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Appendix A. Solving the Model

The set of structural model parameters consists of the discount factor, q, the full set of 26 wage
offer function parameters for all sectors, b and r (which includes the standard error of the shock
to the value of being unemployed), the 16 unobserved permanent heterogeneity and type
probability parameters, k and /, the 16 mobility cost parameters, ξ and j, the six experience
depreciation parameters c, the three unemployment benefit parameters, k, UI, and WA, and
finally the scale parameter of the preference shock, m.

Solving the model for a given set of structural parameters involves computing the expected
values in the Bellman equations (3) and (4), which presents several computational challenges.
First, taking the expectation involves integrating over the distributions of gsit and esit . The
distributional assumptions on these in (10), means that the integral over gsit has a convenient
closed form solution (Rust, 1994). The integral over esit does not have a closed form, and
therefore has to be numerically approximated. Here the integration is done by Monte Carlo
methods.1 The second difficulty concerns the ‘curse of dimensionality’. The state space in (13) is
large and contains continuous variables (Experit, frtþsg65�a

s¼0 and wi;t�T ). To address this issue, I
employ the Keane and Wolpin (1994) method of computing the expectations only at a subset of
the state space and then interpolating and extrapolating over this subset by regression. Here, that is
done by second order polynomial regression, including all cross-terms. To obtain the equilibrium
sequence of of human capital prices, I use the perfect foresight algorithm developed by Lee (2005).

Dropping the individual subscript i for convenience, I define:

Emaxtðage; Female;Educ;Eligt ;Type; st�1;Expert ; rt ; r�tþs

� �65�age

s¼1
;wt�T Þ

¼ Ee;gVðage; Female;Educ;Eligt ;Expert ; rt ; r�tþs

� �65�age

s¼1
;wt�T ; k; e; gjdt�1 ¼ st�1Þ;

to be the expected value, prior to drawing contemporaneous shocks of ɛ and g, of a worker in
year t, who in the previous year was employed in sector st�1, where st�1 can also be 0, in which
case the worker was unemployed. Here, rt is the current human capital prices, and fr�tþsg

65�age
s¼1

are the future human capital prices. Given the assumptions of the model, k depends only on
whether the worker is of type 1 or 2. Now, let:

D ¼ Expert ;wt�T
� �

jExpert � 35;w�wt�T �w
� �

;

1 Other integration methods can be used such as Gauss–Hermite quadrature (Judd, 1998) but these
methods are computationally expensive for high-dimensional problems. Although the dimensionality
problem can be somewhat alleviated by sparse grid or monomial methods, this comes at the cost of precision.
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where w, and w are lower and upper bounds for wage in previous employment, respectively.2

Emaxt(�) is approximated for all Female 2 {0, 1}, Educ 2 {0, 1}, Elig 2 {0,1},
Type 2 {1, 2}, and st�1 2 f0; 1; 2; 3; 4; 5g by the backward recursion algorithm:

(i) Start at the final period t = T and the final age = 65. Draw N = 1,500 random values of
fzn ¼ ðExpern; wn

T�T Þg
N
n¼1 2 D.

(ii) For each n draw ɛ and integrate over g. Then integrate over the ɛ draws to get an
approximation of EmaxT ð65; Female; Educ; EligT ; Type; sT�1; rT ; fr�Tþsg

65�age
s¼1 ; znÞ.

(iii) Approximate EmaxT ð65; Female; Educ; EligT ; Type; sT�1; rT ; fr�Tþsg
65�age
s¼1 ; �Þ by a sec-

ond order polynomial regression, including cross-products, of EmaxT ð65; Female;
Educ; EligT ; Type; sT�1; rT ; fr�Tþsg

65�age
s¼1 ; znÞNn¼1 on f1; Expern; wn

T�T g
N
n¼1. This poly-

nomial regression gives a very good fit: for all regressions I have R2 ≥ 0.90.
(iv) Repeat steps 1 to 3 recursively for age = 64 through age = 31 to get an approximation

for EmaxT ðage; Female; Educ; EligT; Type; sT�1; rT; fr�Tþsg
65�age
s¼1 ; �Þ. Since this is the

final year workers have static expectations over the future human capital prices.
(v) Repeat steps 1 to 4 for periods t = T � 1 to t = 1 using equilibrium skill prices such

that rt ¼ r�t .

Once the model is solved, it can be estimated. The article proceeds with a section describing
the data set used for estimation before turning to estimation strategy and results.

Appendix B. Unemployment Benefits in Denmark

This Section describes the institutional setting for the unemployed in Denmark as applicable to
the period from 1996 to 2008. The structural model in Section 1 includes a model of the
institutional setting presented here.

All unemployed workers who wish to receive benefits must be registered as ‘seeking
employment’ at local job-centres run by the government. Then there are two separate systems:
one for members of unemployment insurance (UI) fund, and one for those who are not.

