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Abstract

This paper studies optimal incentive schemes in a team setting and we explicitly
derive a closed form solution to the compensation scheme where the underlying output
processes are correlated drifted Brownian motions. Some implications of the model

are discussed.
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1 Introduction

Incentive schemes need to be robust in either single agent or multiple agent case. A
simple incentive scheme may perform well across a wide range of environments as
well as having low writing costs. Intricate schemes are designed for the purpose of
inducing agents to exert e®ort in the principal's best interest in particular environ-
ments. However these ne-tuning complex incentive schemes are not very realistic
for at least two reasons: rst, they could hardly maintain their optimality for even
a slightest change in the information structure or technological change; second, intu-
itively, intricate schemes are hard to be implemented, for instance, agents would take
advantage of the complexity of the contracts by arbitrage-taking like behaviours, and
this situation can be exaggerated by multiple agents because collusion and deviating
from optimal reciprocal help level will be their options. A more rudimentary concern
is monotonicity of the incentive contracts. As standard rst order approach pointed
out, an optimal incentive scheme has not to be monotone if MLRP does not hold.
However if free disposal of the output is feasible, a practical scheme then has to be
monotone despite any other argument on either information structure or stochastic
production technology it may have. If sabotage is feasible to some level, the output
would be undermined seriously if the scheme is not monotone. With this concern
removed, we move onto the linearity of the optimal contracts.

The robustness of compensation linearity was studied in Holmstrom and Milgrom



(1987) for a single agent case. Mirrlees (1974) claims that a step function scheme can
induce optimal e®ort level of the agent as well as linear contract. However the e®ort
level chosen by the agent is just one shot. If instead, more generally, the agent choose
e®ort level everyday, over the course of a company scal year, if the compensation
is a step function of the aggregate output of his account, then his e®ort level chosen
will vary day to day. By the end of year, he would certainly do nothing in the
oz ce if the output already exceeds the critical level, the same thing if the realized
aggregated output is too far below the critical level. To rescue step function in this
aspect, one would possibly adjust the scheme into a day to day step function scheme,
but this revisionism fails because if the agent labours under the same one-day step
contract throughout the year the aggregate compensation itself is a linear function
of the aggregate output. Furthermore, step functions do not converge to rst-best if
some assumptions on utility functions and technology are not clearly speci ed even
under one-shot e®ort case, pointed out by Holmstrom and Milgrom (1987).

In the continuous-time principal-agent framework, Holmstrom and Milgrom(1987)
and Scattler and Sung(1993, 1997) suggest an optimal sharing rule for the principal
given the underlying output process is a Brownian motion. In their models, the
optimal sharing rule is a linear function of aggregate output. Kim and Wang(1998)
argue that the optimal incentive contract is nonlinear when the agent is risk averse

and the principal and agent are set in a double moral hazard situation in which



the principal also participates in the production process. Some others constantly
cast doubt on the robustness of the linearity. We agree that real world schemes
need to be robust. It is not enough for a scheme performs optimally in a limited
environment but also a changing environment because constant changes of schemes
are simply not feasible. Therefore regularities about the shape of the optimal sharing
rule are essential to modeling. Linear contracts are observed across a wide range of
technologies, companies and industries, on the other hand, managerial teams, instead
of single manager, are on play, in most modern capitalistic and partnership rms.
Several other issues arise together with the optimality of linear incentive contracts
in teams. Many have realized that the managers' role is not only exerting e®ort to
improve the NPV of the ongoing projects, but also the choice on future projects to
be carried out. Even only in the ongoing projects, an entrepreneur's function can be
categorized into both mean improving and variance reducing activities, for example,
creating strategic alliance with friendly rivals in the industry, spending time with
potential clients, strategic actions in nancial markets, everyday on- eld management
and supervision, or, some other activities like regular maintenance of production
facilities, reducing unnecessary risks to the rm by activities such as maintaining a
modest relationship with workers' union to avoid strikes, or be careful on every tip
of the ongoing projects in order to minimize lawsuits led by unsatis ed customers.

