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Chapter 1

Introduction

The main purpose of this thesis is to establish an explicit relationship between 

asset accumulation and employment dynamics under imperfect capital markets. T 

provide empirical evidence for this link and estim ate a behavioral model which is 

shown to replicate the main observed trends.

These two processes, traditionally analyzed separately, influence each other. Un

der borrowing constraints, assets can affect job search outcomes by allowing wealth

ier people to be more selective and obtain higher wages. Thus, the role of inherited 

assets and family background in the job search process becomes critical. Differences 

in initial wealth can imply differences in success in the labor market.

On the other hand, employment dynamics, as the main source of income uncer

tainty, have an impact on savings. While the unemployed maintain their consump

tion by running down their assets, employed agents save to buffer against future 

unemployment spells and future lower wages. Consequently, changes in the labor 

market environment affect decisions on asset accumulation. An important labor

I
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market variable is the net amount of transfers a person receives while unemployed. 

It can include family transfers as well as unemployment compensation, minus the 

out-of-pocket cost of searching for a job. These net transfers while unemployed can 

have a  significant effect on asset accumulation.

The asset data used in this analysis come from the National Longitudinal Survey 

(youth cohort). They consist of residential property, financial assets, business assets, 

vehicles and other assets (like jewelry or furniture) net of debts on each of these 

items.1 Although they are clearly measured with errors, these data have systematic 

features. As seen in Table 1.1, both black and white male high school graduates 

(who did not attend  college), accumulate assets after leaving school. From year 3 

to year 9 after graduation, blacks increase their assets from $1,521 to $4,210 and 

whites increase their assets from $6,627 to $19,757. The percentage of people with 

more than $10,000 increases from 2% to 11% for blacks, and from 17% to 40% for 

whites. In the same period, the fraction of blacks who are unemployed or working 

part time decreases from 42% to 31%. The corresponding percentage for whites 

decreases from 24% to 13%. Average wages increase from $2,967 to $3,469 for 

blacks, and from $3,376 to $ 4,622 for whites. Asset accumulation does accompany 

the increase in labor market activity that occurs after these individuals leave high 

school.

The standard job search model can account for the increase in labor market 

activity, but not for the increase in asset holdings. Consumption theory provides 

several reasons for saving, mainly life-cycle effects, purchase of indivisible goods 

and precautionary reasons. People save while they are young because they want to

1 Details about the construction of the asset variable are given in Chapter 6.

9
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Table 1.1: Assets, Unemployment and Wages by Race and Years after Graduation. 
Male High School Graduates between 1978 and 1993__________________________

Variable
Year 3

Blacks 
Year 6 Year 9 Year 3

Whites 
Year 6 Year 9

Average Assets 1.521 4,339 4,219 6,627 13,448 19.757
Percentage of 
people with:

Assets < 0 11.02 8.24 7.50 4.00 11.40 14.67
Assets=0 39.83 29.12 32.50 8.00 4.82 6.67
0 <  Assets< 10,000 46.61 52.20 49.00 71.00 51.31 38.67
10,000 < Assets< 20,000 0.85 6.59 4.50 9.00 10.67 16.00
20,000 <A ssets< 30,000 0.85 1.65 3.50 4.00 6.14 8.44
Assets >  30,000 0.85 2.20 3.00 4.00 9.65 15.56

Percentage of
Unemployed 42.42 30.19 31.26 23.94 15.92 12.70

Average Quarterly Wage 2,967 3,368 3,469 3,376 4,288 4,622
Note: The amounts are given in dollars of 1985. An individual is considered unem
ployed if he works less than 20 hours a week or earns less than $1,000 in a quarter.
Source: NLSY.

3
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maintain their consumption when they become older and possibly leave something 

to their children. They save to buy a house, a good whose purchase requires a 

minimum amount of money. They also save because they face uncertainty about 

earnings, medical expenses or their length of life. These explanations generally 

assume an exogenous income stream.

Table 1.2 shows the relationship between savings behavior and employment tran

sitions. Becoming or staying unemployed is associated with a decumulation of 

assets, while becoming or staying employed (or switching from one employer to 

another) is associated with an increase in asset holdings. Black (white) individuals 

who remain unemployed between two calendar quarters run down their assets by 

$83 ($142), while those who remain working for the same employer increase their 

assets by $362 ($876) per quarter. These comovements, while not surprising, are 

systematic and informative about the credibility of the  asset data. They also give 

evidence that that asset accumulation and employment transitions are closely re

lated. Neither a  standard search model, which ignores asset accumulation, nor a 

standard life cycle consumption model, which ignores employment transitions, offers 

an explicit explanation for these trends.

In the model proposed in this thesis, given current asset holdings, whether un

employed or employed, an agent determines an optim al job acceptance policy as 

well as an optimal level of consumption in each period. The model is characterized 

by the following features: 1) while employed a worker can always quit or be laid 

off, so that the individual work history is conceived of as a  sequence of employment 

and unemployment states; 2) while the unemployed decum ulate assets, employed 

agents can accumulate assets to maintain consumption during future periods of un-

4
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Table 1.2: Average Quarterly Savings according to Employment Transitions 
for Blacks and Whites

Employment
Status

t

t +  A

TotalUn
employment

Same
Employment

New
Employment

Un
employment

-83/-142 
(359)/(120)

1,104/1,295 
(209)/(162)

354/683
(568)/(282)

Employment -414/-1,353 
(180)/(155)

362/876 
(565)/(1214)

698/340 
(367)/(345)

347/567 
(1112)/(1714)

Total -194/-825
(539)/(275)

362/876 
(565)/(L214)

845/645
(576)/(507)

349/583 
( L680)/(1996)

Note: The first num ber refers to savings o blacks; the number after the
slash corresponds to savings of whites. The first number in parentheses is 
the number of blacks who make the corresponding transition; the number 
in parentheses after the slash is the respective num ber of whites. Assets are 
observed annually. Consequently, savings are defined as the average quar
terly variation of assets between periods when asset holdings are observed. 
The employment status in the first period, t, is described in the first column. 
The employment status in the next period when assets are observed, t -f A, 
is reported in the first row.
Source: NLSY.

5
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employment and lower wages: 3) agents use asset accumulation as a way of moving 

to better paid jobs;2 4) Borrowing constraints induce asset accumulation and the 

attainm ent of lower wages at the beginning of the employment career, but higher 

wages in la ter years.

Since the model does not produce closed forms for the  policy rules on asset accu

mulation and job acceptance, I compute them numerically. Borrowing constraints 

can be binding, so an interior solution may not be attained. Therefore, estima

tion techniques based on the Euler equation are not applicable to this case. To 

estimate the behavioral parameters of the model, I apply the method surveyed 

by Rust (1988) and Eckstein & Wolpin (1989). Using the numerical solution of 

the dynamic programming problem as an input, I construct probability statements 

for observed assets, wages and employment transitions and integrate them into a 

maximum likelihood estimation procedure.

The data for estimation of the model come from the National Longitudinal Sur

vey of Labor Market Experience Youth Cohort (NLSY). The NLSY is a national 

stratified sample of 12,686 individuals between 14 to 21 years of age as of January, 

1979, who have been surveyed annually from 1979. It contains data on assets, ac

cepted wages, length of unemployment, and personal characteristics like schooling 

and family background. In the estimation, separate samples of black and white 

high school graduates are used.

Accounting for differences in individuals’ characteristics and initial asset condi-

2Unlike dynamic models of consumption and labor supply, where individuals directly decide 
on their income by choosing hours of work (Heckman & MaCurdy 1980, MaCurdy 1981), here 
they decide on a stopping rule. The way to decide on their income is to accept a  wage offer or 
keep searching, if they are unemployed; or to switch employers, stay on the current job or quit to 
unemployment, if they are employed.

6
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tions, assuming a specific utility function and an explicit distribution function for 

wage offers, I recover the parameters of the search model. With the recovered 

structural parameters I study four regime changes: a  10% decrease in net transfers 

while unemployed; increasing initial assets from zero to $2,000 assets; blacks start 

off with the same initial asset distribution of whites and whites start off with the 

initial asset distribution of blacks; and blacks have th e  arrival rates and wage offer 

distributions of whites, and whites have the arrival rates and wage offer distribution 

of blacks.

A decrease in unemployment net transfers reduces asset holdings, unemployment 

and the wages of both groups. This effect is opposite to the one described by Gruber 

(1994), Engen & Gruber (1995) and by Hubbard, Skinner & Zeldes (1995), which 

only considers the insurance effect of unemployment transfers. In my model trans

fers while unemployment are family or government transfers net of search costs. 

They are, therefore, not equivalent to unemployment insurance. Yet, since these 

transfers support job search and individuals' ability to  reject low wage offers, their 

reduction has the effect of lowering average accepted wages. It is this reduction 

in wages what ultimately reduces average asset holdings. Using the estimated pa

rameters of the baseline model, I find out that a perm anent decrease of $100 in 

unemployment net transfers reduces asset holdings of blacks by $17 and of whites 

by $183 20 quarters after high school graduation.

The result of the second policy simulation is that blacks who start off with $2,000 

worth of initial assets have a  first quarterly wage th a t is $100 higher than blacks 

who start off with no assets.20 quarters after graduation, this difference reduces to 

$50. Among whites, the average wage of those who s ta rt their employment careers

7
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with §2,000 initial wealth exceeds in §25 that of those whites who start off with no 

assets. However, 20 quarter after graduation this effect vanishes.

Through comparative statics experiments, I show that most of the differences in 

labor market performance between blacks and whites are accounted for by differ

ences in their wage offer distributions and arrival rates, [f blacks had the labor 

m arket environment of whites, their wage twenty quarters after graduation would 

be §3,974 and not §3,384. This would be still below the §4,048 of whites.

This thesis is organized as follows. Chapter 2 present a  discussion of the current 

literature on job search and asset accumulation. Chapter 3 describes the model 

and its main implications for asset accumulation and employment. In Chapter 4. 

I explain the selection of the sample and the descriptive statistics. Chapter 5 

discusses maximum likelihood estimation procedure. Chapter 6 presents the results 

of the baseline estimation. Chapter 7 reports the results of estim ating the extended 

model. Chapter 8 shows policy experiments based on the results of the estimations. 

Chapter 9 concludes.

8
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C hapter 2

Literature R eview

This chapter briefly presents the literature on job search and asset accumulation. 

Job search theory views the time in which an individual is looking for a job as pro

ductive, inasmuch as it perm its the individual to be selective in taking a job. This 

is especially the case for individuals who leave high school and start looking for a 

job. If individuals cannot finance job search with their future expected income, they 

have to use their assets. Initial differences in initial assets can lead to differences in 

job search outcomes.

Consumption theory has shed light on the  effect of income fluctuations on con

sumption and saving. Since people face uncertain future incomes, they find it 

optim al to create a buffer-stock to hedge against adverse income shocks. To the 

extent th a t labor income is the most im portant source of income for most people, 

labor market uncertainty is a  potentially key determ inant of people’s consumption 

and saving.

In this context, this thesis explains how people accumulate assets to gain access to

9
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better paid jobs and how borrowing constraints affect employment careers. It also 

presents descriptive evidence th a t asset accumulation and employment dynamics 

are linked, and fits the theoretical model to the data.

2.1 Job Search

In standard job search models1 people are conceived of as wealth maximizers 

residing in world of perfect capital markets. In that framework, job search is in

dependent of any decision on consumption and saving. Imperfect capital markets, 

however, have played a role in the literature on job search as a motivation for 

a finite horizon of search. This version of the search model generates decreasing 

reservation wages, and therefore decreasing accepted wages over an unemployment 

spell, which is precisely what is observed in the data over an unemployment spell. 

The working life of an individual is an exceedingly long period of tim e to explain 

these patterns. O ther factors, like aging, can explain why wages are decreasing 

over longer periods of time. This means that a  finite horizon of search must be 

motivated on other grounds. In the  literature, those have been the lim ited duration 

of unemployment benefits, and a limited amount of initial assets (Mortensen 1986). 

Both explanations assume that the duration of search is exogenously given to the 

individual. Empirical studies of the  job search process are based on the assump

tions of an infinite search horizon with perfect capital markets or an exogenously 

given search horizon (Flinn & Heckman 1982a, Flinn & Heckman 19826, Kiefer & 

Neumann 1979, Meyer 1990, Wolpin 1987, Wolpin 1992).

lSee the models surveyed by Lippmaa k  McCall (1976) and Mortensen (1986).

10
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If people are not able to borrow freely in the credit market, they can only self- 

finance the out-of-pocket cost of search for a finite period of time. Since individuals 

maximize present discounted value of income, they pay the cost of search until 

the borrowing constraint becomes binding. At th a t point, there is no o ther choice 

than dropping out of the labor force. In this explanation, initial asset holdings 

and borrowing constraints affect the job search strategy through their influence 

on the search horizon. In a standard job search model, people do not control the 

speed of their asset decumulation while unemployed. Consumption theory analyzes 

precisely how people make decisions on asset accumulation. To analyze how people 

make these decisions simultaneously, a combination of job search and consumption 

theory is necessary.

2.2 Asset Accumulation and Borrowing Constraints

Consumption theory has been mainly concerned with the effect of current income 

on consumption and, more generally, with the motivations of people to save. The 

permanent income hypothesis postulated that people’s current consumption reacts 

only to a change in their permanent income. When confronted with data , the 

permanent income hypothesis has been generally rejected (Flavin 1981, Hall & 

Mishkin 1982, Hayashi 1985, Campbell & Mankiw 1989, Zeldes 1989, Deaton 1991), 

which indicated the presence of borrowing constraints. As people are unable to 

spend on account of their future income, consumption becomes sensitive to  current 

income.

On the other hand, consumption theory provides several reasons for saving,

11
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mainly life-cycle effects, purchase of indivisible goods and precautionary reasons. 

People save while they are young because they want to m aintain their consumption 

when they become older and possibly leave something to their children. They save 

to buy a house, an indivisible good whose purchase requires to make a substan

tial up front paym ent. Since they also face uncertainty about earnings, medical 

expenses or their length of life, people save for precautionary reasons. They create 

a buffer stock against these exogenous adverse income shocks. (Schechtman & Es- 

cudero 1977, Grossman, Levhari & Mirman 1979, Hall 1978, Skinner 1985. Zeldes 

1989, Deaton 1991, Hubbard et al. 1995).

Since for most people most of their income is labor income, employment dynamics 

are an important source of earnings uncertainty. For example, being laid off and 

receiving a good wage offer and accepting it while unemployed would be regarded 

by consumption theory as an adverse and as a favorable income shock respectively. 

Strictly speaking, these transitions, widely studied by job search theory, are. to 

some extent, the result of individuals’ decisions. Thus, an exogenous shock does 

not capture the fact th a t individuals, conditional on their assets, are selective in 

accepting jobs. The unemployment state is not just a persistent bad shock. Job 

offers may have been m ade to an unemployed individual, but he may have rejected 

them  hoping to find a  better paid job. Current assets support consumption while 

unemployed and allow him to  reject low wage offers. His decision about how much 

to decumulate each period has to be linked to his selectivity in accepting wage 

offers. It is in this sense that integrating job search and consumption theory would 

also shed light on specific aspects of consumption and saving dynamics.

12
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2.3 Job Search and Asset Accumulation

Danforth (1974) was the first to formulate a model of utility-maximizing job 

search. He analyzed in detail the role of asset endowments on an individual’s opti

mal job search strategy, summarizing his conclusions in three testable hypotheses: 

there exists a positive correlation between initial assets and reservation wages (“the 

rich are more selective” ); there is a positive relationship between initial assets and 

duration of unemployment (“the rich search longer” ); and there is a positive corre

lation between initial assets and discounted future income (“the rich get richer” ). 

Lippman and McCall (Lippman & McCall 1976) noted that poorer people were 

unemployed for longer periods. They suggested other factors that could explain a 

negative correlation between wealth and duration of unemployment. For instance, 

wealthier searchers may search more intensively or have a higher probability of 

getting a job offer than poorer agents.

More generally, utility-maximizing job search models have been proposed as a 

generalization of job search theory (Hall, Lippman & McCall 1979, Whipple 1973), 

as an integrated theory of job search and individual labor supply (Burdett 1979, 

Burdett, Kiefer & Sharma 1985, Burdett & Mortensen 1977) and as a theory of job 

search and consumption (Danforth 1974, Danforth 1979, F lem m in g  1978, Hansen 

& Imrohoroglu 1992, Blundell, Magnac & Meghir 1994, Costain 1995). Despite 

these well-known attem pts (done mainly in the seventies) of establishing explicit 

links between job search and consumption theory, these approaches have maintained 

clearly separate traditions. In the nineties, however, there is an increasing number 

of studies that show the importance of these links for understanding employment 

and savings dynamics, even as separate problems.

13
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Bloemen & StancaneLli (1997) tested Danforthrs propositions empirically. They 

used self-reported data on minimum acceptable wage earnings, which they use as 

a proxy for reservation wages. They postulate a  non-linear relationship between 

reservation wages and assets, which they integrate in a likelihood procedure. They 

find that assets have a positive effect on reservation wages and a negative effect on 

the probability of becoming employed.

Utility-maximizing job search models made clear the effect of assets on job search. 

The reciprocal effect is also im portant. Employment dynamics, as the main source 

of income uncertainty, are an im portant determinant of savings. While the unem

ployed maintain their consumption by running down their assets, employed agents 

save to buffer against future unemployment spells and future lower wages (Dy- 

narski & Sheffrin 1987). Consequently, changes in the labor market environment 

affect decisions on asset accumulation. For example, unemployment benefits in

crease the duration of unemployment, but also sustain consumption of the unem

ployed (Hamermesh 1982). Recently, Andolfatto (1996) and Gomes, Greenwood 

& Rebelo (1997) formulated models of consumption and savings which explicitly 

represent employment dynamics under a search-theoretic framework. An exogenous 

income stream, a standard assumption in models of consumption, ignores the fact 

that employment transitions as well as consumption and savings are the outcome 

of individual decisions.

In the context of the literature, this thesis’ contribution is both theoretical and 

empirical. Theoretically, it extends Danforth’s model for the case of on-the-job 

search and borrowing constraints. I show that people can take badly paid jobs 

to accumulate assets and, at some point, quit to search while unemployed. Asset

14
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accumulation is therefore used as a means to gain wage mobility. I also show the 

effect of borrowing constraints on employment careers. People with tight borrowing 

constraints start being less selective than people with access to credit. As time 

passes, people who can borrow have to pay their debt, so that their ability to reject 

low wage offers deteriorates. As a  result of this, it can be shown that constrained 

agents end up with higher wages than unconstrained ones. Empirically, this thesis 

provides descriptive evidence for the relationship between assets accumulation and 

employment. It also estimates the theoretical model showing a fairly good fit to 

the data.

15
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C hapter 3

T he M odel

Consider an individual who lives forever (or, alternatively, faces a constant prob

ability of death) and seeks to maximize expected lifetime utility. In each period, 

given his employment state, he has to determine a level of consumption. He only 

derives utility from consumption above some minimum level, which is guaranteed 

to him over his lifetime by the minimum income he receives while unemployed or 

while employed. Deciding on consumption in the current period is equivalent to 

choose a level of assets for the next period. The individual is allowed to borrow up 

to an exogenously given am ount, i.e., the amount of admissible debt is bounded and 

constant in every period. There is no restriction for transferring resources across 

periods through savings. The rate of return for saving and borrowing is the same 

and constant. Initial assets are inherited, so they are not the product of any earlier 

asset accumulation.

16
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3.1 Job Market Transitions

The agent can be either employed or unemployed. In both employment states 

he can receive a wage offer. He can only receive one wage offer in each period. 

W hile employed, he can be laid off. The wage offer distribution, the probabilities 

of receiving a wage offer while employed and while unemployed, and the layoff 

probability are known. The individual can neither affect them by any kind of 

decision, nor recall rejected wage offers.

If he is unemployed, the possible transitions he can have are shown in the following 

scheme:

Transitions from Unemployment

Unemployed

1 - A u

Offer No Offer

Employment Unemployment

Accept /  Reject

While unemployed, the agent can receive a wage offer with probability Au. He 

will take any wage offer which makes the lifetime utility of being employed higher 

than  the lifetime utility of being unemployed. In other words, he determines the 

lowest wage offer he will accept to start working. Any offer higher than this wage 

will be accepted as well, th a t is, as I show below, the reservation wage property 

holds. If the agent rejects a  wage offer or does not receive any offer at all, he remains 

unemployed. Whenever the individual is unemployed, he is given some amount of
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transfers, which exceeds an exogenously given consumption floor. These transfers 

are constant over the unemployment speLl and can be conceived of as exogenously 

given. They include family transfers plus unemployment compensation net of search 

costs. The individual becomes employed only if he receives and accepts a  wage 

offer. Once employed, the accepted wage remains constant while working for that 

employer.

The possible transitions from being employed are shown below.

Transitions from  Employment

Employed

Not laid off Laid off

Offer No Offer Offer No Offer
Accept/Reject Stay/Quit Accept/Reject

S tay/Q uit

U nemployment UnemploymentNew Job Same Job New Job

While employed, he can receive a wage offer with probability Ae and be laid off 

with probability 0. If he is not laid off and receives a job offer, he can accept it 

and switch to a new job, reject it and stay in the current job or reject it and quit 

to unemployment. If he is not laid off and does not receive a job offer, he has to 

decide between staying in the job or quitting to unemployment.

18
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Table 3.1: Notation

A : 
Au : 
Ae : 
B  : 
C  : 

Cu : 
Ce : 

C  -K-fmtn  *

U{C) =

r
0
b
w

F (x)

K
K
9

Vu (A) =
V'(A,w) =

asset level in current period;
asset level in next period if unemployed in current period; 
asset level in next period if employed in current period; 
minimum asset level (B  <  0); 
consumption in current period; 
consumption if unemployed in current period; 
consumption if employed in current period; 
consumption floor;
(1 -  7 ) ((C -  -  i ) , if 7  *  U
In (C  — Cmin) , i f  7 = 1; 
rate of return (r >  0); 
discount factor (0< 0  < 1); 
net transfers while unemployed (b >  C„ 
wage;
wage offer distribution, \nw  ~  N(n,cr2 | uj, w );
0 <  C m in  <  w_ <  w  <  00 

offer probability when unemployed; 
offer probability when employed, 
layoff rate;
lifetime utility of being unemployed with asset level A, 
lifetime utility of being employed with asset level A, 
and wage w.

