (child allowances

included) 32306.71 42378.48 0.00 568403.00
Child allowances 13094.37 12154.01 0.00 60084.00
Women wage income per year 149751.97 83060.53 0.00 581693.00
Men wage income per year 274372.89 106239.67 17312.00 1184861.00
‘Woman hourly wage in public sector 89.36 12.09 64.88 132.34
Woman hourly wage in private sector 109.77 13.68 80.14 156.44

Table C.2. Tax function in 1994 for a married nonworking woman whose husband is working,

1994.
Male income, Y e Tax T
0—-41907 0
41907-140500 0.302Y 12656
140500252000 0.358Y mae—20524
252000-263000 0.453Y pu—44464
263000 0.495Y 55510

Table C. 3. Tax function in 1994 for a married working woman or man, NOK 1994

Wage income, Y Tax T
0-20954 0
20954-140500 0.302Y-6328
140500-208000 0.358Y-14196
208000236500 0.453Y-33956

236500 0.495Y-—43889



Table C.4. Estimates

Variables Parameters Estimates t-values
Preferences:

Consumption:

Exponent 1 0.64 7.6
Scale 107 1 1.77 42
Subsistence level Cy in NOK per year 60 000

Leisure:

Exponent 3 -0.53 2.1
Constant 4 111.66 3.2
Log age 5 -63.61 -3.2
(log age)2 6 9.2 33
# children 0-6 7 1.27 4.0
# children 7-17 d 0.97 4.1
Consumption and Leisure, interaction o -0.12 2.7
Subsistence level of leisure in hours per year 5120

The parameters 13 and [y; logl= f; + £,S8

Constant, public sector (sector 1) fi, 42 4.7
Constant, private sector (sector 2) £ 1.14 1.0
Education, public sector (sector 1) fir 022 29
Education, private sector (sector 2) £, -0.34 33
Opportunity density of offered hours, gio(h), k=1,2 N

Full-time peak, public sector (sector 1) log(g12(hry) / g12(hg)) 1.58 11.8
Full-time peak, private sector (sector 2) log(g22(hryn) / g22(hg)) 1.06 7.4
Part-time peak, public Sector log(gs(hpa) / g12(hy)) 0.68 4.4
Part-time peak, private Sector log(gzo(hpar) / g22(hg)) 0.8 5.2
# observations 824

Log likelihood -1760.9

* The notation ho refers to an arbitrary level of hours of work different from full-time and part-time hours.
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To check the concavity of the deterministic part of the utility function we let

u(c,h)y=log v(c.h), where ¢=107(C-Cy) .
Let B=0+ SlogA+ Cy(logA)™+ BXost X717

The age of a female in the sample ranges from 25 to 64. With no children B>0, and with children B becomes
more positive.
Let
u(c,h)
c

and let

(1 h/3640)> 1
b .

3

f(h) 111,

Because (b is estimated to be negative, f(h) is increasing in h. The highest feasible hours is 2600, and

given the estimates f{2600)=1.98, thus f{h) is positive for all feasible h.
The marginal utility of consumption is then u, ¢~ f(h) 0 for all h.
The second derivative denoted u.. is given by

u. (|, 1P f(h) 0,because | 0.

cc

Let the cross second derivatives be denoted ug=uy..

We then have U (1 L):3:l<::1:l 0
3640 3640

Let uy, be the partial derivative of u with respect to h.

Then,

(1 hz’3640):33( ™1 B)
3640 ’ '

1

Given the estimates and given the smallest value of B (for a woman aged 31 and with no children): uy is
negative for C< NOK 432 000, which in 1994 was a rather high disposable income. Thus for higher
consumption levels the negative interaction term implies that utility is increasing in hours. For the highest
possible value of B (woman aged 49 with 3 children below 6, and 4 children above 6), uy is negative for
C<_NOK 689 524. This is a very high disposable income. In the sample, the marginal utility of hours is negative.
This is also the case for the cases shown in Appendix D.

The second derivate, denoted uyy, is given by
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11 h/3640)>7 ¢l
( 2) ( 9 B)
3640 1

uy (50D

Because 53<C1, sign Wyy=sign uy.

The deterministic part of the utility function is strictly concave if u<0, uy<0 and uccuhh-(um)2>0.
The latter is given by
¢*(1 h/3640)=" f(h) ,

3640° c(1 h/3640)

uccuhh (uch )2

The lowest value of the bracket term occurs when h=0. In that case, and with very few exceptions, the term is
positive for sample values. Thus, in the sample and for the case studied in Appendix D, the deterministic part of
the utility function is strictly concave.