Figure B1 shows that the vast majority of the workforce are members of a UI fund; the
membership rate is about 70–77% in the period shown.
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Fig. B1. Insured Workers

2 The choice of upper and lower bounds for and wt�T is somewhat arbitrary. They should be chosen to
give sufficient variation for the interpolation regression. Here, they are chosen such that all observed values
lie within the bounds.
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B.1. Benefits for the Insured
The UI system is administered by government approved UI funds (‘A-kasser’). In order to be
eligible for UI benefits, a worker must satisfy certain criteria. The worker must:

(i) have been member of an UI fund for at least one year;
(ii) satisfy the employment criterion;
(iii) satisfy the availability criteria; and
(iv) not be unemployed by self-infliction.

The employment criterion states that full-time insured must have been employed for at least
52 weeks out of the last three years while the part-time insured must have been employed for at
least 34 weeks out of the last three years in order to be eligible for UI benefits. Some of the
availability criteria are that the worker must actively seek any employment opportunities and
reside in Denmark.

If the worker is eligible for UI benefits, then the weekly benefit is calculated as 90% of the
worker’s labour income for the past 3 months or 12 weeks, depending on whether the wage was
paid on a monthly basis, or weekly of biweekly basis. However, the maximum benefit is DKK
3,515 per week from 1 January 2008. This number is regulated once a year by a factor that takes
into account the general development of wages for the employed. The UI benefits are paid out
for a maximum of four years after which the benefits expire.

Since the maximum UI benefit is capped at DKK 203,090 a year in 2008, the degree of
compensation drops in incomes above this level. The resulting compensation degree is 61 and
46% for yearly incomes of DKK 300,000 and DKK 400,000, respectively.

B.2. Benefits for the Uninsured
The unemployed workers who are either uninsured or ineligible for UI benefits may apply for
welfare assistance (‘kontanthjælp’). The size of the assistance depends on a number of factors.
For workers of age 25 and above who are caretakers of children, the monthly maximum
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assistance is DKK 13,732 in 2012, while that Figure is DKK 10.335 for those without children. For
workers under the age of 25, the maximum assistance is DKK 6,660 for caretakers and DKK 5,662
for others.

However, workers are only eligible for assistance if their assets do not exceed a total value of
DKK 10,000. Furthermore, spousal income is deducted from the assistance.

Appendix C. Sectors

Appendix D. Asymptotic Distribution of the SMD Estimator

Define the SMD estimator (Hall and Rust, 2002; Alan, 2006; Browning et al., 2010) as:

bhSMD ¼ argmin
h

aS hð Þ � aD
� �0

A aS hð Þ � aD
� �

; (D.1)

where aS(h) and aD are vectors of auxiliary parameters obtained from simulated and actual data,
respectively. ThepositivedefiniteweightingmatrixA is assumed to converge to anon-stochasticmatrix.

Table C1

Mapping from NACE Rev. 2 to Sectors

Agriculture/
mining

Agriculture and horticulture (01); forestry (02); fishing (03); extraction of oil and
gas (06); extraction of gravel and stone (08); mining support service activities (09)

Manufacturing Food products (10); beverages (11); tobacco products (12); textiles (13); wearing
apparel (14); leather and related products (15); wood and wood products (16);
paper and paper products (17); printing and reproduction of recorded media (18);
coke and refined petroleum products (19); chemicals and chemical products (20);
pharmaceuticals (21); rubber and plastic products (22); other non-metallic mineral
products (23); basic metals (24); fabricated metal products (25); computer,
electronic and optical products (26); electrical equipment (27); machinery and
equipment (28); motor vehicles (29); other transport equipment (30); furniture
(31); other manufacturing (32); repair and installation of machinery and
equipment (33)

Construction New buildings (41); civil engineering (42); specialised construction activities (43)

Trade/utilities/
transportation/
communication

Electricity, gas, steam and air conditioning supply (35); water collection, treatment
and supply (36); sewerage (37); waste and recycling (38); wholesale and retail
trade and repair of motor vehicles and motorcycles (45); wholesale trade (46);
retail trade (47); land transport and transport via pipelines (49); water transport
(50); air transport (51); support activities for transportation (52); postal and
courier (53); publishing (58); motion picture and TV program production (59);
programming and broadcasting (60); telecommunications (61); computer
programming and consultancy (62); information services (63)

Services Accommodation (55); food and beverage services (56); financial services (64);
insurance and pension funding (65); other financial activities (66); real estate (68);
legal and accounting (69); business consultancy (70); architecture and engineering
(71); scientific research and development (72); advertising and market research
(73); other professional, scientific and technical activities (74); veterinary activities
(75); renting and leasing (77); employment (78); travel agency (79); security and
investigation (80); services to buildings and landscapes (81); other business services
(82); public administration (84); education (85); human health (86); residential
care (87); social work (88); creative, arts and entertainment (90); libraries and
museums (91); gambling and betting (92); sports (93); activities of membership
organisations (94); repair of personal goods (95); other personal services (96);
activities of households as employers of domestic personnel (97)

© 2017 Royal Economic Society.

