Upstating time non-separ able Discount factorsfor uncertain cash flows

Prdiminary and incomplete verson 21-03-06 (please quote!)

Robert Kast, CNRS, LAMETA, IDEP, kas@ensam.inrafr
André Lapied, Université Paul Cézanne, GREQAM, IDEP, lapied@univ.u-3mrsfr

Abstract:

The net present expected value of a cash flow is extended to nonadditive integras and
discounting, in order to represent preferences of a decison maker averse to uncertainty as
well as to time varigbility. The future is formaised as the product of the space of uncertan
dates and of the space of dates Consgtence of vauation with the arrivas of information is
explicitly defined and assumed. In a firsd step the updating rule for capacities obtained by
Lapied and Kast, 2006 is presented according to the usuad hierarchy between uncertainty and
time (discounted Choquet expectations). Then, the inverson of the hierarchy is questioned to
address particular management gtuations. Findly, "updaing' rules for time non-separable
discount factors are derived (expected nonseparable discounting). Both updating and
upstating rules are dynamicaly conggtent, but are shown to violate consequentiaism.
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Introduction

Conditioning expectations about a future cash flow makes sense in a dynamic setting: At each
information ariva, the future cash flow is associated to a present certainty equivaent
representing the agent's preferences given the information. The dynamic is generated by
information arrivas tha make preferences change. Preferences bear upon payoffs that are
uncertainty contingent and aso time contingent. In this paper, preferences are represented by
integrals in which the agent's behaviour is grasped by a measure on uncertainty and a measure
on time. In the line of Yaari, 1987, in the case of risk, Chateauneuf's, 1991, modd where
preferences are represented by capacities is invoked here, convex capacities grasp uncertainty
averson. Smilarly, discount factors define a measure on time representing such preferences.
Following Gilboa, 1989, Shaev 1997, Chateauneuf and Rebillé, 2003, they may be time non
separable and convexity of the measure on time formdises averson to time variability of
payoffs.

The usud way to ded with "expectations' about the future is to mimic the accountants
method for discounting past cash flows (therefore well cdl "discounting” the expectation
about future time and reserve "expectaions' for uncertainty). This condsts to summarise the
cash flow by a linear integrd with respect to a measure of (past) time defined by discount
factors. In order to apply it to future cash flows in the case they are random (in fact
measurable red functions on the set representing uncertainty) the usud way condds of
imposing a hierarchy between the two sets:

- First, expectations are computed at each time with respect to some measure on the
uncertainty space that represent the relative importance of one dae over the other:
Expectations yield certainty cash equivaents.

- Then these expectations are discounted by factors that represent preferences for cash
avaladility a one time over another one (preference for present consumption):
Discounting yields a present equivaent of the expectations cash flow.

This hierarchy is somewhat arbitrary. We argue in this paper that, dternatively, an agent may
consgder trgectories one by one, on which time can be discounted, and then take the
expectation of the different discounted payoffs on such trgjectories to obtain a certain present



vaue. It so happen that if both expectation and discounting are computed by linear integras,
and that discount factors are independent of the trgjectories, both vauations are equal.

However, if the integrds are not linear, this result doesn't hold anymore. Simple counter
examples will show why. One hierarchy may be favoured over the other depending on which
one out of averson to payoff uncertainty or averson time varigbility of certanty payoffs is
given dominance.

Most of the literature on the subject has concentrated on uncertainty only to represent the
future, in this paper ingtead, time is explicitly introduced and the future is the product of two
measurable spaces. After having presented results using the usud hierarchy, we address the
problem of favouring the hierarchy: Time and then Uncertainty.

The first section of this paper is devoted to the modd and notations used in the remaining of
the paper. In the second section, we summarise results of Lapied and Kast, 2006. The third
section questions the inverson of the usuad hierarchy referred to in the previous section and
illugrates the discusson with an example of the management of solvability condraints by an
insurance company. Section 4 presents the man results of this pgper on the "uspdtating” of
discount factors in a modd where discounting is computed according to a non-separable
integral but expectations are additive. In the last section we explan why in non-additive
models, both the updating rules and the updating rules are dynamicdly congstent by
condruction: they violate consequentidism.

1. The mod€

The following notations will be kept thorough the paper:

Uncertainty isdescribed by afinitesst S= {1,..., §. Timeisafinitesst T = {1, ..., T}.