From the probability given in (A.1) we get

h 2
% () ()L L (x0e, (x) 4 (%)
where

u(h) c(h)y*? f(h) 0.

O0x (x)

E(h) 1 x0 r(X)
I I ng I
«(h)

The sign of the derivative could be positive for high values of uJ(h), which could occur for high value

I
of I, which was also the reason for uy, increasing with h and for upp.o . For samples values and for the elasticities

shown in Appendix D this does not occur.
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Appendix D. Elasticities

M=uncompensated wage elasticity (Marshall), S=compensated wage elasticity (Slutsky), [= income elasticity

Table D.1. Married woman aged 30, no children

Wage NOK 70
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I

All Public  Private All Public  Private All Public  Private

50000 M 0.000 0.007 -0.043 0.163 0.152 0.222 0.163 0.160 0.178
S 0.131 0.135 0.111 0.186 0.174 0.254 0.318 0.310 0.365

I 0.000 -0.007 0.040 -0.060 -0.057 -0.081 -0.060 -0.064 -0.041

100000 M 0.029 0.057 -0.089 0.269 0.254 0.352 0.299 0.306 0.259
S 0.183 0.205 0.061 0.254 0.239 0.335 0.438 0.445 0.397

I -0.022  -0.031 0.028 -0.080 -0.076 -0.101 -0.102 -0.107 -0.073

200000 M 0.119 0.149 -0.038 0.355 0.338 0.441 0.479 0.493 0.401
S 0.276 0.324 0.015 0.319 0.305 0.389 0.596 0.629 0.404

I -0.046 -0.054 -0.009 -0.062 -0.060 -0.074 -0.109 -0.114 -0.083

Wage NOK 200
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I

All Public  Private All Public  Private All Public  Private

50000 M 0.000 -0.046 0245 0.192 0190 0.194 0.192  0.142 0445
S 0.295 0.237 0.588 0.224 0.223 0.222 0.519 0.461 0.810

I 0.000  0.001 -0.007  -0.008 -0.008 -0.009 -0.008 -0.007 -0.017

100000 M 0.000 -0.043 0.231 0.207 0.203 0.220 0.207 0.158 0.457
S 0272  0.219 0.546 0.221 0.219 0.225 0.493 0.438 0.771

I 0.000 0.001 -0.007 -0.012 -0.011 -0.014 -0.012 -0.010 -0.021

200000 M 0.000 -0.039 0.202 0.216 0.211 0.239 0.216 0.172 0.453
S 0.240 0.194 0.481 0.215 0.212 0.227 0.456 0.406 0.709

I 0.000 0.000 0.000 -0.010 -0.010 -0.013 -0.010 -0.010 -0.013
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Wage NOK 300

Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 -0.049  0.229 0.178 0.184 0.147  0.178 0.134 0.380
S 0.347  0.297 0.574 0.169 0.175 0.138  0.516 0.472 0.713
I 0.000 0.001 -0.006 -0.004 -0.005 -0.004 -0.004 -0.003 -0.010
100000 M 0.000 -0.051 0.240 0.186 0.192 0.155 0.186 0.140 0.399
S 0.338 0.286 0.570 0.173 0.179 0.142  0.511 0.465 0.713
I 0.000 0.002 -0.009 -0.007 -0.007 -0.006 -0.007 -0.005 -0.015
200000 M 0.000 -0.052  0.249 0.195 0.200 0.165 0.195 0.147 0.418
) 0.315 0.263 0.549 0.175 0.181 0.146  0.490 0.444 0.695
I 0.000 0.001 -0.008 -0.007 -0.007 -0.006 -0.007 -0.005 -0.015
Table D.2. Woman aged 30, two children
Wage NOK 70
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.047 0.096  -0.190 0462 0.451 0.498 0.511 0.551 0.299
S 0.327 0.394  -0.012 0494 0.481 0.536 0.821 0.876 0.523
I -0.046 -0.059 0.014 -0.131 -0.128 -0.137 -0.177 -0.187 -0.122
100000 M 0.254 0.304 0.021 0.593 0.589 0.595 0.862 0911 0.618
S 0.581 0.704  -0.017  0.667 0.675 0.569 1.249 1.379 0.551
I -0.126  -0.137 -0.075 -0.149 -0.148 -0.146 -0.273 -0.284 -0.221
200000 M 0.511 0.554 0.319 0.634 0.637 0.603 1.177 1.227 0.942
S 0.682 0.830  -0.027 0410 0.382 0.508 1.093 1.212 0.480
I -0.167 -0.173 -0.141 -0.111 -0.112 -0.105  -0.277 -0.283  -0.246
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Wage NOK 200

Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 0.001 -0.006 0.201 0.188 0.277 0.201 0.189 0.271
S 0.246 0.232 0.325 0.212 0.200 0.287 0.458 0.432 0.613
I 0.000 -0.001 0.009 -0.014 -0.013  -0.020 -0.014 -0.015 -0.011
100000 M 0.000 0.008 -0.048 0.231 0.216 0.319 0.231 0.222 0.270
S 0.247 0.241 0.281 0.227 0.213 0.310 0.475 0.455 0.591
I 0.000 -0.003 0.018 -0.025 -0.020 -0.034 -0.025 -0.027 -0.016
200000 M 0.001 0.019 -0.101 0.278 0.261 0.381 0.280 0.281 0.276
S 0.249 0.253 0.221 0.254 0.238 0.347 0.503 0.492 0.568
I 0.000 -0.006 0.027 -0.035 -0.032  -0.046 -0.035 -0.038 -0.019
Wage NOK 300
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public Private
50000 M 0.000 -0.053 0.296 0.229 0.223 0.252 0.229 0.169 0.556
S 0.440  0.367 0.826 0.273 0.270 0.284 0.714 0.637 1.110
I 0.000  0.001 -0.005 -0.006 -0.006 -0.007 -0.006 -0.005 -0.013
100000 M 0.000 -0.050 0.282 0.234 0.228 0.264 0.234 0.176 0.553
S 0413  0.345 0.778 0.268 0.263 0.284 0.681 0.608 1.063
I 0.000  0.001 -0.006 -0.010 -0.009 -0.012 -0.010 -0.008 -0.019
200000 M 0.000 -0.045 0.253 0.244 0.235 0.284 0.244 0.189 0.544
S 0375  0.315 0.702 0.260 0.253 0.285 0.635 0.568 0.988
I 0.000  0.000 -0.002 -0.013 -0.012 -0.016 -0.013 -0.011 -0.019

28



Table D.3 Married woman, aged 40, no children

Wage NOK 70
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 0.019 -0.078 0.187 0.172 0.249 0.187 0.192 0.168
S 0.148 0.164 0.083 0.211 0.195 0.283 0.360 0.359 0.366
I 0.000 -0.012 0.050 -0.076 -0.070 -0.098 -0.076 -0.082 -0.048
100000 M 0.045 0.085 -0.107 0.319 0.298 0.399 0.366 0.384 0.287
S 0.225 0.271 0.042 0.303 0.282 0.380 0.582 0.553 0.422
I -0.034  -0.049 0.022 -0.100 -0.094 -0.120 -0.134 -0.143  -0.098
200000 M 0.177 0.226 -0.004 0.417 0.395 0.490 0.601 0.631 0.486
S 0.364 0.458 0.000 0.389 0.372 0.433 0.753 0.831 0.433
I -0.069 -0.080 -0.030 -0.078 -0.075 -0.088 -0.147 -0.155 -0.119
Wage NOK 200
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 -0.053 0.209 0.199 0.192 0-218 0.199 0.138 0.432
S 0.291 0.220 0.563 0.229 0.224 0.240 0.521 0.445 0.804
I 0.000 0.001 -0.005 -0.009 -0.009 -0.011 -0.009 -0.007 -0.016
100000 M 0.000 -0.049 0.193 0.209 0.200 0.236 0.209 0.150 0.434
S 0.270  0.205 0.517 0.226 0.220 0.244 0.498 0.426 0.762
I 0.000 0.001 -0.004 -0.013 -0.013 -0.016 -0.013 -0.011 -0.021
200000 M 0.000 -0.041 0.165 0.223 0.212 0.260 0.223 0.170 0.430
S 0.241 0.187 0.450 0.223 0.214 0.249 0.464 0.402 0.699
I 0.000 0.000 0.003 -0.014 -0.013 -0.018 -0.014 -0.013 -0.014
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Income  Elasticity
I

