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Abstract 

This paper analyzes optimal disability and retirement (or welfare) benefits with 
imperfect disability evaluation (with some able workers judged disabled and some 
disabled workers judged able). Thus the levels of both disability and retirement 
benefits affect labor supply. With anyone not working eligible for retirement benefits, 
we analyze the optimal structure of benefits for a given disability screening 
mechanism and briefly consider the problem of optimal evaluations of disability 
evidence. In the United States, there is an overlap in eligibility for disability and 
retirement portions of Social Security. More generally, welfare is sometimes 
available to people denied disability benefits. 
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I.  Introduction 

The  U.S.  Social Securi ty system began with re t i rement  benefits but  no 
disability benefits. W h e n  disability insurance was added  to the system (in 
1956), the formula  for re t i rement  benefits was adapted  to de te rmine  
disability benefits. With  the in t roduct ion of  early re t i rement  benefits at age 
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62 (in 1956 for women,  1961 for men),  there has been a three-year  overlap 
when workers  could apply for either re t i rement  or disability benefits. 
Economists  have been studying the relationship between labor supply of 
older workers  and the availability of ret i rement  benefits. 1 Economists  have 
also studied the optimal  design of ret i rement  benefits in recognition of the 
effect of benefits on labor supply. 2 While it has been recognized that 
disability benefits also affect labor supply 3, we are unaware of any studies of 
the opt imal  design of disability and ret i rement  benefits in recognition of the 
effect of  benefits on labor supply. 4 This paper  begins such a study, using a 
simple static model  to analyze optimal levels of disability and welfare (or 
re t i rement)  benefits with recognition of the imperfect nature of disability 
evaluation.  

We begin with a discussion of the problems of modeling disability and 
disability screening mechanisms. We next analyze the optimal structure of 
benefits for given disability levels. We then specialize the model  to the case 
of  only two disability levels to simplify the analysis of comparat ive  statics 
and to examine optimal disability standards and benefits levels. We return to 
the continuous model  for additional analysis of optimal standards and 
benefits. We conclude with a logarithmic example and suggestions for 
fur ther  research. 

2. Modelling disability 

At any time there is a vast array of actual and potential  marginal products 
among  employed and not-employed individuals in the economy. Similarly, 
there is a vast spread in the difficulties or disutilities associated with 
working. For some, the alternative source of income should they not work is 
disability income rather  than ret i rement  income or welfare benefits. In 
principle, social security disability benefits are available for those unable to 
find any remunerat ive  employment  as a consequence of their disabilities. 
Yet,  some people  with considerable handicaps are employed,  while others 
with seemingly similar handicaps are receiving benefits. While eligibility for 
benefits is straightforward for some handicaps, with others it is difficult to 

Diamond and Hausman (1984), Burtless and Moffitt (1984), and Gustman and Steinmeier 
(1985). 

2 Diamond and Mirrlees (1978, 1982, 1986). 
3 Halpern and Hausman (1986), Leonard (1986). 
4The paper by N. Stern (1982) can be interpreted as contrasting welfare benefit and 

disability programs. For another analysis of disability insurance that recognizes imperfect 
measurement of disability, see Parsons (1990). See also Akerlof (1978) for optimal benefits 
with one type of classification error, but not both types. For a general discussion of disability 
programs in eight countries, see Haveman et al. (1984). 
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determine.  For some handicaps it is hard for any outsider to judge the 
ability to work or its difficulty. 

Our  problem is to model this complex picture in a way that is helpful for 
the analysis of economic variables such as benefit levels. Since we will 
analyze a static model,  we will not explicitly model individual histories 
(including, for example, industrial accidents) which may shed light on 
abilities to work. We have identified two separate aspects of working-- the  
ability to carry on economically useful activities and the difficulty (including 
physical pain) in carrying them out. For convenience, we will work with a 
single variable by assuming that all individuals have the same marginal 
products,  thus ignoring correlations between productivity and disability 
incidence. In contrast, we will assume that each individual has an additive 
disutility of work, with disutilities distributed over all non-negative values. 
For  modeling purposes here,  it makes little difference whether someone is 
totally unable to work or has an infinite disutility of work. We further 
simplify the model by assuming that all workers have the same (concave, 
increasing) utility of consumption, u(c), while all non-workers have the same 
(concave, increasing) utility of consumption v(c). 5 Thus the distribution of 
disutilities plays a central role in determining willingness to work. We take 
work to be a 0-1 variable and do not model varying hours or work intensity. 

Recognizing the problem of determining disability, we assume that 
disutility is not perfectly observable. For a start, we assume that there is a 
disability evaluation mechanism in place. 6 When someone with disutility 0 is 
evaluated for disability, there is a probability, p(O), that the individual will 
be judged disabled. 7 Naturally, we assume that p(O) is increasing in 0 and, 
for notational convenience, that p ( 0 ) =  0. In Section 6 we look into the 
public decisions that affect the shape of p(O). These decisions relate the sizes 
of type I and type II errors to the strictness of the disability standard. 

