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RESUME

Dans deux articles importants, Crocker and Snow (1985, 1986) ont étudié I'efficacité des
équilibres des marchés d'assurance avec antisélection. Dans les deux articles, pour
obtenir leurs résultats, ils ont utiiisé le fait que la frontiére d'efficacité dans I'espace des
richesses est strictement concave. Dans cet article nous montrons que la frontiére est
strictement convexe pour des fonctions d'utilité connues et, plus important encore, nous
montrans qu'elle ne peut pas étre toujours strictement concave., Par contre, nous
obtenons aussi qus la frontigre a des propriétés qui nous permettent de préserver les
résultats initiaux de Crocker et Snow.

Mots-clés :  sélection adverse, antisélection, non-convexités, efficacité, équilibre,
catégorisation des risques

ABSTRACT

In two stimulating articles, Crocker and Snow (1985, 1986) studied the efficiency of
equilibria in insurance markets with adverse selaction. In both articles, in order to show
the correspondence between equilibrium and efficiency, Crocker and Snow used the fact
that the frontier of efficiency points in the income-states space is always strictly concave.
In this paper we first show that, for weil known von Neumann»Morgénstem utility
functions, the efficient frontier is always strictly convex in the income-states space. More
importantly, we also obtain that when this frontier is not (strictly) convex, it cannot be
always (strictly) concave. In other words it must necessary have a convex portion under
risk aversion. We show, however, that the efficiency frontier in the income-states space
has a particularity that preserves the initial resuits of Crocker and Snow.

Keywords : Adverse selection, non-convexities, efficiency, equilibrium, risk
categorization,






1. INTRODUCTION

In two stimulating articles, Crocker and Snow (1985, 1986) studied the efficiency of equilibria in
insurance markets with adverse selection. By using the approach proposed by Haris and
Townsend (1981) to characterize outcomes in presence of asymmaetric information, they (1985)
showed that a Miyazaki-Wilson (M.W.} equilibrium always results in an efficient allocation
(second-best efficiency). They aiso obtained that when the proportion of high risk individuals
(%) is sufficiently high, then a Rothschild-Stiglitz (1976) equilibrium always exists and is second-
best efficient. Otherwise, a Rothschild-Stigiitz equilibrium is not second-best efficient. In their
1986 article, they demonstrated how their general framework can be applied to derive the
efficiency of risk categorization in presence of adverse selection.

In both articles, in order to show the correspondence between equilibrium and efficiency, Crocker
and Snow use the fact that the frontier of efficiency points in the income-states space is always
strictly concave. Consequently, when they derive their results, a local tangency between the
efficient frontier and a risk type indifference curve is necessary and sufficient to obtain the
desired results {unicity and direct correspondence between equilibrium and efficiency).

In this paper we first show that, for well known von Neumann-Morgenstern utility functions, this
efficient frontier is always strictly convex in the income-states space. More importantly, we also
obtain that when the frontier is not {strictly) convex, it cannot be always (strictly) concave. In
other words it must necessary have a convex portion under risk aversion. When the utility
function is cubic, for example, the frontier is both convex and concave which rises the issue of
the one-to-one correspondence between an equilibium and second-best efficiency for some
concave utility functions.

We show, however, that the efficiency frontier in the income-states space has a particularity that
preserves the initial results of Crocker and Snow. Contrary to other frontiers in standard
allocation problems (with non convexities) that are determined by factors exogenous 1o those
explaining the shape of the objective function [Guesnerie (1975)], the efficient frontier in the
income-states space under adverse selection is function of the risk type indifference curve that
matters. Consequently we are able to show that there is always a one-to-one correspondence
between market equilibrium and second-best efficiency whatever the shape of the efficiency
frontier,



The paper is organized as follows. In the next section we propose a sufficient condition to
obtain a strictly convex efficiency frontier in the income-states space. Two well accepted utility
functions (logarithmic and power) are consistent with a strictly convex efficiency frontier. We
also show that the efficiency frontier must have a convex portion for ali concave utility functions.