If he is laid off, he can still receive a job offer. 1 Accepting it means switching to 

a new job; rejecting it means becoming unemployed. If a person is laid off and does 

not receive any offer, he does not have any other option than to become unemployed.

*In the quarterly data used in the estimation, some people can be reported as moving directly 
from one employer to another. These data include people who have been laid off and took another 
job in the same quarter. This transition cannot be mixed up with the transition of people who 
have not been laid off and accepted an offer.

19

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.2 Notation and Assumptions

The notation is shown in Table 3.1. The utility function assumed in this model 

is a Stone-Geary version of the constant relative risk aversion (CRRA) type. It 

satisfies the Inada conditions, in particular (Jr{Cmtn) =  oo. 7  is the coefficient of 

risk-aversion. 6 is defined as unemployment transfers net of search costs.2 These 

transfers are assumed to  be non-labor income like family transfers. They exceed the 

consumption floor. The wage offer distribution is assumed to be bounded above and 

below, because the numerical solution of the model employs a discretization of the 

state variables. The lowest possible wage offer is assumed to exceed the m in im um  

level Cmin. This ensures that consumption above the minimum is always positive as 

the utility function assumed here requires. For purpose of estimation, a lognormal 

wage offer function is used.

Assum ption 1 : Xu >  \ c.

This assumption is based on the fact that an unemployed person can devote 

more tim e to search for a job than an employed one(Burdett h  Mortensen 1977). 

It recognizes the productive character of being unemployed in that it permits to 

have a high intensity of search (Flinn & Heckman 1983). However, it does not 

take into account reputation effects. For example, employers may take as a bad 

signal tha t an individual is unemployed for a long time. It can be also the case 

that employed individuals, as insiders of an industry, are more informed about 

employment opportunities than unemployed ones. These effects may not be as

2Search costs and choice of search intensity can be explicitly included in the theoretical model. 
The identification of these additional parameters would, however, not be feasible given the available 
data.
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important for high school graduates as for more educated segments of the labor 

force. This assumption creates a trade-off. By accepting an offer, an unemployed 

agent increases his income, but decreases the probability of receiving future wage 

offers. If Assumption 1 did not hold, it would always be optimal for an individual 

to take any wage offer greater than net transfers and there would be no returns to 

searching while unemployed.

Assum ption 2 : 0 {\ + r )  <  1.

As in standard models of consumption allocation, the pattern of asset accumu

lation or decumulation depends crucially on the relationship between r  and 0. As

sumption 2 says th a t consumers are relatively im patient: their rate of time pref

erence is higher than the rate of return on assets. This is a sufficient condition to 

generate asset decumulation while unemployed.

3.3 Laws of Motion and Borrowing Constraint

The laws of motion for assets will be given by:

A u =  ( 1 +  r)(A  +  6 — Cu), when unemployed;

A e =  (1 -(- r)(A +  w — Ce), when employed;

where: Cu > Cmin ;

and. Ce ^  f'mtn •

Under a Hakansson-Miller (Hakansson 1970, Miller 1974) borrowing limit, i.e, if
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an agent can borrow up to the level of lifetime income he will receive with probability 

one, the lower bound on assets is given by

As shown below, the individual will only be employed at wages which exceed 

transfers while unemployed. Therefore, the minimum possible level of income is 

the net transfers while unemployed. As discussed by Grossman et al. (1979), if the 

borrowing limit were the expected lifetime income, there would be the possibility 

of bankruptcy. However, this could not happen with utility functions satisfying the 

Inada condition. An unemployed agent with asset holdings B, not being able to 

decrease his assets, will consume only his minimum requirement,

C' = s + i - ( rf 7 )=c„i».

Since the utility function satisfies the Inada conditions, f/'(Cmtn) =  oo, a positive 

probability, no m ater how small, of not having income at least above the consump

tion floor, will discourage the agent of taking that chance. Even if the individual 

can formally borrow as much as he wants, he will not run down his assets below B ; 

so B  < B  will not be a binding constraint. Under this setup, a  partial analysis with 

a fixed interest rate, B  represents perfect capital markets. This behavior ensures 

that the transversality condition,

aT
lim —---------- =  0,

T—oo (1 +  r)T
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holds.

The individual faces borrowing constraints whenever he is only allowed to borrow 

below his certain capacity of repayment, i.e., B  > B . Paying back with certainty 

can be caused by lenders being fully risk averse and unwilling to share risks with 

borrowers. Incorporating the full set of Arrow-Debreu contingent contracts would 

require allowing for default and dealing with problems of adverse selection or moral 

hazard. That is beyond the scope of this thesis.

3.4 Value Functions

The value functions are defined in Equations (3.1) and (3.2). Expected discounted 

utility differs according to the current employment state, asset holdings, and wages. 

Expected lifetime utility in the unemployment state, Vu, is characterized by asset 

holdings A. In the employment state, expected lifetime utility Vei depends on asset 

holdings A, and wage w.

V M )  = j e s K > »  + * - i £ : )  <M>

+0 J  max[V;(Au,x ), Kt(A„)]dF(x) +  (1 -  Au)14(Au) j |

Ve(A,w) = m a x  ^[ / (a  + w -  (3.2)

+0 [(1 -  9)(Xe J  m a x  [Ve(A e, x), Ve(Ae, to), K ( / l e)] dF{x)
+  (1 -  Ae)max[Ve(Ae,io), K (A e)])

+  d(xe f  max[Ve(Ae,x), Vu{Ae)\ dF(x) +  (1 — Ae ) l 4 ( A ; ) )  }
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T h e o re m  1 : (i) Vu is strictly increasing in A ; Ve is strictly increasing in A and 

in w. Consequently, the reservation wage property exists;

(ii) A unique bounded and continuous solution fo r  (14, K) holds.

P ro o f: See Appendix.

These two stationary functions imply the existence of stationary policy rules as 

solution of the dynamic programming problem, that is, AU(A) when unemployed 

and Ae( A, xo) when employed.

For every state , whether the individual is employed or unemployed, there exists 

a reservation wage wm{A) defined by Ve(A ,w m) =  14(^4). When the agent is un

employed, the reservation wage, w“(A), indicates the lowest wage offer which will 

induce the individual to start working. While employed, if he is not laid off, he will 

switch to a new job whenever he receives a  wage offer higher than max[tu, io*(A)]. 

If the wage offer is lower than this value or if he does not receive any offer at all, 

he has to decide between quitting to unemployment and staying on the job at the 

current wage. If his current wage is higher than w~(A), he will stay on the job; 

otherwise he will quit, because A  is rising and thus so is w"(A). If the individual 

is laid off, w '{A )  indicates the lowest wage an individual will accept to work for 

another employer.

3.5 Reservation Wage and Assets

P ro p o s itio n  1 ; i) wm(A) > b; and ii) >  0, fo r  all A >  B.

P ro o f: See Appendix.
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Proposition 1 asserts that an individual’s reservation wage is always higher than 

net transfers while the person is unemployed and increasing in current asset hold

ings. Danforth (1979) proved this result by considering the search process as a 

“generalized lottery.” If U(-) satisfies decreasing absolute risk aversion, which is 

also the case of the utility function I assume, richer people will be willing to accept 

riskier activities. In the context of the job search model, this means that wealthier 

people are more selective and reject offers which other people accept. In Danforth’s 

model once a job is accepted the wage is constant, so the reservation wage indicates 

the certainly value of searching. In the present model, people search on the job. 

but the probability of receiving an offer is higher while unemployed than while em

ployed. This means that higher wealth makes people more willing to take the risk of 

searching while unemployed rather than employed. Given the difference in arrival 

rates, an additional dollar of assets will increase the value of searching more while 

unemployed than while employed. The reservation wage has to increase accordingly.

Notice that this effect of wealth in making people more selective can also be 

obtained under risk-neutrality. if people drop out of the labor force or go bankrupt 

once they a tta in  the lowest possible level of assets. In the model presented here, 

people never leave the labor force nor do they go bankrupt. They do not face the 

trade off between consuming and searching longer, as would be the case if assets 

only serve to endogenize the finite search horizon.
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3.6 Asset Accumulation and Employment Sta

tus

Proposition 2 A u <  A, fo r  A > B; Au =  B , fo r  A =  B .

Proof; See Appendix.

This proposition claims that the individual tends to decumulate while unem

ployed. This will be so because he wants to  maintain consumption, expecting that 

his future income will grow. Optimal behavior then consists in decumulating assets 

until reaching the lower bound B.3 Propositions I and 2 underlie Danforth’s state

ment that wealthier people will be unemployed longer and will end up with higher 

accepted wages. Under asset decumulation and decreasing reservation wages over 

time, initial assets play a key role in job search outcomes. Once this lower bound, 

B < 0, is attained, the agent consumes C = b-\-B(-~^), that is, he consumes what is 

left after providing for interest rate payments. Notice that this level of consumption 

depends on the lower bound on assets. People with tighter borrowing constraints, 

i.e.. with less admissible debt, will end up consuming more than people who are 

allowed to borrow more.

Proposition 3 There can be asset accumulation while employed only if  there is a 

positive probability o f  being laid off.

Proof: See Appendix.

3As explained in Section 3.3, the agent faces borrowing constraints if B > B, i.e if he can only 
borrow below his capacity of repayment. In this case, he will attain the lower bound on assets, 
B, in finite time. If the agent does not face borrowing constraints, that is, if his lower bound on 
asset is B, he will never attain that bound in finite time, because of the Inada conditions.
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While employed at a relatively high wage an individual has an incentive to accu

m ulate assets as a  precaution to cushion possible future unemployment spells. He 

understands tha t his current job may not last forever and that future employment 

can be at a lower wage.4 This would not be so if the layoff rate were zero or if his 

current wage were relatively low. He will accumulate until reaching an amount suf

ficiently high to buffer against future unemployment and lower wages. This steady 

s ta te  will be a  function of current wages: A  =  A(io). If the individual starts off 

with an asset level lower than the steady state, he will accumulate; otherwise he will 

decumulate. If his current wage is relatively low, he will decumulate until reaching 

the lower bound on assets.

While employed, depending on his current asset holdings, an agent will take a 

new job only if it pays more than the reservation wage. Since reservation wages 

are increasing in assets, he can accumulate assets until reaching a reservation wage 

higher than his current wage. In that case, he will quit and become unemployed. 

The incentive to  do so is also given by Assumption 1. Unemployment will be 

attractive if the probability of getting an offer while unemployed is relatively high. 

For an individual to quit a  job, it has to be true that

wM(Ae( A , w M(A))) > to‘(A), 

which means th a t the reservation wage has to allow him to accumulate, i.e.,

Ae( A , w m{A)) > A.

In this case, he can take a job at the reservation wage and accumulate, so that 

in a later period his reservation wage will exceed his current wage. In Figure 3.1

4This is also true if there is a fixed retirement age.
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Employed
Accumulate

Employed
Decumulate

w*(A)

Quit

Unemployed

A

Figure 3.1: Asset Accumulation and Job Acceptance
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the reservation wage function. wm(A).  and the inverse of the assets steady state 

function,

wA =  A~l (A),

are described. The area above w~(A) indicates th a t wage offers will be accepted; the 

area below this curve represents the rejection region. The area above wA{A) shows 

the assets and wages combinations a t which the individual will accumulate; the area 

below, those at which he will decumulate. Figure 3.1 shows the interaction of asset 

accumulation and job acceptance decisions. In this model income determination is 

endogenous, but unlike models of labor supply, the agent can not choose an amount 

of income, but can search for it. As in other models,5 quitting is part of a search 

strategy to reach higher wages. When the individual confronts layoff risk, this will 

lead him to accumulate assets, but also to search for a higher wage, even if he 

has to become unemployed to do so. Notice th a t quitting will only occur if the 

individual is employed at a  wage lower that ws , and with assets lower that A*. 

People who accumulate a t their current wage have an incentive to quit and become 

unemployed, if they have not reached yet a level of wages to ensure some security. 

After reaching that level of wages and of wealth, it is not optimal to quit. In this 

model the wealthiest people who reached a desired level of wages do not quit.

5The existing literature has explained in different ways that people quit to become unemployed. 
Workers may take jobs without knowing their true wage. Once they learn about it, they quit jobs 
where their true wage is revealed to be low (Jovanovic 1979). An economic boom may change 
wage offer distributions or arrival rates such that a worker finds profitable to quit to search while 
unemployed (Jovanovic 1987, Lippman <k Mamer 1989). This explains the observed trend that 
quits are procyclical. With a finite horizon and accumulation of work experience, people quit 
because the value of investing in working decreases over time (Wolpin 1992).
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This model accounts for some features of employment transitions and asset ac

cumulation. At the beginning of his employment career an individual may take a 

very badly paid job because he wants to accum ulate assets and thereby improve 

future wages and buffer future unemployment. Once on the job, the individual 

will continue searching, which reflects his perm anent desire to move to jobs with 

higher wages (B urdett 1978). While employed, the individual can increase his cur

rent reservation wage which no longer coincides with his current wage. If he is not 

successful in moving to a new job, he will quit to unemployment.

Once unemployed, voluntarily or not. the agent will decumulate assets and de

crease his reservation wage. When he finds a  job again, he can end up with a wage 

lower than the one he had before becoming unemployed. Asset decumulation while 

unemployed can lead to a reduction in accepted wages after an unemployment spell.

3.7 Numerical Simulations

To illustrate the dynamics implied by this model, I perform numerical simula

tions for different groups of people. Because the optimal solution of the dynamic 

programming problem does not admit an analytical expression, I computed a numer

ical solution by discretizing the continuous sta te  variables.6 The solution procedure 

consists of iterating the tim e dependent Vu and Ve functions until they converge to 

stationary functions. This procedure is described in greater detail in the Appendix.

6This simplifies both the solution of the dynamic programming problem as well as the compu
tation of the likelihood function. It has, however, two effects in the continuous original variables. 
First, it collapses the continuous values of an interval into the midpoint of it. Second, it imposes 
upper and lower bounds in originally unconstrained variables. It is not clear the type of biases 
that these two problems can cause in the estimated parameters.
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Table 3.2: First Unemployment Spell. Duration, Wages and Assets

Lower Bound on Assets 0 —50, 500
Initial Assets 0 5,000 0 5,000
Duration of Unemployment 2.67 2.98 3.48 3.48
Average First Accepted Wage 3084 3210 3375 3375
Assets a t first job 148 3747 -8080 -3647
Average Wages at period 50 3367 3367 3304 3304
Average Assets at period 50 2111 2112 -47908 -47904

The basic param eter values in these simulations are: b = 1,500, fi =  7.3, a  =  0.6, 

Xu =  0.9, Ae =  0.2, 9 = 0.15, r  =  0.01, 0 = 0.95, 7 =  1.3.7 I simulate the 

employment, wages and assets trajectories for 3,000 individuals who s ta rt off at the 

same level of assets and have the same borrowing restriction.

There are two extrem e cases: one where borrowing is not allowed a t all (con

strained individuals), and one where people can borrow up the present discounted 

value of the minimum possible income, $ 50.500 (unconstrained individuals). Wages 

and assets after the first unemployment spell for different initial assets and differ

ent borrowing limits are reported in Table 3.2. In the first case, people with $5,000 

worth initial assets stay unemployed 2.98 quarters on average, and start working for 

$3,210. People who started searching with no assets stay unemployed 2.67 quarters 

and have an average first accepted wage of $3,084. In the second case, however, 

neither duration of unemployment nor initial wages are affected by initial wealth. 

For both levels of initial assets the duration of search is 3.48 and the average first 

accepted wage is $3,375. This suggests th a t only under perfect capital market ini-

7My choice of these values is based in the parameter estimates (Table 6.1).
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tial assets play a role in search outcomes. In Danforth's model a worker maintained 

their job forever, so the effect of initial assets on people’s wages was permanent. 

Since in this model individuals search on the job and are subject to layoffs, their 

employment state, wages and asset position can change permanently. Thereby, ini

tial assets become less important for later states. 50 periods after having entered 

the labor m arket, regardless of credit m arket conditions, initial assets do not play 

any role in wages and assets. This result depends crucially on param eter values. 

If the layoff rate and the probability of receiving an offer while employed are very 

low, the effect of initial wealth may last for more periods.

Unlike initial assets, borrowing constraints have a more permanent effect. Notice 

that wages of people who are allowed to borrow are lower that those of people who 

do not. People who can borrow up to $50,500 have quarterly wages of $3,304 50 

quarters after graduation, whereas people who cannot borrow at all earn $3,367 per 

quarter. At a first glance, this seems counterintuitive. This does not only suggest 

that agents facing tight borrowing constraints eventually have higher wages than 

unconstrained agents. It also means tha t the former, who started off with lower 

wages increase their wages while the la tter decrease theirs. The behavior of assets 

is the key to understand this result. While the constrained group accumulates and 

keeps $2,111, the unconstrained group decumulates until having a debt of $47,904. 

Reservation wages may be increasing over tim e in the first case and decreasing 

over time in the second. This is an infinite horizon model with no o ther source 

of uncertainty than wage offers which are accepted or rejected. Agents know that 

they are not required to pay the full amount of their debt, but only to bound it at 

a certain amount. On the other hand, the rate of time preference is assumed to be
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higher than the rate of return (d (l +  r) =  0.9595 <  I). With these assumptions 

and  these parameters people will run down their assets monotonically.

To have a better assessment of this behavior, it is instructive to compare the 

infinite with the finite horizon case. The new param eters used are r  =  0.05263 and 

6 =  2 ,000.8 Figure 3.2 shows the tim e paths for assets, wages, unemployment rate 

and consumption. In the infinite horizon case, assets of people who can have debt 

go down until reaching some negative level close to the lower bound. Constrained 

individuals accumulate until reaching a steady state  level. With a finite horizon, 

constrained individuals accum ulate at the beginning of their life, and decumulate 

when the end is near. For unconstrained agents the borrowing limit is tim e depen

dent. It critically affects their asset accumulation decisions. They borrow and run 

down their assets, but at some point in time, as the lower bound on assets increases, 

assets holdings increase as well and become positive.

At the beginning of the employment career wages, unemployment and consump

tion are higher for unconstrained agents. This situations changes over time until 

constrained individuals have higher wages, unemployment and consumption. With 

a finite horizon there is overtaking as well, though wages, unemployment and con

sum ption fall at the end of life.

An explanation for this puzzling behavior is the following. Unconstrained people 

are accumulating debt and have to make interest payments. By contrast, con

strained individuals accum ulate assets and receive interest gains. Unconstrained 

people can be very selective at the beginning of their careers, relying on debt to

8The first change allows that 0(1+r)  =  I. The reason for the second change is that with these 
parameters in a finite horizon people will not borrow with 6 =  1,500.
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Figure 3.2: Assets, Wages, Unemployment and Consumption
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finance their consumption. However, as time passes and debt grows, their ability to 

reject bad wage offers deteriorates and, accordingly, their consumption decreases. 

For constrained people the opposite is true. By accumulating assets they can afford 

to increase their consumption and their selectivity in job acceptance decisions. Af

ter some time, constrained people have both higher wages and higher consumption 

than people with debt. Nonetheless, the present discounted utility of unconstrained 

agents is always higher than the one of constrained ones. It is optim al for the former 

to obtain high utility at the beginning of their employment careers, even if they end 

up with a relatively low utility. Constrained people do not have this choice. The 

fact that they can overtake unconstrained agents in current utility, does not mean 

that they overtake them in term s of cumulative discounted utility.

Since these are two extreme versions of credit market constraints, there has to 

exist some intermediate case with capability of replicating the actual trends of the 

main variables. The model, however, produces other results which may not be ob

served. In the data, it may not be the case that wealthier people stay unemployed 

longer, even if they can afford to. Since in the model arrival rates are fixed, having 

more wealth only extends the duration of unemployment. In spite of that, people 

who start off with more wealth may have permanent differences with poorer ones. 

For example, a prosperous family background can be associated with a higher qual

ity of schooling. Initially wealthier people may have, thereby, a higher mean wage 

offer than poorer agents. In other words, the presence of heterogeneous agents in 

the sample can significantly affect the assessment of the model. An example is given 

by Table 3.3. It is a comparison of the main variables after the first unemployment 

spell, for different levels of initial assets and of borrowing limits. Wealthier agents
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Table 3.3: First Unemployment Spell with Heterogeneous Agents. Dura
tion, Wages and Assets

Lower Bound on Assets 0 -50,500
Initial Assets 0 5, 000 0 5,000
Mean Wage Offer 7.3 7.373 8.03 7.3 7.373 8.03
Duration of Unemployment 2.67 2.86 2.07 3.48 3.35 2.42
First Accepted Wage 3084 3346 5191 3375 3532 5556
Average Assets 148 3802 3964 -8080 -3335 -1135

may stay shorter unemployed and have higher wages, if their wage offer distribution 

dominates the distribution of poorer agents. Notice that the effect of heterogeneity 

is stronger in the unconstrained case. Compare the length of unemployment of poor 

and rich people according to their borrowing position. Unconstrained people with 

§5.000 initial assets and with a mean wage offer of 7.373 have an unemployment 

spell shorter than people with no assets. Constrained people with §5,000 initial 

assets and with a  mean wage offer of 7.373 have a shorter unemployment spell than 

people with no assets. Thus, heterogeneity can have an im portant effect depending 

on the tightness of the borrowing constraint.

A similar effect can happen with quit behavior. The model predicts that agents 

can accumulate while employed and that they can quit to become unemployed. One 

way of testing this in the data is to see if people report savings before quitting and 

becoming unemployed. However, the existence of heterogeneous populations can 

cloud this prediction. For wealthier people reputation effects may be important, so 

that their arrival rates while employed may be higher for them than for people with 

less wealth. They may gain access to higher wages by switching directly to another
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employer, rather than voluntarily quitting to become unemployed.

3.8 Transition Probabilities

Since the numerical solution of the model is explicitly used in the estimation, it 

is im portant to describe how the model accounts for the  various possible transitions 

from one s ta te  to another. This is shown in Table 3.4. The s ta te  is characterized 

by the employment status, assets A , and the wage w  if the individual is employed. 

