Appendix III: Models of Ambiguity

Subjective Expected Utility (SEU)

The general form of the SEU model is

U(f)z/Su-fdw

where m € AS is a subjective probability over states of the world and u :
R, — R is a cardinal utility index over tokens. If 7 = (3.1,1) and u(t) =
—exp{—pt}, this becomes:

Useu(x; p) = 5 - —exp{—pa1} + 3 - —exp{—pa2} + 5 - — exp{—pa3}.

Maxmin Expected Utility (MEU)

The general form of the MEU model is

U(f):min/suofdw,

mell

where II C AS is a set of distributions over states. Here, we assumed II
corresponds to the set of possible distributions specified in the experiment,
IT = {7 : 72 = 3}. Maintaining the functional form for u, this generates:

—Zexp{—pz1} — Texp{—paa} i 21 <3
Umeu(x; p) = :
—Zexp{—pz3} — s exp{—pao} if 21 >3

Recursive Expected Utility (REU)

The general form of the REU model is

U<f>=/ASso(/Suofdw> an,

where € A(AS) is a probability over probabilities on S and ¢ : u(Ry) —
R is a possibly nonlinear transformation over expected utility levels. Assum-
ing ¢(z) = —exp{—az} and p is uniformly distributed over {r : m = 1},
this becomes:



Urru(x; ag, p) =

1 [3 —m1exp{—pz1} )}
— —expl — dmi,
awlto T { ° ( —g exp{—pra2} — (3 — m1) exp{—pzs} !

with «, defined implicitly as a function of « as follows:

30 N
a=|——— .
1 — exp{30ao} 0

The normalization of « in terms of ag is to control for differences in risk
aversion across subjects. Generally, comparison of ambiguity aversion across
individuals is a delicate matter. In the REU model, if the concavity of the
ambiguity aggregator is naively measured by ag, its values can only be
sensibly related when risk attitudes are similar. This is because the range
of utilities, [—1, —6*100/)], is a nonlinear contraction of [0, 100], the range of
tokens.!

To aid intuition, recall that the CARA coefficient mechanically decreases
if wealth is denominated in cents rather than dollars. Analogously, the util-
ity for wealth converts wealth levels to utility values and the rate of this
nonlinear conversion depends on p. Therefore, the estimated p mechanically
influences the estimated raw ambiguity coefficient ajg. A smaller p denomi-
nates utility for wealth in wider units (dollars), while a larger p denominates
utility for wealth in narrower units (cents). While raw ambiguity coefficients
ag are directly comparable across subjects which share p, this comparison
is more delicate across subjects with different risk attitudes.

To facilitate more intuitive comparisons, we chose to normalize the scale
of utility units for wealth so the thirty tokens is 30 units and zero tokens is
0 units.? If one subject’s normalized ambiguity coefficient « is higher than
another’s, then she will be more averse to ambiguous assets returning 30
tokens in good states and 0 tokens in bad ones. The implicit equation can

'For example, if p = 0.01, then the difference in cardinal utility between 100 and 0
tokens is 0.632, while if p = 0.001, this difference is 0.095.

2More concretely, the ambiguity coefficient is normalization can be viewed in the fol-
lowing manner:

Atokens

o ( 30 ) o 30— 0
~ \ 1 —exp{30ao} 0 —exp{—30ao} — (—exp{0ao})

Autility




be obviously altered to normalize the comparison for different token levels.
where the parameter « reflects the curvature of the second-order expected
utility index, thus measuring absolute ambiguity aversion.

a-Maxmin Expected Utility (a-MEU)
The general form of the REU model is

U(f):a-mig/UOfdw+(1—a)-rgeaé(/uOfdw,

(S

where C' C AS is a set of distributions over states and « € [0, 1] reflects the
relative weight of the worst versus the best possible belief given f. If we
maintain the assumptions from the MEU model that C' = {r : 72 = 3} and
u has CARA form, this specializes to:

_2 _ _1 _
3aex2p{ px1} 3exp{ pxa} iy < s
~3(1 - a) exp{—pza)
Ua-MEU (X5 00, p) = ) )
~Zacexp{—pas} — L exp{—pra)
—%(1 — a)exp{—pzx1}

Contraction Representation

if x1 > a3

The general form of this utility is:
U(f) :min{/uofdw iTE (1—6){5(P)}+6P},
S

where s(P) € AS is the Steiner point of the set P.? In the experiment, the

objective set of priors is P = {7 € A{z,y,2} : n(y) = %}, whose Steiner

point is s(P) = (%, %, %) Maintaining the CARA function over tokens, the
utility function over portfolios reduces to:
1—e
e - —exp{—pz}+ ,
1 ife <z
Lo —exp{—py} + U5 - —exp{—pz}
UC (X; €, p) = 1
+e
ST - —exXpl—pT |+ .
1 3 (Il)ie) P } ifz<zx
3 —exp{—py} + 5~ - —exp{—pz}
This is exactly a-MEU parameterized so o = % Since the contraction

model is not separately identified, we provide estimates only for the a-
MEU, which can then be interpreted for the contraction model through
the explained change of variables.

3The convex combination of two sets A and B is defined as the union of their pointwise
convex combinations: A+ (1 —A)B={Xa+(1—-Nb:a€ A be B}.