S is endowed with a filtration indexed by time: F = {Fy, ..., F},with F11 ...1 Fr=25 Tis
endowed with the dlgebraof itsparts: 2"

A cash flow isapostive red function:

X: RT> Ry, and X = [X(1,2), ..., X(S1), ... X(ST)].

In the following, a cash flow is often consdered as a stochastic process adapted to F:

X= (X1, ..., X7), with X; = X(.,t), Fr-measurable, fort=1, ..., T.

A cash flow can dso be consdered as a list of trgectories indexed by dtates in S A trgectory
iIsa messurable red function:

" sT S XS =[X(s 1), ..., X(s, T)] with X(9): (T, 2") > R..



Without loss of generdity, let us add to any cash flow X an “initid" payoff such that:
"dS"tiT X(0,0) =0£ X(s,t).

Information isyielded by F-measurable random variables Y; indexed by some datest inT.
Preferences of the agent on cash flows are decomposed into two preferences:

- Preferences on S-contingent payoffs will be represented by an expectation E with
respect to a measure mif it is probability disribution, n if it is a capacity, mor n:2" > [0, 1]
with n{AE B) + m(AC B) = m{A) + n(B), but only n(A) £ n(B) if Al B. Andlet'snote:

"sl§ "t T, Dn(st)= n{s |l S/ X(s,t) 3 Xt} -n{s=01..,S/ X(s,t) > X(st)},
which collgpsesto Dns,t) =n{{s}) = n{s) for aprobability.
With these notations, we can define the expectations of uncertain payoffs (certainty

equivaents): "0 T, EK) = § Xi(s) Dn(st) (1),
s=0
orEX) = X9 (1).
s=0

- Preferences on T-contingent payoffs will be represented by a discounting D, i.e. an
integral on trgectories with respect to discount factors p if they are time separable and r if
they arenot: p orr: 2" > R, , and let's note:
sl S "t T, Dr(st)= rf{tl T/ X(st) 3 Xt} - r{t=0,1,.., T/ X(st) > X(st)},
which collgpsesto Dp(sit) = p({t}) = p(t) for a separable discounting.

We can define the discounting of payoffs trgjectories (present equivaents):

" sl § D[X(s,.)] :g X(s,t) Dr (st) (2),
t=0

or D(X(s,.)] = tgo X(s,t) p(t) (2).

At this sage, the usud way to vaue a cash flow X is to impose a hierarchy between
uncertainty and time: Fird, uncertainty is integrated at each date (Expectations of the X;'s) and
then the trgjectory of the certainty equivaentsisintegrated (present equivaent):

- Firgt, Expectation (certainty equivaent) at each date are obtained by formula (1).

- Then, Discounting (present equivdent) on the trgectory of cetanty equivdents are

computed according to formula (2).
- The Discounted Expected cash flow (present certainty equivaent) is given by:

DE(X):g_ [§ X(s,t) Dn(st)] Dr (st) 3.
t=0 s=0



However, there doesnt seem to be any reason why not favour the revert hierarchy: Firdt, time
is integrated dong each trgectory (present equivaents) and then the random present
equivaents are integrated with respect to capacity n, which amounts to:

- Hirst, Discounting each trgjectories (present equivaents) are computed by formula (2).

- Then, Expectaion (certainty equivaent) of the present equivdents are obtained with

formula (1).
- The Expected Discounted cash flow (certainty present equivaent) is given by:
ED(X) = 5 [ 5 X(st) Dr(st)] Dn(st) 4).
s0 t=0

Note that, in the usual net present expected value, the two hierarchies yidd the same result,

because of additivity:
IO § 3 _
DEX)=a [a Xsyme]l p)=a [a Xsb) p)] nis) = EDX) (5).
t=0 s=0 s=0 t=0

2. Discounting Choquet Expected cash flows

In this section we summarise Lapied and Kast's, 2006, results where the usud hierarchy: Firg,
Uncertainty, then Time, is favoured in the vauation of a cash flow. Furthermore, discounting
is assumed to be time separable (Koopman's, 1965 axioms for preferences for present
consumption, here cash value) with respect to discount factors p. Expectations correspond to
Chateauneuf's, 1991, axioms yidding a subjective Choquet integra with respect to a capacity
n. This is the Discounted Choquet Expected process payoffs vauation, a direct extenson of
the traditiond Discounted Expected process payoffs with classcad linear expectaions and
time separable discounting (formula 5). Vauation (present certain payoff equivdent) of a
cash flow X is then obtained as:
DE(X) = DI(E(X(.,1),..., E(.T))] =g [g. X(s) Dn(s;t)] p(t) (3).
t=0 s=0

Information is released by a process (Yi)i=2.. 11 With vaues is some st | that well assume
finite. At datet, informationis[ Y;=i] 1 F:.