The sta te  a t tim e t is shown vertically, whereas the state at tim e t  +  1 is shown 

horizontally. The first line of each transition shows the probability for a  change in 

employment status only. Whenever the individual moves from unemployment to 

employment or from one employer to another, he is accepting a new offer and this 

is shown in the second line of the  corresponding boxes. The statem ent expresses 

the probability of doing the transition and attaining a  specific wage w  if becoming 

employed, or to' if changing employer. This is a joint probability and its validity is 

conditional on receiving a wage offer which exceeds the reservation wage. The third 

line gives the policy rule for assets, conditional on the current employment state. 

Once the individual knows his employment status, say, at t, he can determine his 

level of asset holdings tomorrow in a  deterministic way. For this determination, 

he will take into account the uncertainty of next period’s employment state and 

possibly attained wage.

While employed, the individual will know if his reservation wage next period ex

ceeds his current wage. In that case, there will probability 0 that he stays employed 

at his current job. If he does not receive an acceptable wage offer, he will quit.
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Table 3.4: Model predicted Transition Probabilities

t

t+ 1
Unemployed 

with A'

Employed 

with (A ', w) 

(same employer)

Employed 

with (A',wf) 

(new employer)

Un
employed

with

A

XuF(w’ {Au))
+ ( 1 - A tt)

A' =  AU(A)

0 A , [ l - f K ( A tt))]

at wage w:
Xuf(w),  w > w'(Au)

A' =  A JA )

Employed

with 

(4 , w)

if w“(Ae) > w

X'F(W(Ae)) 
- f( l — Ae)

A' =  Ae(A, w)

0 Ae[ l_ F ( m '( A e))]

at wage wr:
Xef(w '), w' > w~{Ae)

A' =  Ae(A, w)

if w > wm{Ae):

0[XeF(W(Ae))
+ ( 1 - A e)]

A! =  Ae(A, w)

( l - 0 ) [ A eF(t/;) +  ( l - A e)] 

A' — Ae(A,w)

( l - 0 ) X e[ l - F( w) }  
+0Ae[l -  F(tn*(Ae))],

a t wage w':
Xef(w'), w' > w 

0Xef \w% w > w' > w'(Ag)

A' =  Ae(A, w)
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This is shown in the top part of the transition from employed to other employment 

states. If his current wage makes is higher than the reservation wage, he will move 

to unemployment only if he is laid off.

It is clear th a t these transition probabilities are determined by the policy rules 

obtained as solution for the dynamic programming problem. The trends presented 

in Table 1.2 are accounted by the model. Apart from showing the statem ents used 

in the computation of the likelihood function, this table shows the link between 

employment transitions and asset accumulation. Assets influence employment tran

sitions to the extent that the reservation wage is a function of assets. Reciprocally, 

asset accumulation rules, obtained taking into account the possible employment 

transitions, are conditional on employment states.
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Chapter 4

D ata

The data come from the National Longitudinal Survey of Labor Market Experi

ence - Youth Cohort (NLSY). This survey is a national stratified sample of 12.686 

individuals between 14 to 21 years old in January, 1979, who have been interviewed 

annually from 1979 to 1993. It provides data on personal characteristics, household 

composition, educational status and attainm ent, military experience, labor market 

activity and transitions, detailed work histories, income and assets.

4.1 Sample Selection

Out of the total number of respondents, I have selected those white and black 

high school male graduates born after December 31 1960, who never went to college 

nor had any type of military experience. W hite males were taken from the core 

sample; black males were selected from the core and from the supplemental sample.
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This selection is similar to that of Wolpin (1992). It was chosen for several 

reasons. Black and white high school graduates are the modal group in the NLSY. 

Only males are considered because a search-theoretic framework like tha t of my 

study corresponds more closely to a m ale labor force. Since the decision to join 

the military is not explicitly included in the model, respondents who served in the 

army are not included.

The NLSY contains data on school enrollment and a  week by week accounting of 

employment status, hourly wages, hours worked, and employers. A complete weekly 

work history of an individual from 1978 until 1993 can be constructed. In 1979, the 

first year of interview, information was collected on employment history starting 

in January 1, 1978. Respondents whose employment histories started before 1978. 

i.e., those born before 1961, are dropped from the sample, because it is impossible 

to construct a complete employment history for them. The final sample consists of 

686 individuals, 312 blacks and 374 whites.

For tractability, the data have been aggregated to quarters based on the calendar 

quarter in which the individual starts his employment history. So, instead of using 

calendar time, this study uses quarters after graduation as its time unit. Along with 

attrition and missing data, this implies tha t not all people are observed through 

1993.

The last week tha t the individual reports having being enrolled in school is as

signed to its corresponding calendar quarter. Employment history is defined to 

start in the quarter thereafter.

The inevitable consequence of the aggregation to quarterly data is some defini

tional arbitrariness. An individual is considered to be working if he is employed
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during the first week of the quarter. He is reported as ‘‘'unemployed” for that quarter 

otherwise. The job corresponding to that quarter is also the first job of the quarter. 

Any other job held during the quarter is ignored.1 The quarterly wage related to 

th a t job is the wage of the first week of the quarter in 1985 dollars times 13.

Since the NLSY provides information on m ultiple jobs held at the same period 

by a person, the main job is taken to be the one with the most hours of work. A 

person is given the status of employed if he works 20 or more hours per week, and 

earns more than 1,000 1985 dollars in a quarter. The Consumer Price Index is used 

to transform the monetary values into real amounts.

Since the model does not incorporate tem porary layoffs, individuals returning to 

work for their old employers are considered as having taken new jobs.

The survey includes a question on the reason for leaving a given employer. The 

various reasons reported for leaving the current job are classified into voluntary or 

unvoluntary reasons. It is considered a layoff when the respondent reports having 

been laid off, fired or discharged, that the program ended or that the plant closed. 

O ther reasons such as family reasons, spouse changing jobs, finding a better job. 

quits to look for another jobs and other reasons are classed as quits.

Unfortunately, because of many missing values, this information covers only a 

small percentage of the transitions from a given employer. Out of the total number 

of transitions from employment to unemployment there is information on quits and 

layoffs for only 35.28% of blacks and for 38.45% of whites. The corresponding 

percentages for the transitions from one employer to another are 31.82% for blacks

1 Unfortunately, this construction of quarterly data implies missing transitions for high turnover 
groups, like blacks.
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and 29.35% for whites.

The NLSY includes questions about financial characteristics of the household. 

Data on the market value of assets are only available for years 1985 until 1993, 

with exception of year 1991. This information is only available annually. Since 

the questions on assets refer to the market value of assets at the moment of the 

interview, this information is assigned to its particular calendar quarter. All other 

quarters are not assigned any value.

Since the model does not incorporate explicitly the existence of heterogeneous 

assets, they are treated as equally liquid.2 This definition corresponds to the notion 

of wealth as a store of value used in the standard national accounting framework 

(Wolff 1990). Accordingly, the net value reported for total assets is the sum of the 

components.

The asset variable is constructed in this way only if there is information available 

for all of the components. If the respondent does not report at least one of them, 

the assets variable is reported as not available. The five components of assets 

are residential property, financial assets, business assets, vehicles and other. All 

these components are computed at their “market value” which the NLSY defines 

as the amount the respondent would reasonably expect someone else to pay if the 

particular asset were sold today in its present condition.

2 An important reason for saving is the down payment of home purchasing (Engelhardt 1994). 
It does not seem plausible to assume that people sell their illiquid assets to finance job search. 
Apparently, this calls for using only the liquid components of assets in the estimation. This 
means to assume a priori no substitution between different types of assets. Consequently, the 
interaction between buying a house and employment decisions is not captured by this assumption 
either. Extending the model to allow for home purchasing is the consistent way of solving this 
omission. However, it would also make both the optimization problem and in the estimation more 
complicated. Not being the immediate purpose of this paper, this extension is left for future 
research.
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Residential property refers to the net value of the respondent’s house or apartment 

owned or being bought by the individual. That is the market value of the property, 

net of liabilities such as mortgages, back taxes, home improvement loans, or debts 

such as assessments, unpaid amounts of home improvement loans, or home repair 

bills.

Financial assets include money in savings or checking accounts, savings and loan 

companies, money market funds, credit unions, US savings bonds, individual retire

ment accounts (IRA or KEOGH), or certificates of deposit, common stock, stock 

options, bonds, mutual funds, rights to an estate or investment trust, or personal 

loans to others or mortgages held by respondent. This concept also includes money 

owed to the respondent by other people.

Business assets refer to the net market value of a farm, business or other property. 

Examples of this category are investment in a farm operation, a  business or profes

sional practice, or any other real estate. It does not count the property on which 

respondent is living. It is defined as the total market value of all of the real estate, 

or assets in the business, including tools and equipment, or farm operation, in

cluding value of land, buildings, house, and the equipment, livestock, stored crops, 

and other assets. If the property is a farm, crops held under commodity credit 

loans are not included. Debts or liabilities owned on this operation or property are 

subtracted. Any unpaid mortgages are included. Any commodity credit loans are 

excluded.

As vehicles it is included the market value of vehicles, including cars, motorcycles, 

trucks, a motor home or trailer, net of debts.

“Other” assets refer to the difference of the value of other assets worth more
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than §500 minus the  amount of other debts over $500. Examples of the property 

considered under this category are a piece of furniture, an appliance, stereo, boat, 

a piece of jewelry, a  valuable collection for investment purposes, etc. Examples 

of debts are those owed to any stores, doctors, hospitals, banks, or anyone else, 

excluding 30-day charge accounts.

4.2 Descriptive Statistics

Table 4.1 presents sum m ary statistics for the duration of the first unemployment 

spell, employment transitions, quits, wages and assets of both racial groups. These 

statistics are averages across people and over tim e. Therefore, they do not exploit 

the longitudinal character of the sample. In spite of this, they give an idea about 

some features of the data, and serve in the estimation as initial values for some of 

the parameters.

The employment variables show that on average it is less likely for unemployed 

blacks as compared with unemployed whites to become employed. The first unem

ployment spell of blacks lasts on average 4.1 quarters, whereas for whites it lasts 2.6 

quarters. Out of the total unemployed blacks, 20% become employed in the next 

quarter, while the corresponding number for whites is .35%. It is also less likely 

that blacks stay at their current job. 11% of employed blacks become unemployed 

in the next quarter, and about 13% change employers in the next quarter. The
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Table 4.1: Summary Statistics
Variable Blacks Whites

Em ploym ent
Average duration of first

unemployment spell (quarters) 4.10 2.60
% of unemployed becoming employed 20.45 34.94
% of employed becoming unemployed 11.32 7.31

% thereof quit 24.47 28.17
% thereof are laid off 10.81 10.28

% of employed changing employer 12.93 9.00
% thereof quit 20.69 17.99
% thereof are laid off 11.13 11.36

W ages
Average first accepted wage 2,449 2,847
Average accepted wage 3,362 4,239
Average wage growth per quarter (%) 3.27 3.80
Average wage growth when changing employer (%) 19.93 29.33
Mean of log(wage) 8.02 8.24
Standard Deviation of log(wage) 0.44 0.48
Mean of Iog(wage) during first 3 years 7.89 7.99
St. Deviation of Iog(wage) during first 3 years 0.42 0.43

A ssets
Average assets 27,219 39,698
Average asset growth per quarter (%) 13.87 9.46
Mean of log(asset+5000) 10.01 10.26
St. Deviation of log(asset+5000) 1.019 0.951
Mean of log(asset+5000) during first 3 years 9.598 9.936
St. Deviation of log(asset+5000) during first 3 years 0.619 0.594
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corresponding numbers for white individuals are 7% and 9%.3

As mentioned above, the information on the reason for leaving the current em

ployer only covers about 30% of the transitions. Nevertheless, it is clear that an 

im portant proportion of people voluntarily abandon their current job to work for 

another employer or to become unemployed. At least 25% of blacks and 28% of 

whites who become unemployed did so because of voluntary reasons.

In this table, information on average levels, dispersion and growth of wages is also 

presented. Comparing the average first accepted wage with the sample average gives 

an idea about wage growth for both groups. Blacks, on average, have a starting 

wage of $2,500 and an average wage of $3,362; whites start on average with $2,850 

and have a wage average of $4,240. Average wage growth is 3.3% per quarter for 

blacks and 3.8% per quarter for blacks. It is, however, clear that changing employers 

is one of the main sources of wage increase: Blacks increase their wages by 20% 

when changing employers, whereas whites obtain a 29% increase. There are no 

substantial differences in dispersion of the accepted wage distribution of blacks and 

whites.

Assets d a ta  convey information on asset growth per quarter and on the initial 

asset distribution. If people consumed all their income, the average asset growth

3This transition probability is capturing a higher rate of job turnover for blacks, it can be 
also expressing that blacks have to move to other jobs because they are more likely to lose their 
current jobs.
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per quarter would coincide with the rate of return. Thus, this statistic provides an 

idea about the rate of return: 14% for blacks and 9% for whites. The information 

on distribution of assets for the first three years after leaving school gives also some 

idea, though imperfect, about the initial distribution of assets for each group.

The composition of assets according to asset level, race and years of working 

experience is presented in Table 4.2. It shows the relationship between the level 

and the composition of wealth. Wealthier people in both groups tend to have 

a higher proportion of their assets in the form of residential property, business, 

farms or other form of property. Among the people with no more than 6 years 

after graduation, those with no more than $10,000 have only 4% (blacks) and 8 

% (whites) of their wealth in residential property. The corresponding numbers for 

people with more than $30,000 are 39% and 27%. This relationship between wealth 

and proportion of wealth held as residential property is maintained 6 years after 

graduation. Blacks with no more than $10,000 hold about 8% of their wealth in 

residential property. The corresponding number for whites is 20%. Among the 

people with more than $30,000, around 31% of their assets is held as residential 

property. There is also a fairly clear positive correlation between the percentage of 

business property and wealth.4 People with more than $30,000 in asset holdings 

have more than 20% of them in business property.

4Using a static framework, Evans & Jovanovic (1989) find that having more assets under 
borrowing constraints increases the probability that a worker starts a business.
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Table 4.2: Composition of Net Assets according to Asset level, Race, and Years 
after Graduation

Years <  6

Blacks 

Asset Bracket

Whites 

Asset Bracket
1 2 3 4 1 2 3 4

Residential 3.96 21.80 38.27 39.12 7.79 21.47 36.12 27.33
Financial 16.72 13.82 20.39 13.01 19.57 21.68 14.41 22.53
Business 0.43 1.10 2.64 16.33 5.60 2.05 7.10 28.88
Vehicles 50.56 36.03 17.60 15.15 53.96 31.81 25.74 10.98
Other 28.32 27.25 21.10 16.39 13.07 22.98 16.63 10.29

Mean 2,235 13,693 25,638 56,462 31,278 14,433 24,950 88,546

Years>  6 Asset Bracket Asset Bracket
1 2 3 4 1 2 3 4

Residential 7.54 29.36 28.78 30.31 19.63 36.28 41.29 31.83
Financial 19.47 16.03 21.28 35.46 22.27 18.84 20.44 27.60
Business 0.75 1.88 5.26 24.35 4.18 3.12 4.64 27.68
Vehicles 49.46 31.37 23.63 4.83 46.99 28.04 21.00 6.35
Other 22.80 21.36 21.04 5.05 6.92 13.73 12.61 6.55

Mean 3,465 14,011 24,179 140,719 4,095 14,491 24,369 135,416

Asset Brackets: 
1 
2
3
4

0<  Assets< 10,000 
10,000< Assets< 20,000 
20,000< Assets< 30,000 

30,000
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Table 4.3: Current Net Asset holdings, Wages and Years after 
Graduation in 1985 dollars________________________________

Wages

Blacks 

Years <  6 Years >  6

Whites 

Years <  6 Years >  6

w <  2,000 1,655 2,772 4,010 5,528

2,000 <  w <  4000 2,563 4,106 5,357 8,600

4,000 <  w <  6000 5,209 10,395 12,435 16,661

w >  6000 10,400 18,658 12,948 21,373

Vehicles is the component the proportion of which shows a very clear negative 

correlation with wealth. This trend is sim ilar for both race groups and does not 

seem to change significantly with years after graduation. Around half of the wealth 

of people with less than  $10,000 is represented by the car. Financial assets are the 

most liquid component of wealth. Its relationship with the level of wealth is not 

clear.

Although the averages presented in Table 4.2 show big standard deviations, the 

patterns in the composition of assets are also shown in other studies like Sobol 

(1979), Jianakoplos, Menchik & Irvine (1989), and Blau (1990).

As shown in Table 4.3, there is a positive correlation between current assets,
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wages and years after graduation for both race groups. People with higher wages 

tend to have a higher level of current asset holdings. With wages lower than $2,000. 

people have assets of at most $5,500. W ith wages higher than $6,000 asset levels 

are at least $10,400. Notice that individuals with more years after graduation but 

in the same wage bracket tend to hold more assets. With more than 6 years after 

graduation people hold around 80% more assets than people of the same wage 

bracket with no more than 6 years after graduation This is indicative of the asset 

accumulation over time, abstracting from the wage growth.

These descriptive statistics show the existence of a link between labor market 

aspects and asset accumulation. There are important variables which affect this 

link, notably home ownership and m arital status.

4.2.1 Home ownership

Since the purchase of a house is an im portant motivation for asset accumulation, 

it is instructive to compare asset levels according to home ownership. In Table 4.4, 

summary statistics for assets for black and white individuals are presented. Judging 

from the higher means and medians of homeowners’ assets, it is clear that people 

who own a house at some point of their working careers have a higher distribution 

of assets. However, people who own a house also exhibit a higher level of negative 

assets than those who do not. While blacks who own a house report a lowest
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Table 4.4: Assets, Wages and Unemployment rate according to Home 
Ownership

Blacks Whites
House W ith W ithout W ith W ithout

Lowest Asset Level -49,261 -26,809 -392,906 -22,967
25% 135 0 2,685 0
Median 3,270 270 11,413 1,603
75% 12,097 1,880 27,109 5,443
Highest Asset Level 8,651,996 8,695,649 8,657,300 8,504,274

Average Assets 92,097 7,929 56,541 19,809
Average Wages 3,476 2,788 4,227 3,578
% Unemployed 19.78 37.89 9.72 19.89
Observations 468 1,574 1,312 1,111

Note: “W ith House” refers to people who had a house at some point 
of their careers. “Without House” refers to people who never had a 
house.

observed level of assets of -$49,261; blacks without a house have -$26,809. Whites 

who own a house have -$392,906 as the  lowest observed level of assets; whereas 

whites without a  house have -$22,967. As an order statistic, the lowest observed 

asset level can be conceived of as an indicator of the highest admissible level of debt. 

The logic for this is the same used by Flinn &: Heckman (19826) to demonstrate 

that the lowest observed wage is a consistent estimator of the reservation wage.

While a  link between home ownership and asset accumulation seems to be present 

in this information, at this level of disaggregation it is not possible to determine
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if owning a house allows individuals to assume a higher level of debt, or if they 

contract a debt in order to buy the house. Since my purpose is to inquire on the 

link between asset accumulation and job m arket behavior, home ownership may be 

important to the extent that it affects job market outcomes.

Table 4.4 also shows average assets, average wages and the unemployment rate 

for the whole sample, according to race and home ownership. It is clear th a t higher 

wages and lower unemployment rates axe associated with owning a  house. Again the 

direction of the link is not clear. On the one hand, people with better job market 

outcomes will tend to be in a position to buy a house. In this respect, the ownership 

of a house is the result of the process of asset accumulation. The reciprocal effect 

is more interesting. To what extent does owning a house help people find (better) 

jobs? People who do not own a house, and are trying to accumulate to buy one, will 

not fully use their assets in their job search. Thus, they will not be very selective in 

their job search. Depending on the burden of mortgage debt, people who already 

bought a house will be more or less selective than those who do not own one. 

However, as mentioned above, since neither the decision nor the mechanism to buy 

a house are modelled explicitly, I estim ate the model with total assets. Whatever 

advantage people who own a house as opposed to other assets may enjoy will be 

not considered in the estimation.
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4.2.2 Marital Status

M arital status, like home ownership, is an im portant variable for the link between 

assets and employment. Table 4.5 shows asset holdings for both race groups accord

ing to home ownership. People who have been ever married have higher median 

and mean levels of assets. As with home ownership, people who have been ever 

m arried tend to have higher levels of debt. Blacks who have been ever married 

exhibit a  lowest observed asset level of -$49,261; whereas blacks who never married 

report -$26,809 for the same variable. While whites who have been ever married 

have -$392,906 as the lowest observed level of assets, whites who never married have 

-$22,967.

Table 4.5 also illustrates that higher wages and lower unemployment are associ

ated w ith being married. Once again, the direction of the  causality is not clear. 

People with better job outcomes, who therefore save more, may be those more likely 

to get married. The opposite effect can be easily identified. The spouse of a mar

ried individual may receive another wage and contribute to asset accumulation. In 

terms of the theoretical model this would mean including the marriage decision as 

part of the search model. Moreover, if the worker’s wife is a wage earner, assets 

can increase w ithout an increase in the male worker’s wage. While it would be 

insightful to do this extension, this is beyond the scope of the current research.
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Table 4.5: Assets, Wages and Unemployment rate according to Mar
ital Status

Blacks Whites
House Ever Never Ever Never

Lowest Asset Level -49,261 -26,809 -392,906 -22,967
25% 11 0 1,015 49
Median 1,813 0 6.367 2.237
75% 6261 1,576 19,873 9,261
Highest Asset Level 8,695,649 8,647,822 8,657,300 8,504,274

Average Assets 54,016 10,380 43,585 30,807
Average Wages 3,659 2,873 4,526 3,744
% Unemployed 21.18 41.78 11.58 20.76
Observations

\ T  .  ^  u . n  _ _ »  _ r  . *

788 1,254 1,686 737
Note: “Ever” refers to people who were ever married between 1978 
and 1993. “Never” to people who were never married between 1978
and 1993.
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4.3 Reduced Form Estimations

As a first assessment of the predictions of the model in terms of asset accumula

tion, accepted wages and employment transitions, f perform two sets of OLS and 

logit estimations, one for each employment status- The interpretation of these re

gressions is of a reduced form version of the policy functions, Au =  AU(A) and 

A t =  Ae(A, w),  and wm = w '(A).  Since the last one cannot be estim ated directly, 

performing a logit regression of employment transitions as a  function of the state 

variables will give information on the underlying reservation wage function along 

with the arrival rates. The theoretical transitions probabilities shown in Table 3.4 

correspond to the following relationships:

Probability Assets Wages

Pr(employed at t -f- 1 | unemployed at t) : -

Pr(unemployed at t -f L| employed at t) : + /o - /o /+

Pr(new employment at t -f 1 | employed at t) : -/O -

These reduced form estimations do not correspond to a joint decision of employ

ment status and wages. Consequently, this is a  marginal analysis of the policy rules. 

