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▲❛s s❡r✐❡s ❞❡ t✐❡♠♣♦ ❞❡ ❧❛s ❝✉❡♥t❛s r❡❧❡✈❛♥t❡s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s✲
❣♦ ❞❡ ❧✐q✉✐❞❡③ ❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ s♦♥ ❤❡t❡r♦s❝❡❞ást✐❝❛s ② ♥♦
s✐❣✉❡♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❣❛✉ss✐❛♥❛ ✭♥♦r♠❛❧✮✳ P♦r ❧♦ ❛♥t❡r✐♦r✱✉♥ ♠♦❞❡❧♦ V aR

♣❛r❛♠étr✐❝♦ tr❛❞✐❝✐♦♥❛❧ s❡rí❛ ✐♠♣r❡❝✐s♦ ♣❛r❛ ♠❡❞✐r ❡❧ r✐❡s❣♦ ❞❡❧ ❧✐q✉✐❞❡③✳ P♦r
t❛♥t♦✱ ❡♥ ❡st❡ ❡st✉❞✐♦ s❡ ♣r♦♣♦♥❡ ✉♥ ♠♦❞❡❧♦ V aR ♣❛r❛♠étr✐❝♦ ❞❡ ❝❛❧✐❜r❛❝✐ó♥
✐♥❞✐r❡❝t❛ ✭V aR✲i✮ q✉❡ s❡ ❝❛r❛❝t❡r✐③❛ ✭✶✮ ♣♦rq✉❡ t✐❡♥❡ ❧♦s ❞♦s ♣r✐♠❡r♦s ♠♦✲
♠❡♥t♦s ❡st❛❞íst✐❝♦s ♠ó✈✐❧❡s ♣❛r❛ ♠♦❞❡❧✐③❛r ❧♦s ♣❡r✐♦❞♦s ❞❡ ♠❛②♦r ② ♠❡♥♦r
✈♦❧❛t✐❧✐❞❛❞✱ ② ✭✷✮ ♣♦rq✉❡ ❡❧ ✈❛❧♦r ❞❡❧ ♠✉❧t✐♣❧✐❝❛❞♦r β s❡ ❝❛❧✐❜r❛ ❞❡ ❛❝✉❡r❞♦
❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❡♠♣ír✐❝❛ ❞❡ ❧♦s ❞❛t♦s ✭♥♦ ♥❡❝❡s❛r✐❛♠❡♥t❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡
●❛✉ss✮✱ ❞❡ ❢♦r♠❛ q✉❡ ❡❧ ♠♦❞❡❧♦ V aR✲i s✉♣❡r❡ ❧♦s t❡st ❞❡ ❜❛❝❦t❡st✐♥❣ ② s❡❛
❛❞❡❝✉❛❞♦ ♣♦r ❝♦♥str✉❝❝✐ó♥ ♣❛r❛ ♠❡❞✐r ❧♦s r✐❡s❣♦s ❞❡ ❧✐q✉✐❞❡③✳ ❉❡s❞❡ ❧❛ ♣❡r✲
s♣❡❝t✐✈❛ ❞❡❧ r❡❣✉❧❛❞♦r✱ ❡st❡ ♠♦❞❡❧♦ ♣r♦♣♦r❝✐♦♥❛ ❛ ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ❡♥
❡❝♦♥♦♠í❛s ❡♠❡r❣❡♥t❡s ✕q✉❡ s❡ ❝❛r❛❝t❡r✐③❛♥ ♣♦r s✉ ❞✐❢❡r❡♥t❡ ❣r❛❞♦ ❞❡ ❞❡s❛r✲
r♦❧❧♦ ❡♥ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s✕ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ♠❡❞✐❝✐ó♥ ❞❡ r✐❡s❣♦s ❢á❝✐❧
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▲❛ ♠❡❞✐❝✐ó♥ ❞❡ ❧♦s r✐❡s❣♦s ❡s ✉♥❛ ❡t❛♣❛ ✐♥❞✐s♣❡♥s❛❜❧❡ ❞❡❧ ♣r♦❝❡s♦ ❞❡ ❣❡st✐ó♥ ❞❡
r✐❡s❣♦s✳ ▲♦s ♠♦❞❡❧♦s ❱❛❧♦r✲❡♥✲❘✐❡s❣♦ ✭❱❛❧✉❡✲❛t✲❘✐s❦✱ ❡♥ ❛❞❡❧❛♥t❡ V aR✮ s❡ ❤❛♥ ❝♦♥✲
st✐t✉✐❞♦ ❡♥ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❡stá♥❞❛r ✉t✐❧✐③❛❞❛ ❡♥ ❧❛ ❡t❛♣❛ ❞❡ ♠❡❞✐❝✐ó♥ ❞❡❧ r✐❡s❣♦✱
❞❡❜✐❞♦ ❛ q✉❡ ♦❢r❡❝❡♥ ✉♥❛ ♠❡❞✐❞❛ r❡s✉♠✐❞❛ ❡ ✐♥t✉✐t✐✈❛ ❞❡ ❧❛ ♠❛❣♥✐t✉❞ ❞❡❧ r✐❡s❣♦✶✱
♣❛rt✐❝✉❧❛r♠❡♥t❡ ❡❧ ♠♦❞❡❧♦ V aR ♣❛r❛♠étr✐❝♦ ❜❛s❛❞♦ ❡♥ ❧❛ ❞❡♥s✐❞❛❞ ♥♦r♠❛❧ ✭❣❛✉s✲
