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ABSTRACT 

This paper develops a model of a firm's optimizing behavior 

under the existence of the U.S. Unemployment Insurance System. The 

relationships among changes in employment and output fluctuations in 

response to shocks in the demand for output are highlighted. The 

production function of the model incorporates the training costs of 

new hires. Two effects of the Unemployment Insurance System on the 

dynamics of employment are considered: The firm keeps a labor force 

pool of workers for possible recall, since the unemployment benefits 

increase the reservation wage and therefore decrease the probability 

of workers getting an acceptable job offer. The benefits paid to the 

workers who are laid off are charged to the firm's account and this 

may increase the tax ra te on the Unemployment Insurance Tax paid by 

the firm. The effects of different tax structures on the transition 

equations for the state variables and on the dynamic paths of the 

firm's control variables are investigated with simulations of the 

model. The steady state solution of a simplified version of the model 

with oscillatory demand is analysed. Empirical and theoretical 

implications are also discussed. 



A DYNAMIC MODEL OF THE CYCLICAL BEHAVIOR OF 

EMPLOYMENT WITH UNEMPLOYMENT INSURANCE 

by Jose Antonio Peris· 

The Unemployment Insurance System (UIS) was established by the 

Social Security Act of 1935. Its primary objective was to alleviate 

the hardships that result from the loss of wage income during 

unemployment. A fundamental problem inherent in any risk transfer is 

its effect on the incentives of the insured. This is the so called 

"moral hazard" problem. If the insured is completely insured against 

any losses he will have little incentive for incurring any cost that 

would help to prevent any adverse contingency. Inefficiencies of this 

sort can be reduced by requiring the insured to bear some of the costs 

of the contingency. The common link (Topel & Welch 1980) among all 

previous research efforts on the effects of UI is their basis in moral 

hazard problems arising from the optimizing decision of individuals 

and firms. This change in behavior induced by the UI is very important 

because it results in a distortion of the allocation of resources. On 

the tax side this shows up since increasing the duration of unemploy-

ment, more taxes are needed. 

The earliest work in this area concentrated on the supply side 

of the labor market. The concern focused on the effects of the UI 

(.) I would like to thank C.A. Sims and E.C. Prescott for their help 
and generosity with their time. 
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benefits on individual's probability of leaving unemployment. The 

studies on the supply side are based on theories of job search. The 

results imply that an increase in UI payments would increase the 

expected duration of unemployment spells and of job search. Thus the 

expected value of the acceptable job offer increased. This is a moral 

hazard aspect of the provision of insurance to unemployed individuals: 

to a potent~ally important degree, the adverse events which indivi

duals are to be insured against are a product of private search 

decisions. 

A second objective of the Unemployment Insurance System was to 

stimulate the stabilization of employment by individual employers. It 

was expected (Haber & Murray 1966) that stabilization would be encou

raged by providing lower tax rates through "experience rating" for 

employers who regularized their employment. This was intended to avoid 

the problem of "moral hazard" by encouraging firms to stabilize their 

employment and if employees were laid off to give an additional 

incentive for rehiring them. 

Unemployment Insurance has the two features that traditionally 

limit the insurability of a risk: high covariance in the occurrence of 

the adverse contingency and moral hazard. These features emphasize the 

importance of the financing aspects of the Unemployment Insurance 

System. Following the work of Becker (1972), the focus of research has 

lately shifted to these financing aspects of the UI programs. For 

instance, Feldstein (1973-78) and Baily (1977-78) specifically address 

the issue of cross-subsidization of benefit payments implicit in the 
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current systems of the UI financing. The major conclusion of their 

analysis is that, holding constant the pattern of demand, the tax

exempt nature of UI benefits and the imperfect experience rating of 

the system constitute a potentially important inducement to make 

temporary layoffs. This type of partial equilibrium analysis implies a 

higher average unemployment rate for a particular industry and a more 

volatile pattern of output (but less volatile price for a given demand 

structure) • 

Baily, Feldstein and Topel & Welch analyze these questions 

within the framework of models with two-periods only, one with high 

demand and the other with low demand. The importance of different 

degrees of experience rating is discussed, but in the words of Topel & 

Welch, "empirical research in this important area is in its infancy. 

We believe the most pressing issue in the analysis of UI is effect of 

experience rating". 

The purpose of my work is to analyze the effects of the 

unemployment insurance on the firms' behavior in a dynamic set up, in 

particular the effects of experience rating. In Section 2 I develop a 

model of firm's optimizing behavior under the existence of the U.S. 

Unemployment Insurance System. The relationships among changes in 

employment and output fluctuations in response to shocks in the demand 

for output are highlighted. The production function of the model 

incorporates the training costs of new hires. 

Two effects of the Unemployment Insurance System on the dyna-
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mics of employment are considered: The firm keeps a labor force pool 

of workers for possible recall, since the unemployment benefits in

crease the reservation wage and therefore decrease the probability of 

workers getting an acceptable job offer. The benefits paid to the 

workers who are laid off are charged to the firm's account and this 

may increase the tax rate on the Unemployment Insurance Tax paid by 

the firm. The tax rate moves within some bounds (ranging between 0% 

and 7.5%) that vary across states. The model considers the Reserve

ratio method of experience rating, presently used in 32 states. This 

method works in the following way: Entered on each employer's record are 

the amount of his payroll, his contributions, and the benefits paid to 

his workers. The benefits are substracted from the contributions and this 

amount added to the previous balance. The states find the required size 

of the balance of the firm using the taxable payroll to determine the 

potential liability for benefits inherent in wage payments. This creates 

an inverse relationship between the balances and the tax rate charged to 

the firm. The effects of different tax structures on the transition 

equations for the state variables and on the dynamic paths of the firm's 

control variables are investigated with simulations of the model. 