In Section 3, we present our main result which states that the one-to-one relationship between
efficiancy and market equilibium is always maintained since the efficiency frontier is
endogenously determined by the parameters of the risk type utility function considered. Finally,
we demonstrate that the second-best efficiency frontier in the expected utility space remains
strictly concave whatever the shape of the efficiency frontier in the income space. A short
conclusion summarizes the main results and discusses how our results may affect the
conclusions about the efficiency of risk categorization.

2. A SUFFICIENT CONDITION TO OBfAlN A CONVEX LOCUS IN THE INCOME-STATES
SPACE

The material of this section is more concerned with the article in the Journal of Public Economics
(1985), although, as we will see in the conclusion, the results will be significant for the risk
categorization model.

We use the basic (two risktypes and two states) framework introduced in the literature by
Rothschild and Stiglitz (1976)'. There are two types of individuals that differ only by their
probability of accident : 0 < p < 1,]e {HL} for high and low risk, and p" > p. Each iqdividual
has a von Neumann-Morgenstern utility function U(W,) with W, being his wealth in the loss (i=2)
and no-loss (i=1) state. The function U() is strictly increasing and concave in wealth (W) which
means that U'(W) > 0, and U*(W) < 0. We can write a consumer's | expected utility facing a
contingent wealth Wi = (W,\W,) as V(p'\W) = (1-p) UW,) + p UW,) and his best weltare

opportunity as V.

' womwmummmmmmm:m-m
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The no-loss state is characterized by the individual weaith W while the loss state implies a
monetary loss (d > 0). Consequently, the individual's j expected wealth can be written as W-pd

and the average per capita wealth as W-pd where p = ApH+(1-Mpland A (0 < & < 1) i$ the
proportion of high risks in the population.

Using the framework of Crocker and Snow (1988, 1986) and, for the moment, limiting ourselves

to the case V¥ < V(p*F) where F is the equal per capita full insurance allocation (F = W -pd),

we can write the problem of efficient allocation as :

Max V(p", W)
wHwt

subject to :
a resource constraint (v) Ap(p"W*) + (1-3)p(p- W Y-Wz20
where P(PLWY = (1-phW, + plW,«d),
self-selection constraints (1)

Vip'Wh 2 vipiwy for jke {HL}
and j#=k

and a constraint on the welfare of the type H individual (8)
VipHWH 2 ¥,

We can summarize the main result of Crocker and Snow by the following theorem :



THeOREM 1 {Crocker and Snow, 1986) : A solution to the efficient aliocation problem satisfies
the following necessary conditions :

W, =W, (a
V(pHNVH) = v(pH.wL)
V(ph WY > V("W ()
A-PYUWS _ M1 U W) +(1-(1-p U W) 1 +Bld ©
PLUW;) AR (Wg) +(1-A)p U (W5 )1 Bl
A p(pM W) + (14) p(p W) = W @

Condition (a) states that the high-risk individuals receive full insurance and condition (b) says
that they are indifferent between this allocation and that provided 1o the low-risk individuals. The
latters strictly prefer their risk-type allocation. Condition (c) determines a particular optimal
allocation on the FL locus in Figure 1 while condition (d) indicates that the per capita resource
constraint is binding.

When the utility constraint of the H-risks is binding, the solution is of the type {H,L) in Figure 1.
Otherwise, § = 0, and a solution is represented by, both, a tangency between locus FL and the
L-risks indifferance curve (W') and by (W").

The problem with the above analysis refies on the conditions that characterizes the efficient
solution. First, we will show that, in general, the locus FL is not strictly concave as shown in
Figure 1. In fact, we will provide a sufficient condition on the utility function to obtain that the
locus is strictly convex. in that particular case, which rules out, for example, constant absolute
risk aversion, we will show that the above analysis is adequate. However, the graphical
representation of the results in the contingent incomes space will have 1o be modified.