3. Continuous model 

We consider three different consumption levels: c a for active workers; c b 
for  welfare (or early retirement) beneficiaries; and c d for disabled 

5 We  a lso  a s s u m e  tha t  bo th  u '  and  u' go f rom ~ to 0 as c goes  f rom 0 to +oc. 

6 We  a s s u m e  tha t  the e v a l u a t i o n  p rocess  is cos t less  for bo th  the app l i can t  and  the eva lua to r .  

I t  w o u l d  be  i n t e r e s t i ng  to in t roduce  costs.  
7 We  a s s u m e  tha t  p(O) is k n o w n  to the  g o v e r n m e n t  dec i s ion -maker s .  Obv ious ly ,  it is no t  

p rec i se ly  k n o w n ,  bu t  one  can  m a k e  r e a s o n a b l e  h y p o t h e s e s  abu t  its basic  form.  This  p a p e r  can  
be  i n t e r p r e t e d  as a m a p p i n g  f rom bel iefs  a b o u t  the  accuracy  of d i sab i l i ty  e v a l u a t i o n  in to  des i r ed  
benef i t  levels .  For  s o m e  e v i d e n c e  on d i sab i l i ty  eva lua t ion ,  see Nagi  (1969).  Fo r  e v i d e n c e  tha t  
s o m e  p e o p l e  d e n i e d  d i sab i l i ty  benef i t s  w o r k  whi le  o the r s  do  not ,  see B o u n d  (1989).  
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beneficiaries. The utility function for a worker with labor disutility level 0 is 
written U(Ca)- 0. We assume that 0 is non-negative and distributed in the 
populat ion with distribution F(O) [and density f (0)] .  For convenience, we 
assume that f(O) is continuous and positive for all non-negative values of 0. 
The  utility function for non-workers is v(c), where c will take on the values 
c b or c d depending on whether the non-worker is receiving welfare or 
disability benefits. We assume that disability benefits are at least as large as 
welfare benefits (otherwise, there is no reason to have a separate disability 
program with a selective screening mechanism): 

cd 1> cb • (1) 

Given the utility functions and the consumption levels for workers and 
non-workers,  we can analyze which individuals would prefer working to 
receiving ret irement benefits and which would prefer working to receiving 
disability benefits (if eligible). Those with disutilities of labor below the 
threshold values which equate utilities will choose to work. Thus the 
threshold values satisfy 

0b = max[0, U(Ca) -- V(Cb)], (2) 

0 d ---- max[0, U(Ca) -- V(Co)] . 

Since disability benefits are greater than ret irement benefits (1), the 
threshold labor disutility for persons who apply for disability benefits is 
lower than the threshold for those who apply for retirement benefits. Thus 
we have 

0~/> 0d. (3) 

With the fraction of the population with disutility 0 who are eligible for 
disability benefits written as p(O), individuals' labor supply choices and 
consumption levels are as shown in Fig. 1. 

We normalize by setting the marginal product of a worker equal to one. 
We can now state the problem of the selection of consumption levels to 
maximize social welfare as 

Od Ob 

maxf IU Ca, - O l , + f 
0 0 d 

[p(O)V(Cd) + (1 --p(O))(U(Ca) --0)] dE(O) 

+ f [p(O)V(Cd) + (1 --p(O))V(Cb) ] dF(O) , 
Ob 

(4a) 

subject to 
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+ (1 - - p ( O ) ) ( c  a - 1)] dF 

0 

5.0 

+ j [p(O)Cd + (1 - p ( O ) ) % ] d F =  R, (46) 
0b 

where R are the resources available to the economy. We first discuss the 
first-order conditions under the assumptions that 0 d > 0 and 0 b > %. We then 
state sufficient conditions for these strict inequalities to hold at the 
optimum. 

Using the Lagrange multiplier A and assuming also that 0 d > 0, we can 
state the first-order conditions as the resource constraint (4b) and the 
following three equations: 

0 d 0 b 

[U'(Ca)--A ] f d F + [ t / ' ( C a ) - A  ] f ( 1 - p ( O ) d F  

0 0 d 

00 d 
= A ( C  a - -  1 - -  Cd)P(Od)f(Od) (~Ca 
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00b 
+ A(c a - 1 - cb)(1 --p(Ou))f(Ob) OC, 

= / ~ [ ( C  a - -  1 - cd)p(Oa)f(Od) + (C a -- 1 -- Cb)(1 --P(Ob)))f(Ob)]U'(Ca) , 
(Sa) 

[v ' (cd)  - A] j p(O)dF = - A(c, - 1 - cd)p(Oo)f(Oo)v'(co) , (5b) 