Some difficulties arise from the fact that the model does not have 

a closed form solution. For instance, the tax schedule with a maximum and 

a minimum tax rates is truncated. In Section 3 the steady state for an 

oscillatory demand with two periods is discussed. In Section 4 a 

practical methodology to deal with dynamic optimization problems that 

are not linear quadratic is developed. Finally in Sections 5 and 6 the 
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results of the simulations are discussed. 

Section 2..i.. m. MOPEL 

The following model will be interpreted in two different ways. 

In the first interpretation we consider a perfect competitive 

industry with "n" identical firms using two types of workers, Le., 

experienced and new hires, to produce a single output. Let Pt be the 

price of output at time t, Qt the industry output at t, and Ut a 

random shock shifting the demand curve (the variables and parameters 

are summarized in Tables 1 & 2). Then the industry demand curve for 

output at time tis: 

The individual firm is competitive in the output and factor 

markets and therefore a price-taker with respect to the sequences of 

output prices and wage rates. The optimization solves the social 

welfare problem of maximizing the expected discounted consumer 

surplus. We define the consumer surplus as the area under the demand 

curve minus the costs of production and the taxes. 

We could also interpret the model as the optimization problem 

of a monopolist facing the industry demand curve [3.1] and maximizing 

the expected discounted sum of net revenues (total revenues minus 

total costs). 

We now proceed to discuss the features of the model. 
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Index Q( Notation; ~ variables 
----------------------------------------------------------------------

State Variables 

Dt Deposits of the firm in 
the State's Unemployment 
Insurance Fund 

Kt Stock of experienced workers 

Ut Stochastic shock to the demand 

All the state variables are as at the beginning of t 

Decision Variables 

There is only one free variable, all the others are a function of 
our decision variable, employment, and the state variables. 

Nt Total employment at t 

Et Employment of experienced 
workers 

Labor force pool at 
the beginning of t 

Market Variables 

St Consumer Surplus 

Wt Wage rate paid at t 

Pt Price of output at t 

Ht New Hires, without experience 

Output produced at t 

Tt UIS Tax rate at t 
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TABLE Z. 

Index Q( Notation; ~ parameters 
----------------------------------------------------------------------

Policy Parameters 

Y Taxable wage base b benefits paid to the unemployed 

eo & e1 parameters in tax schedule 

Tmax Maximum tax rate Tmin Minimum tax rate 

Other Parameters 

bO , b1 & b2 parameters in the smooth production function 

dO & d1 parameters in the demand curve 

6 Discount rate, in (0,1) 

·0.'1 % of workers in the labor pool who stay after one period 

02 % of employed workers who remain employed after one period 

~ Production Function 

The costs of adjustment in employment have been important in 

the literature for a long time. These account at least in part for the 

costs of hiring and training new workers. In the present model these 

costs are reflected in the production function, where new workers are 

less productive. 

In this model the firm may hire two different kinds of workers. 

The first type consists of those workers with previous experience in 
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the firm, Et • The second type are the new hires, Ht ' i.e., those 

workers who have not worked at the firm before and thus have lower 

productivity than the experienced workers. 

The number of experienced workers at the firm is bounded by the 

stock of experienced workers at the beginning of the period, Kt, i.e., 

the inherited employment at the beginning of the period plus the labor 

force pool at the beginning of t. The labor force pool is defined as 

those workers who now are unemployed, at some point worked for the 

firm, and could be rehired without having to pay hiring and training 

costs. 

The production function considered here reflects the fact that 

experienced workers are more productive than new hires, but the degree 

of the difference in productivity depends on the relative proportion 

of each type of workers. This means that the bigger the proportion of 

new hires is, the bigger the disruption in the production process is, 

and thus the greater the costs of training. Therefore the production 

function becomes: 

Q = bO (Exp. Workers + New Hires) 

[3,2] 

- b2 (New Hires/All workers)(New Hires) 

where bO > b2 > 0 

In our notation the production function is: 

H2 

Q = bO (E + H) - b2 --------
(E + H) 
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If H = 0, then Q = bO E 

If E = 0, then Q = (bO - b2) H 

An extreme case of production function with two type of 

workers is when the production is linear but with lower productivity 

for the new hires. The optimal solution of this kinked production 

function has interesting characteristics; they are discussed in the 

next chapter. 

Returning to our production function we analyze its properties 

by looking at its first order derivatives. 

~ first order derivatives 

1) With Respect to E 

dQ 

(E + H)2 

~: (dx/dy) in the text stands for partial derivative 

dQ 
bO + b2 L L bO 

dE 

2) With Respect to H 

dQ H 

= bO + b2 -----------dH (E + H)2 E + H 
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The difference is: 

dQ dQ H 
------- £ 0 

dE dH E + H 

Thus, the difference in the marginal productivity between expe-

rienced and inexperienced workers is always positive and increases up 

to (2 b2) as the number of experienced workers decreases or as the 

number of new hires increases. 

~ Stock Q( Experienced Workers 

The stock of experienced workers consits of the inherited 

employment and the workers in the labor pool. Given the stock of 

experienced workers at the beginning of the period, Kt , and once the 

total employment, Nt, has been decided we have: 

New hires, Ht : 

Ht = max { 0 , Nt - Kt } 

The labor pool, Lt: 

Lt = max { 0 , Kt - Nt } 

In this model it is assumed that the labor force pool of the 

firm (those workers who at some point worked for the firm; are 

unemployed working and can be rehired without having to pay hiring and 

training costs) is the same as the number of people who are getting 
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unemployment benefits from the firm's account. 

Next period's labor pool is the last period's labor pool times 

the proportion of the laid off workers who cannot be rehired because 

they accepted a job offer elsewhere. Even if the workers who are laid 

off couldn't exaust the unemployment benefits we could think of this 

depreciation factor as if the ex-workers were losing, as time goes by, 

part of the training they received at the firm. 