Table 4.6 presents OLS regressions for assets next period5 and logit regressions of 

employment status next period as functions of the state variables when unemployed.

sGiven that the information on assets is available only for some quarters, these estimations 
refer to those periods when all variables are observed. Therefore, “next period” refers to the next 
observation for which all variables are observed. These estimations are done using total assets.
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Table 4.6: Reduced Form Decision Rules when Unemployed

Variable Assets 
Next Period

Employment Status 
Next Period

Blacks W hites Blacks Whites

Assets .351 .771 .0000539 .0000402
(.044) (.060) (.0000213) (.0000197)
7.967 12.816 2.532 2.043

constant 939.819 2002.921 -.6452943 .125976
(199.581) (502.840) (.0944653) (.1433046)

4.709 3.983 -6.831 0.879

F 63.47 164.26
R 2 0.1041 0.3975
x 2 6.96 13.38

logC -353.09 -168.04
Obs 548 251 545 249

(Standard Errors are in parentheses and t-Statistics below)

For both race groups, assets in the current period have a strong positive impact 

on assets next period. Roughly speaking, one dollar worth of assets in the current 

period means 35 cents worth of assets in the next period for blacks. The correspond

ing amount for whites is 77 cents. These numbers should be interpreted, however, 

cautiously, because they refer to different tim e periods after people left high school. 

They cannot be interpreted as a stationary pattern of asset accumulation.

The choice of an unemployed individual, staying unemployed or moving to unem

ployment, is introduced in a logit framework with the state variables of the model
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and their respective square terms as regressors. The results are also presented in 

Table 4.6. The coefficient for assets has a  positive and significant sign, implying 

that it is more likely that wealthier unemployed people become employed.

Table 4.7 presents OLS and logit regressions for assets and employment transi

tions, respectively, when people are employed. Assets next period show a fairly 

clear positive correlation with assets and wages in the current period. One dollar 

worth of assets in the current period produces 43 cents of assets in the next period 

for blacks, and 63 cents for whites. One additional dollar in wages means a 74 cents 

increase in assets next period for blacks, and 71 cents for whites. These simple 

regressions show a tendency toward asset accumulation while employed, if wages 

are high enough. It can also happen, especially for blacks, that people decumulate 

if wages are low.

When an individual is employed, he can move to unemployment, stay  in the same 

job or accept to work for another employer. This decision can be estim ated using 

a m ultinomial logit with the state variables for employed individuals as regressors. 

The transition from employment to unemployment shows a negative dependence 

on assets. This suggests that wealthier employed people are less likely to move to 

unemployment. Likewise, moving from one employer to another seems to show a 

weak negative relationship with total assets. This is consistent with the prediction 

of the m odel th a t wealthier people are less likely to change employer. Wages do
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Table 4.7: Reduced Form Decision Rules when Employed

Variable Assets 
Next Period

Employment Status 
Next Period

Un
employed

New
Employer

Un
employed

New
Employer

Blacks Whites Blacks Whites

Assets .433 .631 -.0000487 -3.14e-06 -.0000387 -.0000293
(.030) (.025) (.0000188) (9.87e-06) (.0000128) (8.36e-06)
14.32 25.01 -2.595 -0.319 -3.018 -3.499

wage .743 .705 -6.65e-06 -.0000354 -.0000239 -.0000479
(.123) (.126) (.0000523) (.0000439) (.0000532) (.0000387)
6.06 5.62 -0.127 -0.807 -0.449 -1.238

const. 133.59 1507.37 -.964 -.318 -1.694 -.818
(440.28) (545.02) (.187) (.155) (.223) (.160)

0.30 2.77 -5.15 -2.06 -7.59 -5.100

F 150.35 396.16
R 2 0.23 0.37
x 2 10.15 4.72

logC -1008.09 -1045.36
Obs 1012 1347 1008 1342

(Standard Errors are in parentheses and t-statistics below)
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not seem to have a significant im pact on any employment transition, except on the 

transition from one employer to another for blacks, where the impact is negative. 

This is compatible with the model which allows for negative or no impact of current 

wages on the employment transition. Higher current wages will decrease the range 

of wages acceptable to work for another employer, and, consequently, the probability 

of switching.

There are two im portant discrepancies between the predictions of the model and 

these reduced form estimations. The first one is that if a person is unemployed 

the model predicts a negative relationship between assets and the probability of 

becoming employed. The estimates have a positive sign. The second one is that 

according to the model, the higher the level of assets the more likely the transition 

for employment to unemployment. The reduced form estimates indicate that the 

correlation is negative.

As shown in Chapter 3, these discrepancies can arise because permanent differ

ences in individuals’ search environments are not taken into account. The existence 

of heterogeneous agents, who are assumed identical in these reduced form estima

tions, can be the reason for not finding what the model predicts. Relatively wealthy 

people, who can afford to search longer, may not actually do so, because they may 

have higher wage offer distributions than poorer agents. In a similar fashion, the 

probability that richer people become unemployed may be lower than for poorer
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people, because the former may have higher arrival rates. In consequence, these 

reduced form results, while supporting some of the predictions of the models, also 

suggest the presence of permanent idiosyncratic differences in agents, which will 

have to be included in the structural estimation.
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Chapter 5

Estim ation M ethod

This chapter describes the method used to estim ate the model presented in Chap

ter 3. The estim ation strategy is designed to recover the parameters of the theo

retical model. The procedure consists of using the policy rules of the dynamic pro

gramming problem as inputs in the computation of the likelihood function. This 

means that the probability statements shown in Table 3.4 are explicitly used to 

account for observed transitions in employment status, assets and wages. The first 

section of this chapter describes how the likelihood function is constructed.

A common problem in this type of estim ation is the existence of unobserved 

idiosyncratic differences, i.e., people may have different parameters of the model. 

For example, individuals analyzed in the sample have the same level of formal 

schooling, but the quality of education is likely to  differ across them. This om itted
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variable plays an im portant role not only in initial but also in future conditions. 

Wage offer distributions as well as arrival rates can be affected by this circumstance 

(Orazem 1987, Lazear 1979). Individuals m ay differ also in their attitudes toward 

risk, tightness of their borrowing constraints, rates of return, or net transfers while 

unemployed.

Estimating the model without accounting for unobserved heterogeneity can lead 

to wrong inferences (Flinn & Heckman 19826). It is, however, important, before in

troducing any type of heterogeneity, to have a  baseline estimation with the smallest 

possible number of parameters. This means th a t it is sensible to start estimating 

the model assuming tha t all individuals have common behavioral parameters. The 

results of this estimation can be revealing about the type of heterogeneity needed 

to account for the trends in the data.

Similarly, extensions of the theoretical model are subject to an assessment of the 

results of this baseline estimation. This model can be extended in many different 

directions, which include endogenous wage growth as in Wolpin (1992), introducing 

explicitly the choice of search intensity, accounting for leisure in the utility function, 

or assuming a shock in the rate of return or in tastes. These extensions would clearly 

allow a better fit of the data. The strategy followed in this thesis is to estimate first 

the model presented in Chapter 3 and then estim ate and extended model with wage 

growth and unobserved heterogeneity. The second section presents the extensions
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to the theoretical model and the way unobserved heterogeneity is introduced.

5.1 Construction of the Likelihood Function

In this estimation only a subset of the model’s parameters is estimated. Those 

are

0D =  {6, /z,<x, Au, Ae,0 , r , 7 }.

The parameters which are not estim ated are B,w_ and w. For the purposes 

of the likelihood function, the following values of these parameters are assumed: 

B =  —5,500, w  =1,000, uT=20,000. The maximum value of assets is assumed 

to be $45,500. The existence of this upper bound on assets is imposed by the 

discretization of the state space. In general, these bounds were chosen after making 

sure that most of the observed values for assets and for wages were not excluded from 

the estimation. Less than 11% of the assets observations lie outside the admissible 

range defined by these bounds. The corresponding percentage for wages is around 

6%. The number of gridpoints used for assets and for wages are, respectively, 50 

and 51.

The available data  allow the identification of the param eters of the wage offer 

distribution, arrival rates, rate of return and the measurement errors. To the extent 

'th a t risk averse behavior can be produced by borrowing constraints, B and the
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coefficient of risk aversion may not be identified separately. That is why in this 

estim ation B  is assumed fixed. Therefore. 7  m ay not just capture risk aversion, 

but also the existence of borrowing constraints. Unemployment net transfers is 

principally identified by data on wages and by the length of unemployment. To 

facilitate its identification the consumption floor in is assumed fixed.

Given the state variables, it is possible to account for the several transitions ob

served in the data. However, since the model does not have any other source of 

randomness but wage draws, it is unlikely that it accounts simultaneously for the 

employment transitions and for the observed values of assets and wages. The sim

plest way to make the estimation feasible without introducing any other stochastic 

variable in the dynamic programming problem is to assume measurement errors. 

Apart from facilitating the estimation, there are justified reasons to believe that 

assets and wages are measured with errors.1

Observed assets are defined as the model’s predicted level of assets plus a mea

surement error:

A f*  = A t + e A,

where £a is normally distributed with zero mean and standard deviation aA.

lRust (1990) discusses the severity of measurement errors in assets data from the Retirement 
Bistory Survey (RHS). As already shown, the NLSY asset data have plausible trends.
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Similarly, observed wages are defined as

In w°bs =  In wt -f £w,

where ew is normally distributed with zero mean and standard deviation crw. Al

though the model does not predict a true wage level, it gives admissible values for 

true wages, and, with this, admissible values for measurement errors. This is, the 

measurement error has to be such that true wages are not below the reservation 

wage predicted by the model.

Since the state space has been discretized, the densities of the measurement errors 

have also been discretized. They are actually discrete probabilities approximated 

by a normal density function. The principle for discretizing measurement errors 

is the same as the one for discretizing assets and wages. A continuous variable is 

divided into equally spaced intervals. The size of these intervals is the gridsize. The 

midpoint value of each interval is considered as the value for the whole interval. Each 

discretized measurement error has the same gridsize as its corresponding variable. 

Assets’ gridsize is 1,000, so their corresponding m easurem ent error has also a gridsize 

of 1,000. Each of these intervals has a probability mass, which is calculated as the 

difference between two normalized cumulative distribution functions. As mentioned 

above, since assets are only observed annually, very few observations are available
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for assets. The formal expressions of these probability masses are:

$  — $  ( ĝ (fcK 4^ /2) if assets are observed;

1 if assets are not observed:

K  = <
— $  /2 ) ^  wages are observed;

1 if wages are not observed.

A a and A w are the  gridsizes used for the discretization of assets and wages 

respectively. Each discretized level of assets is denoted with the ordinal k. N A 

is the number of gridpoints for assets. In a similar fashion, each wage interval is

assigned an ordinal j .  The number of gridpoints for wages is Nw. So: k =  1 N A,

j  =  1,..., Nw. As mentioned above, NA = 50 and Nw = 5 1 .

This discretization of variables that are originally continuous has, unfortunately, 

the problem of imposing bounds on the measurement errors as well. For example, if 

the lowest possible interval of assets is observed, the admissible measurement error 

will only account for values which are higher than th a t observation. All those values 

which are lower will not be admissible. The expected true value of assets will not 

be the observed amount of assets, or, in other words, the mean of the measurement 

error will not be zero. Consequently, the estim ation will have biases caused by the
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discretization of continuous variables. This problem can be alleviated by condition

ing the distribution of the measurement errors on adm itting as true values of assets 

and wages only those that lie within their respective supports. However, the fact 

that the measurement error has non-zero mean will not be eliminated by this.

The individual likelihood contribution conditional on the initial level of assets, 

do, can be expressed as:

£ x{®D,<*A,<rw\AQ) =  P r (A ,E S ,w ,f |0 D,<rA , do)-

The observed variables are assets, A, employment status, ES, wages, w, and 

layoffs f .

The model does not predict a true initial level of asset. Assuming a  functional 

form on initial conditions can lead to biased estim ates of the structural parameters 

(Heckman & Singer 1984). An alternative way of conditioning on assets is to start 

the estimation when assets are first observed. In this specification, the first asset 

observation could be used to condition the whole individual likelihood computation. 

Given that assets in the NLSY are observed only since 1985, many observed values 

of employment status and wages would be lost. Confronted with this trade-off, I opt 

for starting the estimation assuming that initial assets follow a displaced lognormal
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distribution:

ln(A0 -  B)  ~  M(fi0,crl).

I add B  to each unobservable initial value of assets to make the term inside the 

logarithm positive. The identification of the parameters of this function is not only 

given by assets data, but also by employment transitions and wages. Unfortunately, 

because of scarcity of asset observations for the first quarters after leaving high 

school, these parameters are mainly identified by the latter.

In the theoretical model the true level of assets when people are unemployed 

depends on their past wages. This complicates the com putation of the likelihood 

function, because multiple integrations, actually sums, over wages and assets are 

required and must be carried over for the whole career of the individual. The type 

of complication introduced by this serial dependence in shown by VVolpin (1995), 

which solved a problem where the employment cycles were serially dependent only 

when people were employed. The introduction of assets in this model means that 

this serial dependence is prolonged to unemployment spells.

This difficulty is overcome by computing the likelihood function as a  Markov 

chain. Continuous variables, like assets and wages, have been discretized to solve 

the dynamic program. They are assumed to be bounded and have an equally sized 

and constant number of intervals. A transition matrix, based on the probability 

statem ents of Table 3.4, can be formed to account for the observed values. Each
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element of this matrix is a combination of an employment state, a level of assets and 

(if employed) of wages. The process can be thought of as the iteration of a  m atrix 

or array which describes a t any point in time the probability tha t an individual has 

a particular state.

W hen an individual is employed, define the likelihood of having reached an asset 

level A(k)  and a wage w(j)  at tim e t as A (£ ,j)£. In this case, j  > L. When an 

individual is unemployed A( k , j ) 1 is the likelihood of having reached an asset level 

X(&). In this second case j  =  0. Since employment status and layoffs are not 

observed with error, this array can account for all possible true values of assets, 

employment status and wages.

All individuals are assumed to be unemployed when they leave school and start 

searching for a  job. This means th a t in period 0 the probability that an individual 

has assets of A(&) is

l n ( A ( f c ) - g  + Ait/2)- / io \ _ $
00 / V  J

This is, the likelihood of having reached that s ta te  is just given by the initial 

asset distribution. Now the likelihood function can be com puted iteratively using
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the expression

A ( t ' , / ) 1+I =  ^ ^ A ( i , j ) ' X P r ( * ' , / | f c , y ) x A ; x A ; ,
k j

where Pr(fc',f \ k , j )  is a discretized version of th e  transition probabilities for em

ployment states, assets and wages described in Table 3.4.

The likelihood contribution of individual i is com puted in this way until T'  is 

reached. At that point

£  =  £ E A( M ) Ti
k i

The likelihood function is then the product of the  individual likelihood contribu

tions,

£(0 ) = n£‘(e),
t=l

where 0  =

The computation the likelihood function, including the solution of the dynamic 

programming problem, takes approximately 30-35 CPU seconds in an IBM RISC- 

6000 machine. The iteration algorithm used to maximize the this likelihood function 

is the downhill simplex m ethod (Press, Teutolsky, Vetterling & Flannery 1992). It 

requires only function evaluations, not derivatives.
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5.2 Work Experience

The model presented in Chapter 3 is tractable enough to establish basic rela

tions between asset accumulation and employment dynamics. It has, however, the 

limitation of assuming that the wage is fixed while a individual works for the same 

employer. Since this is not what it is observed in the data, the way the model 

captures on-the-job wage growth is by the measurement error. An important ex

tension of this model, therefore, is to allow for endogenous wage growth. As in 

Wolpin (1992), wages are assumed to depend on the number of periods worked, H. 

The wage offer distribution, F ( x ), refers now to the wage an individual with no 

experience will receive. So, the wage at an initial wage draw u; and Ht periods of 

working experience is

w (u ,H t ) = ujexp(aiHt +  (X2 H?) (5.1)

Expected discounted utility differs according to the current employment state, 

asset holdings, work experience, wages, and the number of periods being non

employed. Expected lifetime utility in the non-employment state, V, is charac

terized by asset holdings A t, and the number of periods of working experience Ht, 

which determines the level of the wage offer. In the employment state, expected 

lifetime utility IV, depends on asset holdings A t, the wage draw u>, and the number
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of periods of working experience, Ht. This last two variables determine the current 

wage w (uj, Ht); only Ht, determines the level of the wage offer distribution. The 

lifetime utility of an unemployed individual, with Ht periods of working experience

is:

Vu{ A ,H t) =  m ax{(/(A +  6 -  (5.2)
au>b i +  r

+P J  max[Ve(Au,x ,  Ht),Vu(Au, Ht)]dF(x)

+ ( l - K ) V u(Au, H t)]}.

Similarly, the lifetime utility of an employed individual with asset level A t, initial 

wage draw u/, and Ht periods of working experience is:

Ve(A.u},Ht) = max{U (A  + w(uj,Ht) — r ^ —) (5.3)
A e>B  1 -{- r

+ /? [ ( ! -  0)((1 -  Ae) max[Ve(Ae,u;, Ht+l), Vu(Ae, Ht+l)} 

+Ae J max[K(,4e,u/, Ht+l), Ve(Ae, x , H t+ l), Vu(Ae, Ht+i)\dF(x))  

+ 0 ( \ e J  max [Ve( Ae, x , Ht+X), Vu{Ae, Ht+l)] dF[x) 

+ ( l - K ) V u(Ae,H t+l))}}.
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The simple law of motion of cumulative working experience is:

Ht+i =  Ht +  I , if H t < H,

where H  is a limit for acquiring working experience.

Since the introduction of cumulative working experience does not affect the mono

tonicity of the value functions on the other states, the reservation wage property 

in the extended model is preserved. It is not clear, once on the Job wage growth 

is introduced if the propositions of Chapter 3 will persist. Work experience un

dermines the need for asset accumulation. People know that their wages will be 

higher in the future, so they can afford to consume more in the present. Work 

experience also allows employed people to increase their wages without the need to 

change employers. People can be less selective at the beginning of their careers and 

increase their cumulative work experience. In this respect the introduction of work 

experience weakens the link between job search and asset accumulation.

In terms of the estim ation, work experience does not affect the construction 

of the likelihood function. At each iteration of the  likelihood function, the wage 

gain produced by cumulative working experience is discounted from observed wages 

(Wolpin 1992).
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5.3 Unobserved Heterogeneity

People do not only differ in their initial assets, but also in their other aspects 

that have a perm anent effect all over their workhistory. For example, some people 

may have higher wage offer probabilities and higher means for their wage offer 

distributions. The minimum number of types th a t can be introduced to account 

for unobserved heterogeneity are two. So, two types of agents will be assumed in 

the estim ation, which will have the following expression:

£ t(0 ) = 7r£ ,(0 I ) +  ( l - 7r )£ t(0 2) 

where: 0  =  f© 1,© 2,*-}

In the estimation heterogeneity will be assumed in the parameters of the wage 

offer distribution and of the initial asset distribution, and in arrival rates: A„, Au, 0. 

The introduction of heterogeneous agents has the consequence of having to solve 

the dynamic programming problem as many times as types of agents is assumed.

Redefine 0  be the vector for all parameters of the  model. The likelihood function 

is the product of the individual likelihood contributions:

£(e) = nr(0)
t=l
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As in the stripped-down model, in addition to unobserved heterogeneity in assets 

[ assume observed heterogeneity according to  race.
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Chapter 6

E stim ation R esults: Baseline 

M odel

This chapter presents the results of estim ating the model of Chapter 3. The first 

section contains the param eter estimates of the baseline model, that is, the model 

where individuals are identical within each race group and do not accumulate work 

experience. The second section discusses the accuracy of the model by comparing 

the actual and the predicted variables and performing goodness of fit tests.

6.1 Parameter Estimates

The two sets of maximum likelihood estimates and the corresponding asymp

totic standard errors are reported in Table 6 .L. Transfers while unemployed, the
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Table 6.1: Parameter Estim ates for the Baseline Model

Param eters Blacks Whites
Estimates ASE Estimates ASE

b 1959.936 7.442319 2124.687 372.4632
H 7.433582 0.247731 7.599444 0.003907
a 0.441520 0.007657 0.453725 0.003167
K 0.745149 0.026741 0.836838 0.014688
Ac 0.499975 0.020889 0.511647 0.013360
e 0.088888 0.002693 0.060826 0.002094
r 0.091364 0.001804 0.083730 0.002371
0 0.995221 0.006665 0.991560 0.000584
7 1.371827 0.002477 1.302130 0.009176

Ho 8.717085 0.160303 9.107641 0.221954
*0 0.454774 0.067441 1.044581 0.387250
cta 6615.457 125.0980 10790.16 213.9432
^11/ 0.255273 0.000504 0.294351 0.000548

Loglikelihood -31415.56 -45037.20
Individuals 312 374

mean, and the standard deviation of the wage offer distribution are lower for blacks 

than for whites. These estimates show th a t the wage offer distribution of whites 

stochastically dominates that of blacks. The probability of getting a wage offer 

while unemployed and the probability of getting  an offer while employed are higher 

for whites than for blacks. The layoff ra te  is higher for blacks than  for whites. 

These estimates characterize the labor m arket environment in which individuals 

make decisions on employment transitions. A more favorable labor market envi-
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ronment for whites than for blacks is implied by these estimates. Similar values 

for these param eters have been found in Wolpin (1992). They are compatible, as it 

will be clearer in the next section, with the observed trends of labor turnover and 

accepted wages.