s✐❛♥❛✮ ❡s ❧❛ ❢♦r♠❛ ♠ás ❞✐❢✉♥❞✐❞❛ ❞❡ ❝á❧❝✉❧♦ ❞❡❧ V aR✳ P❛r❛ ✉♥❛ ❛♣❧✐❝❛❝✐ó♥ r✐❣✉r♦s❛
❞❡ ✉♥ ♠♦❞❡❧♦s V aR ♣❛r❛♠étr✐❝♦ ❣❛✉ss✐❛♥♦ ❡s ♥❡❝❡s❛r✐♦ ✈❡r✐✜❝❛r q✉❡ s❡ ❝✉♠♣❧❛♥
❧♦s s✉♣✉❡st♦s ❡st❛❞íst✐❝♦s q✉❡ s✉❜②❛❝❡♥ ❛ ❡st❡ ♠♦❞❡❧♦✱ ❡✳❣✳ ❣❛✉ss✐❛♥✐❞❛❞ ❞❡ ❧♦s r❡✲
t♦r♥♦s✳ ❙✐ ❧♦s r❡t♦r♥♦s ♥♦ ❛♣r♦①✐♠❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧✱ ❡❧ V aR ♣❛r❛♠étr✐❝♦
❣❛✉ss✐❛♥♦ ♣✉❡❞❡ s✉❜❡st✐♠❛r ♦ s♦❜r❡✲❡st✐♠❛r ❡❧ ✈❡r❞❛❞❡r♦ r✐❡s❣♦ ✜♥❛♥❝✐❡r♦✱ ② s❡rí❛
♥❡❝❡s❛r✐♦ ✉t✐❧✐③❛r ♠ét♦❞♦s ♠ás ❛✈❛♥③❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❝♦♥ ♣r❡❝✐s✐ó♥ ❡❧ V aR✷✳ ❙✐♥
❡♠❜❛r❣♦✱ ❞❡❜✐❞♦ ❛ q✉❡ ❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❡♥ ❡❝♦♥♦♠í❛s ❡♠❡r❣❡♥t❡s ♣✉❡❞❡ s❡r
❡s ❤❡t❡r♦❣é♥❡♦✱ ❧❛ ❛♣❧✐❝❛❝✐ó♥ r✐❣✉r♦s❛ ❞❡ ✉♥ ♠♦❞❡❧♦ V aR ♣✉❡❞❡ s❡r ❡①✐❣❡♥t❡ ♣❛r❛
♠✉❝❤❛s ❞❡ ❧❛s ❡♥t✐❞❛❞❡s q✉❡ ❝♦♠♣♦♥❡♥ ❡❧ s✐st❡♠❛✸✳ ❙✐ ❡❧ r❡❣✉❧❛❞♦r ❞❡❧ s✐st❡♠❛ ✜✲
♥❛♥❝✐❡r♦ ✐♥tr♦❞✉❝❡ ♥♦r♠❛s ❞❡ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ❣❡♥ér✐❝❛s q✉❡ ❡①✐❣✐❡r❛♥ ❞❡♠❛s✐❛❞♦s
r❡❝✉rs♦s ❤✉♠❛♥♦s ② ♣❡❝✉♥✐❛r✐♦s ❛ ❧❛s ❡♥t✐❞❛❞❡s✱ ❝r❡❛rí❛ ❞✐st♦rs✐♦♥❡s q✉❡ ♣♦❞rí❛♥
♣r♦❢✉♥❞✐③❛r ❧❛s ❛s✐♠❡trí❛s ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡ ✐♥t❡r♠❡❞✐❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✳ P♦r ❡st♦✱
❡s ✐♠♣♦rt❛♥t❡ q✉❡ ❡❧ r❡❣✉❧❛❞♦r ♥♦ só❧♦ s✉❣✐❡r❛ ② ❞❡ ❧✐♥❡❛♠✐❡♥t♦s ❣❡♥❡r❛❧❡s ❡♥ ❧❛
✉t✐❧✐③❛❝✐ó♥ ❞❡ ♠♦❞❡❧♦s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s✱ s✐♥♦ q✉❡ ♣r♦✈❡❛ ❛ ❧❛s ❡♥t✐❞❛❞❡s ❞❡
❤❡rr❛♠✐❡♥t❛s ❞❡ ♠❡❞✐❝✐ó♥ r✐❣✉r♦s❛s ♣❡r♦ ❢á❝✐❧♠❡♥t❡ ❛❥✉st❛❜❧❡s ❛ s✉s ❝❛r❛❝t❡ríst✐❝❛s
♣❛rt✐❝✉❧❛r❡s✳ ❊♥ ❡❧ ❝♦♥t❡①t♦ ❞❡ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③✱ ❡st❡ ❡st✉❞✐♦ ♣r♦✲
♣♦♥❡ ✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❞❡ ♠❡❞✐❝✐ó♥ ❞❡ r✐❡s❣♦s r✐❣✉r♦s❛ ♣❡r♦ ❢á❝✐❧♠❡♥t❡ ❛❥✉st❛❜❧❡✿
✉♥ ♠♦❞❡❧♦ V aR ♣❛r❛♠étr✐❝♦ ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ✐♥❞✐r❡❝t❛✱ ❞✐s❡ñ❛❞♦ ♣❛r❛ q✉❡ ♣♦r ❝♦♥✲
str✉❝❝✐ó♥ s✉♣❡r❡ ❧❛s ♣r✉❡❜❛s ❞❡ ❜❛❝❦t❡st✐♥❣ q✉❡ ❡✈❛❧ú❛♥ ❧❛ ♣r❡❝✐s✐ó♥ ❞❡ ❧♦s ♠♦❞❡❧♦s
V aR✳