0 d  

[V'(Cb) -- A] J (1 -p(O))dF = - A(c a - 1 - Cb)(1 --p(Ob))f(Ob)v'(Cb) , 
0b 

(5c) 

w h e r e  we have  used  (2) to  ob ta in  the  de r iva t ives  of  0 b and  0j. If,  at the  
o p t i m u m ,  0 a is ze ro ,  we have  the same  cond i t ions  since p ( 0 ) - - 0 .  The  
l e f t - hand  s ides  of  all t h r ee  express ions  are  the  social  va lues  of  the  dif fer-  
ences  b e t w e e n  giving c o n s u m p t i o n  to the  agents  in the  t h ree  d i f fe ren t  
pos i t i ons  r a the r  than  ho ld ing  the  resources .  The  r igh t -hand  sides a re  the  
socia l  va lues  of  the  r e source  savings f rom the  i nduc e d  changes  in l a b o r  
supp ly  as a c o n s e q u e n c e  of  a l t e r ed  benefi ts .  The  p r iva te  r e tu rn  to w ork ing  
for  s o m e o n e  ine l ig ib le  for  d isabi l i ty  benef i ts  is c a - c b. C o m p a r i n g  this wi th  
the  m a r g i n a l  p r o d u c t ,  we see tha t  t he re  is an impl ic i t  tax on w o r k  when  
c a - c  b < 1. F r o m  (5c), we will have  an impl ic i t  tax on  work  if, at  the  
o p t i m u m ,  V ' (Cb)> A. B e l o w  we will no te  p laus ib le  sufficient cond i t ions  for  
this  conc lus ion .  

D iv id ing  the  express ions  in (5) by the  marg ina l  ut i l i t ies  on  the  r igh t -hand  
s ide  and  add ing ,  we see tha t  the  inverse  of  the  L a g r a n g i a n  equa ls  the  
a v e r a g e  of  the  inverses  of  the  marg ina l  ut i l i t ies  of  consumpt ion :  

0 d 0 b 
t "  

J (u'(Ca))-ldF + J [(l__p(O))(U'(Ca) ) 1 +p(O)(v,(co))-1]dF 
, , i  

0 0 d 

+ f [ ( 1  --p(O))(V'(Cb)) -1 + p(O)(v'(Co))-~ ] d F  = A - 1 .  (6) 

0b 

W e  tu rn  next  to  sufficient  cond i t ions  for  the  so lu t ion  to  be  in te rna l .  The  
q u e s t i o n  o f  when  it is des i r ab le  to have  some  w o r k  in the  e c o n o m y  (0 b > 0) is 
a q u e s t i o n  of  the  wea l th  of  the  e c o n o m y ,  i .e .  the  size of  R. I f  no one  works ,  
it is o p t i m a l  for  e v e r y o n e  to have  the  same  c o n s u m p t i o n  (c b = c d = R) .  This  
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allocation will not be optimal if those with the least disutility of labor were 
to choose to work for the additional consumption equal to their marginal 

products:  

u ( R  + 1) > v ( R )  . (7) 

We assume that (7) is satisfied (implying 0 b > 0 )  and refer to it as the 
pover ty  condition. 

We turn next to sufficient conditions for disability benefits to exceed 
welfare benefits. Consider the economy with a single benefit program.  The 
level of benefits is chosen relative to the consumption of workers  to balance 
the effect on labor supply with the desire to allocate consumption efficiently 
over  workers  and non-workers.  Introducing a small disability program 
permits  higher benefits for a fraction of non-workers,  S~bp(O ) dF, at the cost 
of  a decrease in labor supply of size p(Ob)f(Ob). Without a separate disability 
p rogram,  the a t tempt  to pay more  to all non-workers  raises benefits for the 
1 - F(Ob) non-workers  and decreases the labor supply by f(Ob). Thus, having 
p(O) increasing in 0 is sufficient to make a disability p rogram desirable, 
provided the marginal utility of consumption of non-workers exceeds that of 
workers  at the op t imum without a disability program. 8 

A sufficient condition for this latter relation can be expressed in terms of 
the Diamond  and Mirrlees (1978) moral  hazard condition that equating 
utilities be tween non-workers  and workers who like work the most  leaves 
marginal  utility higher for non-workers:  

u(x) = v(y)  implies u'(x) < v ' ( y ) .  (8) 

By (7) there is some work at the optimal  allocation. Thus, at least the 
most  able worker  (0 = 0) must work,  implying U(Ca) > V(Cb). And so, by (8), 
U'(Ca) < V'(Cb). While it is not so plausible that (8) holds for workers  with 
0 = 0, it is plausible that the same condition does hold for a sufficient range 
of values of 0 to yield the condition needed,  that,  at the opt imum,  
U'(Ca) < V'(Cb). We assume that (8) is satisfied and conclude that c d > c b. 

From the equat ion for A, Eq. (6), we then have h < V'(Cb). From the 
first-order condition, (5c), we then have an implicit tax on work,  1 > c a - c b. 
It  follows that 1 > C  a - - C  d and so, f rom (5b), A ~< V ' ( C d )  , with equality if 
0 d = 0 .  We can then conclude that A > U ' ( C a ) .  Thus both welfare and 
disability programs have benefit levels below the level that would equate  the 
marginal  utilities of  beneficiaries with that of workers.  