4 T H E E CONOM I C J O U RN A L



Let bh be a particular vector of structural parameters. If the model is well specified aSðbhÞ
converges to aD. Then, by using plim aSðbhÞ ¼ a1ðbhÞ and plim aD = a0(h0), we have:

plimbhSMD ¼ h0;

where a1ðbhÞ is the vector of auxiliary parameters that results for a given bh when using J = ∞

number of simulations to construct aSðbhÞ, and a0(h0) is the true vector of auxiliary parameters.
Let:

aSðbhÞ � aD ¼ aSðbhÞ � aD þ a1ðh0Þ � a1ðh0Þ þ a0ðh0Þ � a0ðh0Þ

¼ aSðbhÞ � a1ðh0Þ
h i

þ a0ðh0Þ � aD
� �

þ a1ðh0Þ � a0ðh0Þ
� �

;

where the last term cancels out when the model is well specified. Now, apply the central limit
theorem and evaluate at: bh ¼ h0 to get:

ffiffiffi
n

p
aSðh0Þ � aD
� �

¼
ffiffiffi
n

p
aSðh0Þ � a1ðh0Þ
� �

þ
ffiffiffi
n

p
a0ðh0Þ � aD
� �

;

and: ffiffiffi
n

p
aSðh0Þ � aD
� �

�!d N 0;
J þ 1

J
M0

	 

; (D.2)

where J is the number of simulations used to construct aS(h0) and M0 is the true variance–
covariance matrix.

The first-order condition of the optimisation problem in (D.1) is:

aSðbhSMDÞ � aD
h i0

AraSðbhSMDÞ ¼ 0;

and a Taylor series expansion around h0 gives:

aSðbhSMDÞ ¼ aSðh0Þ þ raSðh0Þ bhSMD � h0
h i

:

Substitute back into the first order condition and solve for ½bhSMD � h0� to get:

bhSMD � h0
h i

¼ � raSðbhSMDÞ0AraSðbhSMDÞ
h i�1

raSðbhSMDÞ0A aSðh0Þ � aD
� �

:

Using this and (D.2) we get:

ffiffiffi
n

p bhSMD � h0
� �

�!d N 0;
J þ 1

J
G�1

1 G2G
�1
1

	 

;

where:

G1 ¼ plimraSðh0Þ
� �0

A1 plimraSðh0Þ
� �

;

G2 ¼ plimraSðh0Þ
� �0

A1M0A1 plimraSðh0Þ
� �

:

With the optimal weighting matrix A ¼ M�1
0 , the asymptotic distribution of the simulated

minimum distance estimator is:

ffiffiffi
n

p bhSMD � h0
� �

�!d N 0;
J þ 1

J
G�1

	 

;

where:

G ¼ plimraSðh0Þ
� �0

M�1
0 plimraSðh0Þ
� �

:
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Appendix E. Auxiliary Parameters

Table E1

Log-wage Regressions

Agriculture/
mining Manufacturing Construction

Trade/utilities/
transportation/
communication Services

Female �0.226241 �0.169728 �0.168647 �0.198453 �0.207124
(0.0018) (0.0003) (0.0009) (0.0004) (0.0002)

Educ 0.161606 0.316589 0.215107 0.289084 0.229263
(0.0019) (0.0004) (0.0008) (0.0005) (0.0002)

Age 0.038069 0.012849 0.017199 0.017997 0.012515
(0.0008) (0.0002) (0.0003) (0.0002) (0.0001)

Age2 �0.000440 �0.000179 �0.000216 �0.000257 �0.000167
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Exper 0.004497 0.006815 0.006419 0.008285 0.006859
(0.0001) (0.0000) (0.0000) (0.0000) (0.0000)

1996 4.231317 4.836345 4.724536 4.757651 4.846028
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

1997 4.224913 4.823436 4.708768 4.750908 4.832797
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

1998 4.247642 4.866347 4.731991 4.774774 4.860608
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

1999 4.240998 4.854302 4.738804 4.775157 4.861966
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

2000 4.251494 4.860062 4.743351 4.778431 4.867408
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

2001 4.267058 4.873846 4.763543 4.793411 4.886463
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

2002 4.279963 4.877963 4.763591 4.793470 4.884342
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

2003 4.245921 4.862613 4.746932 4.771257 4.866902
(0.0180) (0.0037) (0.0067) (0.0043) (0.0025)

2004 4.245542 4.860584 4.746077 4.762179 4.876557
(0.0180) (0.0037) (0.0066) (0.0043) (0.0025)

2005 4.291993 4.903308 4.787530 4.803551 4.913089
(0.0180) (0.0037) (0.0066) (0.0043) (0.0025)

2006 4.319431 4.925783 4.814797 4.824168 4.935360
(0.0180) (0.0037) (0.0066) (0.0043) (0.0025)

2007 4.343912 4.947456 4.839264 4.852874 4.956261
(0.0180) (0.0037) (0.0066) (0.0043) (0.0025)

2008 4.346454 4.941269 4.829658 4.855021 4.969325
(0.0180) (0.0037) (0.0066) (0.0043) (0.0025)

Root MSE 0.373505 0.276870 0.285019 0.336883 0.306287
R2 0.995 0.997 0.997 0.996 0.997
Observations 268,224 3,791,930 1,204,452 3,968,220 10,331,959

Notes. Standard errors in parentheses. Sectors: (1) agriculture/mining; (2) manufacturing; (3) construction;
(4) trade/utilities/transportation/communication; (5) services.
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