In order to integrate dynamics and information arivals, two more axioms on preferences are
added: Modd consstency and Dynamic consstency (Sarin and Wakker, 1998, express them

in terms of preferences in a gatic framework).



Model Consistency: for any date t and information [Y; =i], conditiona preferences saisfy

the same axioms (here, Koopman's + Chateauneuf's) and expectations and discounting are

computed according to the same models as before.

Here, EM™! is the conditional expectation with respect to a conditiona capacity n[t™" (that
will be defined impliatly). Furthermore, the conditiond discounting is assumed to be
independent of i: D'. The conditiona discounted expectation of X at date t when an
information at datet isobserved, I; = i isgiven by:
D' ENF (X) = 5 [§ Xi(s) Dnlt=(s0)] p'(t).
t#+ s0

In Lapied and Kast (2006), Dynamic consstency is derived from the axiom that Kreps and
Porteus (1978) cdled Time condgtency in an optimisstion problem based on additive
expectaions. We shdl keep thisformalisation in the following of the paper.

Dynamic consistency:
" t1 T, DE(X) = DE[(Xq, ..., Xt-1, Xt + D'EMt =1(X), 0, ..., 0)].

Applying this formula to a particular cash payoff: X = (0O, ..., Xy), an implicit definition of a
conditiond Choquet integra is obtained:
DE(X7)=DE[D'EM="(X7)],
or, because the separable discounting on both sides of the equation Smplifies avays.
E(X7)=E[EMT (X)) L.

From this implicit definition of conditiond Choquet integrds an updating rule for cgpacities
is derived from the definition of conditiona capacities n(A/B)= EMg™Y(1a), where 1, is the
payoff (1 if ate is in A, O otherwise) and 1z is the information function (B if 1z = 1, B°
otherwise). The rule can be explicitly computed in two cases:

- If information is comonotonic with payoffs, i.e. A | B (or B | A), Bayes rule

n(A G B)

prevals n (A/B) = n(B)

! Notice that thisis the classical implicit definition of conditional Lebesgue expectations, in the case where the
capacity isaprobability. To be more precise, the formula considers all integrals truncated on subsets of S.



- If information is antimonotonic with payoffs ( -1a is comonotonic with 1g), i.e. B |

n(A E B®)-n(B°)
1-n(B%)

A (or A°l B), Dempster-Shafer's rule prevails. n (A/B) =

Because comonotonicity concerns payoffs that cannot be avalable after information is
reveded, this two-sided updated rule, and hence the modd, violates consequentidisn®. It is
known (Sarin and Wakker, 1998) that, otherwise, only the Gilboa and Schmeidler's, 1989,
multi-priors modd could be consgtent with dynamic condstency, modd consstency and non
additive expectations.

3. Questioning the inverson of the hierarchy between discounting time and taking

uncertain payoffs expectations.

At firg glance, it may seem that the sats Sand T play symmetricd roles in the description of
the future , however, what they represent isnt symmetricd: in S a state s OR a state s may
obtain, whilein T, a date t AND a date t' will be reached. This logicd difference mixed with
the mahematicd gmilarity of the representations meke the reasoning confusing and the
goparent symmetry is mideading. For ingance, as we shdl see through the following
example, the two hierarchies between the integration of time and of uncertainty consdered in
section 1, do not yied the same vaudions of future cash flows. This is in contrast with the
classcd Net Present Expected Vaue, where formulas (3) and (4) collapse into (5) because of
additivity of both measures.

In the following example, discounting is computed according to a non-negaive non
decreasing measure on (T,2" ), expectations are done according to a Choquet integral and the

two hierarchies between Time and Uncertainty integrations are considered.