8 To see this formally, add (5b) and (5c) under the condition c b = c o and so 0 b = 0d. The fact 
that p(O) is increasing will then imply that the left-hand side of (5b) exceeds the right-hand side, 
provided that v'(c0) > h. 
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4. Labor disutility observable 

We have used the realistic assumption that labor disutility (or disability) is 
not perfectly observable. It may assist in the interpretation of the first-order 
conditions to analyze the full optimum where disability is observable. The 
maximization problem in (4) is changed by making 0 b and 0 d control 
variables rather than endogenously determined by benefit levels in (2). In 
this case, there is no reason for a distinction between welfare and disability 
benefits (c b = cS). Consumption is optimally allocated to equate marginal 
utilities of consumption: 

u ' ( c * )  = v ' ( c ~ ) .  (9) 

All individuals with disutility levels below some cutoff 0* should work. 
The cutoff is determined by comparing the utility gain from extra work, 
U(C *a ) -- O* -- V(C~), with the value of extra net consumption as a conse- 
quence of work, which is the sum of marginal product and the change in 
consumption which results from the change in status: 

U(C*a)  - -  O *  - -  V ( C $ )  = - -  U ' ( C * a ) ( 1  - -  C*a + C 3 ) .  (10) 

The allocation determined by (9), (10), and the resource constraint (4b) 
differs from that analyzed in Section 3 in that 0* is determined by social 
needs while 0 b and 0 d are determined by workers to equate utilities with and 
without work. From the moral hazard condition we know that an attempt to 
implement  an allocation satisfying (9) results in no one choosing to work 
when disutility is not observable. Thus, without observability, it is optimal 
to adjust consumption levels away from the equal marginal utility condition 
to induce a more appropriate labor supply. 

5. Two-class model 

To get some additional feeling for the nature of the first-order conditions, 
we consider a case where there are only two types in the economy, 01 and 02 
(01 < 02), with population weights fl and f2 = 1 - f l -  The probability of a 
t ype - /pe r son  being judged disabled is Pi, with P2 >P l -  We assume that the 
opt imum has the form that the 01 types accept disability benefits if judged 
disabled but otherwise work; while the 02 types do not work whatever their 
eligilibity for disability benefits. For a logarithmic example, sufficient 
conditions for the optimum to have this form will come out of analysis of 
that special case. 



P. Diamond, E. Sheshinski / Journal of Public Economics 57 (199.5) 1-23 9 

The  social welfare optimization now takes the form 

max[(U(Ca) - 0,)(1 - p , )  + V(Cd)Pl]f  , + [V(Cb)(1 --P2) + V(ca)Pz]f2 , 

( l l a )  

subject  to 

(c a - 1)(1 - P I ) L  + c a P I L  + cb(1 - P2)f2 + cdp2f2 = R ,  ( l l b )  

v(ca) >i U(Ca) - 01 I> V(Cb) /> U(Ca) -- 02, ( l l c )  

Cd ~ Cb . ( l l d )  

The  constraints in ( l l c )  ensure that individual behavior  coincides with 
that  described in the objective function and the resource constraint. One can 
check that the condition U(Ca)-  01 /> V(Cb) and the moral  hazard condition 
(8) imply that at the op t imum 

U(Ca ) --  01 = V(Cb) . ( 1 2 )  

Thus the op t imum is described by the resource constraint ( l l b ) ,  the equal 
utility condition (12) and a single first-order condition which can be obtained 
by differentiating social welfare in (11a) with respect to c d, with the c a and 
c b functions of c d given by ( l l b )  and (12). Upon  differentiation we have 

U ~- {(1 -pl)flV'(Cb)[V'(Cd) -- U'(Ca) ] + (1 --pz)fzU'(Ca)[V '(Cd) -- V'(Cb)]}, 

dW 
dc d = N [ p l f l  +Pzfz][V'(Cb)( 1 - -P l ) f l  + U'(Ca)(I -- Pz)f2] - 1  (13) 

The  moral  hazard condition implies that d W / d c  d is positive at c d = c b. 
Thus the op t imum has a separate disability program. Since cj does not affect 
behavior  at the margin,  v ' (cd)  is equal to the Lagrangian on the resource 
constraint.  

Of  the various comparat ive  static exercises one could do, we restrict 
ourselves to one simple one. Consider a set of different economies which 
happen  to have chosen the same levels of c a and c b. Assume that the 
different economies have different levels of resources R and different levels 
of one of the variables Pl ,  P2, or fl .  Then,  comparat ive statics is done by 
examining the equation,  N = 0. Differentiating N, and evaluating where 
N = 0, we have 

ON ON ON ON 
O c - - - ~ < O , - ~ p l < O ,  Op----~->O,-~f~-l>O. (14) 

Thus,  across these different economies,  those with a more  discriminating 
disability system (pl  smaller or P2 larger) or a smaller population with high 
disability have larger benefit levels. While the former  proposit ion is intui- 
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tive, the latter rests on the fact that for a program increase, there must be 
decreases in both wages and welfare benefits to finance the change, and this 
is more  attractive the smaller is the welfare population. 

6. Disability standard 

Relative to the set of people  one would ideally like to see receiving 
disability benefits, any a t tempt  to evaluate abilities to work will be subject 
to two types of e r ror - -admiss ion  of people  ideally omit ted and exclusion of 
people  ideally included. 9 In this section, we generalize the model of Section 
5 to relate the probabilities of a disability finding, Pl and P2, to a disability 
s tandard,  0". We also consider the first-order condition for optimization of 
0".  In the next section we will extend the analysis to the continuous case. 