More generally, or when the sufficient condition is not imposed, the frontier can be concave but
cannot ba strictly concave on all the FL locus which implies that we have 10 verity if there still
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exists a one-in-one correspondence between market equilibrium and second-best efficiency.
We will also verify the consequence of the different configurations on the second-best efficiency
frontier in the expected utility space.

As pointed out by Crocker and Snow (1986), the siope of the FL locus is given by the right hand
side of condition (c) with § = 0. This can be rewritten as :

LW AP - aNpu W B ()
aw, ApRU(W2) « (1-0)ptur (W) ¢

Therefore the curvature of FL has the sign of (see the proof of Proposition 1 for details) :

IWe MU WHAML) + (1-4)(1-p YU (WA WS (W /aw

dw,2 c
2)
B(Ap "U" (W) AW, ) (WB) - (1-1)p U" (WS AW (W /aw.y
+ CQ
Y
where AW} = L (w'). j={HL}
uw
i={12
is the measure of absolute risk aversion,
We now present our first resuit,
L
Proposition 1 : A sufficient condition to obtain ; 20 for all (W'W,Y is that
dw,

AW  Uw

— e L 2 DY with WH > WAL
UMW Aaw e

Prootf : See Appendix.



The sufficient condition implies that the measura of absolute risk aversion is strictly decreasing.
However, strictly decreasing risk aversion is not sufficient. A stronger sufficient condition to

X ’ X
AWz) . UMW2) o forall W 2 W,5. The foliowing coroliary

obtain the desired result is that
AW U W

proposes three necessary and sufficient conditions on U that are equivalent to satisfy the above
condition and consequently the sufficient condition in Proposition 1.

Corgllary 1 : The following equivalent conditions are necessary and sufficient to obtain that

AW, ), UMW, )

UMW) 1 forall W)z wW,"
A(w,“) Twh

. AW) | . .
i) T is non increasing.

ii) P(W) - 2A(W) 20 where P(W) is the measure of absolute prudence
(Kimball, 1990)%.

1
il — . i5 CONVex.
) u'(W)

Proof : See Appendix.

it is straightforward to verify that poth the logarithmic and the power utility functions satisfy the
conditions to obtain a strictly convex efficiency trontier. However the exponential function does
not satisty the above condition nor the quadratic utility.

Moreover, by evaluation of (1) at point F of Figure |, we obtain that the frontier is necessary
linear at that point whatever the nature of the utility function. The slope of FL evaluated at F
where WY = W," = W,' = W," is given by :

AW afpM e (1pY (1B
[

dW,‘ )..p"*(1-?~)p"
2 OnothetappkﬂmdmownaptdpmdmmEodthoud!andKiﬂbd(!M)dedmem(ﬁﬁ) On
the correspondence between risk aversion and pr khoudt and Schiesinger {1994)
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which is the slope of the pooling budget line®. From the analysis in the Appendix, we can show
thatthe FL curve is necessary convex around F since the pooling budget line is necessary below
the efficiency frontier. This implies that the efficiency frontier cannot be strictly concave
everywhere as shown in Crocker and Snow. For example, the cubic utility function generates
a frontier that has the following configuration :

The specific example of Figure il raises the conventional Question on the possibility to achieve
asecond-best efficient aliocation by a decentralized economy. To be more precise, is it possible
to construct a counterexatﬁple where two aliocations, such as points A and B in Figura I, satisty
the necessary conditions of competitive equilibrium but correspond to two different levels of
welfare? In other words, is it possible to draw two indifference curves that are tangent to the
efficient frontier at points A and B respectively {necessary conditions) but correspond {0 two
different levels of welfare for both the low fisk and the high risk individuals?

In the next section we will show that such counterexample cannot be set up and we will show
that an indifference curve that is tangent to the efficiency frontier cannot cross the frontier at
another point. This proof will also be sufficient to show that, when the frontier is strictly convex,
the correspondence between second-best optimality and market equilibrium is maintained.