▲❛ s❡❝❝✐ó♥ ✷ ❞❡✜♥❡ ❧♦s ♠♦❞❡❧♦s V aR✱ ❧❛s ♣r✉❡❜❛s ❞❡ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ♠♦❞✲
❡❧♦s V aR ✭❜❛❝❦t❡st✐♥❣✮ ② ❡❧ ♠♦❞❡❧♦ r❡❣✉❧❛❞♦r V aR ♣❛r❛♠étr✐❝♦ ❞❡ ❝❛❧✐❜r❛❝✐ó♥
✐♥❞✐r❡❝t❛ ♣r♦♣✉❡st♦ ❡♥ ❡st❡ ❡st✉❞✐♦ ✭❡♥ ❛❞❡❧❛♥t❡ V aR✲i✮✳ ▲❛ s❡❝❝✐ó♥ ✸ ❡❥❡♠♣❧✐✜❝❛
❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ V aR✲i ❡♥ ❡❝♦♥♦♠í❛s ❡♠❡r❣❡♥t❡s✱ ❡♥ ❜❛s❡ ❛ ❧♦s ❞❛t♦s ❞❡❧
s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦ ② ♣❛r❛ ❧❛ ♠❡❞✐❝✐ó♥ ❞❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③✳ ❊st❡ r✐❡s❣♦
❡s ✐♠♣♦rt❛♥t❡ ♣♦rq✉❡ ❧❛ ❢❛❧t❛ ❞❡ ❧✐q✉✐❞❡③ ♣✉❡❞❡ ❝❛✉s❛r ❡❧ ❢❛❧❧♦ ❞❡ ✉♥❛ ✐♥st✐t✉❝✐ó♥✱
❛✉♥q✉❡ s❡❛ té❝♥✐❝❛♠❡♥t❡ s♦❧✈❡♥t❡✱ ② ❧❛ ✐♥❞✉str✐❛ ❛ú♥ ❧✉❝❤❛ ♣♦r ❡♥❝♦♥tr❛r ✉♥❛ ♠❡❞✐✲
❝✐ó♥ ♣r❡❝✐s❛ ❞❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③ ❛ ♣❛rt✐r ❞❡ ♠❡❞✐❞❛s ❞❡ t✐♣♦ V aR ✭❏♦r✐♦♥✱ ✷✵✵✼✮✳
▲❛ s❡❝❝✐ó♥ ✹ ❝♦♥❝❧✉②❡✳

✶❙✐ ❜✐❡♥ ❛ ♣❛rt✐r ❞❡ ❧❛s ♣r♦♣♦s✐❝✐♦♥❡s ❞❡ ❆rt③♥❡r ❡t ❛❧✳ ✭✶✾✾✽✮ s❡ ❤❛ ❝r✐t✐❝❛❞♦ q✉❡ ❧♦s ♠♦❞❡❧♦s
❱❛❘ ♥♦ s♦♥ ✉♥❛ ♠❡❞✐❞❛ ❝♦❤❡r❡♥t❡ ❞❡ r✐❡s❣♦ ♣♦rq✉❡ ♥♦ ❝✉♠♣❧❡♥ ❡❧ ♣r✐♥❝✐♣✐♦ ❞❡ s✉❜❛❞✐t✐✈✐❞❛❞✳

✷▼ét♦❞♦s ♥♦✲♣❛r❛♠étr✐❝♦s ✭s✐♠✉❧❛❝✐ó♥ ❤✐stór✐❝❛ ② ❡❧ ♠♦❞❡❧♦ ❤í❜r✐❞♦✮ ② s❡♠✐♣❛r❛♠étr✐❝♦s ✭❡✳❣✳
t❡♦rí❛ ❞❡ ✈❛❧♦r❡s ❡①tr❡♠♦s✮✳ ❱❡ás❡ ▼❛♥❣❛♥❡❧❧✐ ② ❊♥❣❧❡ ✭✷✵✵✶✮✳

✸❊①✐st❡♥ ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ✕♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥t✐❞❛❞❡s ❜❛♥❝❛r✐❛s✕ ❝♦♥ ✉♥ ❛❧t♦ ♥✐✈❡❧ ❞❡
❝♦♥♦❝✐♠✐❡♥t♦s ② r❡❝✉rs♦s ♣❡❝✉♥✐❛r✐♦s ❡♥❢♦❝❛❞♦s ❡♥ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s❀ ❡♥ ❝♦♥tr❛st❡✱ ❧♦s r❡❝✉rs♦s
❤✉♠❛♥♦s ② ♣❡❝✉♥✐❛r✐♦s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s s♦♥ ❧✐♠✐t❛❞♦s ❡♥ ♦tr❛s ❡♥t✐❞❛❞❡s

✸



✷✳ ❉❡✜♥✐❝✐♦♥❡s

✷✳✶✳ ▼♦❞❡❧♦s ❱❛❧♦r ❡♥ ❘✐❡s❣♦ ✭V aR✮

✷✳✶✳✶✳ ❉❡✜♥✐❝✐ó♥ ❣❡♥ér✐❝❛ ❞❡ V aR

❙❡❛✹✱

rt =
bt

bt−1
✭✶✮

❧❛s ✈❛r✐❛❝✐♦♥❡s ❡①tr❛✐❞❛s ❞❡ ❧❛ b✲❜❛s❡ ❞❡ ❞❛t♦s ❤✐stór✐❝❛ {bt}T

t=1 ❞❡ ❧❛s ❝✉❡♥t❛s
r❡❧❡✈❛♥t❡s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③❀ ❡❧ ♠❡♥♦r ✈❛❧♦r ❞❡ ❡st❛s ❝✉❡♥t❛s ❝♦♥
✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ c s❡rá✱

b∗ = b(t=T ) (1 + r∗) , ✭✷✮

② ❧❛ ❡st✐♠❛❝✐ó♥ ❞❡ ✉♥❛ ♠❡❞✐❞❛ ❞❡ r✐❡s❣♦✱ ❡✳❣✳ V aR✱ ❡s ❡q✉✐✈❛❧❡♥t❡ ❛ ✐❞❡♥t✐✜❝❛r ❡❧
✈❛❧♦r ♠í♥✐♠♦ b∗ ♦ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡❧ ♣✉♥t♦ ❞❡ ❝♦rt❡ r∗ ❞❡ ❧♦s ❞❛t♦s ❞❡ ❧❛s ❝✉❡♥t❛s
❞❡ ❧✐q✉✐❞❡③ r❡❧❡✈❛♥t❡s✳