While some of these activities are not too hard to observe, most are. Sung (1995)



realizes this fact and claims that optimal schemes are still linear in nal outcome
alone even when the agent is allowed to control variance. Sung further shows that
the sensitivity must be low to correct the manager's incentive to choose the right
project, o®ering an alternative interpretation for Jensen-Murphy puzzle. Some
chunks of our analysis were inspired by this observation, nevertheless, we focus on
problems arise in teams, for instance, the optimal level of help between two team
membersin characterized in the optimal schemes we proposed. The incentive problem
concerned in our model is two-fold, rst, an optimal contract should fully exploit
agents’ comparative advantage on di®erent types of activities, for example, some
careful and versatile people may be good at everyday human management and facility
maintenance, while some very creative and knowledgable about current business lines
may be good at dealing with tough clients or carrying out new projects, it is therefore
better to let them work more on the tasks they specialized in; secondly, the relative
performance evaluation in our model does exist but is not to Iter out noise, instead,
to encourage cooperation between the team members by placing correct contractual
incentives.

The structure of the rest of the paper follows. Section 2 introduces the frame-
work of the model. Section 3 gives a closed form optimal linear incentive scheme
under group performance evaluation. Section 4 solves the optimal incentive scheme

under individual performance evaluation. Section 5 discusses team related issues like



reciprocal helps and other comparative statics. Section 6 summarizes the essay.

2 The Model

We start with a two-dimensional Brownian motion where the two agents control the
drift rate of the Brownian motions and the Wiener processes are correlated. Both
agents and principal have negative exponential utilities with di®erent coez cients of
absolute risk aversion. Time is normalized to one.

Formally, the processes are governed by a simultaneous di®erential equation sys-

tem of the form,

Xm = al(t)dt + 3/4:|_dB:|_(t),

pP——
dXo = ax(t)dt + % (4B () + 1 %2dBa(L)):

where dB;; dB,(t) are independent Brownian motions. Production technology is
additive, i.e.,

dY =dX; +dX;

= [ay + a]dt + dBy(t) £ (%3 +%3 + 2%y 9,%)3;

where dB4(t) = [(%1 + %2%)dB1(t) + deBZ(t)]:(%i + %2 + 2Ug¥holh)3:

The principal's problem is to nd a sharing rule S;j(Y) and controls a;;;a;; to

maximize his utility.

X
soax Eli expfi R(Y(Q)i  Si(Y)]; (2.1)
, ||,aij i=1



subject to

P—
dXz = ax(t)dt +%(%dBi(t) + 1 1/22de(t));

YA 1
Eli expfirSi(Y)i  c(a)dt], i expfjrWceg, and (2.3)
0

z 1
ai 2 argmaxE[j expfj r(Si(Y) i c(aj)dt] (2.9
aj2A 0
where W is the agents’ certainty equivalent at time 0 in monetary terms; c(9) is the
disutility function for the agents; a; is the agent i's eRort;:and R; r are the coezx cients

of absolute risk aversion to the principal and agents, respectively.

3 Optimal Group Performance Evaluation

For the utility maximization problem (2:1) ; we have the value function as the follow-

ing,

-

3 X hn < o > i
V X; :ns1axE exp(i R(j dS(  x;))) V(t+dt; X - 3.2
,a

Note that Ito's Lemma can be written

l

H 2
_ @G1 @G 10 63 2 @G3
aG = ox +@t+2@X2/4 dt+@x/4dZ
_ 0G(X) . . . 10°G, ,
= ox ( dt+/4dZ)+2@X2/4 dt
_ 0G(X) 10°G, 5 ...
= _@x dx + 2_@x2 Vi« dt;
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where G(x) is a function of the drifted Brownian motion dx = 1dt + %dZ: Therefore

for a vector drifted Brownian motion and a scalar function of the vector below,

dx(t)G = a(t)dt+ §(t)dB(t) and
y(t) = At x(D);

Ito's Lemma is

1 Y
dy(t) = dA(tx(D) = At x(1) + A (L x(t)a(t) + %trfA w(EXM)§MEI(Hg dt

+A (t; x(t))8 (t)dB(t):

