
Note that

Gt(ω̄t+1, σt) =

∫ ω̄t+1

0

ω dFt(ω) = Φ

(
ln(ω̄t+1) + 0.5× σ2

t

σt
− σt

)
(1)

where Φ denotes cumulative standard density function,

using Taylor linearization

Gt(ω̄t+1, σt) = G(ω̄, σ) +Gω̄(ω̄, σ)× (ω̄t+1 − ω̄) +Gσ(ω̄, σ)× (σt − σ) (2)

reordering

Gt(ω̄t+1, σt)−G(ω̄, σ) = Gω̄(ω̄, σ)× (ω̄t+1 − ω̄) +Gσ(ω̄, σ)× (σt − σ) (3)

where Gω̄ y Gσ involve partial derivatives of Φ, so probability densities will
appear

dividing by G(ω̄, σ)

Gt(ω̄t+1, σt)−G(ω̄, σ)

G(ω̄, σ)
=

Gω̄(ω̄, σ)× (ω̄t+1 − ω̄) +Gσ(ω̄, σ)× (σt − σ)

G(ω̄, σ)
(4)

Gt(ω̄t+1, σt)−G(ω̄, σ)

G(ω̄, σ)
=

Gω̄(ω̄, σ)

G(ω̄, σ)
×ω̄× ω̄t+1 − ω̄

ω̄
+
Gσ(ω̄, σ)

G(ω̄, σ)
×σ× σ̄t − σ

σ
(5)

then

Ĝt = ω̄ × Gω̄(ω̄, σ)

G(ω̄, σ)
× ˆ̄ωt+1 + σ × Gσ(ω̄, σ)

G(ω̄, σ)
× σ̂t (6)

where x̂t = (xt − x)/x.

with respect to Γt(ω̄t+1, σt) we have to

Γt(ω̄t+1, σt) = ω̄t+1[1− Ft(ω̄t+1)] +Gt(ω̄t+1, σt) (7)

where

Ft(ω̄t+1, σt) = Φ

(
ln(ω̄t+1) + 0.5× σ2

t

σt

)
(8)
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and the procedure is similar.

Since

F̂t = ω̄ × Fω̄(ω̄, σ)

F (ω̄, σ)
× ˆ̄ωt+1 + σ × Fσ(ω̄, σ)

F (ω̄, σ)
× σ̂t (9)

it’s needed

F (ω̄, σ) = Φ

(
ln(ω̄) + 0.5× σ2

σ

)
(10)

Fω̄(ω̄, σ) =
1

ω̄σ
ϕ

(
ln(ω̄) + 0.5× σ2

σ

)
(11)

Fσ(ω̄, σ) =
(
− σ−2 ln(ω̄) + 0.5

)
× ϕ

(
ln(ω̄) + 0.5× σ2

σ

)
(12)

where ϕ denotes a standard normal probability density function
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