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♣♦3 ❡❧ ✐♥✈❡"&✐❣❛❞♦3 ❞❡ ❢♦3♠❛ F✉❡ "❡❛ ❧♦ "✉✜❝✐❡♥&❡✲

♠❡♥&❡ ❛❧&♦ ❝♦♠♦ ♣❛3❛ F✉❡ "❡ ❝✉♠♣❧❛ ❡❧ &❡♦3❡♠❛

A✐❝❦❛♥❞"✱ ❇❛❧❦❡♠❛ ② ❍❛❛♥ ❞❡ ✈❛❧♦3❡" ❡①&3❡♠♦"✱

♣❡3♦ ❧♦ "✉✜❝✐❡♥&❡♠❡♥&❡ ❜❛❥♦ ❝♦♠♦ ♣❛3❛ F✉❡ ❡①✐"✲

&❛♥ "✉✜❝✐❡♥&❡" ♦❜"❡3✈❛❝✐♦♥❡" ♣❛3❛ ❡"&✐♠❛3 ♣♦3 ♠2✲

①✐♠❛ ✈❡3♦"✐♠✐❧✐&✉❞ ❧♦" ♣❛32♠❡&3♦" ❞❡ ❧❛ ❞✐"&3✐❜✉✲

❝✐1♥ ❣❡♥❡3❛❧✐③❛❞❛ ❞❡ A❛3❡&♦ ✭●❡♥L❛② ❡& ❛❧✳✱ ✷✵✵✷✱

●❡♥L❛② ② ❙❡❧L✉❦✱ ✷✵✵✶✮✳ ❯♥❛ ❤❡33❛♠✐❡♥&❛ F✉❡ "❡

✉&✐❧✐③❛ ♣❛3❛ ❡❧❡❣✐3 ❡❧ ✈❛❧♦3 ❞❡❧ ✉♠❜3❛❧ u ❡" ❡❧ ❣32✜❝♦

❞❡ ❡①❝❡"♦" "♦❜3❡ ❡❧ ✉♠❜3❛❧ ❞❡✜♥✐❞♦ ♣♦3 ❧♦" ♣✉♥&♦"✱

(u, en (u)) , xn
1 < u < xn

n,

❞♦♥❞❡ en (u) ❡" ❧❛ ❢✉♥❝✐1♥ ❞❡ ❡①❝❡"♦" ❞❡✜♥✐❞❛ ❝♦✲
♠♦✱

en (u) =

∑n

i=k (xn
i − u)

n− k + 1
, k = ♠✐♥{i|xn

i > u},

② n− k + 1 ❡" ❡❧ ♥P♠❡3♦ ❞❡ ♦❜"❡3✈❛❝✐♦♥❡" F✉❡ ❡①✲
❝❡❞❡ ❡❧ ✉♠❜3❛❧ u ✭●✐❧❧✐ ② ❑R❧❧❡③✐✱ ✷✵✵✻✮✳

❊❧ ❱❛❘ ❝♦♥❞✐❝✐♦♥❛❧ ✭❈❱❛❘✮✱ &❛♠❜✐E♥ ❞❡♥♦♠✐✲

♥❛❞♦ ❡♥ ❧❛ ❧✐&❡3❛&✉3❛ ❊①♣❡❝%❡❞ ❙❤♦*%❢❛❧❧✱ ♣✉❡❞❡

♦❜&❡♥❡3"❡ ❛ ♣❛3&✐3 ❞❡❧ V aRE ✱

ĈV aR =
V̂ aRE

1− ξ̂
+

β̂ − ξ̂u

1− ξ̂
✭✸✮

❊"&❛ ♠❡❞✐❞❛ ❞❡ 3✐❡"❣♦ ❡" ✐♥&❡3❡"❛♥&❡ ♣♦3F✉❡ ❡"&✐✲

♠❛ ❡❧ ✈❛❧♦3 ♣♦&❡♥❝✐❛❧ ❞❡ ❧❛ ♣E3❞✐❞❛ F✉❡ ❡①❝❡❞❡ ❡❧

❱❛❘✱

CV aR = E(X|X > V aR).

✸✳ ❯♥❛ ❛♣❧✐❝❛❝✐)♥ ❛ ❧❛* ❱❛,✐❛✲

❝✐♦♥❡* ❞❡ ❉❡♣)*✐2♦* ❞❡❧ ❙✐*✲

2❡♠❛ ❋✐♥❛♥❝✐❡,♦
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❢♦3♠❛❝✐1♥ ❤✐"&13✐❝❛ ❞❡ ❧♦" 3❡&✐3♦" ❞✐❛3✐♦" ❞❡ ❞❡✲

♣1"✐&♦" ❡♥ ❡❧ "✐"&❡♠❛ ✜♥❛♥❝✐❡3♦ ❜♦❧✐✈✐❛♥♦ ❞❡"❞❡ ❡❧

❛W♦ ✷✵✵✶✳ ❊"&❛ ✐♥❢♦3♠❛❝✐1♥ ❡" ✐♥&❡3❡"❛♥&❡ ♣♦3F✉❡

❡❧ "✐"&❡♠❛ ✜♥❛♥❝✐❡3♦ ❜♦❧✐✈✐❛♥♦ ♣3❡"❡♥&1 ❡✈❡♥&♦" ❡①✲

&3❡♠♦" ❡♥ ❞♦" ❝♦33✐❞❛" ❜❛♥❝❛3✐❛"✱ ❧❛ ♣3✐♠❡3❛ ❡♥ ♦❝✲

&✉❜3❡ ❞❡ ✷✵✵✷ ② ❧❛ "❡❣✉♥❞❛ ❡♥ ❢❡❜3❡3♦ ✷✵✵✸✱ ❛♠❜❛"