The firm doesn't inherit all the workers who were hired because 

a proportion of them quit or are fired for incompetence. In either 

case they don't get unemploment benefits that can be accounted to the 

firm's fund, even if they remain unemployed. Thus: 

lb& Unemployment Insurance ~ 

In this model, the reserve-ratio method of experience rating is 

considered. On each employer's record are entered the amount of his 

payroll, his contributions, and the benefits paid to his workers. The 

benefits are subtracted from the contributions and last period balance 

in the employer's account, Dt , and the resulting balance is divided by 

a moving average of past payrolls to determine the size of the balance 

in terms of potential liability for benefits inherent in wage pay

ments. The employer must accumulate and maintain a specified reserve 

before his rate is reduced; then rates are assigned according to a 

schedule of rate for specified ranges of reserve ratios; the higher 
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the ratio, the lower the rate. The difference between the formula 

used in this model and the formula used by the states' employment 

security agencies is that I do not divide the balance by a moving 

average of past and present payrolls. This difference is not important 

if the number of employees in the firm is relatively stable. 

The Federal Act determines the taxable wage base, currently 

$8,000. The taxable payroll is the portion of the salary up to the 

taxable wage base paid to each worker every year. This implies that if 

the taxable wage base is equivalent to the salary of one quarter, a 

firm hiring one worker for the whole year will pay, given the same tax 

rate, a fourth of a firm hiring one different worker per quarter. This 

feature of the unemployment insurance system was intended as an 

additional incentive to stabilize employment. 

Brechling (1977) has studied the effects of the unemployment 

insurance on labor turnover. He obtains a simple formula for the 

taxable payroll based on the gross interfirm labor turnover, "q", and 

on the taxable wage base. Labor turnover is defined as those employees 

who are laid off, do not return to work with their old employers and 

yet have to be replaced, all within the same calendar year. 

Brechl1ng's formula is obtained in a set up where t,here is not uncer

tainty and with very specific assumptions about the production 

function of the firm. My analysis suggests that if there is some 
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degree of uncertainty and the firm's production function is not expo

nential of the type used by Brechling, his forllula doesn't work. The 

correct derivation of the taxable payroll when the demand is random is 

very complicated because firms must keep track of the seniority of all 

the present employees and the workers in the labor force pool. In 

Appendix 1 contain~ the formula for the taxable payroll when the 

periods are quarters. 

Given the production function in which model, the firms have no 

interest in workers' turnover, since getting new workers is costly in 

terms of the lower productivity. The existing evidence (Lichtenberg 

(1981), Medoff (1979), Medoff & Abraham (1981» suggest that firm 

specific training constitutes an important inducement to recall wor

kers. Using the formula derived in the appendix, let us assume that 

the taxable wage base is 60% of the yearly wage, i.e., it takes 2.4 

quarters to earn the taxable wage base. Then assuming that any given 

worker regardless of seniority has a 10% probability of quitting in 

any given quarter, the firm has a 10% turnover per quarter for all 

workers. Then this firm will have a taxable payroll 14% higher than if 

there was no turnover at all. A 14% per cent difference in the payroll 

is quite small in spite of the difference between no turnover and a 

10% turnover per quarter <34% a year) which is qui te high. Thus, in 

the present analysis we will use the taxable payroll as the taxable 

wage base times the number of employees. 

Next period tax is negatively related to the amount of deposits 

held by the firm. Equation [3.8], is a variation of the reserve ratio 
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method of experience rating, in practice in equation [3.8] we should 

have the reserves defined as the deposits divided by a linear combina

tion of current and past payrolls determining the potential liability 

inherent in wage payments, but, as it was discussed above, in the 

present context this difference is not very relevant. 

Tmax > Tt > Tmin 

or 

[3.8] Tt+1= max { Tmin, min ( Tmax, eO - e1 Dt ) } 

Finally, the cost of employment is simply the wage plus the tax 

that employers have to pay. 

Summarizing, the model is defined by the following set of 

equations: 



.IWt Model 

Optimization Q! !b& Social Planner 

max EO 
co 

1: 8t. { (dO + Ut ) Qt - .5 ... d1Qt - (Wt +y Tt) Nt } 
t= 1 

~ Monopolist 

max EO 
QQ 

~ [t { (dO + Ut ) Qt - d1~ - (Wt + Y Tt> Nt } 
t= 1 

15 

The model has the following constraints (the same in both cases): 

[I] Ht = max { o , Nt - Kt } 

[II] Lt = max { 0 , Kt - Nt } 

Ht 
[III] Qt = bO(Et + Ht} - bO -----------

(Et + Ht> 

[IV] Kt+1 = Q1 Nt + IS 2 Lt 

[V] Dt+1= Dt + Tt',~t - bt Lt 

[VI} Tt+1= max { Tmin, min ( Tmax, eO - e1 Dt ) } 
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Section .1L. IHl STEADY STATE 

The production function of the model considered in the last 

chapter presents some technical problems when we attempt to find 

analytical solutions to the optimization problem. This chapter 

considers a similar production function but linear in the two diffe

rent types of workers, the experienced and the new hires: 

Qt = bO (Exp. Workers) + b2 (New Hires) bO > b2 > 0 

Chapter 5 discusses the solution to the problem when there are 

many periods. The advantage of analysing a reduced problem wi th two 

periods only and where the demand oscillates is that we are able to 

find an analytical solution to the problem. Thus we don't have to 

worry about approximations, local versus global maximums, etc. 

In this chapter I discuss the steady state solution with 

oscillatory demand. We consider a first period where the demand is 

high and a second period where the demand is low. In the first period 

there are some new hires and in the second period some workers are 

laid off. The social planner maximizes the consumer surplus subject to 

the wage costs and the taxes,(4.6). The "n" identical firms that form 

the industry supply are price takers. 