Therefore we have the st best compensation scheme's total di®erentiate as

8 2 82 99
S (t: X (1) *15, alé t §SM > 2[3/ " 1§3/ Z“
,X — —_— +_ r Al) 42
t X1 @X
? @ @ 1 @ 2 = 821 822 %2 > >
3 3
§ S é > d§ B1(t) é
+ Y%y %, o
S; BBi(t) + 1 %2B, (1))
= @dt+ dx
82
811 3/4 -
where S; © £S5 Sy T 2o @ = gtr Bg 2[3/41 3/42]5 é
5 3 - Sa Sz ha
§7 1
Sy



The value function (3:1) is hence rewritten as

V (t; %) (3.2)
H 1 ﬂ
= maxE[ 1+ R(®dt + dx)+2R2(®dt+ dx)?
H 2y T 1
V(©+@—th %de+§ @@ whl dt ]

In a second best world where individual output is not observable and hence com-

pensation could only be based on aggregate output, that is

P—
(al + az)%t + %1%51 + ¥WdBr + 1 1/223/42ng

dB,
= Cdt+ D§ é

dB;

dy (t)

5

where C =a; +a; D= 3, + 3, pl D %2,

The value depends on a scalar Y instead of the vector X, i.e.,

3 > -
Vot X (3.3)
H 1
= maxE[ 1+R(®.dt+ 1dY)+§R2(®1dt+ dY)?
u T 1
_ v v @2V I
V(t,Y)+@tdt Y+ 2 av2PP dt I
Rewriting (3:3) yields
‘H
. ev 1 @2V |
0 T 3 gyzPD! dt u 11
+ max g—(a1+a2+R ,DDdt + RV (¢ _1(a1+a2)+®1+§_fDD' dt
1, 1.8



with transversality condition v (1:v) ~ j expfj RY (1)g ; and agents’ participation

constraints:
1
Eli expfi r(zdS(Y)i c(adt], il

for i =1;2:
The agents' participation constraints imply,

® _
0" SHdt+—as +a)dt i c(a)dt % 2bpldt
which can be rewritten as
o - oy . A~ 0@ 1 —2 |.
®17 2c(aj) i 2 15 +Zr 7DD 3.9

Once , is obtained, optimal ® is calculated from the transformation of the agents’
participation constraint (3:4) :
With the agents' participation constraint, we now rewrite the dynamic program-

ming problem as

hoo l
.oV 17 @V
0 —dt+= —DD! dt
ot 2 Q@Y?
: W T .
oV — I oy . 2R+T_, I
+max @—Y(a1+a2+R DDYYdt+ RV (§ 2c(a;) + 2 1DD!' dt :
1,a

The value function can be treated functionally as the principal’s certainty equiv-

alent or any linear transformation of the certainty equivalent. Again by Taylor’s

10



expansion, we have

1 (VRSN P
e= g2 | R 02 |
@tdt+2 DD dti 5 = DDt (3.5)

a _ 2R +r_ ;
+max g_Y(al +a, + R ;DDhdt i 2c(a’)dt j DDl dt ;
1:a

0 -

where@ = 2(t;Y); V(t;Y) = j expfij R2 (t; Y)g; with terminal condition & (1;Y) =
Y (D):
Di®erentiating (3:5) yields the rst order conditions for the principal's utility

maximization problem, and these conditions are

a 2R+r_ _ R @2
—_— I 2 lqt = a- -
oY RDD'dt j > :DD'dt=0) ; R0V (3.6)
e _ 2c'(a): (3.7)
oY i) .
Substituting the rst order conditions above back to the maximand (3:5) yields
1 W l
.02 Hga 1 RF e |
0 T dt+ 2 @YZDD dt > av? DD'dt (3.8)
3 - 3
2'c(a) ap+ap + 2d(a° )RTDD' dt
+rpax§
va : oc(a®)dt i 0(47))2 B2 P!
i 2c(a)dt i 2(c(a5))’ DD dt
@2 L 10% R" @
= — = - DD'
ot 20Y2 V7 ey

5

+2c'(a) c(a) -DD! +a; +a, i 2c(a)):

2

To solve the partial di®erential equation (3:8), we guess a solution of the form
a(;Y) = (Y3 + A{)Y2 + - (t)Y + A(t) with the terminal constraints _ (1) =