3❡❧❛❝✐♦♥❛❞❛" ❝♦♥ ❧❛ ✐♥❡"&❛❜✐❧✐❞❛❞ ♣♦❧D&✐❝❛ ② "♦❝✐❛❧

❞❡ ❡"♦" ♣❡3✐♦❞♦"✳ ❆❞❡♠2"✱ ❞❡"❞❡ ❡❧ ❛W♦ ✷✵✵✺ "❡ ♥♦✲

&❛ ✉♥ ❛✉♠❡♥&♦ ❡♥ ❧❛ ✈♦❧❛&✐❧✐❞❛❞✱ 3❡❧❛❝✐♦♥❛❞❛ ❝♦♥

❧♦" 3❡&✐3♦" ② ❞❡♣1"✐&♦" ❞❡ ❧❛" ❝✉❡♥&❛" ❞❡ ❡♠♣3❡"❛"

♣❡&3♦❧❡3❛"✳

▲❛" ♠❡❞✐❞❛" V aR✱ V aRE ② CV aR ❝❛❧❝✉❧❛❞❛"

❝✉❛♥&✐✜❝❛♥ ❡❧ 3✐❡"❣♦ ❞❡ ❧✐F✉✐❞❡③ ❞❡ 3❡&✐3♦" ❞❡ ❞❡✲

♣1"✐&♦"✳ ❊"&❡ 3✐❡"❣♦ ♣✉❡❞❡ ❞❡✜♥✐3"❡ ❝♦♠♦ ❧❛ ♣3♦✲

❜❛❜✐❧✐❞❛❞ ❞❡ &❡♥❡3 ❝♦♥"❡❝✉❡♥❝✐❛" ❛❞✈❡3"❛" ♣♦3 ♥♦

❝♦♥&❛3 ❝♦♥ ❧❛ ❧✐F✉✐❞❡③ ♥❡❝❡"❛3✐❛ ♣❛3❛ 3❡"♣♦♥❞❡3 ❛

❧♦" 3❡&✐3♦" ❞❡ ❞❡♣1"✐&♦" ❞❡❧ ♣P❜❧✐❝♦✳ ▲♦" 3❡"✉❧&❛❞♦"

"❡ ♦❜"❡3✈❛♥ ❡♥ ❡❧ ❈✉❛❞3♦ ✶✳

A❛3❛ ❡❧ "✐"&❡♠❛ ✜♥❛♥❝✐❡3♦ ❜♦❧✐✈✐❛♥♦✱ ❡❧ ❱❛❧♦3

❡♥ ❘✐❡"❣♦ ♦❜&❡♥✐❞♦ ❡♥ ❜❛"❡ ❛ ❧❛ ♣✉♥&✉❛❝✐1♥ ❞❡ ❧❛

❞✐"&3✐❜✉❝✐1♥ ●❛✉""✲▲❛♣❧❛❝❡ ❡" ❞❡ ✵✳✾✼✪✳ ❊"&❡ ✈❛✲

❧♦3 ✐♥❞✐❝❛ F✉❡ ❧♦" 3❡&✐3♦" ❞❡ ❞❡♣1"✐&♦" "✉♣❡3❛3❛♥ ❡❧

✵✳✾✼✪ ❞❡❧ &♦&❛❧ ❞❡ ❞❡♣1"✐&♦" ❝♦♥ ✉♥❛ ♣3♦❜❛❜✐❧✐❞❛❞

❞❡ ✵✳✶✪✳ ❊"&❛ ❢♦3♠❛ ❞❡ ❝❛❧❝✉❧❛3 ❡❧ ❱❛❘ ❡" ❛♠♣❧✐❛✲

♠❡♥&❡ ✉&✐❧✐③❛❞❛ ♣♦3 "✉ "✐♠♣❧✐❝✐❞❛❞✱ "✐♥ ❡♠❜❛3❣♦ ❡"

✐♥❛❞❡❝✉❛❞❛ "✐ ❧♦" ❞❛&♦" ♥♦ ❛♣3♦①✐♠❛♥ ❧❛ ❞✐"&3✐❜✉✲

❝✐1♥ ♥♦3♠❛❧✱ ❝♦♠♦ "✉❝❡❞❡ ❞❡ ❤❡❝❤♦ ❝♦♥ ❧❛" ✈❛3✐❛✲

❝✐♦♥❡" ❞❡ ❞❡♣1"✐&♦" ❞❡❧ "✐"&❡♠❛ ✜♥❛♥❝✐❡3♦✱ ❞❛&♦"

✶

❊❧ ❚❡♦%❡♠❛ (✐❝❦❛♥❞.✱ ❇❛❧❦❡♠❛ ② ❍❛❛♥ ❡.3❛❜❧❡❝❡ 5✉❡ ✉♥❛ ❢✉♥❝✐8♥ ❞❡ ❞✐.3%✐❜✉❝✐8♥ ❞❡ ❡①❝❡.♦.Fu (y)✱ ♣❛%❛ ✉♥ u ❧❛%❣♦✱

.❡ ❛♣%♦①✐♠❛ ❜✐❡♥ ❝♦♥✱

Fu (y) ≈ Gξ,β (y) , u →∞

❞♦♥❞❡

Gξ,β (y) =

{

1−
(

1 + ξ
β

y
)

−1/ξ
si ξ 6= 0

1− e−y/β si ξ = 0

♣❛%❛ y ∈ [0, (xF − u)] .✐ ξ ≥ 0 ② y ∈ [0,−β
ξ
] .✐ ξ < 0✳ Gξ,β ❡. ❧❛ ❞✐.3%✐❜✉❝✐8♥ ❣❡♥❡%❛❧✐③❛❞❛ ❞❡ (❛%❡3♦✳

✷
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