Individuals are now characterized by two variables, 0 and 0e, being true 
and est imated disutilities of labor, respectively. We assume that the dis- 
tr ibutions of  0 e for the two types are G~(Oe) and G2(0e). 1° Since observat ion 
of 0 e is merely a device for making inferences about  0, it is possible to define 
measured  disability so that two conditions are met  (see Milgrom, 1979). 
First (which is implied by the second), the assumption that p~ <P2 for any 
disability standard 0": 

p,(O*) = 1 - G,(O*) < 1 - G2(O* ) = p 2 ( 0 * ) .  (15) 

Second, the appropriate  definition of measured disability gives us the 
mono tone  likelihood ratio condition for all 0": 

gi(O*) g~(O*) 
g,(O*) < g2(0*~--~ " (16) 

In keeping with the analysis of the previous section, we would like to 
exclude all type one 's  from disability benefits while including all type two's. 
However ,  some type one 's  are included for any finite standard and some 
type two's  are excluded for any positive standard. Thus it is inevitable that 
some errors of classification are made. The problem is to strike the 
appropr ia te  balance between the two types of error. 

Continuing to assume that the opt imum occurs with type one 's  accepting 
disability but not welfare benefits while type two's do not work,  we have the 
same maximizat ion problem as in (11) with Pi now functions of the control 
variable 0".  Recalling that the Lagrangian is equal to V'(Cd), the first-order 
condition for 0* is 

We draw on the analysis of auto insurance underwriting by Smallwood (1975). 
~0 We assume that G~ and G 2 have positive support on the entire positive hairline. 
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[V(Cd) -- V(Cb)](f~g I + f2g2(0*)) : V'(Cd)[(C d + 1 -- Ca)f lgl(O* ) 

+ (Cd -- cb)Lg2(O*)]. (17) 

Rear r ang ing  terms,  it is instructive to write the first-order condi t ion  as 

[v(cd)  - v(cb) - v'(cd)(c~ - cb)](Lg2(O*)) 

= [V'(Cd)(C d + 1 -- Ca) -- (V(Ca) -- V(Cb))] f lg l (O*) .  (18) 

By the concavi ty  of  v, the left-hand side is positive at the op t imum.  Thus  
the r ight -hand side is positive, implying that  1 - c a + c~ is positive; this also 
follows f rom the presence  of  an implicit tax on work  as par t  of  the opt imal  
s t ructure  which was argued in Section 3. 

Us ing  the m o n o t o n e  l ikelihood ratio condi t ion,  (16), one  can draw 
compara t i ve  statics f rom (18). Let  us consider  a 0* and a set of  economies  
tha t  have the same levels of  benefits and wages,  the same gi functions,  but  
different  levels of  R and f. Consider ing (13) and (18), this can only happen  
where  g z G l / g ~ G 2  is independen t  of  0 for  some range.  Thus ,  we can 
dif ferent ia te  (18) alone,  knowing  that  (13) cont inues  to be satisfied. By 
implicit  different iat ion of  (18), we see that  0* is larger the greater  the size of  
the  type  one  disability eligible popula t ion.  

7. Disability standard: Continuous case 

In a similar fashion,  we can in t roduce  a choice of  disability s tandard  into 
the  con t inuous  case. We write the distr ibution of  observed  disutility, 0 e, 
condi t ional  on true disability being 0 as G(Oe;O ), with density g(Oe;O). 11 
T h e n ,  for  disability s tandard  0" ,  we have 

p(O)  = 1 - G ( O * ; O ) .  (19) 

Re tu rn ing  to the welfare maximizat ion p rob lem,  Eqs.  (4), we can now 
add a fur ther  first-order condi t ion by differentiat ing with respect  to 0* 
(assuming 0* > 0): 

0b 
14 

J [V(Cd) -- U(Ca) + O]g(O*; 0 ) d E ( 0 )  + J Iv(ca)  - v(cb)]g(O*; O)dF(0)  
t ~  

0 d 0 b 

E0! ; ] = ~ [cj  - c .  + l l g ( O * ;  O)dF(O) + [cd - culg(O*; O ) d F ( O )  . 

Ob 

(20) 

11 For convenience, we assume that g is positive for all positive values of Oo. 
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Thus a loosening of the standard attracts some people to the disability 
p rogram from the labor force while shifting others from ret irement.  The 
fo rmer  shift has a net social value v(c~) - Acj - (U(Ca) -- 0 -- A(C a - 1)), while 
the latter has a social value v(cd)-Ac d - (v(G ) -  AG). We write these 
differences a s  A a -]- 0 and A b, respectively. Across the set of people  shifted, 
these net gains must balance out for an opt imum. That  is, the first-order 
condition (20) can be written as 

0 b 0 b 

f g(o.; o,or(o,+ A a f f ou(o*; O,OF,O,=O 
O b 0 d O d 

(21) 

F rom the concavity of v and the fact that V'(Cd)/> A, we have 

v ( c  d) - v (cb  ) > v ' ( c  d ) (c  ~ - cb)  
/> A(Cd -- G ) .  (22) 

Thus,  at the opt imum,  with a decrease in disability standards, social 
welfare goes up f rom additional non-workers added to the disability rolls 
(A b > 0), while it goes down from at least some of the workers  switching to 
disability (A a < 0). 

