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ation of ouftpui in & cooparative
sustains first best production

‘of abiding interest to economists.

Sen's per confronting the twe conflicting
: . .

prinociplh tg'qqqrﬂing to “work" and according

to ‘gave the condition under which voluntary

allocation aof 1§§§Er:?;§tgjq; the Pareto optimal proeduction
level pursuaj: by the central anthority: the propertion of
income to be %iri;&ﬁﬂind'_accnrding to work showold sqgual the
ratia of dthe iﬂaﬁt&cﬁiﬁ ‘of ootput with respect to labor to
the relative share of income to wvalue of total ocutput.
Nitzan and Schnytzer (13987) showed that the knowledge of the
magnitude of the marginal rate of suybstitution between income
and leisure allows optimal choice of the institutional
setting depending on the degree of egalitarianizm. The
“carrot and stick eoption" results in the oversupply, while
the "constant threat of unemployment option” results in an
undersupply of _Iabnr, Fabella (1988} =howed that "matural
tesm sharing” (or what Sen {op.cit.} calls the allocation
gecording te "work")  sustains first best ﬁ:uﬂnctiﬁﬂ level
ander & unique {up to a constant of proportionality)
prodoctien fonction which generates eqguality - of average
product and marginal product of labor. When the effort
levels are nonobservable, Holmstrom (1982) showed that no

sharing scheme that exhausts ouotput will sustaim first best

production.
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In this paper, we inviiiigate the capacity of » sharing
scheme displaying an Egalififian bias as defined in Sen
{op.cit.) and Nitzan and Schaytzer (op.cit.) to sustain first
best production level. In' Section “I1, we review 'the
“cooperative program" that generates the cooperative first
best effort levels and thus production Jlevel.  We then

present the nencooperative (Cournot—-Nash) counterpart as the

.
"individoal program,”™ where we assumeé nonidentical self-
interested members. In Section I1I, assuming effort levels
observable, we show that the sharing scheme with an

egalitarian bias is incspable of sustaining first best
production level. We start with the framework of Holmstrom
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I11. The Cooperative and the Individual Program

Consider a team of n 2 2 members. Following Holmstrom
fop.cit.}, we endow every member 1 wmith & wtility function
By = X4 — W4 (14} where ¥y is ith share in total output and
¥4{14) is= increasing and strictly convex om 135, the ith
effort level. The production function F is nondecreasing and
caohcave owver L o= E{i following Sen (op.cit.}) and Hitzan and

r =1

Schoyizer inp‘titf}_ A1l functions are differentiable. The
cooperative program is

max[FEL) — ¥4 (1+}] B e e,
(Ea  1=1



i =1, 2o -ouy B- {2)

--_ B = d¥r Edl s {Z) determines the
'cnaptréifﬁ'ﬂt:y'f'l'erwnjfurt levels,” {14*}, and thus the
tirst best production level F({E14°)}). (2) is Sen's
Inp-:it:i-nnnﬂ{tinn=tll] it hislatis an identity over income.

Assuming members te be individually raticonal, l.e..
sel f-interested, each maximizes Uy across effort lewels with

the knowledge that total product is shared exhaustively and

that his/her share is s4F, where 0 < sg < 1 is ith

il
proportional share, and Esqy = 1. Member i then facesa the
i=1
problam
max[ssF — V5{15)] e S

L |
It we assume for the moment with Holmstrom that effort
levels are unobservable or that the sharing scheme for
any reason is diverced from effort levals (sawy, an effaﬁt-
independent social welfare fumction goverms allocation as in
Macleod (1984) or if every member gets the average output},
then team member= take s; as given. The 1° condition in this

sitoation is
F' = Wy'Jtsyg g Y R {43

This determines the “nencooperative {Cournoci—Nash) effort
levels,” {l14nc}. Since for every 1, =1 < 1, it can be

expected that {1sne} < {14%} and F({tqne})} < TF{{ry"}). A

general proof is provided in Eolmstrom (op.cit.).