- Hierarchy 1: Uncertainty then Time
Formula (1) then formula (2) are combined to yied the present certainty equivdent of cash
flow X according to formula(3):
N
DEX)=a [a X(st)Dn(st)] Dr(st) (3).
t=0 s=0

- Hierarchy 2: Timethen Uncertainty

2 A counter exampleisgivenin Lapied and Kast, 2006.



Formula (2) then formula (1) are combined to yield the certainty equivaent of present payoffs
of cash flow X according to formula (4):

ED(X):g_ [5 X(st) Dr(st)] Dn(st) (4).

ss0 t=0

Congder two risks, X and X' as representing the (negative) payoffs of an insurer over two
years. X corresponds to the cash flow of a credit risk, i.e the reimbursements (negative
payoffs) of some insurance on default over two periods. When there are no (or few) defaults
in the fird period, it is a 9gnd that the business cyde is high and is likey to increase agan
or begin to decrease in the second period. But, if there are many defaults in the first period,
the decreasing business cycle has dready began and it may rise up some or become worse in
the second period. For instance, let X bethecash flow on S= {s1, &, s, &4} ad T= {1, 2} with
X's payoffs.

Xi({si}) = Xa({s2}) = 0, Xa({se}) = Xa(fsa}) = 1,

Xo({s1}) = 0, Xo({=2}) = Xo({se}) = 1, Xo({su}) = 2.

X

0
X' is the insurance (negative) O ffs of an indusid risn wdrance In this cax, a difficulty

occurring during the fird period, when the production is not very large yet, yidds an
information and is assumed to develop prevention measures able to reduce the risk in the
second period, when production becomes important and the risk would induce higher
casudlties. For instance, let X's payoffs be such that:

X1({sih) = X1({=2}) = L, X1({ss}) = X1({ss}) = O,

X2({s1}) = 0, Xo({}) = X2({se}) = 1, Xo({sa}) = 2.



Suppose that nonseparable discount factorsr and capacityn are such that:
r{,2)=18r()=09r( =082

N({s1, &2, S8, &}) = 1, n({s1, &2, s4}) = 0.9, n({, 83, u}) = 0.6,

n{se %2}) = N2, s4) = n{Ss, ) = 0.5, n({s2}) = 0.1, n({sa}) = 0.3

Then, following the second hierarchy:

D[X(s1)] = 0, D[X(s2)] = 1 (2), D[X(ss)] = r (1, 2), D[X(4)] = 7 (1, 2) + 1 (2),

ED(X) = r (2) n({s2, ss, su}) + [ (1, 2) -1 (2)] n({ss, sa}) + 1 () n({su}) = 1.22,

D[X(sp)] = r (1), D[X(s2)] = r (1, 2), D[X(s8)] = 1 (2), D[X(x)] = 27 (2),

ED(X)=r(2) + [r(1)-r (] n{sy, 2, sa}) + [21 (2 —r (1] n({sz, s4})
+[r(1,2)-2r (2] n({}) = 1.26.

According to the fird hierarchy:

E(X1) = n({ss, s4}), E(X2) = n({s2, S8, s4}) + n({sa}),

DE(X) = r (L, 2) n({ss, su}) + 1 () [n({s2, S8, su}) + N({sa}) —n({ss, su})] = 1.22,
E(X1) = n({s1, &2}), E(X2) = n({s, s3, u}) + n({sa}),

DE(X) = r (L 2) n({s1, &2}) + 1 () [n({s2, S8, S4}) + N({su}) — ({1, &2})] = 1.22.

The inequdity ED(X') > ED(X) shows that X' hedges better than X againg payoffs variations
in time, given the decison maker is adverse to these vaiations. The insurance premium will
be lessfor X' than for X. The criterion ED cannot capture this effect because ED(X) = ED(X).

This example induces us to consder the second hierarchy in next section.

4. Non-separable discounting and additive expectation of a cash flow

® This corresponds to preference for present because r(1)>r(2) and variation-aversion because
r(1,2) >r (1) + r (2) (convexity, or super-modularity).

“ This corresponds to risk-aversion (convexity).



In this section, we congider the specid case where the measure on uncertainty is a (subjective)
probability m and the hierarchy is the second one: Firgt time is integrated with respect to nor:
separable discount factors on each trgjectory, then uncertainty isintegrated with respect tom

The present value of cash flow X isthen given by its Expected Discounted process payoffs:

ED(X) = g‘o [g'o X(st) Dr(st)] ns) (4).
S0 t=

Let information be given by Y; , an F;-measurable function into (I, 2), wheret =2, ..., T-1.
The two supplementary axioms of section 2 have to be modified in ther expressons, they
become:

Model Consistency: for any date t and information [Y; =i], vauations are done with the
same formulas as before.