8. Multiple disability standards 

If  individuals with different health problems (e.g. physical vs. mental ,  or 
sight, lower back, etc.) have different distributions of  actual and observed 
disutilities, we can think of the population as made up of the sum of 
distributions F~(0) with conditional distributions of observed disutilities 
Gi(Oe; 0). Similarly, grouping workers by age results in groups with different 
distributions of actual and observed disutilities. With the same benefits for 
all recipients (as with the U.S. disability program) and the same Lagrangian 
for the single government  budget  constraint, the first-order condition (20) 
tell us how the standard 0* should vary with distribution Gi(O e ; 0 ) ,  while the 
other  first-order conditions are modified by adding over  different health 
problems.  In (21), 0 i*, F~, and gi are the only elements to vary with respect 
to i. 

To  proceed,  we now assume the analog of (18), which Milgrom (1979) 
calls the local monotone  ratio property:  

3 0 
0 0  log ~egi(Oe; 0) > 0 .  (23) 

Unlike the two-class case, this is an assumption on the joint distribution of 
0 e and 0 rather  than following from a suitable definition of 0e. Given (23), 
the left-hand side of (21) is increasing in 0". It is natural to ask how the 
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s tandard should vary with the distribution. That  is, across different health 
problems,  how does 0* vary with F i and gi in Eq. (21). We shall examine the 
special case where the distributions of disutilities are the same, FI(O ) = 
F2(0), but the conditional distributions Gi are different. A simple rightward 
shift for the difference between distributions is obviously offset by a 
comparab le  shift in 0".  The interesting case to analyze would be for a 
difference in the shape of the distributions. 

9. Logarithmic example 

This section explores in more  detail the two-class model  of Section 5 with 
the specification of logarithmic utility for workers  and non-workers.  There  
are six possible configurations of the economy. Workers of each type might 
ei ther  work  (case I), apply for disability and work if it is not granted (case 
II) ,  or apply for disability and retire if it is not granted (case III) .  Since 
disutility of work is greater  for type two workers than for type one workers 
(01 < 02), there are six possible configurations as follows. 

Conf igurat ion 1 - ( I , I ) .  Both types work and do not apply for disability. The 
resource constraint implies c a = R + 1, social welfare: 

W, = log(R + 1) - 01f  , - -  02f  2. 

Conf igurat ion 2 - ( I ,H) .  Type one works, type two applies for disability and 
works  if it is not granted. The incentive compatibili ty constraints are 

log(cb) <~ log(Ca) -- 02 ~< log(ca) ~< log(Ca) -- 01 . (24) 

F rom (24), the marginal utility for persons on disability is higher than for 
those working. The social planner  thus wants to make  c d as high as possible, 
consistent with (24). Hence  

log(ca) = log(Ca) -- 01 or C d - - - -  Ca e - ° '  (25) 

The  resource constraint is 

(C a - -  1) f  1 + C d p z f  2 + (C a - -  1)(1 - Pz)f2 = g .  (26) 

Solving (25) and (26) gives 

R + 1 - P 2 f 2  
Ca = . (27) 

e-° l  pz f2  + 1 - P2f2 

Social welfare is 

W2 = (log(Ca) -- 01)fl + log(cd)PEf2 + (log(Ca) -- 02)(1 --P2)f2" 

Using (25) and (27) gives 
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[ R + 1 -P2f2 \ 
Wz = l°g~,e-° lp2f2  + 1 -Pzf2/! - 01(f~ + P2f2) - 02(1 -P2)f2. 

Configuration 3 -  (I, III). Type  one works,  type two applies for  disability 
and retires if it is not  granted.  The  incentive compatibi l i ty constraints  are 

log(Ca) -- 02 ~< 1og(cb) ~< log(Ca) ~< log(Ca) -- 01 . (28) 

F r o m  (28), the marginal  utility of  persons on re t i rement  or  disability is 
g rea te r  than that  of  workers .  Thus  the social p lanner  sets c o and c b as high 
as possible consistent  with (28): 

Iog(cb) = Iog(cd) = log(Ca) -- 01 or  C b = C d = C a e  - 0 a  . (29) 

The  resource  constra int  is 

(Ca -- 1)fl + cap2f2 + Cb(1 -- P:)f2  = R .  (30) 

Solving (29) and (30) gives 

R +f~ (31) 
Ca f2 e-°' + f l  

Social welfare is 

W3 = (log(Ca) -- 01)fl + log(Ca)P2f2 + 1og(cb)(1 --P2)f2 '  

Us ing  (29) and (31) gives 

W3 =log(f2Re_~ f~ fl ) -01. 

Configuration 4 - (II,II). Both  types apply for disability and work  if it is not  
granted .  The  incentive compatibi l i ty  constraints  are 

1og(cb) ~< Iog(c,)  -- 02 ~< log(Ca) -- 01 <~ log(ca). 