The param eters traditionally more related to asset accumulation are the rate of 

return, the discount rate and the coefficient of risk aversion. The rate of return, 

r, is higher for blacks than for whites. In the descriptive statistics, asset growth, 

which suggests an upper bound for the rate of return, is also higher for blacks 

than for whites. For both race groups the rate of return is high relative to the 

discount rate 0, which is higher for whites than for blacks. In this estimation, the 

restriction th a t 0(1 + r )  <  I, on which the theoretical model is based, is not imposed. 

That the estim ates violate this assumption means that accumulation is produced 

to some extent by a relatively high interest rate. As explained in Chapter 3, the 

only reason for asset accumulation in the model is the existence of a  positive layoff 

rate. Since this param eter is well identified by the observed involuntary transitions 

from employment to unemployment, it cannot be sufficiently high to account for the 

observed trend of asset accumulation. In the absence of other sources of savings, 

the estimation tends then to raise the ra te  of return.

The coefficient of risk-aversion 7 is higher for blacks than for whites. Since a 

tight borrowing constraint can induce a  risk-averse behavior, these estimates may
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not necessarily reflect the a ttitude of these groups toward risk. For example, if 

blacks face a lower borrowing limit than whites, they may be acting as more risk- 

averse individuals. Since the estimation has been done assuming a fixed borrowing 

limit, differences in the borrowing limit are captured by the coefficients of risk- 

aversion. In other words, B  and 7 the may not be identified separately. It remains, 

however, to be studied, the effect of B  on the likelihood function.

The median and the dispersion of the initial asset distribution is lower for blacks 

than  for whites. This means th a t the initial distribution of assets of whites dominate 

the one of blacks. Initial conditions, summarized in initial asset holdings, as well 

as current labor market conditions are better for whites than for blacks. It remains 

to be seen which of them is more im portant in determining the differences in career 

paths between the race groups.

As seen in the descriptive statistics these data, especially asset data, are very 

noisy. Accordingly, the measurement errors in both wages and assets are high. 

For assets the standard deviation of the measurement error is 6615 for blacks and 

10790 for whites. For Iog-wages the standard deviation is 0.26 for blacks and 0.29 

for whites.

Asymptotic standard errors are in general small. For both race groups, a two 

standard error deviation in all parameters would not change estimated parameters 

very much, exception for /i0, the median of the initial asset distribution and cro,
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the standard deviation of Iog-assets. This result is not surprising because these 

distributions are estimated in most cases without asset data for the first quarter 

after leaving high school. Identification for these parameters comes mainly from 

the observations of assets several quarters after graduation.

6.2 Accuracy of the Model

To assess if these parameters capture the essential features of the data, I compare 

the observed and the predicted choice distributions of employment, assets, and 

wages. The dynamic programming problem is solved using the maximum likelihood 

param eter estimates. With th e  obtained policy rules, I generate simulated career 

paths for 1000 individuals and build a period-specific predicted choice distribution. 

Subsection 6 .2.1 presents a  visual inspection of the predicted and the observed 

averages for the employment status, employment transitions, assets and wages. 

Subsection 6.2.2 shows formal goodness of fit tests.

6.2.1 Graphical Comparisons

Figure 6.1 reports the paths for actual and predicted employment states, wages 

and assets. The model’s predicted path of the unemployment rate converges to the 

actual one over time. The model, however, overpredicts the unemployment rate  for
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Figure 6.1: Actual and Predicted Variables. Unemployed, Assets, and Wages by 
Quarter after Graduation. Baseline Model
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blacks and whites during the first few years after leaving school. While this high 

predicted unemployment rate goes down very rapidly, the actual unemployment 

rate goes down slowly. For whites th e  predicted rate of unemployment falls below 

the actual one six quarter after graduation and stabilizes at a slightly higher level 

than the actual one. For blacks the predicted unemployment rate is lower than the 

actual one since the third quarter after graduation.

The basic trends in asset evolution are replicated by the the model. For both 

groups there  is a  clear trend to asset accumulation. The actual data, however, 

show fluctuations which are not present in the predicted trajectories. W ithout a 

stochastic component other than the wage offers received each period, the model is 

unable to produce sufficiently large fluctuations in assets. It is also clear th a t the 

model overpredicts the average level of assets of blacks; while it underpredicts the 

average level of assets for whites. A more accurate assessment of the success of the 

model in reproducing the path for assets would need goodness of fit tests.

The actual trajectory of average wages over time is replicated in its main trends 

and levels for both groups. Predicted average wages for both race groups start 

higher than  actual ones. The predicted variable grows slower than the actual for 

whites, so th a t ten years after graduation the model underpredicts the actual level 

of wages. For blacks the predicted average converges to the actual level. One 

im portant reason for this discrepancy could be that in the theoretical model, wage
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growth is achieved only by switching to better paid jobs, whereas in the data , wages 

can increase while on the job. While it is true that the main increases in actual 

wages occur when people change employers, the data also register increases while 

working for the same employer, which the model does not account for. These wage 

increases are accounted only as a measurement error which may produce a bias in 

the estimation.

Figure 6.2 depicts employment transitions by quarter after graduation for both 

groups. They display general replication of the actual trends, especially for the 

transition from unemployment to employment. The predicted transitions from em

ployment to unemployment start with a substantial discrepancy with the actual 

transitions, but tend to converge to the actual ones. The predicted transitions of 

people who change employers tend to converge to the actual ones, especially for 

whites. In both cases, the model underpredicts the change of employment status 

experienced by employed people, especially during the first quarters after leaving 

school. In addition, these figures show that actual employment transitions fluctuate 

more than those predicted by the model. The percentage of employed blacks who 

change employer is particularly erratic in the actual data. This means that the 

model generates high stability in the current job. The turnover of people is smaller 

in the model than  in the data.
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Figure 6.2: Actual and Predicted Variables. Employment Transitions by Quarter 
after Graduation. Baseline Model
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6.2.2 Goodness of Fit Tests

In order to assess the success of the model in fitting the data formally, I perform 

goodness of fit tests to measure the distance between the observed choice distri

bution and the predicted one. A x 2 statistic provides cell-by-cell information on 

whether the observed data  come from the probability distribution implied by the 

theoretical model. Let n^t be the actual number of observations of choice k  a t tim e 

t, and hkt the predicted corresponding number. The test statistic across choices at 

a particular period, t. is defined as

L, = £  (g.D
tel Ukt

and the test statistic for a choice k  over time after graduation is

_ ^  (n k t  ~  h k t ) 2
Lk =  - -  - ( 6 -2 )

t = l  n kt

K  is the total number of possible alternatives, and T  is the number of years 

after graduation for which the estimation is done (T  =  10). Lt and Lk have an 

asymptotic x 2 distribution with K  — 1 and T  — 1 degrees of freedom, respectively 

(Heckman & Walker 1990).1

lThese tests may have some cells which are not predicted by the model. In that case, the
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Table 6.2 and Table 6.3 compare the actual and predicted percentage of unemploy

ment and employment by year after graduation for blacks and whites, respectively. 

They also present x2 tests for employment status a t each year after graduation and 

by employment state for the  whole tim e period. Considering the behavior of the 

entire populations, the x 2 statistic  is 404.69 and 2.36 for blacks and whites respec

tively. The hypothesis that the observed and predicted probabilities come from the 

same distribution can be rejected at the 5% significance level for blacks; it cannot 

be rejected for whites.

X2 tests by choice are reported in the last row of each table. For both groups, 

they reject the null hypothesis th a t predicted and actual proportions are the same 

during the first ten years after graduation at the 5% significance level.

At each row, these tables indicate actual and predicted proportions of unemployed 

and employed per year after graduation. This statistic is constructed for each row 

to test th a t these two proportions are the same at each year. The critical value 

for this test is xfi)(0-05) =  3.84. The null hypothesis tha t the distribution of 

the population and of the model are the same cannot be rejected only a t year I 

after graduation for blacks and a t years 5 and 6 for whites. As in the graphical 

comparisons, higher distances between the model and the data  are attained for both 

groups a t the beginning of the employment career. Ten years after graduation, the

statistic is not computed and the evaluation of the significance is restricted to the remaining 
number of cells.
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Table 6.2: Baseline Model. Actual and Predicted Choice 
Distribution for Employment by Year after Graduation: 
Blacks________________________________________________

Years 
after Grad

Unemployed 
A P

Employed 
A P

x2
(row)

Obs

1 57.67 57.22 42.33 42.78 0 .10’ 1212
2 48.91 32.38 51.09 67.63 148.85 1192
3 42.42 27.75 57.58 72.25 126.00 1174
4 36.55 25.95 63.45 74.05 66.68 1141
•5 36.01 26.58 63.99 73.43 51.16 1122
6 30.19 24.50 69.81 75.50 19.31 1103
i 31.42 23.70 68.58 76.30 36.05 1095
8 29.95 23.80 70.05 76.20 22.66 1085
9 31.26 25.48 68.74 74.53 18.73 1062
10 30.34 25.00 69.66 75.00 15.46 1015

Total 37.88 29.24 62.12 70.76 404.69 11201

X2(column) 649..95 895..72
Note: A =actual; P=predicted.
Critical values: xft)(-05) =  3.84, X(9)(-05) =  16.92.

denotes that actual and predicted rates are statistically 
equal.
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Table 6.3: Baseline Model. Actual and Predicted Choice 
Distribution for Employment by Year after Graduation: 
Whites_______________________________________________

Years 
after Grad

Unemployed 
A P

Employed 
A P

X2
(row)

Obs

1 36.53 50.50 63.47 49.50 114.76 1470
2 27.47 23.52 72.53 76.47 12.52 1449
3 23.94 17.48 76.06 82.53 41.48 1433
4 22. L4 16.88 77.86 83.13 27.88 1409
5 17.00 16.40 83.00 83.60 0.37* 1394
6 15.92 16.08 84.08 83.93 0.02* 1382
7 13.38 15.45 86.62 84.55 4.45 1360
8 11.82 15.07 88.18 84.93 10.97 1328
9 12.70 15.18 87.30 84.82 6.17 1299
10 13.14 15.77 86.86 84.22 6.58 1263

Total 19.71 20.23 80.29 79.77 2.36* 13787

X 2 ( c o l u m n ) 149..85 289..90
Note: A =actual; P=predicted.
Critical values: X(i)(-05) =  3.84, x 2g)(-05) =  16.92.

denotes th a t actual and predicted rates are statistically 
equal.
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model does a better job in approximating the actual distribution of employment 

status. In neither case, however, does the L statistic fall below the x 2 critical value 

at a 5 % of significance.

Individuals do not, however, decide directly on their unconditional employment 

status. They make choices on their next employment status conditional on their 

current employment status. Table 6.4 and Table 6.5 show the transitions from each 

employment status for both race groups. Unemployed individuals, who receive a job 

offer, decide between staying unemployed and becoming employed. This is shown 

on the left hand side of the tables. For both groups the x 2 statistics for choices 

over time are significant at the 5% level for all years, expect for years 7 and 10. For 

whites the statistics are only significant for years 3 and 4.

The panel on the right in the table shows the transitions from employment to 

unemployment, to the same employer and to a  new employer. For blacks, the 

null hypothesis is clearly rejected for all ten years after graduation. For whites, 

the null hypothesis is not rejected for years five, eight, nine and ten. The x2 

statistics for columns are presented in the last row of the tables. They show the 

inability of the model to mimic the employment choices over time, except for the 

unemployment rate for blacks. The common problem in both race groups is that 

the model generates high permanence with the current employer and understates 

the transition to unemployment and to other employer.
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Table 6.4: Baseline Model. Actual and Predicted Choice Distribution by Employment
Transitions by Year after Graduation: Blacks

Unemployed Employed
Years
after Un Employed X2 Un Same New X2
Grad employed (row) employed employer employer (row)

A P A P A P A P A P
1 72.33 74.48 27.67 25.52 2 .10* 24.32 13.95 58.38 74.74 17.30 11.32 77.36
2 77.63 74.65 22.37 25.35 2 .01* 19.90 8.49 65.09 81.92 15.01 9.59 179.70
3 77.26 76.68 22.74 23.32 0.06* 14.81 8.75 71.91 82.71 13.28 8.54 78.40
4 79.11 74.42 20.89 25.58 3.42* 11.19 8.92 73.99 84.39 14.83 6.69 128.62
5 80.39 76.03 19.61 23.97 3.13* 10.64 8.56 77.59 83.08 11.76 8.36 22.76
6 78.21 74.26 21.79 25.74 2.27* 9.24 7.69 78.52 84.72 12.24 7.59 37.71
7 80.34 74.81 19.66 25.19 4.18 8.33 7.98 78.49 85.62 13.17 6.41 83.30
8 77.54 75.05 22.46 24.95 0.86* 9.61 7.57 79.21 86.01 11.18 6.42 47.32
9 78.82 75.10 21.18 24.90 1.95* 10.66 9.02 77.73 83.56 11.61 7.42 30.64
10 81.65 76.06 18.35 23.94 4.33 7.15 8.12 78.97 85.10 13.88 6.79 79.43

Total 77.60 75.05 22.40 24.95 12.07 11.78 8.57 75.06 83.78 13.17 7.65 609.33

X2(col) 9.07* 27.32 291.23 154,40 928.94
Note: A=actual; P=predicted.
Critical values: X ( i ) ( * 0 5 )  =  3.84, \ ( 2)(. 0 5 )  =  5 . 9 9 ,  \ ( O) ( . 0 5 )  =  1 6 . 9 2 .  

“*” denotes that actual and predicted rates are statistically equal.
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Table 6.5: Baseline Model. Actual and Predicted Choice Distribution by Employment
Transitions by Year after Graduation: Whites

Unemployed Employed
Years
after Un Employed x2 Un Same New x2
Grad employed (row) employed employer employer (row)

A P A P A P A P A P
1 55.25 70.14 44.75 29.86 104.24 14.73 10.67 69.37 78.20 15.91 11.13 42.47
2 64.76 71.06 35.24 28.94 7.64 12.24 5.67 73.08 84.73 14.67 9.59 136.02
3 66.38 71.37 33.62 28.63 3.12* 10.01 5.72 77.76 86.11 12.23 8.16 76.40
4 66.98 70.51 33.02 29.49 1.41* 8.92 6.12 79.78 87.09 11.31 6.78 64.65
5 64.94 71.64 35.06 28.36 5.16 6.47 5.29 84.34 86.64 9.19 8.08 5.93*
6 64.35 71.52 35.65 28.48 5.68 6.95 5.26 83.45 87.54 9.61 7.20 19.58
7 56.35 71.31 43.65 28.69 23.24 6.10 5.12 85.04 88.36 8.86 6.52 15.01
8 63.40 72.89 36.60 27.11 9.16 5.11 4.77 87.83 89.31 7.06 5.92 3.47*
9 61.64 69.66 38.36 30.34 5.84 5.88 5.75 87.19 87.42 6.93 6.83 0.06*
10 61.49 69.30 38.51 30.70 5.72 5.42 5.73 88.52 88.24 6.06 6.03 0.19*

Total 61.73 70.77 38.27 29.23 121.67 7.84 5.71 82.28 86.93 9.88 7.36 230.58

X2(col) 85.97 206.91 237.55 69.75 287.07
Note: A=actual; P=predicted. \^ ( .0 5 )  =  3.84, \ ( 2)(.05) = 5.99, X29)(.05) =  16.92. 
“*” denotes that actual and predicted rates are statistically equal.



Table 6.6 and Table 6.7 show the yearly asset distribution for blacks and for 

whites, respectively. Given that asset holdings are a continuous variable, the distri

butions are presented, as in Table L.l, in the form of asset brackets. These brackets 

are also used to build the \ 2 statistic for each year after graduation and for each 

bracket. As detailed in Chapter 5, in the computation of the model assets have 

been discretized into 51 intervals from $-5,500 to $45,000. These asset brackets are 

basically a contracted version of this discretization of the state space.

Judging from the \ 2 test, the model is able to mimic the asset distribution at the 

first two years after graduation for blacks and at the first year after graduation for 

whites. For these years, the hypothesis that actual and predicted asset levels come 

the same distribution cannot be rejected. For all other years after graduation for 

both race groups, the \ 2 coefficients are not significant. This suggests that the log

normal initial asset distribution assumed in the estimation represents a fairly good 

approximation to the actual initial distribution of assets. The discrepancy in the 

later years shows tha t the model does not produce enough asset accumulation and 

more fluctuations. As mentioned above, people only save in this model to protect 

themselves from layoffs and from having to accept lower wages. The interest rate 

and the subjective discount rate tend to be overestimated in that they are capturing 

the effect of other reasons for people to save. Similarly, arrival rates, wage draws 

and measurement errors are the only source of randomness in this model. It is not
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Table 6 .6: Baseline Model. Actual and Predicted Choice Distribution for Assets by Year after Graduation:
Blacks

Asset Brackets
Years Au < 0 0 < Aa 10000 < An 20000 < An An > 30000 x 2 Average Obs
after < 10000 < 20000 < 30000 (row)
Grad A P A P A P A P A P A P

1 58.33 48.92 41.67 41.67 .00 8.97 .00 .40 .00 .03 2.69* 476 826 24
2 42.11 47.38 57.89 43.35 .00 8.75 .00 .53 .00 .00 8.40’ 1097 1031 57
3 50.85 44.67 46.61 43.92 .85 10.72 .85 .68 .85 .00 11.99 1521 1610 118
4 41.73 41.45 53.96 45.30 2.16 12.28 .00 .97 2.16 .00 15.25 1973 2286 139
5 33.94 38.90 61.21 46.67 3.64 13.12 1.21 1.23 .00 .07 19.96 2021 2646 165
6 37.36 38.48 52.20 45.88 6.59 13.88 1.65 1.65 2.20 .12 71.16 4339 2898 182
7 35.00 36.75 54.00 46.10 4.00 15.20 2.50 1.68 4.50 .28 150.01 4535 3340 200
8 37.69 34.58 48.74 47.23 3.52 16.27 4.02 1.75 6.03 .17 416.26 5233 3666 199
9 40.00 33.33 49.00 48.52 4.50 16.18 3.50 1.73 3.00 .25 83.69 4219 3846 200
10 42.86 31.80 45.81 48.33 6.40 18.07 .99 1.62 3.94 .17 188.39 4497 4135 203

Total 39.81 39.62 51.45 45.70 3.97 13.35 1.88 1.22 2.89 .11 1160.09 3602 2629 1487

X2(col) 14.10* 28.16 214.28 17.95 1853.40
Note: An =  Assets of individual i at year t.
A=actual; P=predicted.
Critical values: x^ (.05 ) =  9.49, X̂ 9)(.05) =  16.92.
“*” denotes that actual and predicted rates are statistically equal.



Obs

~ 2 l
44

100
152
215
228
263
227
225
238

1713

CO

Table 6.7: Baseline Model. Actual and Predicted Choice Distribution for Assets by Year after Graduation: 
Whites

Asset Brackets
Years An < 0  0 < Ajt 10000 < An 20000 < An An >  \ 2 Average
after < 10000 <  20000 < 30000 (row)
Grad A P A P A P A P A P A P

1 38.10 39.75 47.62 27.35 4.76 17.30 4.76 10.55 4.76 5.05 5.75* 3071 5381
2 38.64 40.15 52.27 30.30 6.82 18.48 .00 7.62 2.27 3.45 13.80 3047 4249
3 12.00 39.15 71.00 30.85 9.00 20.07 4.00 7.53 4.00 2.40 79.91 6627 4156
4 17.76 37.58 63.82 31.98 8.55 21.43 6.58 7.33 3.29 1.70 78.20 7818 4452
5 23.72 37.23 53.95 32.40 10.23 21.12 5.58 7.25 6.51 2.00 76.14 10107 4490
6 16.23 37.75 51.32 31.88 16.67 20.55 6.14 7.88 9.65 1.95 126.86 13448 4442
7 20.15 36.92 50.95 31.65 15.59 21.48 4.18 7.72 9.13 2.23 115.79 13757 4790
8 18.06 36.05 50.66 32,02 11.89 22.62 6.61 7.40 12.78 1.90 198.04 12284 5010
9 21.33 34.90 38.67 33.83 16.00 21.35 8.44 7.88 15.56 2.05 216.73 19757 5095
10 17.23 34.20 39.92 32.83 15.55 23.23 6.72 7.80 20.59 1.95 454.08 37315 5404

Total 19.56 37.37 50.50 31.51 13.25 20.76 5.95 7.89 10.74 2.47 871.42 15774 4747

\ 2(col) 291.01 425.29 108.16 20.57 1391.71
Note: A it =  Assets of individual i at year t,
A=actual; P=predicted.
Critical values: x24j(.05) =  9.49, \ ( 9)(.05) =  16.92.

denotes that actual and predicted rates are statistically equal.
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to be expected that fluctuations in assets can be replicated in this environment. A 

taste  or an interest rate shock in the theoretical model may be able to account for 

fluctuations in assets.

For blacks, it can not be rejected that the predicted distribution of choosing the 

asset bracket of people with debt or no assets coincides with the corresponding 

actual distribution. For whites, this hypothesis is rejected. These results should be 

interpreted with caution. As shown in Table 1.1, in the actual distribution of assets 

there is an important mass of people which report zero assets. The model under

states this proportion and overstates the proportion of people with debt, implying 

that the composition of the first bracket is different in the model and in the data. 

People may misreport their true level of assets if they have debt or if their level of 

assets is very low. The model can generate a higher proportion of people with zero 

assets if at least some people are assumed to be unable to borrow at all.

The second asset bracket corresponds to people with positive assets below $10,000 

worth. The value for this bracket, presented in the last row is not significant. 

It is, however, noteworthy th a t ten years after graduation the model generates a 

similar proportion of people in this bracket. For blacks, the actual proportion of 

people with positive assets less than $10,000 is 46%, while the predicted proportion 

is 48%. For whites, the corresponding actual proportion is 40% and the predicted 

one is 33%.
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The model overpredicts the proportion of people at higher levels of assets for both 

race groups. The x 2 test rejects the hypothesis that the actual and the predicted 

brackets came from the same probability distribution.