11



0;A(1) =0;-(1) = 1; and A(1) = 0: Therefore we have

@—i =3, (DY 2+ 2A(0)Y + - (b);

L= Ty Amv2+ Sy +Aq);

ot
@Za i
W =6, ()Y + 2A(%);
M 02 P
v 9.2()Y 4+ 12_ (DALY 3+ (4A%(t) +6_(t)- (t))Y 2+ 2A(t)- (Y)Y
and the utility maximization is then
ho i 1 R 1
0 " 9.%()Y* j > DD!+ _(V)j ?DD|12,(t)A(t) Y3
U . 1
¢ . R | I, 0 ¢ 2
+ A(D) j —DD! 44 (t)+6_ (t)-(t) Y
U 1

+ )i A(t)-(t)RDD'+R726, Y +A(t) + DDAt

5

iBDD|-2(t)+2c2(© cl (0 DD! +a;+a, i 2ci(9

2 R+§

Collecting the terms yields a system of ordinary di®erential equations:

9
0= Eﬁ(t)RDD';

R

0= (1) ] >DD'12, (DA

0=A() i SDD#®) +6.0-O);

12
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0= ‘()i A(t)- ()RDD! +3_DD!

5

2
R_|__rDD'+a1+a2 i 2ci(0):
2

-()DD! +2¢1 (¢ ¢} (9

& R
0=A@M®j —
® i >

The abowve ordinary di®erential equation system, together with the boundary

p ¢
conditions, yield a set of solutions: _(t) = 0; A(t) = 0; -(t) = 1; and A(t) =
h i
EpD!-2(t) § 2 (¢ ¢l (9 RFfiZ;DDI +a;+a; +2ci(®: Therefore the
Y

Y

. , .
ay)=yY + %DD'-Z(t) i 27 cl(o RF\_:__FDDI +a,+a, +2¢(9 (ti 1):
2
(3.9
Di®erentiating (3:9) with respect to Y gives
e=@EY) _ .
ey 7
Recall the rst order condition (3:7); we can have
ch = %: (3.10)
By (3:10) and the rst order condition (3:6); we then have
_ R
= : A1
LU2R+r (311
To get ®1; simply substitute (3:11) into (3:4) ; and we have
S*=S(0;Y)+ 2Zl c(aj)dt + ‘ (dY j (ap +ap)dt) + er "_R ' DD dt:
— O ' 2R+r T 2R+r 4
0 0 0

We present the linear sharing rule result below.

13



Proposition 1 (Ez cient sharing rule) The solution to the principal’s problem (1.1)-

(1.4) is
Z, Z R >
S°(Y) =wce +2  c(a)dt+ @y i a(t)do) (3.12)
0 0 2R +r i
2 g Tapp
+r dt

o 2R+ 4

where the e®ort level a; is uniquely and implicitly de ned by c'(a;) = 1:

4 Optimal Individual Performance Evaluation

In this section, we study the optimal performance evaluation scheme in a two-person
team where individual performance for each agent is observable. To make our analysis
more vivid, we work on a more general setting where agents’ control variables include
the di®usion term related ones, and, the output processes are interrelated.

Let X;(t) and X,(t) be governed by the following stochastic di®erential equation

system:
dX; = (F(ar(£)Xe (1) + F(ar(t))Xo(t) +14)dt (4.1)
+ ph(bll(t))xl(t) + h(bu(t))Xz(t) + $dBl(t);

dX; = (9(az(t))X1(1) +9g(ax(t))Xa(t) + *,)dt (4.2)
+3/42'nl(b21(t))X1(t) + |(b22(t))X2(t) +3 1/2dBl(t) + pl i 1/ZZde(t) ;

14



where dB1;dB,(t) are once again independent Brownian motions. To save some

notations, we de ne

Z; = h(by1 (D)X (1) + h(by2 (1)) X:(1) + $;

Zy " 1(b21 (1)) X1 (1) + [(b2 (1)) X2(t) + SH;
and
. P—
dBs(t) © %dBi(t) + 1§ %2dB,(t):
We then immediately have
2 P>—- 2
dX,dX; = %3 Z, dt; dX.dX, =¥,  Z1Z,dt; dX,dX, = %5Z,dt:

We know that under the optimal sharing rule, the agents will implement the e®ort
level that the principal anticipates and they are constants over time. Therefore, (4:1)

and (4:2) can be rewritten as

dX1 = (F(a11)X1(t) + F(ar2) Xa(t) +11)dt + % pf(t)d B1 (0); (4.3)

0% = (9(az)Xa(t) +9(az)Xa(t) + L)t + %o Za(DdBs(0); (4.4)

The value at time t - 1 of a contract executed from time 0, to the agent, is
Booouz, Z, f % R
E jexp jr Si(Xi(s); Xj(s))ds j Ci(aij; bijr qjibji)ds  JF(t)

t t

15



Since the coet cients in (4:3) and (4:4) are not time dependent but only the ex-
pected maturity ¢, © 1 t, and the process pair (X4; X,) is of Markov, there exists a

function H(X1; X2;1 i t) such that.
houz, Z, % R

H(X;X;1i )=E jexp ijr Si(Xi(s); Xj(s))ds i Ci(ajj; bijr ajibyidds  jF(D)
t t

where fF(t)g is a Itration in which £X;g and fX,g are adapted.

By the tower property, we have that

vouz, Z . 1%
iexp ijr Si(Xi(s); Xj(s))ds i ci(aij; bij; aji:bji)ds H(X1; X2;1 i 1)
0 0

iIs @ martingale. Likewise,

o WZ 1%
iexp ir Si(Xi(s); Xj(s))ds  M(X;; X317 1)
0

is also a martingale where

v nz, %

M(X; X 1i t)” jexp ir Si(Xi(s); Xj(s))ds
t

16



Therefore, we have

H boouz, K7 1
d jexp jr Si(Xi(s); Xj(s))ds  M(Xy; X5 1 t)
oopz, ° 1%
= rexp jr Si(Xi(s); Xj(s))ds  [XiMdtj Mx,dX1 i Mx,dX; +M,dt
0
. 1 2 . 1 . 1 2
i EI’Mxlxl d@Xy) i ErMX1X2dxldX2 i ErMX2X2 (dX3)]
b opz 1%
t
= rexp jr Si(Xi(s); Xj(s))ds  [(XiM j (F(aw ()X (t) + F(aw(t))X2(t)
0

+1 )My, i (921 (1) X1 (1) + g(az(t)) Xy (t) +1,)Mx, + M,

1 P
i SrE(hGO)Xa(t) + M) X (1) + $IMx,x, i Milathe Z1ZaMxx,

P

l —
i Er%%(l(b21(t))xl(t) + I(bZZ(t))XZ(t) + $)I\/IX2X2)dt + 3/"'1 ZlMxldBl

P—
+Y ZoM xdeg]

and

0 = XiMj (F(au(D)Xe(t) + F(a12(1))Xa(t) +1)Mx, i (9(az1(0))X1(t) + M(4.5)

(a2 (1)) Xo(t) + )My, i %r%%(h(bll(t))xl(t) + h(b2()) X2 (1) + $)My, x,

i P ROm )X + MO0 + 8§ 1a)Xa(D) + 1hm0) X0 + $

1
£ r¥1 %My, x; i Er%g(l(bﬂ(t))xl(t) + 1(022(1)) X2 (1) + )My, !
Our premise for the solution is of the form

M(Xy; X; 1§ 1) = j expFi r(X{Cy(¢) + X5C,(e) + X1Cs(e) + XoCale) + AR

(4.6)

17



The initial conditions must be incentive compatible, that is,

C1(0) = C2(0) = C3(0) = C4(0) = A(0) = 0;

as ¢ = 0 corresponds to t = 1:

(4.7)

In order to nd Cy(¢); Ca(¢); Ca(e); Ca(e); and A(¢) for ¢ > 0; rst we nd the

derivatives for M (¢) as follows

M, (9 = i r(X{Ci(e) + XZC3(¢) + X1C3(¢) + X2 Ca(¢) + AY(¢)M(9);

M, (§) = i r(2X1Ca(¢) + C3(e)IM(9);