Wage NOK 300

Probability of working

Conditional mean hours

Unconditional mean hours

All Public  Private All Public  Private All Public  Private
50000 M 0.000 -0.070 0.258 0.200 0.207 0.172 0.200 0.138 0.427
S 0.393  0.315 0.650 0.198 0.206 0.167 0.591 0.521 0.817
I 0.000  0.002 -0.007  -0.005 -0.005 -0.004 -0.005 -0.003 -0.011
100000 M 0.000 -0.074 0.259 0.208 0.214 0.181 0.208 0.138 0.446
S 0.379  0.301 0.640 0.201 0.208 0.171 0.581 0.510 0.812
I 0.000  0.002 -0.0100  -0.008 -0.008 -0.007 -0.008 -0.005 -0.017
200000 M 0.000 -0.075 0.265 0.217 0.222 0.193 0.217 0.145 0.463
S 0.351 0.276 0.610 0.202 0.209 0.175 0.554 0.483 0.786
I 0.000  0.002 -0.009  -0.008 -0.008 -0.007 -0.008 -0.005 -0.016
Table D.4. Married woman aged 40, two children
Wage NOK 70

Income  Elasticity
I

Probability of working

Conditional mean hours

Unconditional mean hours

All Public  Private All Public  Private All Public  Private

50000 M 0.065 0.131 -0.153 0.508 0.500 0.521 0.578 0.638 0.360
S 0.371 0.474 0.011 0.566 0.557 0.571 0.938 1.031 0.582

I -0.065 -0.082 -0.010 -0.145 -0.143 -0.146  -0.210 -0.224  -0.156

100000 M 0.331 0.393 0.130 0.629 0.631 0.605 0.981 1.049 0.744
S 0.714 0.920 0.006 0.784 0.820 0.576 1.498 1.740 0.582

I -0.163 -0.176 -0.122 -0.158 -0.160 -0.151 -0.320 -0.334 -0.271

200000 M 0.620 0.670 0.465 0.649 0.660 0.599 1.309 1.374 1.093
S 0.821 1.063 -0.008 0.412 0.376 0.487 1.233 1.440 0.478

I -0.203 -0.209 -0.183 -0.116  -0.118 -0.108 -0.317 -0.325 -0.290
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Wage NOK 200

Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 0.014 -0.062 0.218 0.199 0.297 0.218 0.214 0.233
S 0.257 0.253 0.273 0.223 0.204 0.301 0.480 0.458 0.575
I 0.000 -0.003 0.013 -0.018 -0.016 -0.024 -0.018 -0.019 -0.011
100000 M 0.000 0.026 -0.105 0.257 0.235 0.348 0.258 0.265 0.239
S 0.265 0.272 0.234 0.245 0.225 0.332 0.511 0.497 0.567
I 0.000 -0.005 0.023 -0.031 -0.0268 -0.041 -0.031 -0.034 -0.018
200000 M 0.002 0.042 -0.156  0.316 0.291 0.419 0.319 0.335 0.255
S 0.273 0.295 0.181 0.284 0.261 0.380 0.557 0.557 0.561
I -0.001 -0.009 0.032 -0.044 -0.040 -0.056 -0.045 -0.050 -0.024
Wage NOK 300
Income  Elasticity Probability of working Conditional mean hours Unconditional mean hours
I
All Public  Private All Public  Private All Public  Private
50000 M 0.000 -0.059 0.244 0.221 0.211 0.255 0.221 0.149 0.506
S 0419 0.331 0.765 0.267 0.259 0.292 0.687 0.590 1.057
I 0.000 0.000 -0.003 -0.006 -0.006 -0.008 -0.006 -0.005 -0.012
100000 M 0.000 -0.054 0.225 0.228 0.216 0.269 0.228 0.160 0.501
S 0.395 0315 0.715 0.261 0.252 0.292 0.657 0.567 1.008
I 0.000 0.000 -0.003 -0.011 -0.010 -0.014 -0.011 -0.009 -0.018
200000 M 0.000 -0.046 0.190 0.243 0.228 0.295 0.243 0.180 0.491
S 0.363 0.294 0.640 0.255 0.244 0.295 0.619 0.538 0.935
I 0.000 0.000 0.001 -0.015 -0.014 -0.020 -0.015 -0.014 -0.018
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Appendix E. Uncompensated probabilities, conditional and unconditional mean hours
Table E.1 Married woman aged 30, no children