Table 6.8 and Table 6.9 show the actual and the predicted accepted wage distri

butions. The wage brackets are the same as those in Table 4.3. The criterion for 

choosing these brackets is the same as the one used for the asset brackets. These 

brackets are a short version of the discretized wage variable used for the model and 

for the estimation. As seen in the graphical comparisons, the model can replicate 

the trend of increasing average wages. It is, however, clear that the model is not 

producing enough people with low wages, especially in the estimation of black in

dividuals. The data show that more than 32% of blacks and 23% of whites earn 

less than $2,000 in their first year after graduation. The model predicts that these 

proportions are 13% and 8%, respectively. After 10 years these proportions decrease 

respectively to 11% and to 3% in the data, whereas the model generates 8% and 

3%. Thus, the underprediction diminishes over time and practically dissapears for 

whites, while it remains im portant for blacks. These results are linked to the fact 

th a t transfers while unemployed, b in the model, are $1960 for blacks and $2124 for 

whites. This means that the first wage bracket in the model is practically generated 

by the measurement error. In addition, the model generates too much stability for 

the employed. Once people are employed their transition to unemployment is less
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Table 6.8: Baseline Model. Actual and Predicted Choice Distribution for Wages by Year
after Graduation: Blacks.

Years
after
Grad

ic„ < 2000

A P

Wage Brackets 
2000 < wn 3000 < wn 

< 3000 <  4000 
A P A P

wn >  4000 

A P

x2
(row)

Average 

A P

Obs

1 31.83 12.74 59.57 71.36 6.02 14.20 2.58 1.69 166.08 2615 3053 465
2 22.63 10.87 64.21 70.13 10.18 16.49 2.98 2.51 89.68 2978 3174 570
3 20.63 7.99 62.66 69.79 14.06 18.20 2.66 4.01 141.39 3153 3352 640
4 21.40 7.19 58.52 68.43 16.59 20.19 3.49 4.19 207.87 3101 3400 687
5 15.42 6.71 60.06 66.63 19.97 22.06 4.55 4.60 82.81 3308 3491 681
6 14.61 7.15 60.76 66.09 17.59 22.15 7.04 4.60 77.17 3444 3487 739
7 13.70 6.85 59.59 67.79 19.73 20.90 6.99 4.46 68.25 3490 3460 730
8 12.79 6.46 60.80 67.26 17.19 21.92 9.22 4.36 96.19 3565 3480 727
9 12.41 7.15 59.94 65.48 17.91 22.74 9.73 4.63 78.00 3535 3496 709
10 11.39 7.23 62.04 66.77 17.66 21.70 8.91 4.30 57.55 3513 3457 685

Total 17.01 7.79 60.77 67.79 16.18 20.37 6.05 4.05 893.64 3303 3402 6633

\/2(col) 1522.82 99.63 131 .88 204 .31
Note: wn =vvage of individual i at year t.
A=actual; P=predicted.
Critical values: xp)(-05) =  7.82, X(9j(.05) =  16.92.

denotes that actual and predicted rates are statistically equal.
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Table 6.9: Baseline Model. Actual and Predicted Choice Distribution for Wages by Year
after Graduation; Whites

Wage Brackets
Years u>,( < 2000 
after
Grad A P

2000 < wu
< 3000 

A P

3000 < Wit 
< 4000 

A P

wu > 4000 

A P

X'2
(row)

Average

A P

Obs

1 22.86 7.68 60.88 63.59 11.98 23.18 4.28 5.56 293.28 2981 3582 818
2 15.59 5.33 62.37 59.73 15.70 27.39 6.34 7.55 241.24 3249 3788 962
3 15.15 4.45 58.62 56.04 18.74 28.51 7.48 11.00 303.95 3451 4000 1003
4 13.46 3.58 54.23 55.34 23.27 28.45 9.04 12.63 304.48 3616 4096 1040
5 8.89 3.77 53.89 51.70 24.81 31.07 12.41 13.46 90.65 3912 4202 1080
6 9.88 3.57 46.87 50.40 28.65 32.26 14.60 13.76 130.51 4353 4233 1103
7 8.36 3.08 43.42 51.18 32.56 32.08 15.66 13.66 118.82 4469 4229 1124
8 8.92 3.33 42.93 49.51 30.12 32.59 18.02 14.57 127.81 4531 4284 1132
9 6.83 3.57 37.55 48.22 36.07 32.33 19.56 15.89 71.80 4651 4349 1084
10 3.24 3.32 37.20 50.04 38.34 32.15 21.22 14.49 80.11 4753 4291 1051

Total 10.94 4.00 49.25 53.07 26.58 30.33 13.22 12.60 1328.71 4040 4132 10397

X2(col) 2665.50_______119.07________221.31________ 85.48
Note: wu =wage of individual i at year t.
A=actual; P=predicted.
Critical values: x23)(.05) =  7.82, X(9 j( . 0 5 )  =  16.92.

denotes that actual and predicted rates are statistically equal.



frequent than in the actual data. This understates the number of unemployed peo

ple, who are more inclined to accept low paid jobs and become part of the low wage 

bracket.

On the other hand, the model does not produce enough people in the high wage 

bracket either. This problem is especially severe for whites, for which the model 

predicts that 15% of workers earn more than $4,000 ten years after graduation, 

while there are actually 21% in th a t segment. For this group, this underestimation 

of the high level of wages is reflected well in the average wages over tim e. In 

general, the model overpredicts wages at the beginning of the employment career 

and underpredicts them ten years later. As discussed in Section 6.2.1, in this 

baseline model on-the-job search alone is responsible for all wage increases. W ithout 

wage growth as a function of work experience in the theoretical model, in the 

estim ation those people who stay at the same job and experience wage growth 

show an increase in their measurement error in wages.

Considering the simplicity of the model and the different variables it is trying to 

approximate, it is delivering a fairly good approximation to the actual data. It must 

be noted that the aim of the estim ation has been to provide a first confrontation 

of this model to actual data. This is the simplest possible search model with asset 

accumulation, so the results can be taken to suggest the areas where extensions are 

needed or different ways of accounting for initial conditions have to be introduced.
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In this estimation I have assumed homogeneous individuals. It is, however, possible 

that this assumption means the omission of relevant unobserved variables. The 

introduction of heterogeneity can significantly change the parameters estim ates and 

allow a better fit of the data.
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Chapter 7

E stim ation Results: E xtended  

M odel

This chapter presents the results of estimating the model with endogenous work 

experience and heterogeneity in the wage offer distribution, arrival rates, and the 

initial asset distribution. Section 7.1 presents the parameter estimates of this ex

tended model. Section 7.2 discusses the accuracy of the model by comparing the 

graphs of the actual and the predicted variables and performing goodness of fit 

tests.
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7.1 Parameter Estimates

W ithin each race group, I assume two types of individuals which share all pa

rameters with the exception their wage offer distribution, arrival rates, and initial 

asset distribution. Although heterogeneity can arise in all parameters of the model, 

it will be restricted in this estim ation to those param eters that represent initial 

conditions and the labor market environment. Since the number of param eter has 

increased, I divide them  in common and type-dependent parameters, and report 

them in two different tables.

Table 7.1 presents the common param eter estimates for the two types w ithin each 

race group and their corresponding standard errors. These are the param eters of 

the wage equation, ou and a-2, transfers while unemployed, the rate of rate of re tu rn , 

the discount factor, the coefficient of risk aversion, and the standard deviations of 

the measurement errors of assets and log-wages.

An im portant extension of the basic model is that wage increases while working 

for the same employer are accounted for in the wage equation. On-the-job wage 

increases are found to be im portant. 40 quarters after graduation blacks will expe

rience a wage increase of 24% with respect to their first wage. The corresponding 

increase for whites is 44%. In the theoretical model these increases are related to 

other variables. In particular, wage growth diminishes the incentive for on-the-job 

search and for asset accumulation noticeably. In the basic model, the only way for
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Table 7.1: Common Parameter Estimates for 
the Extended Model

Parameters Blacks
Estimates

Whites
Estimates

a t x 103 5.624093
(0.02803)

9.221371
(0.06379)

Ct2 x 104 -0.086034
(0.0062)

-0.041327
(3.1625)

b 1659.936
(3.2840)

1591.686
(2.8550)

r 0.092348
(0.013866)

0.099382
(0.00232)

0 0.995184
(0.012601)

0.993550
(0.00169)

1 1.300039
(0.033484)

1.199317
(0.06040)

<7a 4675.342
(49.17646)

12108.419921
(380.65684)

&w 0.275595
(0.001507)

0.341491
(0.001248)

logC
Individuals

-30,335.01
312

-43,670.01
374

Note: Asymptotic standard errors are in
parentheses.
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an individual to increase wages is to move the better paid jobs, [n this extended 

model, an individual can ju st wait to accumulate work experience and enjoy the 

corresponding wage increases. Similarly, the need for asset accumulation, as dis

cussed in Section 5.2, is undermined. The individual can consume more now on 

account of the augmented future expected income generated by wage growth. This 

extensions implies that in the estim ation, other parameters suffer substantial vari

ations to compensate for these effects. Given the observed data, other param eters 

will change to generate more on-the-job search and more asset accumulation.

Transfers while unemployed have lower values than those reported in Table 6.1 

for the basic model. As discussed below, wage growth also pushes down the wage 

offer distributions, which determ ine the opportunity cost of being unemployed. The 

transfers people receive while unemployed are also reduced to match this change. 

This means that unemployment is relatively more attractive at the beginning of 

the employment career, when wage offers are relatively low, than years later, when 

individuals have already accumulated work experience and wage offers are higher. 

It is to be expected that as a consequence of wage growth people tend to stay longer 

in their current jobs at later years of their careers.

Two parameters that change to generate more asset accumulation are the rate 

of return and the coefficient of risk aversion. Compared with their values in the 

baseline estimation, the rate of return  increases both for whites and for blacks, while
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the coefficient of risk aversion shows a notable decrease. Asset accumulation is then 

clearly induced by the higher ra te  of return and by the lower risk aversion. W hites, 

who have important increases in wages, have a bigger increase in the rate of return 

and a  bigger decrease in the coefficient of risk aversion than blacks. The subjective 

discount factor increases for whites, which also boosts savings. The change is not 

meaningful for blacks, though.

The standard deviations of the measurement errors are still relatively big, when 

compared with those obtained from the basic model. This is explained by the 

noisy data, especially for assets. The asymptotic standard errors for most of these 

parameters are very small. Param eter a 2 for whites, which means decreasing wage 

increases as a function of cumulative work experience, presents a high standard 

error. This can show a problem of identification for this component of the wage 

equation.

Table 7.2 reports the type-dependent maximum likelihood estimates and their 

corresponding standard errors for both race groups. For blacks, Type I represents 

31% of the sample; for whites, it corresponds to 22% of the sample. The param eter 

estim ates shown in this table convey information about the labor market environ

ment and about the initial asset distribution.

As mentioned above, the introduction of wage growth pushes down the mean 

of the log-wage offer distribution for both blacks and whites. Consequently, they
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Table 7.2: Type-dependent Param eter Estimates 
for the Extended Model

Parameters Blacks
Estimates

W hites
Estimates

Type 1 Type 2 Type 1 Type 2

H 6.118
(0.206)

7.004
(0.020)

6.750
(0.052)

7.114
(0.126)

a 0.590
(0.025)

0.612
(0.007)

0.545
(0.014)

0.610
(0.173)

K 0.665
(0.080)

0.688
(0.042)

0.791
(0.013)

0.906
(0.025)

Ae 0.504
(0.107)

0.601
(0.012)

0.644
(0.005)

0.570
(0.004)

e 0.160
(0.011)

0.121
(0.003)

0.134
(0.016)

0.085
(0.002)

Ho 7.611
(0.411)

9.342
(0.116)

7.753
(2.326)

9.814
(0.126)

CTo 0.326
(0.434)

0.396
(0.056)

0.363
(1.675)

0.307
(0.173)

p 0.306
(0.060)

0.694t 0.219
(0.057)

0.781+

logC
Individuals

-30,335.01
312

-43,670.01
374

Note: Asymptotic standard errors are in parenthe
ses.
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should be compared cautiously with the values reported in Table ?? of the basic 

model. These param eters, namely p and cr, refer now to initial wage draws rather 

than to current wage offers.

As in the first estimation, the wage offer distribution of whites dominates the 

one of blacks. The values of ft, exhibit substantial differences over race groups. For 

Type 1, the value is 6.118 for blacks and 6.750 for whites. For Type 2, it is 7.004 

and 7.114, respectively. This dominance is even bigger, because there is a higher 

proportion of whites of Type 2 than of blacks of Type 2.1 The dispersion of wage 

offers, expressed in the <r’s is similar for both race groups. They are also clearly 

bigger than the corresponding values in the stripped-down model. This increase is 

also related to th e  introduction of wage growth in the theoretical model. Since wage 

increases are guaranteed to the individual, his incentives for on-the-job search are 

reduced. To stim ulate turnover, the estimation compensates for this by increasing 

the variance of the wage offer distribution.

The arrival rates also depict a better labor market for whites. W hile the proba

bilities of getting a wage offer while unemployed for whites of both types are higher 

than those for blacks, the layoff rates of blacks are higher than those of whites. The 

probabilities of getting an offer while employed are higher than the corresponding

1 Comparing parameters of the “same type” across race groups gives a rough idea about the 
differences in labor market environment and initial asset distribution over race groups. Since the 
proportion of types is different for each race group, this comparison should be made with caution.
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values in the basic estimation. It is not clear, however, for which race group these 

arrival rates are larger.

Layoff rates are significantly high for both groups and types. They are 15% for 

Type 1 and 12% for Type 2 of blacks. For whites, they are 13% and 8.5%, respec

tively. The reason for their high values is that the layoff rate is crucially related to 

asset accumulation. This is a  variable which is also affected by the introduction of 

cumulative working experience. It increases to generate more turnover and more 

asset accumulation.

The distribution of initial assets of whites dominates that of blacks. While the 

standard deviations do not exhibit substantial differences across race groups, the 

medians of initial assets of whites for both types are clearly bigger than those of 

blacks . It is, however, noteworthy that the asymptotic standard errors for both 

race groups are relatively high, especially those of the standard deviation of log- 

assets This suggests a problem of identification for these param eters. As explained 

in Chapter 5, the identification of the parameterized initial asset distribution is 

determined by the asset observations, especially those in the first few years after 

graduation. Since asset data are only available since 1985, there are not many of 

these observations.

The distribution of initial assets of Type 2 dominates the one of Type 1 for both 

race groups. Since Type 1 has worse conditions both in terms of initial assets and
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labor market conditions for both race groups, it can be called the type of the "poor." 

There is a higher proportion of this type among blacks than among whites. The 

introduction of heterogeneity has the consequence of improving the goodness of fit 

of the  model, as it will be clear in the next section. It will be also clear that it 

weakens the relationship between asset accumulation and job acceptance decisions.

7.2 Accuracy of the Model

This section evaluates if the predictions based on the estim ated parameters mimic 

the actual data. As in the previous chapter, I generate simulated career paths for 

1000 individuals using the policy rules implied by the param eter estim ates and build 

predicted choice distributions. Subsection 7.2.1 presents graphical comparisons of 

the predicted and the observed averages for the employment status, employment 

transitions, assets and wages. Subsection 7.2.2 shows formal goodness of fit tests.

7.2.1 Graphical Comparisons

Figure 7.1 displays the paths for actual and predicted employment states, wages 

and assets. Compared with the graphical comparison of the previous chapter, the 

predicted trajectories show, in general, a closer replication of the observed ones. 

The model’s predicted paths for the unemployment rate not only converge to the
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Predicted :------

Figure 7.1: Actual and Predicted Variables. Unemployed, Assets, and Wages by 
Q uarter after Graduation. Extended Model

1 1 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



actual ones over time; they also follow them closely from the start of the employment 

career. The overprediction of the unemployment rate during the first few years after 

leaving school shows a  sizable reduction for both blacks and whites. It is still the 

case that for both groups the predicted unemployment rate goes down faster than 

the actual one.

As in the basic estimation, the basic trends in the evolution of assets are repli

cated. Compared with the first estimation, there are some parameters, like those of 

the wage equation, which diminish asset accumulation, but there are others, notably 

the rate of return, the coefficient of risk aversion and the layoff rate, which work in 

the opposite direction. In the graph, predicted asset holdings for blacks and whites 

show an increase, which means that the la tte r effect predominates. Despite this 

increase, the underprediction of whites’ average assets remains in this estimation. 

Similarly asset fluctuations in the observed da ta  are not reproduced. As with the 

basic model, without additional sources of randomness, these fluctuations cannot 

be replicated.

The introduction of on-the-job wage growth and heterogeneity improves the repli

cation of the actual trajectory of average wages over time. Now, actual and pre

dicted average wages show very similar paths. The overprediction of wages at the 

beginning of the employment career has disappeared for both race groups. The pat

tern of wage growth is also reproduced closely. For whites, the predicted average
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wage shows a  higher increase than the actual one before quarter 20 after graduation. 

After this quarter, the predicted average wage is slightly smaller than the actual 

one. It is clear th a t the trajectory of wages is steeper for whites than for blacks, 

both in the actual and in the predicted wage path.

Figure 7.2 presents employment transitions by quarter after graduation for both 

race groups. The predicted choices follow the actual ones very closely. The model- 

predicted rates of transition from unemployment to employment follow the actual 

rates closely. The predicted rates of transition from employment to unemployment 

at the beginning of the employment career are still higher than the actual tran

sitions. This overprediction is, however, smaller than in the previous estimation. 

Similar features are exhibited by the rates of transition of people who change em

ployers, where the underprediction is importantly reduced. As in the estimation of 

the baseline model, these figures show that predicted employment transitions are 

clearly more stable than than the actual ones. The erratic percentage of employed 

blacks who change employer in the actual data is not captured by the model. This 

extended model decreases the high stability in the current job produced by the basic 

model. This model is able to mimic the rates of turnover observed in the data, but, 

as with assets, it cannot account for big fluctuations in switches to new employers.

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Blacks Whites

% of Unemployed becoming Employed % of Unemployed becoming Employed

% of Employed becoming Unemployed

% of Employed changing Employer

% of Employed becoming Unemployed

% of Employed changing Employer
■
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Predicted :------

Figure 7.2: Actual and Predicted Variables. Employment Transitions by Quarter 
after Graduation. Extended Model
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7.2.2 Goodness of Fit Tests

I use the test statistics of Equation 6.1 and Equation 6.2 to evaluate the success 

of th e  model in fitting the data. The actual and the predicted percentage of un

employment and employment by year after graduation are compared in Table 7.3 

and Table 7.4 for blacks and for whites, respectively. In the sixth row these tables 

report x 2 tests for employment status at each year after graduation. The last row 

presents x 2 tests for each employment state for the whole tim e period. For the 

entire populations, the x 2 statistic is 1.07 for blacks and 2.06 for whites. They are 

below the critical value, xfi)(0*05) =3.84, which means that the hypothesis that 

the observed and predicted probabilities came from the same distribution is not 

rejected at the 5% significance. This is a clear improvement with respect to same 

test done with the basic model.

Values of period-by-period statistics are also smaller in general than in the stripped- 

down estim ation. Only in the three first years and in the sixth year after graduation 

X2 statistics fall below the critical value for blacks. For whites, the first years after 

graduation exhibit a  bigger distance between the predicted and actual unemploy

ment rates. The predictions of the model are more accurate in later years after 

graduation, which do not reject the null hypothesis that the predicted and the ac

tual probability distributions are the same. As in the graphical comparisons and 

in the basic estimation, the distances between the model and the data for both
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Table 7.3: Extended Model. Actual and Predicted Choice 
Distribution for Employment by Year after Graduation: 
Blacks________________________________________________

Years Unemployed Employed X2 Obs
after Grad A P A P (row)

I 57.67 62.08 42.33 37.92 10.58 1212
2 48.91 43.12 51.09 56.88 16.26 1192
3 42.42 37.67 57.58 62.33 10.85 1174
4 36.55 35.95 63.45 64.05 .30“ 1141
5 36.01 36.08 63.99 63.92 o o • 1122
6 30.19 33.58 69.81 66.43 5.97 1103
7 31.42 32.40 68.58 67.60 .48* 1095
8 29.86 31.65 70.14 68.35 1.60“ 1085
9 31.36 32.12 68.64 67.88 .29* 1062
10 30.34 29.42 69.66 70.57 .40' 1012

Total 37.88 37.41 62.12 62.59 1.07“ 11204

/\ 2(coIumn) 26. 75 21 .05
Note: A=actual; P=predicted.
Critical values: X(i)(-05) == 3.84, X(9)(-05) =  16.92.
“*” denotes that actual and predicted rates are statistically 
equal.
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Table 7.4: Extended Model. Actual and Predicted Choice 
Distribution for Employment by Year after Graduation: 
Whites_______________________________________________

Years 
after Grad

Unemployed
A P

Employed 
A P

X2
(row)

Obs

I 36.53 45.45 63.47 54.55 47.17 1470
2 27.47 23.15 72.53 76.85 15.18 1449
3 23.94 19.65 76.06 80.35 16.67 1433
4 22. L4 17.90 77.86 82.10 17.26 1409
5 17.00 16.65 83.00 83.35 .12* 1394
6 15.92 15.38 84.08 84.62 .31* 1382
7 13.38 14.80 86.62 85.20 2.17* 1360
8 11.82 14.20 88.18 85.80 6.16 1328
9 12.70 13.77 87.30 86.22 1.26* 1299
10 13.14 11.30 86.86 88.70 4.28 1263

Total 19.71 19.23 80.29 80.78 2.06“ 13787

X2(column) 79..02 33..64
Note: A=actual; P=predicted.
Critical values: X(i)(-0<5) =  3.84, X(9)(.05) =  16.92.
uxr> denotes that actual and predicted rates are statistically
equal.
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groups are larger when people start off their employment careers. Unlike the basic 

estim ation, however, the y2 statistic falls below the critical value at a  5% level of 

significance. The y2 tests for each employment status over time is not significant 

a t the 5% significance level.

Table 7.5 and Table 7.6 present the distribution of transitions from each em

ployment status for each race group. The transitions for unemployed individuals, 

staying unemployed and becoming employed, are reported on the left hand side of 

each table. For both groups the y2 statistics for choices over time are significant at 

the 5% level for all years, except for years 1, 3 and 10 for blacks and for years I. 