Using the same notation of Chapter 3 with the exception that 

since we are considering an oscillatory demand "t+1" in our context 

means "t" plus two periods. Let: 
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(4.1) Q1,t = aO K1, t + a1 Ht 

(4.2) Q2,t = aO ( K2,t - Lt> 

(4.3) Ht 
K2,t 

= - K1,t 2- 0 
01 

(4.4) Lt = {K1,t+1 - ( el1 K2 , t) } / (0- 2 - 0- 1) 2- 0 

(4.5) = Ty + w 

The demand is linear and the only parameter changing is the 

autonomous term. In the first and in all odd periods the autonomous 

term of the demand curve is "dO", in the second period and in all even 

periods thereafter is "d~". The demand in the odd periods is higher 

than the demand in the even periods, so that there are nonnegative 

hires in the odd periods and nonnegative layoffs in the even periods. 

Moreover we are going to add a new parameter "q", the proportion of 

the unemployment benefits paid to the workers who are laid off paid by 

the employer. Thus, the optimization problem of the social planner 

becomes: 

(4.6) max 

where B(') is defined by (4,7): 
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B(K1,t,K2,t,K1,t+1) = 

where 

dO Q1,t['] - .5 d1 (Q1,t[,])2 - ~ (K 1,t + Ht[']) 

+ e { d~ Q2, d '] - .5 d 1 (Q2, t [ , ] ) 2 - ~ (K2, t - Lt [ , ] )} 

- e q b L t [,] 

Hd'] , and Ld'] are defined in 

(4.1)-(4.5) as functions of the decision variables, K1,t , K2,t ' and 

K1,t+1. 

The equilibrium conditions for the steady state of (4.6) are: 

(4.8) 

(4.9) 

Equations (4.8) and (4.9) give the necessary and sufficient 

conditions for a maximum since the optimization function is concave. 

The sufficient condition for the maximum is satisfied since the the 

quadratic form of the second derivatives is negative, i.e., the 

leading principal minor determinants are alternatively negative and 

positive. The computer program to compute the analytical solution 

defined by (4.7) and (4.8) is in Appendix 2. The Table 1 gives the 

parameters used to compare the optimization behavior. 

I proceed now to discuss the importance of the different 

parameters. The focus of the comparisons will be on two variables. ~ 

ayerage unemployment defined by layoffs in the second period divided 

by employment in periods 1 and 2. And ~ consumer surplus defined by 
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the area under the demand curve in periods 1 and 2 minus the wage cost 

and the tax bill. In order to compare dimensionally free quantities I 

divided the surplus by the total wage cost when there are no taxes. 

Therefore, in the tables the surplus is given as a percentage of the 

total wage bill. 

Increasing the slope of the demand curve by a given percentage 

decreases employment, output and profits by almost the same percen-

tage. Moreover, the proportion of new hires and lay offs to employment 

remain the same. 

Table ~ Parameters Q! Simulations 

Demand Curve 

Slopes: .15 
Intersection: 

Production Function 

.25 .70 
2675.8 

.90 
and 2026.8 

Productivity: 15.5 (experienced) and 11.5 (new hires) 

~ Market Characteristics 

Workers Attachement: 
To their jobs (1 - %Quits) .99 .90 .50 
To the labor pool (%Staying) .90 .75 .65 .45 

Discount Rate 0.999 
Wages 18,363 Benefits 9,001 
Taxes .15 .10 .07 .05 0 
Proportion of benefits paid .7 .4 .3 .1 .0 
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~ Effects ~ Uniform Taxes 

A higher uniform tax increases the marginal cost of the workers 

and therefore it decreases the average employment. I compared the 

effects of taxes of .15, .10, .05 and .00, the resul ts indicate that a 

uniform tax only affects the average level of employment, the absolute 

level of new hires and layoffs remain roughly the same. My resul ts 

indicate that if the tax is 15% the average employment will be reduced 

15%, but the new hires and layoffs are almost unchanged. This is 

equivalent to saying that the relative variability in employment 

increases with the tax rate. A sample of the results is given in Table 

2. 

Table ~1b& Effects ~ Uniform Taxes 

Case 1 Case 2 Case 3 
-------- -------- --------

Tax Rate 10% 5% 0% 

Surplus/Wage Bill 66% 69% 73% 

Unemployment Rate 22% 20% 19% 

Employment Period 1 174 183 192 

Employment Period 2 98 105 113 

Average Employment 136 144 153 

New Hires 39 41 42 

Layoffs 59 59 59 
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~ Effects Q( Experience Rating 

If the firm has to pay for the benefits of the workers who are 

laid off and the firm also knows that the taxes are directly related 

to its employment policy, the effects are very different. In the 

examples that I computed the benefits were 50% of the wages. My 

results indicate that if the firm has to pay more than 35% of the 

benefits paid to the workers who are laid off, there won't be any 

layoffs. The variability in employment (difference in % between 

employment in periods 1 and 2) and the number of workers who are laid 

off decreases as the proportion of the benefits paid by the firm 

increases. A sample of the results is given in Table 3. 

Table ~lb& Effects Q( Experience Rating 

Case 1 Case 2 Case 3 
-------- -------- --------

% of Benefits Charged 0% 10% 30% 

Surplus/Wage Bill 72.9% 71.7% 70.6% 

Unemployment Rate 19% 14% 4% 

Employment Period 1 192 183 165 

Employment Period 2 113 121 136 

Average Employment 153 152 151 

New Hires 42 39 33 

Layoffs 59 44 12 
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The consumer surplus defined earlier implicitly assumes that 

the shadow value of a worker per period is "w" if employed and Db" if 

in layoff. Being laid off gives the worker more leisure and more 

search time which is why Db" may be less than aWn. Given this 

assumptions Table 2 shows the trade off of experience rating between 

surplus and the rate of unemployment. 