III. Team Sharing with Egalitarian Bias

Bz in Sepn {op.cit.}., the ogitput sharing schemesmay be
based on either or a combination of two principles: {a) “"to
each according to his (her) need=" and (b) “"to each according
to his {hfr) work." The latter is interpreted here fto msan
as dona in accordance wWith the worker's proportionate
contribution to total effert level or what was called the
“natural team sharing” in Fabella {op.cit_}. Suppose the
team decide= to partly serve primnciple (a) by injecting an
egalitarian bjas inte the sharing scheme. Following Sen

{op.cit.) and Nitzan and Schnytzer {(ep.cit.}), we have

Definition 1 ; B sharing scheme {34} possesses an
egalitarian bies if, ¥y = 1, 2. .. n, s¢ = ${{1-a)
{l4¢/L)} + a/n}, 0 < a £-1. Whenever this iz the case, we

write {sq=}.

Remark 1: Note that the worker's share in total work
g}
effort. is 14SL, L = Ely. If a = 0, wa are back to
=1
the"natoral team sharing.” If a = 1, =3 = 1/m,

¥g = 1,2,... 0, implying complate equality.

Remark 2: HNote thet a i= within the half-closed interval,
(0, 11, =so that an egalitarian bias is always assured.
Thus the ith share in total ontput is nudged downwards

{upwards) im the direction of the average share if

1,/ > {<)(1/n).



. i
£ -ﬁtme 15 exhaustive since Zsj =
k. & =1 %

88 bias parameter a is the same

e RO —a Y ERr L) R E — W (i3] i = 10% Lo m. sy

The 1* condition for maximem is-

(1=} [{{L=T4 ) /LI(F/L) + (15/L)F"] + (a/n)}F' = Vi* (B)
which simplies to:
1-a) [({L-14) /LILESF'L) + (13/L)] + afn)F’ = ¥;°' £7)

Thus, for first best production level FIL®) to be sostained,
it is necessary and sufficient that the exXpraession

(L1=a¥L{IL—1g)/LICE/E'LY + {15/L}1 + a/n} = 1 {8
e oy W

We first define "nonidentical members."
Definition 2: Two members h and k are nonidentical &

for effort level 1 > 0O, Wp™¢1) # W C1}.

The fellowing is immediate from (7).
Lemmz 1: Let members h and kK be nonidentical. Let the
optimum effort levels be 1%, and 1% fu;-h amnd

K. respectively. Thea I, # 1% .




Proot: Suppose 1%, = |%. W ¢t hand side

sxpressisn of (7} fo e right hand side

‘expression of {(7) for mtradiction. Q,E}B'-_

Clearly, if all members of the team are identical, we

have & symmetric game case and ;jl effort levels are equal.-
In a symmetric game case. the egalitarian bias ._j!. redundant
since (1%/LY = [1*/LY = Idm ¥y ¥ § = 1, 2ot imail s d=

.
in the case of nonidentical membership where an egalitarian

bias matters.

The following is obvious, repeats Sen {np‘t@.t;} and is given

only for comntrast:

Proposition 1: It is not possible o sustain first best
prodoction level with {sy=} ©F a = iﬂﬂ\

Proof: If &= 1_ wa have from (F) F'/n =

workers are undersupplying effort le e Q_E-D.

The guestion then boils down to whether f&*.;ﬁtiﬂ a2 1

first best Erﬂhcticm level is sustained.

We have the f'b_i__';!_.usiiu:inq:

Lemma 2: I! H_Htl_*?s_'-'ﬂrst best production ilevel 1%
-
ﬁﬂ:‘t:’llnﬁi" der {=4*)}, then {(F/L) > F' and vice-—
versa. [
Prootf: The



¥

(LI )/ EFF L) + (i5/L) = {1-{a/mn}}f{l-a) > 1

g

for n > 2_ Tﬁiu simplifies to
CI-—CIs /AR EFF LY > 1 -{14/L)

g1ving LELLY 2 FT L

Suppose [(FfL) > F'. Let a = a* be such that

{(L-11)}/L)(E/E'L) + (14/L) = {1—-{a"/n)}/(1-a"}.