3. CORRESPONDENCE BETWEEN SECOND-BEST PARETO OPTIMALITY AND
MARKET EQUILIBRIUM

As we discussed in the previous section the existence of muitiple equilibria would imply that the
indifference curve (tangent to the sfficiency frontier) of the low risk individual has more than one
contact point with the frontier. In the next figure we provide such a configuration where the low
risk indifference curves have two tangency points with the efficiency frontier. These points are
now only necessary conditions {not sufficient) to determine the optimal solution since point A is
prefered to point B by the low risk individual,

We now show that such situation is not possible since an indifference curve cannot have two
contacts points (like B and C) with the efficiency frontier. Therefore, if Bis a tangent point, A
cannot be prefered by the low risk individual or even cannot exist because it would imply that
the two indifference curves intersect,

See Pannequin {1992) tor a similar obsetvation,



Propositi n2: An inditference curve tangent to the efficiency frontier cannot have another
contact point with the frontier (tangent or not).

Proof . See Appendix.

We can also show that the second-best frontier in the expected utility space is always strictly
concave whatever the shapa of the efficiency frontier in the income-states space which confims
the above analysis on the one-to-one cormrespondence between equiibrium and efficiency
whatever the shape of the efficiency frontier in the income-states space.

Proposition 3 : The second-best frontier in the expected utility space I8 always strictly
concave.

Proof : See Appendix.

Now the question is : Why non-convexities in the efficiency frontier do not introduce problems
of correspondence between equilibrium and efficiency as in any other resource allocation
problem with non-convexities? The answer to this question fies in the composition of the
ingredients that compose the trontier. This frontier is not completely exogenous of the expected
utility of both individual types. When A = 1 the frontier is always strictly convex whatever the
utility function and, in fact, corresponds to the indifference curve of the high risk individuals
evaluated at the low risk individual wealth levels (W,L,W,5) which has always a slope lower than
that of the low risk individuals, Wheni <1, it is a combinaison of both the high and fow risk
indifferance curves and, when A = 0, it is equal to the zero profit tine of the low risk individuals.
Then, when the sufficient condition of Saction 2 is met to obtain a strictly convex frontier or for
any convex portion of a general efficiency frontier, its curvature is lower than that of the low risk
individuals indifference curve at each point. When the risk aversion functions are such that the
frontier can have concave portions, the curvature of the frontier in these portions is even lower
to that of the low risk indifference curve since it is now of opposite sign (negative).



CONCLUSION

In this paper we have shown that the presence of non-convexities of the efficiency frontier in tt
incomes space does not affect the Correspondence between market equilibrium and efficien
in insurance markets with asymmetric information. This implies that ail second best allocatior
in presence of adverse selection can be achieved by decentralized markets without any furth
restrictions on the market behaviour of the panicipairts than those already in the differe
models. The result is explained by the fact that, in this environment, the shape of the efficienc
frontier is endogenously determined by the nature of the insureds utifity functions.

One may question whether these non-convexities can affect the conclusions about ris
categorization {Crocker and Snow (1986), Henriet and Rochet {1987), Bond and Crocker (1991
and Puelz and Snow (1994)]. In this conclusion we shall fimit our comments to costles:
categorization variables (age, gender, type of car, ...} which correspond to some applications ir
the insurance industry. The main resuit of Crocker and Snow {1986) is to demonstrate tha
costless categorization introduces a Pareto improvement over non-categorization for many
equilibrium concepts. in particular, they show that with two categorization variables A and B,
any pair of contracts (A"A") and (B".8Y) can be Sustained as a Miyazaki-Spence-Wilson
equilibrium.  Categorization with appropriate taxes* improves the initial solution (without
categorization) yielding a categorization efficiency frontier above the frontier without
Categorization, that represents a potential Pareto improvement. Since itis easy to show that the
categorization efficiency frontier with appropriate taxes on contracts has the same properties

than the efficiency frontier studied in this article, the categorization equilibrium remains unique
and efficient.