9 and 10 for whites. For the entire period, the y 2 statistic for blacks is 3.32 which 

falls below the critical value at the 5% significance level. The corresponding value 

for whites is 0.24, which is also significant.

The panel on the right in the tables shows the transitions of the people who are 

currently employed: they can become unemployed, stay in the job or switch to 

another job. Although the x 2 statistics exhibit in general lower values than in the 

stripped-down results, they are still not significant for most of the years for both 

groups. Unlike the basic estimation where none of the test statistics is significant 

for blacks, the null hypothesis that the predicted and actual distribution of blacks* 

transitions coincide is not rejected for years 5, 8 and 9. It cannot be rejected for 

years 6 and 7 for whites.
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Table 7.5: Extended Model. Actual and Predicted Choice Distribution by Employment
Transitions by Year after Graduation: Blacks

Years
after
Grad

Unemployed

Un Employed 
employed
A P A P

X2
(row)

Un 
employed 
A P

Employed

Same 
employer 
A P

New 
employer 
A P

X2
(row)

1 72.33 78.20 27.67 21.80 19.76 24.32 15.15 58.38 71.26 17.30 13.59 38.97
2 77.63 79.72 22.37 20.28 1.42* 19.90 12.30 65.09 75.26 15.01 12.44 43.38
3 77.26 80.87 22.74 19.13 4.22 14.81 10.58 71.91 77.10 13.28 12.33 15.60
4 79.11 81.11 20.89 18.89 .88’ 11.19 10.41 73.99 79.18 14.83 10.41 24.63
5 80.39 79.77 19.61 20.23 .21* 10.64 11.15 77.59 76.84 11.76 12.01 .53’
6 78.21 78.46 21.79 21.54 .02’ 9.24 10.45 78.52 79.36 12.24 10.19 6.19
7 80.34 77.74 19.66 22.26 1.41* 8.33 10.17 78.49 79.17 13.17 10.66 8.30
8 77.54 77.74 22.46 22.26 .01* 9.61 10.28 79/21 78.89 11.18 10.83 .57*
9 78.82 76.24 21.18 23.76 1.08’ 10.66 11.17 77.73 76.95 11.61 11.87 .34*
10 81.65 76.33 18.35 23.67 5.06 7.15 9.63 78.97 78.42 13.88 11.94 7.76

Total 77.57 78.70 22.30 21.30 3.32* 11.78 10.83 75.06 77.69 13.17 11.48 39.63

X2(col) 8.10’ 29.31 74.59 27.66 83.64
Note: A=actual; P=predicted.
Critical values: *(i)(.05) =  3.84, \ ( 2)(.05) =  5.99, \*9)(.05) =  16.92.
“*” denotes that actual and predicted rates are statistically equal.
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Table 7.6: Extended Model. Actual and Predicted Choice Distribution by Employment
Transitions by Year after Graduation: Whites

Years
after
Grad

Unemployed

Un Employed 
employed
A P A P

X'2
(row)

Un
employed
A P

Employed

Same 
employer 
A P

New 
employer 
A P

X2
(row)

1 55.25 65.13 44.75 34.87 39.68 14.73 12.23 69.37 74.13 15.91 13.64 9.98
2 64.76 66.38 35.24 33.62 .44* 12.24 8.00 73.08 79.98 14.67 12.02 39.04
3 66.38 67.09 33.62 32.91 .06* 10.01 8.08 77.76 80.53 12.23 11.38 7.30
4 66.98 63.62 33.02 36.38 1.24* 8.92 7.81 79.78 82.76 11.31 9.43 8.29
5 64.94 60.03 35.06 39.97 2.43* 6.47 7.56 84.34 81.28 9.19 11.16 7.98
6 64.35 62.54 35.65 37.46 .30* 6.95 6.69 83.45 82.21 9.61 11.10 3.12*
7 56.35 59.83 43.65 40.17 1.02’ 6.10 6.93 85.04 82.88 8.86 10.19 4.17*
8 63.40 58.26 36.60 41.74 2.11* 5.11 6.62 87.83 82.98 7.06 10.40 21.37
9 61.64 52.36 38.36 47.64 6.16 5.88 7.62 87.19 80.99 6.93 11.39 32.51
10 61.49 48.15 38.51 51.85 10.34 5.42 6.52 88.52 82.18 6.06 11.30 38.22

Total 61.73 62.16 38.27 37.84 .24* 7.84 7.53 82.28 81.42 9.88 11.05 19.44

\ 2(col) 25.22 38.81 48.97 27,59 114.85
Note: A=actual; P=predicted. \^ j(.05) =  3.84, \'^j(.05) =  5.99, X(9)(.05) =  16,92,
"*” denotes that actual and predicted rates are statistically equal.



The x2 statistics for columns also show lower values than those of the  basic 

estim ation. Yet, they are still too high to reproduce the employment choices over 

tim e. In this estimation the model does not generate as much permanence at the 

current employer as in the first estimation. If anything, the model overstates the 

transition to unemployment ten  years after graduation for both groups. It also 

overpredicts the rate of switches to work for a new employer at year ten after 

graduation.

Table 7.7 and Table 7.8 depict the asset distribution for blacks and for whites, 

respectively. As in the previous chapter, these distributions are presented in the 

form of asset brackets, which are also used to build the \ 2 statistic. This value is 

significant only for the first two years and sixth after graduation for blacks and for 

the first year after graduation for whites. This is similar to the results obtained in 

the stripped-down estimation. It is clear that the values of the x2 statistic decrease, 

but not enough to be significant.

As mentioned in the graphical comparisons, the model does not produce enough 

asset accumulation and fluctuations to mimic the actual asset distribution over 

time. The predicted asset distribution starts off with a higher mean and a  greater 

dispersion than the actual one. Ten years after graduation the predicted asset 

distribution has a  lower mean and is less dispersed than the actual data. During 

the first few years after graduation the model has a  better fit. The initial asset
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Table 7.7: Extended Model. Actual and Predicted Choice Distribution for Assets by Year after
Graduation: Blacks

Years
after
Grad

Ait

A

< 0 

P

Asset Brackets 
0 < Ait 10000 < A it 
<  10000 < 20000 
A P A P

20000 < A it 
<  30000 

A P

Au > 30000 

A P

X2
(row)

Average 

A P

Obs

1 58.33 41.02 41.67 43.75 .00 11.12 .00 1.07 .00 .03 5.43* 476 2667 24
2 42.11 42.35 57.89 47.12 .00 9.53 .00 .95 .00 .05 7.40* 1097 2065 57
3 50.85 41.73 46.61 47.60 .85 9.68 .85 .88 .85 .12 16.81 1521 2177 118
4 41.73 40.58 53.96 47.65 2.16 10.28 .00 1.18 2.16 .33 26.13 1973 2552 139
5 33,94 39.33 61,21 47.95 3.64 10.93 1.21 1.38 .00 .42 16.03 2021 2812 165
6 36.36 38.08 52.24 47.85 6.59 11.70 1.65 1.55 2.20 .82 9.34* 4339 3012 182
7 35.00 36.40 54.00 48.52 4.00 12.15 2.50 2.02 4.50 .90 41.81 4535 3432 200
8 37.69 35.50 49.74 48.83 3.52 12.60 4.02 2.17 6.03 .90 73.68 5233 3754 199
9 40.00 34.50 49.00 48.23 4.50 14.07 3.50 2.25 3.00 .95 24.86 4219 3955 200
10 42.86 33.20 45.81 48.88 6.40 14.57 .99 2.42 3.94 .93 36.25 4497 4257 203

Total 39.81 38.27 51.45 47.64 3.97 11.96 1.88 1.59 2.89 .55 236.67 3602 3068 1487

X2(col) 12.73* 16.06* 163.08 9. 12* 293.40
Note: An = = Assets of individual t at year t.
A=actual; P=predicted.
Critical values: X(4)(-05) =  9.49, \^9)(.05) =  16.92.
“*” denotes that actual and predicted rates are statistically equal.
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Table 7.8: Extended Model. Actual and Predicted Choice Distribution for Assets by Year after
Graduation: Whites

Years
after
Grad

An

A

< o

P

0 < A it 
< 10000 

A P

Asset Brackets 
10000 < A n 

< 20000 
A P

20000 < A it 
< 30000 

A P

Ait > 30000 

A P

A2
(row)

Average 

A P

Obs

1 38.10 29.57 47.62 25.65 4.76 23.68 4.76 14.00 4.76 7.10 9.08* 3071 8665 21
2 38.64 31.85 52.27 26.00 6.82 24.85 .00 11.97 2.27 5.33 24.11 3047 7326 44
3 12.00 31.93 71.00 27.30 9.00 23.70 4.00 12.03 4.00 5.05 97.08 6627 7214 100
4 17.76 31.43 63.82 26.88 8.55 23.15 6.58 13.22 3.29 5.33 106.46 7818 7652 152
5 23.72 30.68 53.95 27.50 10.23 23.55 5.58 12.68 6.51 5.60 83.15 10107 7856 215
6 16.23 31.45 51.32 26.12 16.67 23.60 6.14 12.28 9.65 6.55 87.16 13448 7964 228
7 20.15 29.95 50.95 26.57 15.59 23.73 4.18 12.55 9.13 7.20 90.60 13757 8658 263
8 18.06 27.48 50.66 27.50 11.89 23.60 6.61 13.95 12.78 7.47 82.08 12284 9237 227
9 21.33 26.55 38.67 27.68 16.00 24.05 8.44 13.60 15.56 8.12 37.88 19757 9641 225
10 17.23 25.48 39.92 26.25 15.55 23.68 6.72 15.60 20.59 9.00 77.47 37315 10423 238

Total 19.56 29.64 50.50 26.75 13.25 23.76 5.95 13.19 10.74 6.67 610.01 15774 8464 1713

X2(col) 125.93 764.01 165.68 140.33 109.12
Note: An =Assets of individual i at year t.
A=actual; P=predicted.
Critical values: \/24)(.05) =  9.49, \'(o)(.05) =  16.92.
“*” denotes that actual and predicted rates are statistically equal.



distribution, which does not come from the theoretical model accounts for this 

better fit.

The motivations for people to save in this extended model are more related to 

the high rate of return, the high layoff rate, the low coefficient of risk aversion. 

However, all these parameters cannot produce enough asset accumulation to mimic 

the data, especially for whites. For example, ten years after graduation, 21% of 

whites have more than $30,000 of assets, while the model’s prediction is 9%. It is 

not surprising, on the other hand, th a t the model fails to produce more fluctuations, 

because arrival rates, wage draws and measurement errors remain the only source 

of randomness.

For whites, significance test for the choice of assets over time is rejected at a  sig

nificance level of 5%. The significance test cannot be rejected, however, for certain 

asset brackets for blacks. It can not be rejected that the predicted distribution of 

the asset bracket for people with debt or no assets, coincides with the correspond

ing actual distributions. Since the first asset bracket contains a mass of people 

which report zero assets, these results should be interpreted carefully. As in the 

stripped-down model, this estim ation understates this proportion and overstates 

the proportion of people with debt or zero assets. The second asset bracket repre

sents positive asset holdings below $10,000. The x 2 value for this bracket over time, 

presented in the last row is significant. The test for the bracket of assets between
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$20,000 and $30,000 also cannot be rejected at a  5% level.

Table 7.9 and Table 7.10 show the actual and the predicted accepted wage distri

butions. As seen in the graphical comparisons, the model replicates average wages 

very closely. The x 2 statistic of 2.60 is significant for blacks for the entire sample. 

None of the corresponding statistics over time for blacks are significant, though. 

For whites, although the predicted and the actual wage distributions for the entire 

period look alike, the x 2 statistics fall below the critical value. The x2 statistics for 

year 1, 2, 4 and 5 are, however, significant.

The introduction of on-the-job wage growth and the increase of the dispersion in 

the initial wage offer distribution generates a higher percentage of people in the low 

wage bracket as well as in the high wage bracket, which were underpredicted in the 

stripped-down estimation.

These results show a closer approximation of the model to the actual d a ta  of 

employment status, assets and wages as compared to the basic model. This is 

clearly achieved by the introduction of new parameters and, consequently, of new 

effects in the model. The drawback of this extension, as will be clearer in the next 

chapter, is the weakening of the link between assets and employment transitions. 

By introducing two types, one of which has a better labor market environment 

and higher initial assets than the other, the positive correlation between these two 

variables is attained automatically, even if for each type this correlation does not
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Table 7.9: Extended Model, Actual and Predicted Choice Distribution for Wages by
Y<?ar after Graduation: Blacks

Wage Brackets
Years < 2000 2000 < wn 3000 < wn wn > 4000 x2 Average Obs
after <  3000 < 4000 (row)
Grad A P A P A P A P A P

1 31.91 12.74 59.53 71.36 6.00 14.20 2.57 1.69 166.08 2611 3053 467
2 22.50 10.87 64.32 70.13 10.19 16.49 2.99 2.51 89.68 2982 3174 569
3 20.59 7.99 62.71 69.79 14.04 18.20 2.65 4.01 141.39 3150 3352 641
4 21.57 7.19 58.31 68.43 16.62 20.19 3.50 4.19 207.87 3101 3400 686
5 15.27 6.71 60.21 66.63 19.97 22.06 4.55 4.60 82.81 3311 3491 681
6 14.59 7.15 60.81 66.09 17.57 22.15 7.03 4.60 77.17 3441 3487 740
7 13.70 6.85 59.59 67.79 19.73 20.90 6.99 4.46 68.25 3492 3460 730
8 13.05 6.46 60.44 67.26 17.31 21.92 9,20 4.36 96.19 3564 3480 728
9 12.15 7.15 60.31 65.48 17.80 22.74 9.75 4.63 78.00 3538 3496 708
10 11.42 7.23 61.93 66.77 17.72 21.70 8.93 4.30 57.55 3513 3457 683

Total 17.01 16.56 60.77 60.45 16.18 16.74 6.05 6.25 2.60* 3303 3275 6633

X2(col) 26.90_________24HP_________ lfWl________ 32.42
Note: wn =wage of individual i at year t,
A=actual; P=predicted.
Critical values: x23)(.05) =  7.82, x29)(.05) =  16.92.

denotes that actual and predicted rates are statistically equal.
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Table 7,10: Extended Model. Actual and Predicted Choice Distribution for Wages 
Year after Graduation: Whites

by

Wage Brackets
Years u>it < 2000 2000 < w,< 3000 < uiit wit > 4000 x 2 Average Obs
after < 3000 < 4000 (row)
Grad A P A P A P A P A P

1 22.86 23.19 60.88 59.90 11.98 12.69 4.28 4.22 .51* 2981 2987 818
2 15.59 16.30 62.37 58.78 15.70 18.61 6.34 6.31 6.78* 3249 3317 962
3 15.15 13.01 58.62 55.13 18.74 21.53 7.48 10.33 17.30 3451 3654 1003
4 13.46 11.11 54.23 53.96 23.27 22.96 9.04 11.97 12.67 3616 3824 1040
5 8.89 10.17 53.89 50.57 24.81 25.25 12.41 14.01 6.15* 3912 3990 1080
6 9.88 9.22 46.87 49.34 28.65 25.94 14.60 15.51 5.60* 4353 4089 1103
7 8.36 7.95 43.42 46.13 32.56 29.02 15.66 16.90 7.92 4469 4248 1124
8 8.92 7.34 42.93 46.62 30.12 28.00 18.02 18.04 8.97 4531 4336 1132
9 6.83 7.63 37.55 43.55 36.07 29.02 19.56 19.80 28.46 4651 4452 1084
10 3.24 6.40 37.20 45.04 38.34 28.55 21.22 20.01 66.83 4753 4476 1051

Total 10.94 10.69 49.25 50.41 26.58 24.70 13.22 14.21 25.44 4040 3985. 10397

\ '2(col) 33,33 39.30 87.15 26,,84
Note: W(t =wage of individual i at year t.
A=actual; P=predicted.
Critical values: \/23)(.05) =  7.82, x29)(.05) =  16.92.
“*” denotes that actual and predicted rates are statistically equal.



exist at all. These results will be illustrated in the next chapter, which will present 

comparative statics exercises.
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C hapter 8

P olicy  Experim ents

Once the underlying parameters of the model are estim ated, some experiments 

on regime changes can be performed. Four regime changes are explored: (i) the 

effect of reducing unemployment net transfers on asset holdings; (it) the effect 

of improving the initial assets on accepted wages; (tit) the effect of giving blacks 

(whites) the initial asset distribution of whites (blacks); and (iu) the effect of giving 

blacks (whites) the arrival rates and wage offer distribution of whites (blacks).

8.1 Change in Transfers while Unemployed

W ith the parameters of the extended model, I perform a regime change of a 

10% decrease in transfers people receive while unemployed. Table 8.1 shows how 

this param eter affects both job search and asset accumulation during the first un-
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Table 8.1: Effect of Regime Change using the Extended
Model. 10% Decrease in Transfers while Unemployed_____
Transfers Blacks 
while Unemployed, b: 1660 1494

Whites 
1592 1433

F irs t  U n em p lo y m en t sp e ll

Duration
Savings
First accepted wage

5.59
-440
*2409

4.12
-460
•2229

2.95
-777
2581

2.57
-840
2469

20 Q u a rte rs  a f te r  G ra d u a tio n

% Unemployment 35.00 28.00 16.20 13.20

A ssets
Average
Employed
Unemployed

•2869
4268

271

•2995
3899

671

7829
8186
5981

7928
8091
6856

W ages 3152 3032 3650 3592

W elfare
Average
Employed
Unemployed

2718.07
2782.03
2599.30

2650.98
2702.03
2517.42

4917.91
4936.48
4832.21

4855.12
4862.60
4805.93
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employment spell and 20 quarters after graduation. For both groups this regime 

change decreases unemployment (the duration of the first unemployment spell and 

the unemployment rate 20 quarters after graduation) and wages (the first accepted 

wage and average wages 20 quarters after graduation). In particular, the unem

ployment rate 20 quarter goes down from 35% to 28% for blacks; and from 16% to 

13% for whites. Average wages twenty quarters after graduation also go down for 

both groups: from $3,152 to $3,032 for blacks; and from $3,650 to $3,592 for whites. 

It is clear that this change decreases reservation wages and gives people a bigger 

incentive to become employed. Savings are defined as the difference between assets 

next quarter and current assets. From savings during the first unemployment spell, 

it is also clear that it accelerates the decumulation of assets during this period.

The effect on asset twenty quarters after graduation is, however, ambiguous. In 

the theoretical model people hold assets as a buffer against unemployment. There 

are two counter-acting effects. On the one hand, reducing transfers while unem

ployed means reducing the value of being unemployed and calls for increased savings 

while people are employed. However, these transfers induce agents to accept lower 

wages, which reduce asset holdings.

For both groups there is an increase in asset holdings 20 quarters after graduation. 

Blacks’ assets increase from $2,869 to $2,995; whites’ assets increase from $7,829 

to $7,928. It is interesting to see the composition of this change. In this extended
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model, there is a reduction of asset holdings of the employed for both race groups 

and an increase of asset holdings for the unemployed. Assets of the employed 

go down from $4,268 to $3,899 for blacks, and from $8,186 to $8,091 for whites. 

Counter-intuitively, for the unemployed, assets increase from $271 to $671 for blacks, 

and from $5,981 to $6,856 for whites.

In this extended model, with wage growth and unobserved heterogeneity, it is 

hard to interpret these results. There are two types of agents, which can show 

opposite trends. There is wage growth, which decreases motives for saving. It is 

therefore instructive to do this same exercise with the param eters obtained from 

the baseline model. These results are presented in Table 8.2. This regime change 

also decreases unemployment and wages for both race groups. As opposed to the 

previous simulation, average assets go down from $2,711 to $2,692 for blacks, and 

from $4,408 to $4,019 for whites. The effect of the decrease in average assets caused 

by lower wages is predominant in this estimation. For assets of the employed, the 

result is ambiguous. While assets of the employed go up from $2,804 to $2,819 for 

blacks, for whites they go down from $4,535 to $4,209. Unambigously, this regime 

change implies a  reduction of asset holdings of the unemployed: from $2,451 to 

$2,224 for blacks, and from $3,771 to $2,825 for whites.

In other models (Carroll 1992, Skinner 1985, Hubbard et al. 1995) an decrease 

in unemployment transfers increases savings because unemployment transfers un-
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Table 8.2: Effect of Regime Change using the Baseline
Model. 10% Decrease in Transfers while Unemployed_____

Transfers Blacks 
while Unemployed, 6: 1960 1764

Whites 
2125 1912

F irs t  U n em p lo y m en t spell

Duration
Savings
First accepted wage

3.97
-114
2861

3.30
-178
2717

3.38
-697
3321

2.93
-905
3165

20 Q u a rte rs  a f te r  G ra d u a tio n

% Unemployment 26.40 21.40 16.60 13.70

A ssets
Average
Employed
Unemployed

2711
2804
2451

2692
2819
2224

4408
4535
3771

4019
4209
2825

W ages 3384 3270 4048 3974

W elfare
Average
Employed
Unemployed

1688.80
1690.94
1682.83

1656.94
1658.91
1649.69

1775.03
1777.69
1761.67

1756.72
1759.44
1739.64
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dermine the need to build a buffer-stock. In the model presented here, decrease in 

net transfers can decrease savings. These transfers allow an unemployed individual 

to draw down assets at a slower rate and support the attainment of higher wages 

and a  higher steady state level of assets while employed. Since both effects, i.e. 

the reduction of the buffer-stock and the wage increase, are present, the net effect 

crucially depends in the parameters of the model.

In the baseline model, a reduction of 10% in unemployment net transfers of blacks 

means a decrease of $110 in quarterly wages twenty quarters after graduation, which 

in turn  leads to a reduction of $19 in average assets (17 cents per dollar). For whites, 

twenty quarters after graduation, a reduction of 10% in unemployment transfers 

implies is a decrease of $74 in quarterly wages, which produces a  reduction of $389 

in assets (183 cents per dollar) twenty quarters after graduation.

8.2 Change in Initial Assets

It is interesting to see to what extent initial assets determine the path of accepted 

wages and of the rate or unemployment. In the extended model the link between 

initial assets and wages vanishes. Across individuals the positive correlation between 

initial assets assets is obtained by the existence of heterogeneous agents which 

permanent differences. For both groups, Type 2 starts off richer and also enjoys a 

better labor market environment than Type 1. In this estimation, however, none
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of the types shows a positive relationship between reservation wages and assets. A 

change in initial assets does not affect accepted wages nor unemployment rates.