❊♥ s✉ ❢♦r♠❛ ♠ás ❣❡♥❡r❛❧✱ ❡❧ V aR ♣✉❡❞❡ s❡r ❞❡r✐✈❛❞♦ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡
♣r♦❜❛❜✐❧✐❞❛❞ ❞❡❧ ✈❛❧♦r ❢✉t✉r♦ ❞❡ ❧♦s ❞❛t♦s r❡❧❡✈❛♥t❡s f(b)✳ ❈♦♥ ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛
c✱ s❡ ❜✉s❝❛ ❡♥❝♦♥tr❛r ❧❛ ♣❡♦r r❡❛❧✐③❛❝✐ó♥ ♣♦s✐❜❧❡ ❞❡ b∗ t❛❧ q✉❡ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡
❡①❝❡❞❡r ❡❧ ✈❛❧♦r ❞❡ c s❡❛✿

c =

∫ −∞

b∗
f(b)db, ✭✸✮

♦ ❞❡ ❢♦r♠❛ ❡q✉✐✈❛❧❡♥t❡ q✉❡ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❡♥❝♦♥tr❛r ✉♥ ✈❛❧♦r ♠❡♥♦r ❛ b∗✱
p = P (b ≤ b∗) s❡❛ 1 − c✿

1 − c =

∫ b∗

−∞

f(b)db = P (b ≤ b∗) = p, ✭✹✮

❞❡ ❢♦r♠❛ q✉❡ ❡❧ ár❡❛ ❞❡s❞❡ −∞ ❛ b∗ ❞❡❜❡ s❡r ✐❣✉❛❧ ❛ p = 1 − c✳ ❊❧ ♥ú♠❡r♦ b∗ s❡rá
❡❧ ❝✉❛♥t✐❧ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥✱ ✐✳❡✳ ❡❧ V aR ✭r❡❧❛t✐✈♦✮ ❝♦♥ ✉♥❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❛❞❛ ❞❡
s❡r ❡①❝❡❞✐❞♦ r❡s♣❡❝t♦ ❛❧ ✈❛❧♦r ❡s♣❡r❛❞♦ ❞❡ b✱

V aR = E(b) − b∗, ✭✺✮

q✉❡ ♣✉❡❞❡ s❡r ❡①♣r❡s❛❞♦ t❛♠❜✐é♥ ❝♦♥ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❝♦rt❡ ✭❝✉❛♥t✐❧ r∗✮ r❡s♣❡❝t♦ ❛
✉♥ ❡st✐♠❛❞♦r ❞❡ ❧❛ t❡♥❞❡♥❝✐❛ ❝❡♥tr❛❧ µ✱

V aR = E(b) − b∗ = −b0(r
∗ − µ) ✭✻✮

❊♥ ❜❛s❡ ❛ ❡st❛ ❞❡✜♥✐❝✐ó♥✱ ❡♥ ❛♣❧✐❝❛❝✐♦♥❡s ♣rá❝t✐❝❛s ❡❧ ❝á❧❝✉❧♦ ❞❡❧ V aR ♣✉❡❞❡ s❡r
s✐♠♣❧✐✜❝❛❞♦ ❝♦♥ ❧❛ ❞❡✜♥✐❝✐ó♥ ♣❛r❛♠étr✐❝❛✺✳

✷✳✶✳✷✳ ❉❡✜♥✐❝✐ó♥ ♣❛r❛♠étr✐❝❛ ❞❡ V aR

❙✐ s❡ ❛♣❧✐❝❛ ✉♥❛ tr❛♥s❢♦r♠❛❝✐ó♥ ❡st❛♥❞❛r✐③❛❞❛ ❛ r∗ s❡ t✐❡♥❡ ❡❧ ♥✉❡✈♦ ❝♦♥❥✉♥t♦
❞❡ ❞❛t♦s β ✐❣✉❛❧❡s ❛✱

− β =
r∗ − µ

σ
, ✭✼✮

✹❊st❛ s❡❝❝✐ó♥ ② ❧❛ s✐❣✉✐❡♥t❡ ❡stá♥ ❜❛s❛❞❛s ② s✐❣✉❡♥ ❞❡ ❝❡r❝❛ ❛ ❏♦r✐♦♥ ✭✷✵✵✶✮
✺❊♥ ❡❧ q✉❡ s❡ ❡st✐♠❛♥ ❞✐❢❡r❡♥t❡s ♣❛rá♠❡tr♦s✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦ ❧❛ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r✳