Mx,(© = i r(2X2Cz(¢) + Ca(e))M(9);

M5, (§ = 2r2Cy(¢)(2X1C1(¢) + C3(¢))M (9;

Mx,x, (9 = 2r*Ca(¢ )(2X2C2(¢) + Ca(e )M (9;

Mx;x, (§ = r2(2X,Ca(¢) + Ca(¢))(2X1C1(2) + C3())M (9):

18
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Therefore (4:5) can be rewritten into

0 = M(OFXyi r(XZCi(e) + X3CHe) + XiCi(e) + X,Ci(e) +A'(Q))  (4.14)
+r[f (a1 () Xa(t) + F(a12(6) Xa(t) + 1,](2X1C1(¢) + Ca(e))
+1[(9(a21(0) X1 (1) + g(az2(1)) X(t) +*,)(2X2C5(¢) + Calé))

i %r%%(h(bll(t)))(l(t) +h(b12(1))X2(t) + $)2C1(¢) (2X1C1(e) + C3(¢))

D.

i r31/z3/413/42ph11X1 + hpX, + $I 51 X1 + 1oX5 + $

£ (2X2C2(¢) + Ca(¢))(2X1Ca(¢) +Cs(e))

i %r%%[l(bﬂ (D) X1 (1) + 1(02(1)) X2(1) +F5)2C5(¢ ) (2XCo(¢) + Cale)]o:

Without loss of generality, let f11; T12; 011;012; hi1; hio; l11; i denote f(aii(t));

f@an(); g(ax (1); g(az(t)); h(bi1(t)); h(b12(1)); 1(ba1(1); 1(b22(t)); respectively. Then

19



we can further rewrite (4:14) into

0 = XiM(OFL+rfCzj rC+2r1,Cy+rgyiCs+2r1,Cy i r¥%%hy;C1C44.15)

@) | @)
i 2r33/4f$Cf i 2r31/23/413/42 h11X1 + h12X2 + $. |21X1 + |22X2 +$C1C4

i r¥%3111C2Cag + rXoM (§ Fj C) + F1,C3+ 92Cq +21,C, j r?%2h1,C1Cs

P P
i 2r2% %, hpa Xy + hpXo + B 11 Xq + 12X, +$CoCs § 2r2%3CE$
i r2%5C4Caloog + rXZM (6§ Fj Cl + 2F11Cy § 2r®%2hy; C2g
+rX§M (¢)f| Cg + 2022Cs 2I’23/4%|22C229 + rX; X2M ((]) f2f,C, + g1 Co

D.

P I
i 2r°%5N22C2 i Ar%hate huXy +hXo +$ Xy + X + $C1Co

i 2r°98121C3g + IM (9 Fi A'+2,Cy +2,C i IPHIC,C,$

D.

P I
i %% hiXs+hpXo+ B 11Xy + 1oXo + $C3Cy

i r%3C,C,$g:

We then from (4:15) have ve equations:

Cl =2fuCij 2r®%2h;,C2; (4.16)
Cl =29%C, i 2r¥%3l,C3; (4.17)
C; = rit+f,C3+2%,C+9uCy+22,C, i r¥%thy;;CiCs (4.18)

P P
i 2r2%§$cf i 2|"21/2%1%2 hiiX1 +hpXo+ B [0 Xy + 10X +BC1Cy
i r%31,,C,Cy;

20



Cg = T12C3 + g22Cs + 21,C5 I’23/4§h12C1C3 i r23/4§C4C2|22 (4.19)

P P
i 2r21/23/413/42 h11X1 + h12X2 +3 |21X1 + |22X2 + $C2C3 i 2I’23/4§C§$,

. .
2[’21/23/413/42 hiy X1 +hXo + $ 1)1 X1 + 1 X5 + $C1C2 (4.20)

= f1,C; +9uCyi r?%3h,C2 i r?%3ly Cs:

A = 1C3+1,Cqi rPUCi1CsSH i r%5C.Cas (4.21)

P. P.
i PPt h Xy +hpXo + 8 by X + X, + $C3Cy;

Combined with initial conditions (4:7) ; we solve (4:16) to (4:20) simultaneously,
and then integrate (4:21) to obtain A(¢):

We propose a solution that is compatible with the di®erential equation system
(4:16) to (4:21) in the following proposition: This solution is analogous to its' single

agent counterpart.