Income I

Probability of working

Wage NOK 70
Conditional mean hours

Unconditional mean hours

All  Public Private

All  Public Private

All  Public Private

50000
100000
200000

Income I

1.0000 0.8504 0.1496
0.9936 0.8399 0.1537
0.9691 0.8140 0.1551

Probability of working

1907 1912 1878

1810 1821 1755
1711 1725 1637
Wage NOK 200

Conditional mean hours

1907 1626 281
1769 1529 270
1658 1404 254

Unconditional mean hours

All  Public Private

All  Public Private

All  Public Private

50000
100000
200000

Income I

1.0000 0.8410 0.1590
1.0000 0.8419 0.1581
1.0000 0.8424 0.1576

Probability of working

2185 2176 2230
2168 2160 2211
2149 2142 2187

Wage NOK 300
Conditional mean hours

2185 1830 355
2168 1819 350
2149 1304 345

Unconditional mean hours

50000
100000
200000

All  Public Private

All  Public Private

All  Public Private

1.0000 0.8228 0.1772
1.0000 0.8238 0.1762
1.0000 0.8251 0.1749

2377 2369 2415
2367 2359 2406
2354 2346 2395

Table E.2 Married woman aged 30, two children

2377 1949 428
2367 1943 424
2354 1935 419

Wage NOK 70
Income 1 Probability of working Conditional mean hours Unconditional mean hours
All  Public Private All  Public Private All  Public Private
50000 0.9894 0.8200 0.1693 1496 1515 1403 1480 1243 238
100000 0.9331 0.7664 0.1667 1348 1366 1261 1257 1047 210
200000 0.8352 0.6814 0.1537 1218 1235 1144 1017 842 176
Wage NOK 200
Income I Probability of working Conditional mean hours Unconditional mean hours
All  Public Private All  Public Private All  Public Private
50000 1.0000 0.8540 0.1460 1956 1958 1945 1956 1672 284
100000 1.0000 0.8525 0.1474 1929 1933 1907 1929 1648 281
200000 0.9997 0.8498 0.1499 1887 1894 1851 1887 1609 278
Wage NOK 300
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Income 1 Probability of working Conditional mean hours Unconditional mean hours
All  Public Private All  Public Private All  Public Private
50000 1.0000 0.8470  0.1530 2132 2124 2173 2132 1799 332
100000 1.0000 0.8477  0.1523 2119 2112 2157 2119 1791 329
200000 1.0000 0.8483  0.1517 2101 2095 2135 2101 1777 324
Table E.3 Married woman aged 40, no children
Wage NOK 70
Income I Probability of working Conditional mean hours  Unconditional mean hours
All Public Private All Public Private All Public Private
50000 1.0000 0.8020 0.1980 1855 1865 1812 1855 1496 359
100000 0.9898  0.7858 02040 1739 1756 1671 1721 1380 341
200000 09520  0.7490 02039 1621 1643 1540 1545 1231 314
Wage NOK 200
Income I Probability of working Conditional mean hours  Unconditional mean hours
All Public  Private All Public Private All Public Private
50000 10000  0.7967 02033 2141 2131 2179 2141 1698 443
100000 1.0000  0.7975 02025 2123 2115 2157 2123 1686 437
200000 1.0000 0.7977 02023 2101 2094 2128 2101 1670 431
Wage NOK 300
Income 1 Probability of working Conditional mean hours  Unconditional mean hours
All Public  Private All Public  Private All Public Private
50000 1.0000 07745 02255 2337 2326 2378 2337 1801 536
100000 1.0000 0.7759 02241 2326 2314 2367 2326 1795 531
200000 1.0000 0.7776 02224 2311 2299 2354 2311 1788 524
Table E.4 Married woman aged 40, two children
Wage NOK 70
Income I Probability of working Conditional mean hours  Unconditional mean hours
All Public Private All Public Private All Public Private
50000 0.9848  0.7594 02254 1416 1440 1332 1394 1094 300
100000 0.9099  0.6937 02161 1263 1286 1191 1149 892 257
200000 0.7916  0.5990  0.1926 1136 1154 1078 899 691 208
Wage NOK 200
Income 1 Probability of working Conditional mean hours  Unconditional mean hours
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All Public Private All Public Private All Public Private

50000 1.0000 0.8075  0.1925 1919 1925 1896 1919 1554 365
100000 1.0000 08051  0.1949 1887 1805 1853 1887 1526 361
200000 0.9995  0.8006 0.1989 1836 18438 1788 1835 1480 356

Wage NOK 300

Income 1 Probability of working Conditional mean hours  Unconditional mean hours
All Public Private All Public Private All Public Private

50000 1.0000 0.8034 0.1966 2096 2088 2129 2096 1678 418
100000 1.0000 0.8040 01960 2083 2076 2112 2083 1669 414
200000 1.0000 0.8043  0.1957 2063 2058 2086 2063 1655 408
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