‘ See Henriet and Rochet (1988 for another form of public intervention based on the uantily of insurance instead of
one on price or taxe. Tbiyobt’ainoquwalm rmmwmmesmmbﬂwqomezyuiMmaﬂdopﬁmam.
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APPENDIX

Proofs of different resuits

Proof of Proposition 1 : We present the detailed proof for the case below the 45 degrees
line. By symmetry, the proof is identical for the case above. (A1) and (A2) are the
binding constraints to the program in Crocker and Snow :

UOWY=(1-p U, +p MUWY (A1)
AW {1 -1){(1-p YW, +p ‘W, -W 5D (A2)
The total differentiation of (A1) and (A2) yields :
(W)W, = (1-p MU' (W, )aW,op MU (WS aW, (A1")
AW, o(1-1)[(1-p YW, +p aW,]=0 (A2')
(A1') and (A2') can be rewritten as :

M- "YU W) (1 -0)(1-p YU (W oW, = (A3)
o MU W2)+(1-1)p LU(W, o,

From (A3) we derive the expression of the slope of the efficiency frontier denoted as Pt

P, = -IWr | M1 UMW o1 AN -p YU WY
int

pryery AT L W (A4)
aw, Ap MU(W,) +(1-M)p LYW,

In order to simplify the notation we write P, = 8 with

B=A(1 f MWW 1-1)(1-p YU W,
and C=2p MU'(Wy) (1 -A)p LW,
The curvature of the frontier in the wealths space is given by :

d2w}l H,
?w"':' ) ‘é‘“’*”’“”(ww’“) * (1-A)1-p YU (W, YW, Taw,h]

%pp MU (W2 YAWTOW,) + (1-00p LU (WY (WL aw)
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which can be rewritten by using the measure of absolute risk aversion

A(W")--U”‘w‘l’>ov1=n.t. and i=12
uwh

20, L
%w-% - %lw PHUWIANLY + (1-)(1 DU WIAW AW laWi )] (AS)

*g-,-m "u'(w:ww;)(%) = (1-M)p LU (WA, AW, oW, ]

From the total differentiation of the profits constraint we obtain the value of :

aw,' (1-M), {1-A) dWaL {(1-\) B
= - 1-pY-. pt = - 1-pY -p'= AB
daw,t A ) * . dw! A (- c (A8)

with (1-pY - p‘% - %xp H(1 -p YU W) -p {1 P MU W, )L

aw,"

Since U"(.) <0 and p* > p* we have : (1-p)-p* 8,0 .
[ aw,

<.

Substituting (A6) in (A5) we obtain :

d2W, 1 ,
e T M1 U WHAW) +

: [—Q-?X(i—p‘)u'(wz“)l\(w“)((“?‘) ) P'g']] :

862 L L (A7)
2 boruoviiaw]
2 [iatowmmmi{rsn -5+3))
or after some manipulations :
S
AW R (1-p U WA
aw, v
(AB)

- (@ ~x)a)’U'<w:‘)A<w:>((1 Y - p~.g)'
Hy §e B:
+pHU (w;vA(w:)E-,l .

The first and the third line are positive while the second line is negative.
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After further manipulations,(A8) can be rewritten as :

Wi
aw,?