~ Effects Q( Attachment 

In the computations I assumed that the proportion of workers 

quitting was always smaller than the proportion of layoff workers 

leaving the labor force pool. If the proportion of workers quitting is 

big, say 30%, there won't be any layoffs unless the difference in the 

demand between the first and the second period is huge. In most of the 

analYSis I kept the proportion of workers quitting under 10%. 

The parameter that was very interesting was the attachment of 

workers to the labor pool. This parameter was defined in Chapter 4, it 

indicates the proportion of workers in the labor pool who have not 

accepted a job offer after one period. In this model the attachment 

parameter is exogenous. Clearly the attachment parameter is affected 

by the unemployment insurance system, the higher the level of benefits 

the higher is the reservation wage and consequently the probability of 

remaining in the labor force after one period. In our model comparing 

the effects of attachment gives an indication of how important is for 

firms the option of rehiring workers. Table 4 consider three cases 

where everything is the same (wage rate, taxes, producti vi ty, etc) 
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except the attachment to the labor pool. 

Table ~Ib& Effects Q( Attachment 

Case 1 Case 2 Case 3 
-------- -------- --------

Labor Pool Attachment 90% 65% 45% 

Surplus/Wage Bill 77.6% 74.5% 73.1% 

Unemployment Rate 25% 19% 11% 

Employment Period 1 191 181 172 

Employment Period 2 112 123 133 

Average Employment 152 152 153 

Difference Emp 1 & 2 52% 38% 26% 

New Hires 11 23 23 

Layoffs 76 57 33 

The results are very interesting since they confirm the conjec-

ture that, the higher the attachment of the labor pool, the higher is 

the incentive that firms have to layoff workers. Table 4 also shows 

the trade off between unemployment and the consumer surplus. 

In the next Chapter we discuss the technique to approach the 

more general problem where there are many periods, the tax structure 

approaches the reserve-ratio method of experience rating and where the 

production function is smooth. 
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Section ll. SOLVING lHl MODEL jlIH UNCERTAINTY 

We begin by defining the generic problem. Let us introduce the 

following notation: dt is the discount factor; Xt is the vector of 

state variables; Ut is the vector of control variables; et is a vector 

of random variables; w is the parameters of the G(') function; and p 

is a policy parameter. 

The problem is to find Gt ( '/w) such that Ut = Gdp, Xt/w] 

maximizes 

[5.2] 

[5.3] 

subject to the following equations of motion 

An optimal control law depends on the informa tion vector via 

the sufficient statistic. Bertsekas (Chapter 6, 1976) gives the condi

tions for existence of an optimal stationary policy, i.e., G*('/w) 

such that JG*(X) = JG(t)(X) • Among the class of problems with an 

optimal stationary policy the simplest and the most well-behaved infi

nite horizon problem is the discounted problem with bounded cost per 

stage. Our case and many other economic optimization problems fall 

within this last subclass of problems, therefore our optimization 

problem is reduced to finding the optimal stationary decision rule. 
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Once we have determined that the optimal decision rule will be 

stationary, we have to consider the issue of uncertainty. Our model 

doesn't fall under the class of problems with a closed-form solution. 

One possible strategy could be to approximate our model by a new model 

where a closed-form solution exists. In our case this is not a promi

sing strategy. One of the main features of the unemployment insurance 

system is that the behavior of the firms changes radically, or at 

least that is what we would expect, when they move from the 

experienced rated region of the tax to the upper or lower bounds. In 

other words, our model cannot be smoothed without losing some of its 

main features. These discontinuities preclude the model from 

satisfying the conditions for certainty equivalence, and thus from 

having a closed form solution. 

The alternative strategy is to find an approximate solution to 

our problem. To find this solution we have to solve the dynamiC 

programming equations numerically. The computational requirements for 

doing so brings us to what Bellman called the "curse of 

dimensionality". Various devices has been suggested to help to over

come the computational and storage problems (see Bertsekas p.180), the 

most common is a procedure for discretizing the dynamic programming 

algorithm defined over an infinite probability space. The input 

disturbance et is assumed to be an element of a finite set of "K" 

elements. Thus the dynamiC programming algorithm is replaced by anot

her whereby the expected value(integral) is approximated by a finite 

sum. If we want to find the numerical solution to this problem and if 
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we consider "n" periods the possibilities are Kn. This procedure is 

not very useful in our case, if we were to make K equal five and we 

had just ten periods the possibilities would be 9.8 million which are 

too many in terms of computational costs, although in terms of our 

interests there wouldn't be enough. 

Our technique uses Monte Carlo methods to approximate expecta

tions with a fini te sum. We start with a given number of realiza

tions, p, of the entire sequence ret, t=1, ••• ,n}. Every element of the 

sequence ret} is a member of an infinite set. We approximate the 

expectation by a finite sum, where the elements of this sum are the 

discounted sum of the function for everyone of the "p" different 

realizations. For many problems of interest this finite sum approxima

tion may be justified in the sense that the resulting error can be 

made arbitrarily small by taking a sufficiently large number of terms 

in the finite sum. 

The technique is to take a particular finitely parameterizable 

functional form for the mapping from states to control, G(Xt/w), and 

to choose the optimum for that class of control laws. If we were not 

constraining G( I), the optimal decision rule would be to recognize the 

realization of the process and the period where the process is. The 

resul ting Ut would be the optimum in our particular problem but it 

wouldn't be of any help for different realizations. The way around 

this problem lies in the finite parameterization of G('/w), we find 

the optimal decision rule over a certain class of decision rules. The 

following example illustrates this difference. 