We show that 0 < a* 2 1. The above esguality simplifies
into

{F/F 'L} + {14/L}(1—(F/F'L}} = {1-{a"/n}) {1—-a"}).

Consider the left haod side {lh=s) alone. Let [(FSsF'L} =
cor . Then the s s fe_ (gL be—1% ). If 1 < ¢ <=
then [14/LY{e—2) < {c—1) i {14F5L) < 1. But c={e-1) =1
so that {e—14/L){c—-1}} > 1. HNew consider the right hand
side [rhs)} which is continvous and strictly increasing
fn'a*. It iz clear that T < rhs T safar O < 8™ 7 F.

Thu=, there is an a = a*, B < a* £ 1, =0 that the above

equality is satisfied. QoE- B

This says simply thet the average prodoct should exceed the
marginal proeduct of [abor. Now =aince (B} is true for all
members, it i3 true for any two distinct members k and h.
Since a and b are constants, it is cbvious from {35 that, for

members k and h,

{{{L=1)/LI{F/F'L) + Ix/L} = {{{L=-Unl/LI(F/F'L) + In/L} (9]




This resoclves readily inte

{10}

{Ix—ln) + {(F/F'L){1n=

" L
We now have the rnllawinqtq* w
Lemma 3: Nonidentical members h and k each render the first

best ¢ffort level under {s3®} if and only if (F/L) = F".

Proof: {if) Conditien (10) is satisfied immediately if
EFIFi}} = 1. {only if) Suppose (10) holds. Kow (10)
becomes Ix(1—{F/F'L}) + In((F/E'L) = 1) = 0 where the
parenthesized expressions have egual absolute values
baut opposite signs. This is troe it either Ik = lh-
which contradiects the distinctness nf members k and h,
{Lemma 1) or if {(F/F'L) = 1. Thus the latter must
hold. - Q-E.D.

We finally have:

Proposition 2: (Impossibility) The sharing scheme with an
egalitarian bias {s4®} is inconsistent with the first
best production level in a team of self-interested
nnniﬁ%ptgﬁni members .

E@miggg shows that for the same to occcur (F/L) = F' if

Eﬁgﬁﬂ-iﬁ;!ﬁ least one distinct member. A contradiction.

sciou=sness™ is either absent or incomplete,

) = (F'L/F)/B (11)



ougr framework since ooly labor ioput is
cunsidik“f; | E '; E if (F'L/SF) = 1, then the condition i3
! .11-1 0 {oor egalitarian bia=s casel. The
cuntrihuta_ af F 15 in showing that for nobody in a
team, wher -*Iiigqgs-nl. member is distinct, to shirk {(F' =
Vg ip Hyg= f, ?,'.-.. n}, (F'L/F) has to be =agual to 1 and
the contradiction follows. The reason why this problem did
not arise in Sen {op.cit.} is that he considered anly
symmetric voluntary allocation among identical households who

then render identical lahkor. The case of 1 # ‘1 was not

allowed.

Conclusion

Having seen how stringent is the conditien for "natural
team sharing” to sustain firast best production lewvel
(Fabella, op. cit.), we investigated whether a sharing scheme
with egalitarian bias {sy®} can sustain first be=st production
level among self—-interested iIndividoals. We showed that
whereas the condition for first best effort ooder {z4%)
requires (F/L) > F' for every individoal member . {(Lemma 2}, it
regquires (FSL) = F' for it to held ascross all members where
at least one member 1% distimct (Lemma 1 and 3). Thuos it is

impossible for {s4%} to sostaim first Best productiom lewvel

ir & team with nonidentical! members.
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