- E%{U'(W.‘w'fwzﬁu'(w:izn P X1 -Ap o tAW,)

* 2p"0 {1 p M1 p ) (1-APAWSY

* 20 "M1-A)(1-p (1 p AW, (A9)
+ U'(w,%uww;ivp (1P MUWHAW, )+ Y1 p HPUrwWHAWS))

* VWU W (1-p Mp 12 AU W IAW,) p 421 -p My AW HAW)

+ U(W U W, (1-a%% %1 p PUWIAW,)(1-1)% 21 p L)EU'(WbA(w:)]}

The first two expressions in square brackets are positive while the last two are
ambiguous. Then a sufficient condition to obtain that {A9) is positive equals to :

Ur(w, L . Yl u U WHAW,)
119" GrwE PP U W D41 U] > pH(1-p s wfp U WS IAWL)
pY1-p¥) S [20 (199095 {1 p Murw ] > pH1-p YUy {p WA

(A10)

Under risk aversion and since P" > p' the left hand side of {A10) is positive.
Consequently if the right hand side is negative the sufficient condition is verified. Then

i " H L
a sufficient condition to obtain 5. V2 >0is 3.‘.".’1.’_.*‘_"‘_’31 >p¥ v W wlo
W U(WHAW
Proof of corollary 1 :
" L
) The frontier is strictly convex if .‘i‘.“i';)f.‘.".":l 21 (A11)
Ur(W,)AW,"

1
(A11) a.f_(v!f_). 2 _“M, which implies that the ratio A,(W) is non increasing in
UMW) uw U'w)

W since W, < w,*:

i) The above condition that the ratio A'(W) is non-increasing can be interpreted in
terms of prudence and absolute risk aversion -

-13-



i)

By differentiation of the logarithm of (m) we have

AW) AW) _u'w)
[+ Ila ML [o 113 T 2N [+ 11 i ML
v TW | uw) UM _[UWE "{ [UWIF

AW)  dwW AW) ~ dW 0" (W) aw
-UrW) U (W) +2U " (W)U'(W)
L) UWr _ 207 (WUW)-Um (WU WIE ¢ g
u”(w _ UMW) "Wy
TWF
2U " (W) Unn(W) 2A S P
TW) 2 7w W) & 2A(W) s P(W);
g AW)
Finally the correspondence bstween U (W) < 0 and the convexity of (W) is
direct. In fact,
AW) g "W). { 1 2 1
[ Baa Ll S [+ L
UW) <0 e i‘“W)l’ <00 LUW) g0 YW >on
dw dw? daw?

Proof of Proposition 2

Consider B a tangency point between the low risk inditference curve and the efficiency
trontier {see Figure Il in the text).

At B, the two slopes are equal :

Pule = Pslg where P, ls is -{stope) of the low risk indifference curve and Pl is -(slope)
of the frontier. Consequently :

oY U‘(Wm) W-P“)U'(W.s)41~l)(1—9‘)U'(Wm) (A12)
Pt U'(Wae) M"U'(Wu)*(1~7»)9‘U(Wm)
A e"PY L uw 11 (A13
STy Y {u’(w,%) u’(w;)} )
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Suppose now that there exists a point C (as on Figure il in the text) such that the
indifferent curve V(p*, B) has another contact point with the frontier FL. At this point we
have '

Pule > Pele

AR spwy |t o1 (A14)
S T pqipy T Ve [u'(w,i) u'(w:c)J

A13) and (A14 vl -1 w1 ] s
(i3 and (A1g) = v d[w(w’:} U'(w;o]) " [Twg vy A1

Given the relative positions of B and C on the frontier, the following inequaiities
U'(stL) > U'(WscL)

U (W) < U'(W,ct
U(W,g") < UW, )

yield : UwWa - 1wy [ -1 (A16)
UWie)  U(W5) U(Wie)  U'(Wa)

(A18) is the desired contradiction of (A15). Consequently, if B is an optimum, a contact
point like C cannot exist and, a fortiori, another tangent point such A in figure Il cannot
exist since it would imply that the indifference curves intersect.n

Proof of Proposition 3 :

The self-selection constraint of the H-risk individual can be written as:

(1-pMUW,) + pHuw,) = uw,) = v+ (A17)
while the expected utility of the L-risk individual and the zero profits constraint are
respectively equal to :

(1-PYUW,) + ptuwy) = v (A18)

AW s (10)[1-p 9w + pwl] - W - p. (A19)
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Let us define b= UWS, X = UWz) X = WY

- W= UGS, WE = U W U

The equations {A17), (A18), (A19) can be rewritten as :

(1-pHxi+p g = V¥ (A17Y)
(phxrping = V* (A18")
(A20)

AU “(x (1 M1 -9 ) +p U 0] = TT-BD.