27 

We want to minimize Et(Xt+ 1 - U t) for every t, where 0 ~ t ~ T • 

Moreover, Xt is a first order markov process, i.e, Xt+ 1 = g Xt + et • 

Clearly the minimum lies at Ut = g Xt • However, if T were 2, {Xt} 

formed, say, a jointly normal stochastic process, and we only had ten 

sample realizations, {Xit}' i=1, ••• ,10, the optimum would be 

Ut = Xt+1. This is a possible solution because with probability one 

Xi t ~ Xjs if i ~ j or t ~ s • Thus it is possible to define G( ') such 

that G(Xi1 ) = Xi2. Using this G(') to set Ut gives Ut = Xt+1. On the 

other hand, if G(t) is constrained to have the form G(X) = hX, it is 

likely, even with just 10 realizations that the optimum choice of h is 

close to g. 

Once we have decided on our methodology, the first question 

that arises is about the form of G(t/w). In general using the Taylor 

expansion we can approximate any solution linearly. In particular, 

each specific problem may give a good indication on the form of the 

decision rule that a priori seems appropiate. For instance, we studied 

a variation of the model presently discussed where we had inventories 

In that case we constrained our decision rule to give nonnegative 

inventories, since the way the model was set up the firm couldn't take 

back orders. 

Our model does not give us any clear indication about the class 

of decision rules that we should consider. The equations of the model 

were summarized a t the end of Chapter 3. We decided to use a linear 

decision rule with some dummies for the bounds of the tax rate: 



[5.4] Nt = xo + x1 Ut + x2 Kt 

+ x3 Dt + x4 Tt + x5 MAXTt + x6 MINTt 

where MAXTt = 1 if Tt = maximum tax 

MINT t = 1 if Tt = minimum tax 
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and 0 otherwise 

and 0 otherwise 

Once we have settled on an approximate class of decision rules 

and before we analyze the resul ts obtained using this approach, we 

state the issues that in principle were of our concern. The importance 

of these factors and the means of dealing with them will vary depen

ding on each specific problem. 

1) The finite horizon or terminal issue. In principle our time 

horizon goes to infinity; in practice though, we have to decide the 

number of periods over which the firm is maximizing. In our case we 

settled for thirty periods. In general and as long as the number of 

periods is "big enough", say 15 or 20, I don't think this is a crucial 

issue. Moreover if our discount rate is not very close to one, say .9 

by the twentieth period the discount rate has become .12 and the 

effects of later periods will be less and less important. 

2) Finding the starting point, X(O), for the state variables. 

Once again it is hard to generalize, in principle the closer the 

discount rate is to one the better since that will decrease the rela

tive importance of the first few periods. We will comment on this 

question when we discuss our results. 
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There are many other interesting issues about this procedure, 

but we will address them as we comment our results. 

Creating ~ Demand Series 

The demand curve Pt = d1 - d2 Qt + Ut has a constant slope, 

d2, and an autonomous term , ( d1 + Ut), that has two different 

structures in the two set of realizations that we will discuss. In the 

first case we have a first order moving average, i.e., 

Ut = constant + Ut + 0.5 Ut-1 , first order moving average. In the 

second case a first order autoregressive process, i.e., 

Ut = constant + 0.5 Ut-1 + et • Note that if we had a markov 

process or an autoregressive process of higher order, then Ut 

wouldn't be a sufficient statistic for predicting Ut +1 • In that case 

we would have more state variables, since we would need to keep track 

of past values of the process as well as current. 

The white noise, et' was constructed in the following way: We 

started with a realization, xi, of an Li.d. N{0,1). Then using the 

property of normal distributions that a linear combination of normally 

distributed random variables is also normally distributed; we first 

find the first order markov process and since if Yi is N{mean,varian

ce) then {Yi - mean)/standard deviation is distributed like xi. 

The optimization algorithm used is Powell's method based on 

conjugate directions, a generalization of orthogonal! ty. This method 

can be described as follows: Each stage of the procedure consists of 

n+1 succesive one-dimensional line searches, first along n linearly 
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independent directions and then along the direction connecting the 

best point (obtained at the end of the n one-dimensional line sear

ches) with the starting point at that stage. After these searches, 

one of the first n directions is replaced by the (n+1)th and a new 

stage begins. For a more complete explanation of this method see M. 

Avriel (1976) and M.J.D.Powell (1964). 

The convergence criterion applied is the loosest, i.e., conver

gence in the function, in our case the average over the different 

realizations of the sum of the discounted profits, as defined in the 

model. The optimization procedure ends when the relative improvement 

in the function value on any step is less than 10-6 or one per one 

million. The cri terion of convergence in the variables was also ex

plored but the costs made it inapplicable. 

Qn ~ choice Q( initial values 

The following Table gives the values of the parameters and the 

initial state variables. With the exception of the demand curve that 

was made up, all the other parameters were intended to be reasonable 

based on the empirical evidence. For instance, the senior workers are 

of the order of 26% more productive than the new hires. The unemploy

ment benefits are 50% per cent of the wages and the taxable wage base 

is 70% of the wage bill. In the next chapter when we present the 

empirical implications of the simulations we will discuss how 

dependent the results are to certain parameters. 



Parameters Q( Simulations 

Demand Curye 

Slope: Average = 0.22 Elastic = 0.88 
Intersection: see Demand Realizations above 

Production Function 

Average Productivity: 15.5 & 4.5 
Low Productivity: 7.7 & 2.0 
High Productivity: 31.0 & 8.0 

~ Market Characteristics 

Revenue as a per cent of Cost 115% 
Workers Attachement Average 80% 

Low 10% 
Staying in the Job 99.9% 

Discount Rate: High 0.999 
Low 0.900 

Unemployment Insurance ~ System 

Wages 17,380 per worker er period 
Benefits 8,690 (50% of wages) 
Taxable Wage Base 12,166 (70% of wages) 
All of the Systems start with a tax of 2.7% 

The Stucture of the UIS varies with the simulations 
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The state variables in the decision rule are the current 

demand, the stock of experienced workers (the inheri ted employment 

plus the labor force pool), the deposits in the state unemployment 

insurance fund and the tax rate. The, initial tax rate is the legal 

initial tax, 2.7% or whereabouts depending on the tax rate bounds 
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applied in the simulation. The ini tial deposi ts are consistent wi th 

the initial tax rate. The choice of initial values for the demand, the 

level of deposits and the tax rate is not very difficult. 