Furthermore,  the conditiona discounting D' is assumed to be independent of i and EDIYf! is
the conditiona discounted expectation. The value of X at date t when Y; =i (an information at
datet) isobserved is:

DM = & DXl mhI9=8 [& Xsn Drisp] -,
s=0 ss0 t=0

Then, Dynamic consistency becomes:
"t=1,..,T-1,ED(X) = ED[(X1(S), ..., Xt-1(9), X:(s) + EMt ="D'[X(9)], O, ..., O)sl vt =] -
Or, in thismodd:

EDX) = MO XSOOSOl HrOXE@+ & MO8 X Drisl).
s=0 t<t 0% =i t>t

We firgt concentrate on riskless cash flows X = (X, ..., X1) wheredl x;' are payoffs.
Let us consder aset of date EI T, and, in order to smplify notations, let: t ~= {1, ..., t- 1}
andt® = {t+1, .., T}h

ED(1g) = D(1g) = r (E), ED'(1g) = rY(EC tY), so that if we note:
Te=((LeC )yl t LG +r'(EGLY),0, ..., 0),
Dynamic congstency can be written as: ED(1g)=r (E) = ED[(1tE )].

10



Propostion 4 : Under the Modd and Dynamic condstency axioms, we have the "updtating”
formulafor discount factors applied to a subset E of T:

r(E)-r[(ECt )E{t}] (4.1).
r{t})

1. Iftl E: r'(ECt™) =

2. Iftl E,and r (E)3 r[(ECt)E{t}]:
r(E)-r[(ECt )E{t}]+r({t}) 4.2)

r'(ECt™) =

r{t})
3.0ftl E;and r (E)Er[(ECtT)E{t}]:
rt(ECtY) = r(E)-r(EGt) 4.3).
(ECt) r(ECt)E{t}]-r(ECt") “3
Pr oof:
We have to consider two cases.
1. Iftl E:

ED(Lg) =r [(ECt)E{t}]+r{t}r' (ECt™).
2. tl E, again we have two separate two sub-cases:
21 rY(ECt™)3 1, then:
ED(lE)=r[(ECt )E{t}+r {tHIr (ECt™)-1.
22. rY(ECtM)EL then:
ED(g)=r[(ECt )E{t}Ir' (EGtT)+r (ECt)[1-r' (ECt ).
Dynamic condgency is ED(1g) = ED(ltE) and yidds the "updaing' formulas under the

equivaent conditions givenin the propogtion.
In the more familiar casewhere E= {1, ..., t} we have the following:

Corollary :
Under the Modd and the Dynamic consstency axioms, the discount factor on future time
after information is released, "upstated” by the information Sateis

reT) @1ty gy
rqth

rt(t +1%,T}) =

Pr oof:

11



Even though propostion 2 is a specid case of formula 4.1, we can give here a smpler and
more direct proof. The expected discounted va ue of the unique trgectory is:
ED(X) = D(X) = é Xt Dr (t).
t=0

Smilarly, according to Model Consistency, the conditiona discounted vaue of X at datet is

t — I t
D'(X)= a x:Dr (t).

t=0

Congder the specid congtant cash flow 17 = (1, ..., 1). From Dynamic consgstency:
"t=2..,T-1,D(X) = D[ (X1, ..., Xt-1, Xt +D'(X¢+1, ..., X7), 0, ..., 0)] .we have:
D'(1n=r'{t+1, ..., THad DD =r {1, ..., tH + r{@PHri{t+1, ..., T}).
So that:

rtt +ava, Ty = LT ALY

r{t})
Using these updtating formulas to derive the conditional value of uncertain cash flow is left as
an exercise for the time being (the time the authorsfinish it, of course!)

5. Therole of consequentialism

We can see, through the inverdon of the hierarchy, the two meanings of consequentidism.
From the philosophicad definition of consequentidism (eg. Mac Clennen, 1990): decisons
only depend on their future possible consequences. The definition excludes consequences that
cannot be reached given the available information, but also excludes past conseguences, i.e.
the dependence on past results (behaviour regarding regrets, necessty to take more risk in
order to catch up past losses, etc.).