✹



q✉❡ ❡s ❡q✉✐✈❛❧❡♥t❡ ❛✱

1 − c =

∫ −|r∗|

−∞

f(r)dr =

∫ −β

−∞

Φ(r)dr. ✭✽✮

❘❡t♦♠❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✼ ❧❛ ✈❛r✐❛❝✐ó♥ ❞❡ ❝♦rt❡ s❡rá✱

r∗ = −βσ + µ, ✭✾✮

② ✉t✐❧✐③❛♥❞♦ ❧❛ ❡❝✉❛❝✐ó♥ ✻ ❡❧ V aR ♣❛r❛♠étr✐❝♦ s❡rá✱

V aR = −b0(r
∗ − µ) = b0βσ, ✭✶✵✮

❡①♣r❡s✐ó♥ q✉❡ s✉❡❧❡ ❣❡♥❡r❛❧✐③❛rs❡ ❛ ❞✐❢❡r❡♥t❡s τ ✲❤♦r✐③♦♥t❡s t❡♠♣♦r❛❧❡s ❝♦♥ ❡❧ ❢❛❝t♦r
❞❡ ❡s❝❛❧❛ ❞❡ ❧❛ ✈♦❧❛t✐❧✐❞❛❞

√
∆τ ❝✉❛♥❞♦ ❧❛s ✈❛r✐❛❝✐♦♥❡s ♥♦ s❡ ❡♥❝✉❡♥tr❛♥ ❝♦rr❡❧❛✲

❝✐♦♥❛❞❛s✱
V aR = b0βσ

√
∆τ . ✭✶✶✮

❊s ❞❡❝✐r✱ ❡❧ V aR ♣❛r❛♠étr✐❝♦ ❡♥ ❧❛s ❡❝✉❛❝✐♦♥❡s ✶✵ ② ✶✶ ❡s s✐♠♣❧❡♠❡♥t❡ ✉♥ ♠ú❧t✐✲
♣❧♦ ❞❡ ❧❛ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❡♠♣ír✐❝❛ ♣♦r ✉♥ ❢❛❝t♦r ❞❡ ❛❥✉st❡
r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❡❧ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ② ✉♥ ❤♦r✐③♦♥t❡ t❡♠♣♦r❛❧✳

❙✐ ❜✐❡♥ ❧❛ ❛♥t❡r✐♦r ❡①♣r❡s✐ó♥ s❡ ❣❡♥❡r❛❧✐③❛ ♣❛r❛ ✈❛r✐❛s ❞✐str✐❜✉❝✐♦♥❡s ❞❡ ♣r♦❜❛❜✐✲
❧✐❞❛❞ ❛❝✉♠✉❧❛❞❛s✱ ✉♥❛ ♣rá❝t✐❝❛ ❝♦♠ú♥ ❡s ✉t✐❧✐③❛r ✈❛❧♦r❡s ❞❡ ❧❛ ❢✉♥❝✐ó♥ ❞❡ ❞❡♥s✐❞❛❞
❣❛✉ss✐❛♥❛ ❡stá♥❞❛r ❛❝✉♠✉❧❛❞❛ ✭❛❦❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧ ❛❝✉♠✉❧❛❞❛✮ ♣❛r❛ β✳ P♦r
❡❥❡♠♣❧♦✱ ❝♦♥ ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ❞❡ ✾✺✪✱ ❡❧ ✈❛❧♦r ❜❡t❛ ❡♥ t❛❜❧❛s ❡s β = −1,645
② ❡❧ V aR ❣❛✉ss✐❛♥♦ ✭V aRg✮ t✐❡♥❡ ❧❛ ❢♦r♠❛✿

V aRg = −1,645σ
√

∆τ . ✭✶✷✮

❙✐♥ ❡♠❜❛r❣♦✱ ❡s ❝♦♠ú♥ t❛♠❜✐é♥ q✉❡ ❧❛s s❡r✐❡s ✜♥❛♥❝✐❡r❛s ♥♦ ❛♣r♦①✐♠❡♥ ✉♥❛ ❞✐s✲
tr✐❜✉❝✐ó♥ ❣❛✉ss✐❛♥❛ ✭♥♦r♠❛❧✮✱ ♣♦r ❧♦ q✉❡ r❡s✉❧t❛ ✐♥❛❞❡❝✉❛❞♦ ✉t✐❧✐③❛r ✈❛❧♦r❡s ❞❡ β

❡①tr❛✐❞♦s ❞❡ ❧❛ t❛❜❧❛ ❞❡ ❝✉❛♥t✐❧❡s ❞❡ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧ ❡stá♥❞❛r✳ ❊st❡ ❤❡❝❤♦
❤❛❝❡ ♥❡❝❡s❛r✐♦ ❡✈❛❧✉❛r ❧❛ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦ V aR ❝♦♥ té❝♥✐❝❛s ❞❡♥♦♠✐♥❛❞❛s
❜❛❝❦t❡st✐♥❣✳

✷✳✷✳ ❇❛❝❦t❡st✐♥❣

▲❛s ♣r✉❡❜❛s ❞❡ ❜❛❝❦t❡st✐♥❣ s❡ ✉t✐❧✐③❛♥ ♣❛r❛ ❡✈❛❧✉❛r s✐ ❡❧ ♠♦❞❡❧♦ V aR ❡s ❛❞❡✲
❝✉❛❞♦ ♦ s✐ ❡s q✉❡ s♦❜r❡✲❡st✐♠❛ ♦ s✉❜❡st✐♠❛ ❧♦s r✐❡s❣♦s ✜♥❛♥❝✐❡r♦s✳ ❊❧ ❝r✐t❡r✐♦ ♠ás
♣♦♣✉❧❛r ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡ ✉♥ ♠♦❞❡❧♦ V aR ❡s ❡❧ ♣r♦♣✉❡st♦ ♣♦r
❈♦♠✐té ❞❡ ❇❛s✐❧❡❛ ♣❛r❛ ❧❛ ❙✉♣❡r✈✐s✐ó♥ ❇❛♥❝❛r✐❛✱ q✉❡ ❝♦♥s✐st❡ ❡♥ ❝♦♥t❛r ❡❧ ♥ú♠❡r♦
❞❡ ❢❛❧❧❛s ✭✈❡❝❡s q✉❡ ❡❧ ♠♦❞❡❧♦ V aR s✉❜❡st✐♠❛ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ❧♦s r❡t♦r♥♦s✮ ②
❛♣❧✐❝❛r ✉♥ ❢❛❝t♦r ❞❡ ❛❥✉st❡ ♠✉❧t✐♣❧✐❝❛t✐✈♦ ❛❧ V aR ❡♥ ✉♥ ✈❛❧♦r q✉❡ ❞❡♣❡♥❞❡ ❞❡❧
♥ú♠❡r♦ ❞❡ ❢❛❧❧❛s ✭✈é❛s❡ ❬✾❪✮✳