The initial employment is the average of the static 

optimization and the initial labor force pool is about 3% of the 

average employment. These last two initial state variables were 

changed after each iteration. Given that the solutions were obtained 

with succesive iterations the set of initial values for these two 

state variables in any iteration were roughly the average of the state 

variables in the iteration immediately before. If the optimum was 

reached within that iteration and the initial values are very 

different from the average of the states with the optimal decision 

rule, the optimization was carried out again with different initial 

state variables. This is intended to correct for any bias in the 

optimum decision rule due to the choice of initial varibles. 

We also needed some starting values for the parameters of the 

decision rule. To check whether the solution was very sensitive to the 

initial values of the decision rule we optimized with two very diffe

rent initial guesses. The first guess, given that the control variable 

of the model is change in employment, was zero in all the coefficients 

of the decision rule, the second guess was obtained from the solution 

of the static optimizatio~ 

Based on the simulations, the best initial guesses are the 

parameters obtained through the static optimization, the optimization 
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in terms of computer time was 4.8 times faster. But the main concern 

wasn't how fast we get to the maximum but rather whether the results 

were very different. In a model like the one we are working with there 

is really no way of knowing whether we are in a local or in a global 

maximum. The percentage difference in the value of the function been 

optimized was 2.7E-04 or 2.7 per million. The highest difference in 

profi ts in any given period is .113%, with an average difference of 

0.004%, for employment the maximum difference was 1.71%. 

To check the importance of the discount rate we also compared 

the sol utions with .9 and .999, the resul ts in terms of profit s per 

period and employment per period were practically the same. The reason 

that we are using such a high interest rate is because we started the 

simulations with inventories and the discount rate is a very important 

cost of holding inventories. Moreover, the higher the interest rate 

the less important are the initial state variables. 

In the next chapter we discuss the implications of our) 

results for the Unemployment Insurance System. 

Section ~ .m. RESULTS 

We start our discussion comparing the effects of two different 

uniform taxes for the first set of realizations. The low tax was 2% 

and the higher tax 6%, in the first case the maximum for the 

discounted surplus was 3.171 E+07 and in the second 2.972E+07, a 

difference of 7%. 
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The results are almost identical to the effects of an increase 

in the sales tax in a comparative static framework. The average price 

is higher and output and employment are lower when the taxes are 

increased. However, the variances of the change in employment and in 

the labor pool are often higher and the coefficient of variation, but 

we observed that the standard deviation in terms of the mean is always 

higher. 

This last result is very interesting in terms of the effects of 

experience rating. If there are some firms or industries that because 

their demand is (not) very seasonal or random they tend to be in the 

upper (lower) bound of the tax, the higher (lower) tax will increase 

(decrease) the variance of employment. The implications are 

paradoxical, if in the construction sector, for instance, we don't 

want to increase the maximum tax so that we have a completely 

experience rated system, then in order to induce more stability in 

their employment practices we should lower, not raise, the tax rate 

paid by that sector. In order to analyze how important these 

incentives are we proceed to analyze the effects of experience rating. 

Experience Rating 

The production function in this model with higher productivity 

for the more experienced workers gives an incentive to the stabiliza

tion of employment. However, the unemployment insurance system through 

the moral hazard effects and as long as the system is only partially 

experience rated, subsidizes the holding of "inventories" of workers. 



35 

If firms layoff workers they don't necessarily lose this "quasi

fixed" factor of production. Thus, there are two ways of inducing the 

stability of employment: one is through experience rating and the 

other is by reducing the attachment of workers to the labor force, 

i.e., speeding the job search process of unemployed workers. 

We compared a uniform tax of 2% with a tax structure that is 

experience rated with a maximum tax rate of 10%, a minimum tax of .7% 

and a slope of 0.1415E-05 • The total surplus with the uniform tax is 

3.171E+07 and in the case of experience rating 3.162E+06, a differen

ce of 0.3% • The optimum for the case of experience rating gives a 

very stable employment and sales wi th an average labor pool of 1.1 , 

driving the tax rate to the minimum. 

In the following page we have plotted the two employments: (1) 

is the uniform tax and (2) the experience rated case. 

These resul ts are qui te explicit about the possibilities of 

experience rating, with taxes that are between 7% and .49% of the wage 

bill, we obtain an employment rule that is very stable. 

We made the same comparisons with the demand realizations with 

an autoregressive stucture. In the following plot we have employment 

for a 2% and 7% uniform tax, and the same experience rated tax we just 

considered with the realizations with a first order markov process 

stucture. 
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EMPLOYMENT DEMAND 1 (1) Uniform Tax & (2) Experience Rated 
-------------.--------------------------------------------------------

100 120 140 160 180 200 
~ ~ ~ ~ ~ -----------+ ............................ . . . . . . . . .. ......... . .. . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

A A A A A A -----------+ .. ......... ......... ......... ......... ......... . .. . 
100 120 140 160 180 200 

Next, we plot the employment for these three different 

situations: 
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EMPLOYMENT (Demand 2) Uniform Tax 2% (1) & 7% (2), Exp.Rated (3) 
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Clearly the resul ts with this second demand process are 

practically identical to the results with the first demand process. 