The  social p lanner  equalizes marginal  utility for workers  and disabled 
persons  by setting 

c a = c a . (32) 

The  resource  constra int  is 

(c a - 1)((1 - Pl)f~ + (1 - P2)f2) + Cd(plfl + P2f2) = R .  (33) 

Solving (32) and (33) gives 

Ca = R +  1 - p l f ~  - P 2 f 2 "  (34) 

Social welfare is 

W 4 = (log(c,)  - 01)(1 - P l ) f l  + Iog(cd)Plf l  + (log(Ca) -- 02)(1 -- Pz)f2 

+ log(ca)p2fz. (35) 
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C o m b i n i n g  (32), (34), and (35) gives 

W 4 = log(R + 1 - P a f l  -P2f2)  - 01(1 - P l ) f l  - 02(1 - P2)f2. 

Configuration 5 - (II,HI). Both  types apply for  disability. I f  disability is not  
g ran ted ,  type  one ' s  work  while type two 's  retire. This is the configurat ion 
ana lyzed  in Section 5. With  u(x) and v(x) logari thmic,  solving ( l l b ) ,  (12), 
and (13) gives 

c a (R q- (1 , ~ ,  (1 - P l ) f l  + (1 - P 2 ) f 2  (36) 
= - - P l ) f l ) (  1 - P l ) f l  + e -° l (  1 -P2) f2  ' 

c b = c a e -°~ , (37) 

c a = R + (1 - P l ) f l ,  (38) 

[- (1_ Pl)fl-Pl)fl+ +e_o~( 1 ( 1  -P2)fe_p2)f2 - 01] W 5 = log(R + (1 - P l ) f l )  + / l o g ( 1  

• [(1 - P l ) f l  + (1 - P2)f2)]. 

Configuration 6 -  (III,III). Both  types apply for  disability and retire if it is 
no t  granted.  The  incentive compatibi l i ty  constraints  are 

log(Ca) -- 0 2 ~ log(Ca) -- 01 ~< Iog(cb) ~< Iog(cd). 

Set t ing c b = c o equalizes marginal  utility for  persons  on re t i rement  and 
persons  on disability. F r o m  the resource constra int  c O = %  = R ;  social 
welfare  is W 6 = log(R).  

Figs. 2 - 6  present  social welfare and benefit  levels under  the opt imal  
p r o g r a m  for  pa r ame te r  variat ions a round  a base setting o f  

01 = 1, 0 2 = 4, fl =f2 = 0.5, Pl = 0.25, P2 = 0.75 and 

R = 0.45.12 

Fig. 2 shows how different  configurat ions are opt imal  for different  levels 
o f  R. N o t e  that  Conf igura t ion  4, in which both  types apply for  disability and 
w o r k  if it is not  granted,  is not  opt imal  for  any value of  R, given the above  
base settings for  the o ther  parameters .  The  difference be tween  Pl  and P2, 
i.e. the effect iveness of  disability screening,  needs  to be increased sig- 
nificantly to genera te  Configurat ion 4.13 That  is not  surprising, since in 

~2 If workers were free to choose their hours h given wage 1/8 per hour and disutility of work 
0i/8 per hour, they would choose h so as to maximize log(h/8) - hi(Oi/8 ). The Oi's were chosen 
so that type one would want to work 8 hours while type two would want to work 2 hours. The 
base setting for R was chosen so as to be in the middle of the range of R for which 
Configuration 5 is optimal (see Fig. 2). 

13 For example, there is configuration 4 with p~ < 0.08 for P2 = 0~75 at the base setting of the 
other parameters. 



16 P. Diamond, E. Sheshinski / Journal of  Public Economics 57 (1995) 1-23 

-0.5 

-1.5 

-2 

_ - 2 . 5  

-3.5 

- 4  

-4.5 

-0.8 

1.4 

Social Wel fare u n d e r  Opt ima l  Program 

~'(?,i)' i%,)~i / . . . . . . . .  

(u,) Ou,) ~g:..3 Cfg. 5 cfg. 

i i i i i i i 

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 

Benefi t  Levels  u n d e r  Opt imal  Program 

1.2 

1.0 

-~ 0.8 

0.6 

0.4 

o 
o 

0.2 

@ 

@ 

? 
= : e 

o: e 
e ;o 

: e , 

:o +i M I =  

i + ÷ +  

i i i i 

..0.4 -0.2 

= 

e 
e 

o 
• ++  

I :  e + 
e o + 

• • ÷ 

o ÷ 
• . e 

e : +  

i . 

x!  ~ x x M x  

M x =  N I  i x = x  Mx 

K 

X 

K 

I 

0 i i i i i 

-0.8 -0.6 0 0.2 0.4 0.6 0.8 1.0 

R ( resource constraint)  
o = c  a 
+ = C  d 
• = c  b 

Fig. 2. 

Configuration 4 both types make the same labor supply choice at the 
optimal consumption levels. Disability screening has to compensate for 
differences in disutility of work in order to have this pattern of benefits 
optimal. 14 Social welfare is continuous in resources, although consumption 
levels are not, with discontinuous jumps when the configuration changes. As 

~4 Configurations 1 and 6, which also involve symmetric labor supply choices, can always be 
generated by sufficiently extreme values of R. 
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resources increase, avoiding th~ disutility of work becomes more attractive. 
Each configuration change is an increase in the number of people not 
working financed in part from a fall in wages. Presumably the discontinuity 
would not be present with a continuous distribution of types. 