We see these two contradictions to consequentiadlism gppear respectively in the updating and
the updating rules presented in this paper: In the first gpproach (Discounted Choquet
Expectations), future payoffs that are not possible after information is reveded gill metter in
the vauation. In the second approach (Expectated non-separable Discounting) the past
payoffs that should not matter after information makes them obsolete, ill interfere with the
vauation of the future payoffs.

12



Let us sate consequentidism more formaly to better understand the reason why it may be
violated when time is explicitly introduced in the representation of the future. In the case of
the more familiar fird hieracchy (uncertanty then time) and the updating rule,
consequentialism can be expressed as in Sarin and Wakker, 1998, where only S represents the
future.

We have to compare four risks (measurable functionson §) X, X' and Y, Y' such that:

"sl B, X(9=X(9and Y(s)=Y(s)and " sI BX(s) = Y(s) and X'(S) = Y'(9).

Within the modd of section 2, consequentialism for measur able functions can be sated as:
D' ENMFT (x) 3 D' ENET (x) U D' EMET (v) 3 DU ENEY (Y)
This expresses that, after information "i" is reveded a time t, X, X' and Y, Y have the same
future consequences.
Lapied and Kast's 2006, show that their updating rules violate consequentidism because

payoffs that are not following information "i" may reverse the preference order.

In order to express consequentidism for certain trgectories, where only time represents the

future, let us condder four such trgectories.

Consequentialism for trajectories:
" X, X, Y, Y such that:

X = (X ¥a,% % 1%, X7 ), X = (X%, % X, Ya,Xr),

t+1’
Y = (Y178, Y % 0¥, %7), Y = (Y2 Ye Yy X, 1 Ya, X7 ), then
X is preferred to X' dfter information a date t, if and only if Y is preferred to Y after
information at date t. Or, within the mode of section 4, consequentialism can be formulated
by:
D' (X)3 D' (X)U D' (Y)3 D' (Y).

Proposition 5: The updating rules derived from Modd and Dynamic consgstency for non
separable discounting, violate consequentiaism for trgectories.

Proof: The proof is based on a counter-example.
Lee X=1=(1,0,1,0) andX= 1= (1,0,0, 1)

Y=1:=(0,0,1,0) andY = 1= = (0,0, 0, 1)

13



And information fal & datet = 2. Then, from proposition 4.2:
r(E)=r(1,3), r(E)=r(14), r(F)=r@, rFE)=r(4),

r(ECtT)E{t}]=r[(E Ct)E{t}]=r(12),

r[(FCt)E{t}]=r[(F Ct)E{t}]=r (2.
Suppose furthermore that>:
r@<r@<r@adr(1,2)<r(1,3)<r(149.
For E and E' we are in the case 2 and for F and F' we are in the case 3 of proposition 4.2,
then:
rL3-r@+r(2)
r(2)

t =3 A _r(4)
D (lF)_ﬁ' D aFJ_ﬁ’
and: D' (1g) < D' (1E-),WhiIeDt (1¢) > D' (L), inviolation of consequentilism.

r@4)-r@2+r(
r(2

D' (1e) = 1 D' (lE') - )

Concluding remarks

The reaults of this paper are founded on the explicit expresson of time that imposes a
dynamic sdting. Then, Dynamic consgency is the founding expresson of an implicit
definition of conditiond nonradditive integrds under the axiom of Modd consgency. We
know from Sarin and Wakker, 1998, that if furthermore Consequentialism was imposed as an
axiom, only Giloboa and Schmeidler's, 1989, multi-priors models would be condgtent with
non-additive expectations. A Smilar result would apply to non-separable discounting. This is
in contradiction with the preference representation models referred to in this paper, so it is no
wonder thet the results violate consequentiaism.

The same is to be expected for the more genera model where both expectatiions and
discounting are non-additive (formula 3). This is left to be addressed in further research that
are needed to explore the vauation methods relevant for the management of uncertain cash
flows such that reinsurance portfolios and the vduation of flexible invesments in
precautionary devices. Regarding the type of (scientific) uncertainty for the future that
necessitates precaution (instead of prevention), the further assumption that discount factors
are not dependant on the uncertain states need be questioned: In such Stuations, a measure on

® This corresponds to preference for present and fear for temporal concentration of payoffs.
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S T should represent the agent's preferences on future payoffs, and discount factors as well as
capacities should be derived fromiit.
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