HVL__vaﬂ ot sz - (1"9")\,“—(‘-9")\/"
L

1 L. P
(A17") and (A18) = x S ST

By substitution :

AU (VR (1 -x)[n oYU (%?l}p nE ((‘ P ")‘; :“_(;L‘p N "ﬂ - W-pD(A20")

The total differentiation of (A20") yields :

"

["“ vy 1R Ry ity - 2R "'(xa‘)}v o
L) p " _9 i
10 pL("“p")Uq’ L (1A p"(‘—p")u.v(xh}v;
[( e =T

<>
dvt p{1-p"U "'(xzk)'p H1-pY U "'(x"’) - _(i (A21)
v ﬁ%ﬂip“—p*)u e 19U -U )] "

which is the siope of the desired trontier. Since U(.) is a strictly increasing and concave

function, U'(.) is strictly increasing and convex :

Ut > 0etU™() > 0.
Then x!> x> xf = U > Uty > U(x2)

and p">pt=pH1pY >pHIPY:

-16 -



G in (A21) is then negative. Therefore the sign of 9 T ns given by the sign of H.

In the utilities space (V", V), the second best frontier is between B" and B* (see figure
IV in the text). From F to B, dz <0 and from J' to B, dz >0.

‘Showing that the frontier [F, J'' is concave is equivalent to show :

) when 3V" g dV¥
'

ol
i) when SV" g dvh o
av T

We are interested 1o the sign of the second derivatives

d*VH _ GH - GHr
ave A2

with G’ = - p_ti’r?{lU"'(xb (1-p" - ('-P‘)dvu}

Pp"pH
A-pYy e W_ oL dvH
(p-p)u x) [p Pt T

1’

= m(p Mp U (x,H 2L
-ELe e {( ‘35;}'"'0‘, {(1 1Py }H'(x, )]
The proof of i} is direct :

when %.;& ((1-9 -1 -p‘) Jand {p -pt :V J are positive such that G’ < 0 and
H <0,

On the other hand, H must be positive when %.L_ <0.  Finally,

GelO= Y arve - GH - GH <0
e H?

Awmmmmmmﬁ;ndmmmwbmmm.
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Prootf ot ii) :

We know that G < 0 and H < O implies %_‘\;_'.:. >0. The signs of

(p“-p"%.) and ((1 - -1 ~pl)%) cannot be obtained directly.
H LG -
prP I

G 1 1 ¥
o3 - L0 - TpHp -9 U oY +
(1-0p P * YU (x3)] < 0 since H < 0 and U > 0.

a-om-1pu3|:
Lw“)-ﬁ-p‘)—-] _-[(1—p")H—(1-p‘)G]
Tha et (xJ‘) . (1A YR P YU ()] < O

since H < 0 and U™() > 0.

Consequently G' > 0 et H' > 0.

Sg(G'H-GH")
= p (1‘9 TR
G'H-GH’ ._Tw a2 P )u (Xz){ﬂ-P")H-U-P‘)G]
o x)-"—%f—}-}u el - VAR TLATEY Y (a22)

1 -ME(E‘S,}%;’-‘;[U +x(p*H-pG) + U (s ){u -pHH-1-p45]}

After some algebraic manipulations (A22) becomes :

aHeaH = Lotk P S
at-pr-pHfa-pue —M")]u U )
AP (1S -p MU (I k)
(1A %w»[w»% - (1-9“)}1 U )

(A23)

G'H - GH’ is positive since each line of (A23) is positive.

dVH _ GH-GH

il vE > 0.0
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