We also experimented with the parameters of the production 

function. The results indicate that the higher the productivity the 

less important the incentives on the wage bill are. This means that in 
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industries that are very capitalized the share of the wage bill in 

the total costs is smaller and therefore the unemployment insurance 

system has less importance. This is consistent with the fact that 

temporary layoffs are more common in those sectors with a highly 

seasonal pattern in the demand and where the wage bill represents a 

larger portion of the total costs. 

The final results reported in this chapter are on the importan

ce of the attachment parameter. We compared the optimum when 

attachment was 80% versus when the attachement was only 10%, this 

means that at the end of one period 90% of the the labor force pool is 

gone, presumably because some found other jobs and others moved out or 

lost the skills. 

The results are rather inconclusive. In principle we would 

think that the lower the attachment the more likely are the firms to 

stabilize employment, where the degree of the incentive will depend on 

the costs of hiring and training. In our case the variance of the 

employment policy with lower attatchment is smaller but the difference 

is rather small. Then again, the results with the other set of reali

zations is very similar, the difference is rather insignificant. We 

experimented wi th different val ues in the production function, the 

bigger the gap between the marginal productivity of an experience 

worker versus the productivity of a newly hired, the more important 

the issue of attachment is. Note that in the production function of 

the steady state the effect of the attachment parameter was very 

important, the reason for this difference is the discontinuity of the 
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marginal productivity of new hires. In the next Section we discuss the 

implications. 

Section 2..&.. CONCLUSION 

About half the adult unemployed at any time have been laid off. 

Among men aged 25-64, the fraction rises to nearly three-fourths 

(Feldstein 1976). Most this group return to their former employers. 

The objective of my work was two fold. First and more generally I 

wanted to construct a model in the direction pointed among others by 

Gustman (1980) when, for instance, he noted: "the impact of the UI 

system on temporary layoffs has yet to be analyzed in a model which 

fully treats two important aspects of behavior-- adjustments to risk 

and uncertainty, and specific training". Secondly, recapping from the 

introduction, one of the objectives of the Unemployment Insurance 

System was to stimulate the stabilization of employment by individual 

employers through experience ra tinge I wanted to study in a dynamic 

set up, the extent of the incentive to stabilize employment due to 

experience rating • 

The production function was intended to reflect the firm 

specific training provided to the new hires. The evidence (Lichtenberg 

(1981), Medoff (1979), Medoff & Abraham (1981» suggests that although 

the way the taxable payroll is computed provides an incentive to 

recall layoff workers, firm specific training is already an important 

inducement to recall those workers. In particular, I don't think the 
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effects of Unemployment Insurance on labor turnover are very relevant 

whenever there is any firm specific training. In my model the 

importance of specific training was reflected by the decrease in 

productivity as the proportion of experienced workers in the firm 

decreased. 

Feldstein's analysis (1976) shows that the unemployment insu

rance subsidy has a potentially very large impact on the rate of 

unemployment, causing layoffs when they would not otherwise happen and 

substantially magnifying the size of the layoffs that do occur. The 

results reported in Chapters 4 & 6 confirm the evidence (Halpin 1980, 

Becker 1972) suggesting that firms make adjustments to reduce tempora

ry unemployment in response to experience rating. The implication is 

that by increasing the degree of experience rating it is possible to 

lower the permanent rate of unemployment without reducing the protec

tion that is available to those without work. 

The resul ts reported in this chapter represent the most 

significant issues that I have considered with this model. This model 

and the methodology presented in the last chapter are a useful tool 

for analyzing the effects of the Unemployment Insurance System on the 

behavior of firms. However, there are some issues that require further 

research. In particular, the relation between unemployment insurance 

and inventories. 

The first version of my thesis included inventories in the 

model. My conjecture is that there is a certain trade off between 
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adjusting through changing the inventories of final goods and keeping 

"inventories" of workers. Empirical analysis suggest that temporary 

unemployment is less important in industries with active short-run 

inventory policies. I wanted to tie up the literature on inventories 

(Blinder (1980, 1981), Blinder and Fisher (1979), Eichenbaum (1981» 

with temporary layoffs and the Unemployment Insurance System. Since 

the beginning of my project I have found that Robert H. Topel (1981) 

is working in the same direction. The reason for not discussing in my 

thesis the results with inventories is that the computer costs made it 

prohibitely expensive for me to do a lot of experimenting with them. 

My analysis focussed in the demand side of the market. 

There are still important contributions to be made in this area. In 

particular, the challenge of incorporating the role of the unemploy

ment insurance in a full model analyzing the impact of UI on temporary 

layoffs which considers both the supply and demand sides of the 

market 

In my model the workers who are laid off may find a new job, 

the length of the job search was reflected by the parameter 

representing the "depreciation" or the attachement of the labor pool. 

My conjecture was that if firms were to lose the specific training of 

the workers who are laid off, i.e., they couldn't recall them, then 

they would more likely be kept in the payroll but underemployed. The 

results reported on the effects of the attachment parameter indicate 

that in the production function where the difference between the 

marginal producti vi ty of new hires and experienced workers is 
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significant this effect is important. In Chapter 4 with the Steady 

State equilibrium the this effect was very important, in Chapter 5 

where the production function is smooth the difference in marginal 

productivity is not very significant if there are only a few new 

hires. If the productivity of new hires were to decrease more and 

faster as the proportion of experienced workers in the firms went 

down, then this effect would become more important. 

The problem with the issue of attachment is the question of 

simultaneity, it is likely that the layoff policy of the firm affects 

the attachment of the labor force pool. If workers knew that their 

employer lays off workers very often, they may see their jobs as 

particularly unstable and therefore actively seek other jobs while 

unemployed. To address this question wewould need a model that 

considers both the demand and the supply side of the labor market. 
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