Fig. 3 shows the effects of varying fl given the base settings for the other 
parameters. If fl is less than 0.05, Configuration 3 is optimal; otherwise, 
Configuration 5 is optimal, as is the case for the range shown. From (38) one 
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can verify that c d is linear in f] in Configuration 5. From (37) one  sees that c b 
is a constant fraction of  c a. It is interesting that c a and c b are not m o n o t o n e  
in f l ,  a l though social welfare rises as fl increases,  since a rise in f~ means  that 
the share o f  workers  with low disutility has increased. 

Figs. 4 - 6  show the effects of  variations in the disability screening 
parameters  p~ and P2. By definition, p2>p~. Increases in Pl ,  holding Pe 
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constant at the base setting of 0.75, cause a fall in social welfare and benefit 
levels (see Fig. 4). This happens because a larger fraction of type one's are 
granted disability, hence a smaller fraction of work, and there is less income 
generated in the economy. If Pl is pushed into the range 0.62-0.75,  
Configuration 5 is no longer optimal; instead, Configuration 3 is. 

An increase in P2, holding Pl constant at the base setting of 0.25, causes 
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social welfare to rise (see Fig. 5). An increase in the probabili ty of type two 
being awarded disability means that a larger share of income is directed 
toward type two's.  Since the marginal utility of income is greater  for type 
two's ,  social welfare rises. Note from (38) that c o is independent  of P2. Thus 
c a and c b fall to finance the increased size of the disability program. 

Fig. 6 shows the effect of varying the ratio p2/p] ,  holding the fraction 
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awarded disability, P l f l  +P2f2, constant at the base level of 0.5. This 
amounts  to varying the efficiency of disability screening while holding 
awards constant. As the screening technology improves (p2 /Pl  increases), 
the incentive compatibility constraint weakens and hence social welfare 
rises. In the limit as P2/Pl--*  oo, the same benefits can be given to workers of 
type one and to non-workers of type two, i.e. c d = c a. Note that c b is fixed at 
a constant fraction of c a by (37), but c b becomes irrelevant as the fraction of 
type two's awarded disability approaches 1. 

I0. Concluding remarks 

Analysts of welfare and ret irement programs have long recognized the 
central role of labor supply in the design of a good benefit program. Benefit 
design requires a balancing of income redistribution goals and labor supply 
disincentives. The same issue arises in the design of a disability benefit 
program, but it arises in a more complicated way because of the role of a 
(necessarily imperfect) screening device for disability. For example, com- 
pletely blind adults are eligible for disability benefits. Yet many blind people 
choose to work instead. The severity of the medical problem is not the 
source of measurement  difficulty, but rather the medical problem, alone, is 
not a sufficient guide to labor supply. In contrast, some problems, such as 
back problems, are notoriously difficult to evaluate as medical problems. 
Thus it is important  to model the interaction between the screening device 
and labor supply. 

There  are a number  of different ways that disability programs can be 
structured. In the United States, all individuals judged disabled by Social 
Security are eligible for benefits determined by the same benefit formula 
(that relates benefits to past earnings). In contrast, some countries have 
separate partial disability and total disability programs. The focus in this 
paper  was not on the design of an optimal mechanism, but on the optimal 
use of a benefit system that resembles that in the United States. In the 
United States, the benefit formula used for ret irement benefits was also used 
for disability benefits (adjusted for the length of earnings records, and 
between 62 and 65, for the actuarial adjustment for early retirement).  The 
delay in the normal ret i rement age, which will be phased in early in the next 
century,  increases the length of this overlap. Moreover ,  there has been 
concern about the way the benefit formula worked for young workers. The 
history of the program is a history of adaptation of a ret irement system for 
disability, with recognition of anomalies, not design of a disability system. 
The  main thrust of this paper is to put in focus the information that one 
needs in order  to design a good system. A data set that links health 
problems with labor supply is a critical part of such information. Moreover ,  
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following the employment  experience of people denied disability benefits is 
also an important  source of information. This paper has focused on how 
benefits should vary with labor supply effects, making clear the important  
role of such information. In addition, the structure lends itself to raising 
alternative design issues as well as issues of the right choice of parameters 
within the present design. 

We have examined how benefits and disability standards would be set by a 
very knowledgeable social welfare maximizing government.  We have as- 
sumed that it is costless to evaluate disability applicants. That is obviously 
wrong. If there were a social cost but no private cost to applying, the social 
cost would be paid by all the 1 -  F(0d) individuals who .would apply for 
benefits. By introducing a fee for applying, the government could cut down 
the number  of applicants. The value of such a fee depends on the 
distribution of disabilities among individuals dissuaded from applying. 
Particularly attractive would be a fee negatively related to the disutility of 
work. The absence of work for a prior period would be such a fee, although 
it represents a social cost for those who are rejected and for whom 0 lies 
between 0 d and 0b. Purely financial application fees avoid some of the social 
cost, but possibly not all since they may involve undesirable income 
redistributions (as would be apparent with wealth as well as disutility 
differences in the population). More important is the distribution of 
disincentives to apply. The optimal application fee structure would be an 
interesting extension of the model. 
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