A positive effect of initial assets can be seen, however, using the param eters of 

the baseline model. I simulate the path of the main variables for two different 

initial asset levels. Table 8.3 presents selected variables when people s ta rt off with 

no assets and when people start off with $2,000- The variables we are interested 

in are the duration of the first unemployment spell, the first accepted wage, the 

percentage of unemployed and average wages twenty quarters after graduation.

When there is an increase in initial assets, both blacks and whites have an increase 

in the duration of the first unemployment spell and in the first accepted wage. The 

increase in the duration of this spell is from 3.72 to 4.23 for blacks and from 3.27 

to 3.34, for whites. The increase in the first accepted wage is from $2,800 to 

$2,908, for blacks; and from $3,276 to $3,301 for whites. For blacks this increase 

persists. Twenty quarters after graduation, their average wages increase from $3,357 

to $3,405. This effect dies out twenty quarters after graduation for whites. Wages 

of whites who started off with $2,000 worth of assets are the same than for people 

who started  off with zero.

Therefore, it is fairly clear that job search outcomes respond to differences in 

initial assets. The amount of this response, however, is not sizable. While a zero 

initial asset level enables blacks to start with a quarterly wage level of $2,800, initial
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Table 8.3: Effect of Regime Change using the Baseline
Model. Initial Assets: Before= No Assets; After:$2000

Initial Assets, Aq:
Blacks 

0 2,000
Whites 

0 2,000

F irs t U n em p lo y m e n t spell

Duration
Savings
First accepted wage

3.72
0.00

2800

4.23
0.00

2908

3.27
0.00
3276

3.34
-534
3301

20 Q u a r te rs  a f te r  G ra d u a tio n

% Unemployment 25.70 27.50 16.00 16.00

A ssets
Average
Employed
Unemployed

2459
2608
2027

3656
3857
3127

2729
2855
2069

3372
3517
2613

W ages 3357 3405 4029 4029.

W elfare
Average
Employed
Unemployed

1688.41
1690.60
1682.08

1690.76
1693.09
1684.63

1771.68
1774.44
1757.22

1773.39
1776.10
1759.11
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assets of $2,000 implies a  starting wage of $2,908. For whites, the analogous figures 

are a  starting wage of $3,276 for zero assets and a $3,301 starting wage for $2,000 

assets. This implies that for both groups an increase of one hundred dollars in 

initial assets leads to a  five dollar increment in the first accepted quarterly wage. 

This effect tends to  disappear as individuals increase their labor market activity. 

Twenty quarters after graduation blacks with the  higher initial wealth make only 

$50 more than blacks with zero initial wealth. For whites, wealth does not make a 

difference in wages twenty years after graduation

8.3 Change in the Initial Asset Distribution

The effect of initial assets on individual outcomes was shown in the previous 

section. The experiment, while informative on the effect of initial assets, does not 

take into account the initial asset distribution of individuals. The experiment is 

made conditioning on a given level of initial assets, without accounting for the 

probability of starting off with that level. To make an unconditional comparison 

of the effect of initial wealth, it is possible to exploit the existence two groups, 

blacks and whites, where the initial asset distribution of one dominates the one 

of the other. I sim ulate the outcomes of each group, giving them the initial asset 

distribution of the other. Blacks start off with the initial wealth that whites have; 

whereas whites s ta rt off with the initial wealth of blacks.
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Table 8.4: Effect of Regime Change. Blacks have the Initial 
Asset Distribution of W hites. Whites have the Initial Asset 
Distribution of Blacks__________________________________

Blacks 
Before After

Whites 
Before After

F irs t U n em p lo y m en t sp e ll

Duration
Savings
First accepted wage

3.97
-114
2861

4.07
-512
2882

3.38
-697
3321

3.31
-258
3299

20 Q u a rte rs  a f te r  G ra d u a tio n

% Unemployment 26.40 26.70 16.60 16.20

A ssets
Average
Employed
Unemployed

2711
2804
2451

4318
4417
4045

4408
4535
3771

2852
2965
2265

W ages 3384 3388 4048 4033

W elfare
Average
Employed
Unemployed

1688.80
1690.94
1682.83

1690.97
1693.02
1685.35

1775.03
1777.69
1761.67

1771.85
1774.57
1757.75
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Table 8.4 reports the selected variables for this experiment using the results of 

the baseline model.1 The initial asset distribution of whites dominates that of 

blacks. Thus, this regime changes increases slightly both the duration of the first 

unemployment spell and the first accepted wage of blacks. For whites, it implies 

a decrease in both variables. Later, the original and the counter-factual amounts 

tend to converge. Twenty quarters after graduation the effect of this change in the 

initial asset distribution is practically disappeared both for blacks and for whites. 

The direction of the effect is there. A dominant initial asset distribution tends to 

increase average accepted wages. The effect is, however, not strong.

These results suggest that it is not the initial asset distribution which account 

for the differences in labor market performance between blacks and whites.

8.4 Change in Arrival Rates and Wage Offer 

Distribution

Changing initial assets does not seem to produce dramatic changes in labor mar

ket outcomes. Having done the estimation for black and white individuals, we can 

also study the effect of the labor market environment on career paths. I inter

change the arrival rates and wage offer distributions for both race groups. Blacks

1 As mentioned in the previous section, the results of the extended model do not show any effect 
of initial assets on average accepted wages.
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are given the labor market parameters of whites, and whites have the corresponding 

parameters of blacks.

Table 8.5 presents some results of simulating the basic model. Some variables 

for the first unemployment spell and for the 20th quarter after leaving school are 

reported. With the arrival rates and wage offers of whites, blacks decrease their 

unemployment rate and increase their average wages. The first accepted wage of 

blacks increases from $2,861 to $3,165. Twenty quarters after leaving school the 

increase is from $3,384 to $3,974. The opposite is true for whites. Their rate 

of unemployment increases, while their average wage goes down. While the first 

average wage decreases from $3,321 to $3,013, the average wage twenty quarters 

after graduation decreases from $4,048 to $3,465.

It is noteworthy th a t both interchanges in arrival rates and wage offer distri

butions imply a substantial reduction in the wage differential between both race 

groups. Consequently, these simulations suggest that labor market conditions rather 

than initial assets are responsible for most of the differences in wages between blacks 

and whites.
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Table 8.5: Effect of Regime Change. Blacks have the Arrival 
Rates and Wage Offer Distribution of Whites. W hites have 
the Arrival Rates and Wage Offer Distribution of Blacks

Blacks 
Before After

W hites 
Before After

F ir s t  U n em p lo y m en t sp e ll

Duration
Savings
First accepted wage

3.97
-114
2861

2.93
-348
3165

3.38
-697
3321

4.84
-507
3013

20 Q u a r te r s  a f te r  G ra d u a tio n

% Unemployment 26.40 13.70 16.60 29.40

A sse ts
Average
Employed
Unemployed

2711
2804
2451

3316
3482
2270

4408
4535
3771

3567
3795
3020

W ages 3384 3974 4048 3465

W elfa re
Average
Employed
Unemployed

1688.80
1690.94
1682.83

1797.31
1798.80
1787.88

1775.03
1777.69
1761.67

1678.10
1682.31
1668.00
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Chapter 9

Conclusions

The main purpose of this thesis has been to establish an explicit connection be

tween asset accumulation and employment dynamics under borrowing constraints. 

I presented empirical evidence for this link and estim ated a model which replicates 

the main observed trends. This approach is able to account for features of the data 

such as asset decumulation during unemployment and asset accumulation during 

employment. The need for accumulation while employed comes from the prudence 

of the agent who builds a buffer-stock against future unemployment.

The model developed in this thesis is also able to account for quits to become 

voluntarily unemployed. This is an optimal decision motivated by the desire of the 

individual to stop working at low wages and search for better jobs while unemployed.

It is also shown that tighter borrowing constraints can induce asset accumula-
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tion and selectivity in job acceptance decisions. Furthermore, individuals who face 

borrowing constraints can overtake unconstrained agents in current wages, though 

obviously not in welfare.

The main quantitative features of the d a ta  are captured by the model. The ex

tended version of the model shows a  particularly good fit to the data. Through 

comparative statics experiments, I show th a t most of the differences in labor mar

ket performance between blacks and whites are accounted for by differences in their 

wage offer distributions and arrival rates. If blacks had the labor market environ

ment of whites, their wage twenty quarters after graduation would be $3,974 and 

not $3,384. This would be still below the $4,048 of whites.

For black and white individuals, initial wealth does affect job search outcomes 

by allowing people to be more selective and obtain higher wages. An increase of 

$2,000 in initial assets produces an increase of $50 in quarterly wages twenty quar

ters after high school graduation. Giving people a better initial asset distribution 

also increases their average accepted wages, especially at the beginning of their em

ployment careers. This effect diminishes as people accumulate assets and become 

employed. I made the experiment of giving blacks the initial asset distribution of 

whites. The increase in wages caused by this change were very small. For the ex

tended model, with heteroneous agents and wage growth, no relationship between 

initial assets and labor market variables was found.
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Interestingly, a decrease of net transfers while unemployed can produce a re

duction in asset holdings for both groups. This result does not coincide with the 

predictions of the literature on precautionary savings, which does not consider em

ployment dynamics explicitly. Transfers while unemployment do not only under

mine the need for a  buffer-stock, but also allow people to obtain higher wages and, 

consequently, increase their asset holdings. A perm anent decrease of $100 in trans

fers implies to a reduction of $17 for blacks and $183 for whites in assets holdings 

20 quarters after high school graduation. Since there are counter-acting effects, 

this result is very sensitive to the introduction of heterogeneity and wage growth 

in the estimation. Consequently, it has to be interpreted with caution. In any 

case, this thesis shows a mechanism and empirical evidence that a policy th a t re

duces transfers while unemployed can fail to obtain the desired result of increasing 

savings and asset holdings. Moreover, if the aim is to increase savings and asset 

holdings, reducing transfers that unemployed people receive may actually reduce 

these variables.
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A ppendix A  

P roof o f Theorem  1

Let X i  =  [ £ ,oo) C  JR. X 2 =  [ # ,oo) x [w,w] C  3£2 x / 2, and let C \(X \)  C and

£ 2( ^ 2) Q be sets of bounded continuous functions: Vu : X i —► Ve : X? —► 3? 

with norm:1

| | V u | |  — sup <  00,  1 4  6  C i ( A ' x ) .
AfcAi

l l ^ l l  =  S U P  m a x | f / ( A ) ! l I  <  ° ° ,  K  €  C 2 ( . Y 2 ) ,A,w€X2

‘Lippman (1975) proposed this norm for dynamic programming problems with unbounded 
rewards, so that the absence of a uniform bound on the state variables is balanced by some other 
restriction in their possible rates of growth.
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Define the norm:

IIKK., K)||| = maxdlK.ll,IIKII}, for (K., K) e X

where X  = C,(.V,) x  C 2 ( X , ) ; : X  C S 2.

Let T  be a mapping T  : X  —► X ,  where (X jd ^ )  is a Banach space.

T ( K ,  Ve) =  (2\(v ; ,  Ve),T2( 14, Ve))

Tx {Vu{A),Ve(A ,w )) = m a .x { u (A  + b - - ^ - )
AU>B \  1 +  r J

+ 0[\UE  max[K(Au,x), K^A*)]

+(1 — AU)K»(AU)]}

T2 (Vu(A ),V e(A ,w ))  =  m ax{t/ ( A  + w — )
Ae>B \  1 + r /

+/?[(! -  9 ) ( \eE  max[V^(Ae,x ), K (A e,«;), K,(Ae)]

+ ( l  -  Ae) max[l4(Ae,io), \4(A e)])

+9[\eE  max[l4(Ae,x), V^Ae)]

+ ( l - A e)l/u(Ae))

P roof of (i).- To prove the reservation wage property it suffices to prove that 

Ve(A ,w ) is monotonically increasing in w. Take V°(A) =  (J(A + b) and V®(A, w) =  

CJ(A +  w) , where Vu is monotonically increasing in A , and Ve is monotonically
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increasing in A and in to respectively. The operator T  as defined above preserves 

monotonicity of the arguments. In particular, any (Vu, Ve)n = T n(V°. V°) will be 

monotone increasing in A  and in w. So the reservation wage property exists.

P roof o f (ii).- First, it needs to be shown that T transforms continuous, bounded 

functions into other continuous bounded functions. To prove that T  preserves 

continuity, note that U is continuous in wages and assets as is F. Therefore, T  

preserves continuity.

In order to prove boundedness, note that

max{K(A), Ve(A. u;)} <  max{l4(A), Ve(A, uT)}

<  Y (A ), fo r  all A £  [B, oo).

where:

This is, the expected lifetime utility both of being employed and of being non

employed cannot be higher than the utility of being employed forever at the highest 

possible wage with no borrowing constraints. For the utility function used here

Y{A) = max{£/ ( a  +
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(CRRA and log) Y{A)  admits an analytical solution expressed by:

V I A )  = Z>, x t f ( A + ( ^ ) ® - £ = )  + D2,

where

( i ~ — )
Di =  V - l+r) 

1 1 -

Do =  1( I - / ? ) ( ! - 7 ) ’

8 =  [/3(l +  r ) p ;  t / 7  ^  1,

and 

I
£>i =

( I - / ? ) ’
/3ln[/?(l +  r)] ln(l -  0 )

D » =  ( i _ w  + - r r f l - ; 1 /7  =  L

Because of the concavity of 0(*), it is clear that:

DXU (A  +  ™ +  0 2 <  010(A ) +  0 i 0  ( ( ^ )  ™ -  ^ ~ )  +  02-

Therefore:

m a x ^ A ) , ! ^ ,™ ) ]  ^  „  , r, rT( { l + r \ _  Cmin\  , „  _
"  m a x ' l l ) ,  1| S O , +  0 '(' H t - J + ^ < oo-

148

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



This implies th a t a solution is attained at a bounded level.2 

Now, Blackwell’s theorem can be applied in the way proposed by Sharma (1987). 

L e m m a  (Blackwell’s sufficient conditions for a  contraction) Let T  : X  —► X  be an 

operator satisfying:

a) (monotonicity) (Vu,Ve)' > (V',V*)' implies T(Vu,Ve)' > T { V ^ K ) ',  where

(Vu, v ey , ( v : , v ; y  €  X .

b) (discounting) for any <*1,02 > 0 there exists some 0  € (0,1) such that 

T(VU + ai, Ve +  a2) < T(  14, Ve) +  /3m ax[ai,a2](l, 1)

So, T  is an operator which defines a contraction mapping with modulus 0. This 

implies that (Vu, VeY is a fixed point of the equation (Vu, Ve)' =  T(VU, Vey.

2Miller (1974) proved that there exists an upper bound for consumption and the value functions 
corresponding to CRRA and log preferences.
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Appendix B

Proofs of Propositions

As discussed by Danforth (1979), because of the max operator, concavity of the 

utility function does not imply concavity of the value functions. In his analysis, he 

allowed for a  multiplicy of solutions. In my case, I will follow Blundell et al. (1994) 

and introduce an additional assumption.

A ssu m p tio n  3 Vu and Ve are twice differenciable functions with respect to assets 

and they are increasing and concave.

This is Assumption 2.2.1 of Blundell et al. (1994). The following analysis will be 

conditional on this assumption to hold.

P ro o f  o f  P ro p o s it io n  1: Define:

’ Ve(Ae , x)dF{x) +  (1 — A* (1 — F(u>'(A)))) VU(A U) (B .l)
to'(A)
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tfe(Ae,u>) =  ( l - 8 ) [ \ e r  Ve(A ,x )d F (x )  (B.2)
J  max( tu.wm (A))' max(w.wm (A))

-f (1 -  Ae) max [Ve(A, w), 14(A)]]

+0[Ae f "  Ve(A ,x )d F (x )  +  (1 -  Ae (1 -  F (w ’ (A)))) Vu(A e) 

T U(AU) =  u ( A  + b - - (B.3) 

T  e(Ae,uO =  u { A  + w - ^ - ^ j  (B.4)

First part: To prove w“(A) >  6, I proceed inductively, [t is sufficient to show 

that a  property is preserved by T  (Albrecht, Holmlund & Land 1991). This means 

that w~(A) > b implies u?*+1(A) >  b.

Suppose w„(A) > b and u;“+1(A) <  6, then,

T„(Ae) >  T e(Ae, w’ ), VAe 

«MAe) >  ^(.(Ae, w~) (implied by Assumption I) 

m ax{T tt(Au) +  /W„(AU)} > m ax{Te(Ae, w*) +  0 9 e(Ae, «;“)} V(AU, Ae)

This implies that VU(A) > Ve(A, w“), V(A, w). This cannot occur under b < w . 

So, wm(A) > b.

Second part: w* is defined as wm =  {tn | VU{A) =  14(A, in)},

dw* V [ { A ) - V eX{A,w)
d A  Ve2(A ,w )
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Since V^{A) > 0, VCi(-4, u?) >  0. Vei{A. wM) >  0, the proposition will be true if 

V '̂(A) — Vei(A , w~) >  0. Because

K W  =  ^(C 'u) and 

Vel(A ,w -)  =  U'(Ce),

the proposition is equivalent to Ce > Cu.

Depending on the existence of interior solutions, there are four possible cases. 

C ase  I: Au > B and Ae > B.

Suppose that

Cu > Ce, (B.5)

then

I +  r  I +  r ’
Ae At,

>  wm — b > 0,
1 +  r  1 +  r

Ae > Au. (B.6)

The Euler Equations for this case are:
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U \C e) =  0(1 +  r)'Pel(.4e, uj*);

where f  =  0 if A u > B , and C  > 0 if A u =  B . By (B.5):

U \C U) <  U \C c)

Therefore,

0(1 +r)<Ttt04tt) + C  <  0(1 +  r)tfel(,4e, <i7*). (B.7)

From the first part (w" — b > 0):

0 ( l + r ) t f 'u( A J + C  > 0 ( l + r ) ^ ei(A „u ;-) VAU >  B , (B.8)

and using (B.6):

0(1 + r ) * u'(A u) + C  > 0(1 + r ) t f el(Ae,u;-), (B.9)

which contradicts (B.7).

C ase  I I : A u > B  and A e =  £ .

This means that A u > A e. Suppose Cu >  Ce. As seen above, this implies Ae > A u, 

which is a contradiction.
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C ase I I I :  A u =  B  and A e = B. 

Ce > Cu because

A + w \ A ) - - ^ — > A + b -  B
1 +  r  1 +  r

P ro o f  o f P ro p o s it io n  2: If there is an interior solution, i.e. Au > B , the Euler 

equation for the Vu function can be rewritten as:

K l A )  =  W + r ) A * { F

+ ,8 (l+ r)V ;{A u). (B.10)

From Proposition 1, it is clear th a t the first term of the right hand side is negative.

This implies that

V '(A ) < 0(1 + r)V '{Au). (B. l l )

If Assumpion (3) holds, then A  >  Au. If B  > B, the unemployed will decumulate

assets until the constraint B  is attained.
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P ro o f  o f P ro p o s itio n  3: If A e > B and w > u?“(.4e),1 the Euler equation for the 

Ve function can be rewritten as.

Vel(A ,w )  =  /?(l +  r )Ae[( l—0) r [ V el(Ae, x ) - V el(A e,w )\dF (x)
J  xu

+8 r  [V „ (A .,x) -  V^A ')]dF (x))

+/?(1 +  r)[(l -  6)Vel(Ae,w) +  0V;(Au)].

The first and the second term from the right hand side of this equation are negative. 

If Assumpion (3) holds, this implies:

Vel{ A M  < W + r ) [ ( l - d ) V el(Ae,w) + dV:(Au)}

This inequality shows that the only term  that can force the individual to  save is a 

high marginal utility of being unemployed. In particular, if 0 =  0, then

K i (A , to) < ,3(1+ r )K i(A e,w ),

which means that the individual will always decumulate. Thus, it is possible that 

the individual accumulates only if 0 > 0.

lIf w < u;*(4e), the individual will quit. Therefore, the layoff rate does not have any effect on 
the individual’s decision.
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A ppendix C

Num erical Solution A lgorithm

The first requirement to compute the optimal solution is to discretize the continuous 

variables of the s ta te  space.

A —* A(&) is 50 x 1 vector. 

w —* w(j )  is 51 x 1 vector.

Now, Vu(A(k))  can be also expressed as V ^k), and Ve(A (k ) ,w (j)) ,  as Ve(k ,j) .  

The ranges of these matrices are:

K  : 50,

K  : 50 x 51 = 2 ,5 5 0 .

This discretization is extensive to the wage offer distribution. This means that the 

integrals of the value function are actually sums which use the  discretized densities 

as weights for the particular values of wages.
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The optim al solution is approximated using a procedure which combines a  policy 

iteration algorithm with generalized error bounds (Bertsekas 1976). The program 

used was Fortran.

The procedure used consists of three steps:

Step 1) (Initialization) S tart computation with:

V ?(fc) =  U( A( k)  +  b)

v?(fc,j) =  V( A{ k) +  «,(,"))

Step 2) (Iteration and Com putation of Bounds)

Iterate one tim e using: (V̂ n, VJ1)' =  T{V*~X,

If max (sup \ V™ — V̂n_l| ,sup \ V™ — V*~l \} < tolerance, stop; else continue. 

Compute (generalized) error bounds:

JZTfj m i- {m i" { K  -  KT"') .min (v?  -  V”- 1) } ,

m a x  { m a x  ( V ?  -  V '" -1)  , m a x  ( l ^ 1 -  K "” 1)  } ,

7n + tT  
2

Step 3) (Jum p)
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Use a  contraction iteration of the form:

K ,  K Y  =  n K ~ ‘ + 1- ' ,

Go to step 2 and repeat the process.

The performance of this procedure in terms of accuracy and speed has been com

pared in favorable terms with the performance of other procedures like: pure policy 

iteration, successive approximation, simple error bounds, Gauss-Seidel approxima

tions. The simulations were done in a IBM RISC-6000 machine. This procedure 

required five to seven iteration until convergence was obtained, taking altogether 

approximately 30-35 CPU seconds.
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