Proposition 2 Suppose both drift and di®usion terms are control variables to the
agents; agents” disutility of e®ort ¢ (¢ is convex in drift enhancing e®orts and di®usion
reducing e®orts; and let (f;; 1,; hi;; hi,) and (95;; 95,; 1515 15,) be the control vectors
of agent 1 and 2, respectively, that maximize the principal's expected utility and also

incentive compatible. Then a linear optimal compensation scheme to agent 1 is given

21



by

(o]

Q o] a el o] C Q a
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The scheme to agent 2 is similar.

This optimal linear sharing rule can be interpreted as follows: the ~rst two terms
in (4:22) remunerate the agent a certainty opportunity cost of working in a team
for the e®ort exerted in the unit time period; the third term provides the agent
with appropriate incentives for value increasing activities in his own part of the work
however it is net of the expectation, note the mathematical expectation for this term
is 0; the fourth term provides proper incentives for the agent to exert e®ort in helping
his team mate in project NPV mean improving activities, also net of the expectation;
the last term is a risk premium paid to the agent for participating two risky projects
with zero means. Note if the agent is risk neutral, in other words, r = 0; then the

last term drops.

5 Extension and Discussion (to be extended)

In this section we will present a number of results in the forms of lemmas and corol-
laries of Proposition 2 and sequels of martingale analysis in the previous section. The
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content is categorized into the following:

1. Comparison between some other non-linear schemes and linear scheme. This is
complicate by having di®usion as an extra control variable. We will show that
although some nonlinear schemes can slightly outperform the linear scheme, the
unnecessary risk added by nonlinear contracts will reduce their credential sub-

stantially therefore making the linear or nearly linear scheme thrive in practice.

2. Comparison between competition oriented and attribution oriented linear schemes.
Previous research emphasizes the competition amongst the agents within an
agency where yardstick or tournament like schemes are proclaimed to be e+ -
cient. Yet yardstick competition and tournaments have their virtues when the
information is coarse and existing literature has very well exploited it. How-
ever our suspicion aroused when we do not nd such extreme schemes that could
severely penalize an agent given peer performance °uctuates. In a fast paced
techno-metabolic and changing business world nowadays, sharp outliers of busi-
ness performance either individual personal or rm level could be very possibly
happening, however not all of the team mates are laid-o®, nor are the compa-
nies going bankruptcy. In fact, small sized teams emphasizing cooperation,
synchronization and synergy are favoured by many industries. Heterogeneity
among the agents is recognized easily by the principal but instead of aligning
the heterogeneities, rms prefer to best utilize the idiosyncracy of the employ-
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ees by assigning them di®erent jobs to bring their comparative advantages into
play. Therefore, in our modeling, even if the sensitivity of the scheme is similar
to that in other analyses, our interpretation di®ers. Furthermore, since cooper-
ation and synergy are encouraged here, our policy suggestion on job allocation

would be di®erent.

3. Comparative statics. The slope of the sensitivity of the optimal incentive
scheme is the major concern. We calculate its" derivatives on own and cross
control variables, its' derivatives on agents' idiosyncratic parameters or func-
tions. Some illustrative and intuitive conjectures are tested. The optimal
linear incentive scheme proposed can instruct the agents to best help their

counterparts reciprocally.

4. Finally, grouping is once again a typical issue we will visit. The fundamental
question here is, given the production technology is additive, should a team

constituted by homogeneous or heterogeneous agents?

6 Concluding Remarks

This section will be based on the results in section 3, 4 and 5.
Our analysis shows that either individual output is observable or not, linear incen-

tive schemes can always outperform other schemes or approximate optimal schemes.
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If individual performance is observable, we discuss some interesting topics including
best relative performance comparison schemes, own and cross e®ort e®ect on incen-
tive sensitivity in optimal linear schemes, teaming etc. We nd that the main theme

in a team where the team members and the owner are all risk averse, cooperation is

fundamental to the team's prosperity.
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