❑✉♣✐❡❝ ❢♦r♠❛❧✐③ó ❡♥ ✉♥ t❡st ❡st❛❞íst✐❝♦ ❧❛ ♥♦❝✐ó♥ ❞❡❧ ♥ú♠❡r♦ ❞❡ ❢❛❧❧❛s ② ♣r♦♣✉só
✉♥ ❡st❛❞í❣r❛❢♦ q✉❡ ❡✈❛❧ú❛ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ q✉❡ ❡❧ ♠♦❞❡❧♦ V aR ❡s ❛❞❡❝✉❛❞♦✳

❋♦r♠❛❧♠❡♥t❡✱ s❡❛ ❧❛ ❢✉♥❝✐ó♥ ❞✐❝♦tó♠✐❝❛ ❞❡ ❢❛❧❧❛s ❞❡❧ ♠♦❞❡❧♦ V aR✱

It(β) =

{

1 s✐ rt 6 −V aRt (β)
0 s✐ rt > −V aRt (β)

✭✶✸✮

q✉❡ s❡rá ✐❣✉❛❧ ❛ ✉♥♦ s✐ ❡❧ ♠♦❞❡❧♦ V aR s✉❜❡st✐♠❛ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❡♥ ❝✉❛❧q✉✐❡r❛ ❞❡
❧♦s ♠♦♠❡♥t♦s t = 1, . . . , T ✳ ▲❛ s✉♠❛ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❡st❛ ❢✉♥❝✐ó♥ ✭❞❡ ❧❛s ❢❛❧❧❛s

✺



❞❡❧ ♠♦❞❡❧♦ V aR✮ s♦❜r❡ ❡❧ t♦t❛❧ ❞❡ ❧♦s ❞❛t♦s ❞✐s♣♦♥✐❜❧❡s s❡rá ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❢❛❧❧❛s
❞❡❧ ♠♦❞❡❧♦ V aR✱

p̂ = T−1
T
∑

t=1

It(β) ✭✶✹✮

② ❡❧ ❡st❛❞í❣r❛❢♦ ❞❡❧ t❡st ❞❡ ♣r♦♣♦r❝✐ó♥ ❞❡ ❢❛❧❧❛s ❞❡ ❑✉♣✐❡❝ ✭κ✮ ❡s✱

κ = 2 ln

(

(

1 − p̂

1 − p

)T−I(p)(
p̂

p

)I(p)
)

p̂ =
1

T
I (p)

I (p) =
T
∑

t=1

It (β)

✭✶✺✮

q✉❡ s❡ ❞✐str✐❜✉②❡ ❛s✐♥tót✐❝❛♠❡♥t❡ ❝♦♠♦ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❝❤✐ ❝✉❛❞r❛❞♦ ❝♦♥ ✉♥ ❣r❛❞♦
❞❡ ❧✐❜❡rt❛❞ ❜❛❥♦ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ q✉❡ ❡❧ ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ p ❡s ❡❧ ❝♦rr❡❝t♦✻✱

H0 : p = p̂

κ ∼ χ2
g.l.=1

✭✶✻✮

P♦r ❡❥❡♠♣❧♦✱ ❡♥ ✉♥ ♠♦❞❡❧♦ V aR ❝❛❧❝✉❧❛❞♦ ❝♦♥ ✶✵✵ ♦❜s❡r✈❛❝✐♦♥❡s ❛ ✉♥ ♥✐✈❡❧ ❞❡
❝♦♥✜❛♥③❛ ❞❡ c = ✾✺✪✱ s❡ ❡s♣❡r❛rá q✉❡ ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ❧❛ s❡r✐❡ ✜♥❛♥❝✐❡r❛ ❡①❝❡✲
❞❡rá♥ ❡❧ ✈❛❧♦r ❞❡❧ V aR ❝♦♥ ✉♥❛ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ p = 1 − c = ✺✪ ✱ ♣♦r ❧♦ q✉❡ ❡❧
♠♦❞❡❧♦ V aR ❞❡❜❡rí❛ ❡q✉✐✈♦❝❛rs❡ só❧♦ ✺ ✈❡❝❡s ♦ ❞❡ ❢♦r♠❛ ❡q✉✐✈❛❧❡♥t❡ ❧❛ ♣r♦♣♦r❝✐ó♥
❞❡ ❡rr♦r❡s ❞❡❜❡rí❛ s❡r ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✺✪ ✭p̂ = ✺✪ ❡♥ ❧❛ ❡❝✉❛❝✐ó♥ ✶✹✮✳

◆ót❡s❡ q✉❡ ❡st❡ t❡st ❡✈❛❧ú❛ ❧❛ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡ ❝✉❛❧q✉✐❡r ♠♦❞❡❧♦ V aR✱ ✐♥❞❡✲
♣❡♥❞✐❡♥t❡♠❡♥t❡ ❞❡❧ ♠ét♦❞♦ ❞❡ ❝á❧❝✉❧♦✳

✷✳✸✳ ❯♥ ♠♦❞❡❧♦ V aR P❛r❛♠étr✐❝♦ ❞❡ ❈❛❧✐❜r❛❝✐ó♥ β ■♥❞✐r❡❝t❛

❉❡ ❧❛s ❛♥t❡r✐♦r❡s ❞❡✜♥✐❝✐♦♥❡s s❡ ♦❜s❡r✈❛ q✉❡ ♣❛r❛ ❝❛❧❝✉❧❛r ❛❞❡❝✉❛❞❛♠❡♥t❡ ❡❧
♠♦❞❡❧♦ V aR ❡s ♥❡❝❡s❛r✐♦ ❝♦♥♦❝❡r ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❞❛t♦s ②
❡♥❝♦♥tr❛r ✉♥ ✈❛❧♦r ❞❡ β ❛❞❡❝✉❛❞♦ ❛ ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❡♠♣ír✐❝❛ ❞❡ ❧♦s
❞❛t♦s ❛♥❛❧✐③❛❞♦s✳ ❊st♦ ✐♠♣♦♥❡ ❧❛ r❡str✐❝❝✐ó♥ ❞❡ ❡✈❛❧✉❛r ❧❛ ♥♦r♠❛❧✐❞❛❞ ❞❡ ❧♦s ❞❛t♦s✱ ②
s✐ s❡ r❡❝❤❛③❛ ❧❛ ♥♦r♠❛❧✐❞❛❞✱ ✭✶✮ ❛❥✉st❛r ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ✭❜❛t❝❤✜t✮✱
✭✷✮ ❡st✐♠❛r ❧♦s ♣❛rá♠❡tr♦s ❞❡s❝♦♥♦❝✐❞♦s ❞❡ ❡st❛ ❞✐str✐❜✉❝✐ó♥ ❛❥✉st❛❞❛✱ ✭✸✮ ❝❛❧❝✉❧❛r
❡❧ ♠♦❞❡❧♦ V aR ❡♥ ❜❛s❡ ❛ ❡st❛ ❞✐str✐❜✉❝✐ó♥ ② ✭✹✮ ❡✈❛❧✉❛r ❧❛ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦
V aR ❝♦♥ ♣r✉❡❜❛s ❞❡ ❜❛❝❦t❡st✐♥❣✳ ❊♥ ❡❝♦♥♦♠í❛s ❡♠❡r❣❡♥t❡s✱ s✐ ❡❧ r❡❣✉❧❛❞♦r ❞❡❥❛ ❧❛
t❛r❡❛ ❛ ❧❛s ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ❞❡ ❝❛❧❝✉❧❛r ❡❧ V aR s✐❣✉✐❡♥❞♦ ❧♦s ❛♥t❡r✐♦r❡s ♣❛s♦s✱ ❡s
♣♦s✐❜❧❡ q✉❡ s❡ ❝r❡❡♥ ❛s✐♠❡trí❛s ♣♦r ❧❛ ❤❡t❡r♦❣❡♥❡✐❞❛❞ ❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦ ✭✈é❛s❡
❧❛ s❡❝❝✐ó♥ ✶✮✳

❯♥ ❡♥❢♦q✉❡ ❞✐❢❡r❡♥t❡ ♣✉❡❞❡ s❡r ❛♣❧✐❝❛❞♦ s✐ s❡ ❛♣❧✐❝❛ ✉♥ ♠ét♦❞♦ ✐♥❞✐r❡❝t♦
♣❛r❛ ❡❧ ❝á❧❝✉❧♦ ❞❡❧ V aR✱ q✉❡ ✐♠♣❧✐❝❛ ❡s❝♦❣❡r ❡❧ ✈❛❧♦r ❞❡ β ✭❝❛❧✐❜r❛r ❡❧
✈❛❧♦r beta✮ ♣❛r❛ q✉❡ ❡❧ ♠♦❞❡❧♦ V aR s✉♣❡r❡ ❧❛s ♣r✉❡❜❛s ❞❡ ❜❛❝❦t❡st✐♥❣✳ ❉❡
❡st❛ ❢♦r♠❛✱ ❡❧ ♠♦❞❡❧♦ V aR ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ✐♥❞✐r❡❝t❛ ✭V aR✲i✮ s❡rá ♣♦r ❝♦♥✲
str✉❝❝✐ó♥ ❛❞❡❝✉❛❞♦ ② ♥♦ s❡ r❡q✉❡r✐rá ❛❥✉st❛r ♥✐ ❡st❛❜❧❡❝❡r ❧❛ ❞✐str✐❜✉❝✐ó♥
❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❞❛t♦s✳

✻❙❡ ❤❛ s✉❣❡r✐❞♦ q✉❡ ❡❧ t❡st ❞❡ ❑✉♣✐❡❝ ♣✉❡❞❡ ♣❡r❞❡r ♣♦t❡♥❝✐❛ ❡♥ ♠✉❡str❛s ♣❡q✉❡ñ❛s✳ P♦r t❛♥t♦✱
❡s ✐♠♣♦rt❛♥t❡ ❝♦♥t❛r ❝♦♥ ✉♥ ♥ú♠❡r♦ s✐❣♥✐✜❝❛t✐✈♦ ❞❡ ❞❛t♦s ♣❛r❛ ❝♦♥s✐❞❡r❛r ❝♦♠♦ ❝♦♠♣❧❡t❛♠❡♥t❡
✈á❧✐❞♦s ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ❡✈❛❧✉❛❝✐ó♥ ❞❡ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡❧ t❡st ❞❡ ❑✉♣✐❡❝✳

✻



❋♦r♠❛❧♠❡♥t❡✱❡❧ ♠♦❞❡❧♦ V aR✲i ❡♥ ❡❧ ♠♦♠❡♥t♦ t s❡rá✼✿

V aR✲it = β

√

σ2
t ∆τ ✭✶✼✮

❉♦♥❞❡ ❡❧ ❡st✐♠❛❞♦r ❞❡❧ s❡❣✉♥❞♦ ♠♦♠❡♥t♦ ❡st❛❞íst✐❝♦ ❡s ♠ó✈✐❧ ❡♥ ❡❧ t✐❡♠♣♦ ♣❛r❛
❝♦♥s✐❞❡r❛r ❧♦s ♣❡r✐♦❞♦s ❞❡ ♠❛②♦r ♦ ♠❡♥♦r ✈♦❧❛t✐❧✐❞❛❞ ❡♥ ❧❛s ❝✉❡♥t❛s ❞❡ ❧✐q✉✐❞❡③
r❡❧❡✈❛♥t❡s ✭✐✳❡✳ ❡❧ ♠♦❞❡❧♦ V aR ❡s ❞✐♥á♠✐❝♦✮✿

σ2
t = E

[

(bt − µt)
2
]

σ̂t =

√

√

√

√

1

t − m − 1

t−1
∑

ℓ=t−m

(

bℓ −
1

(t − m)

t−1
∑

ℓ=t−m

bℓ

)

✭✶✽✮

②❛ q✉❡ ❡❧ ♣r✐♠❡r ♠♦♠❡♥t♦ ❡s t❛♠❜✐é♥ ♠ó✈✐❧✱

µt = E (bt)

µ̂t = (t − m)−1
t−1
∑

ℓ=t−m

bℓ,
✭✶✾✮

❞❛❞♦ ✉♥ ✈❛❧♦r ❞❡ r❡③❛❣♦ ♦ r❡t❛r❞♦ ❞❡ ❧❛ ✈❛r✐❛♥③❛ ② ♠❡❞✐❛ ♠ó✈✐❧ ❞❡ m✲♣❡r✐♦❞♦s✳ ❉❡
❡st❛ ❢♦r♠❛✱ ❞❡❜❡ ❡s❝♦❣❡rs❡ ✉♥ ✈❛❧♦r ❞❡ β ♣❛r❛ q✉❡ ❧❛ ♣r♦❜❛❜✐❧✐❞❛❞ p ❡s❝♦❣✐❞❛ s❡❛
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✐❣✉❛❧ ❛ ❧❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❢❛❧❧❛s p̂ = T−1

∑T

t=1 It(β) ❞❡❧ ♠♦❞❡❧♦
V aR✲i✿

p ≈ p̂, ✭✷✵✮

♦ ❡♥ ❝❛s♦ ❞❡ q✉❡ s❡ ❝✉❡♥t❡ ❝♦♥ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s ❧♦ s✉✜❝✐❡♥t❡♠❡♥t❡ ❡①t❡♥s❛✽✱
❡s❝♦❣❡r ✉♥ ♠✉❧t✐♣❧✐❝❛❞♦r β ❞❡ ❢♦r♠❛ q✉❡ ♥♦ s❡ ♣✉❡❞❛ r❡❝❤❛③❛r ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡❧
t❡st ❞❡ ❑✉♣✐❡❝ q✉❡ ❡✈❛❧ú❛ ❧❛ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦ V aR✲i✱

H0 : p = p̂

κ ∼ χ2
g.l.=1

✭✷✶✮

❊♥ ❛♠❜♦s ❝❛s♦s✱ ❡❧ ✈❛❧♦r β ❡s❝♦❣✐❞♦ ❝♦♥ ❡st❡ ❝r✐t❡r✐♦ ❛s❡❣✉r❛rá ♣♦r ❝♦♥str✉❝❝✐ó♥
q✉❡ ❡❧ ♠♦❞❡❧♦ V aR ♠✐❞❛ ❝♦♥ ♣r❡❝✐s✐ó♥ ❡❧ r✐❡s❣♦ ✜♥❛♥❝✐❡r♦✳

▲❛ s✐❣✉✐❡♥t❡ s❡❝❝✐ó♥ ❡❥❡♠♣❧✐✜❝❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ♣rá❝t✐❝❛ ❞❡❧ ♠♦❞❡❧♦ V aR✲i ❡♥ ✉♥❛
❡❝♦♥♦♠í❛ ❡♠❡r❣❡♥t❡✱ ❡♥ ❜❛s❡ ❛ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❧❛s ❝✉❡♥t❛s ❝♦rr✐❡♥t❡s ❡♥ ❡❧ s✐st❡♠❛
✜♥❛♥❝✐❡r♦ ❜♦❧✐✈✐❛♥♦✳

✸✳ ❯♥❛ ❆♣❧✐❝❛❝✐ó♥ ❛ ❊❝♦♥♦♠í❛s ❊♠❡r❣❡♥t❡s

❊♥ ❡st❛ s❡❝❝✐ó♥ s❡ ❡❥❡♠♣❧✐✜❝❛ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ V aR − i ❡♥ ❡❝♦♥♦♠í❛s
❡♠❡r❣❡♥t❡s✱ ✉t✐❧✐③❛♥❞♦ ❧♦s ❞❛t♦s ❞❡ ❧❛ s❡r✐❡ ❞❡ t✐❡♠♣♦ ♠❡♥s✉❛❧ ❞❡ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s
❝♦♥ ❡❧ ♣ú❜❧✐❝♦ ❛ ❧❛ ✈✐st❛ ❞❡❧ s✐st❡♠❛ ❞❡ ✐♥t❡r♠❡❞✐❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡♥ ❇♦❧✈✐❛✳ ❊st❡
s✐st❡♠❛ ✕❝♦♠♣✉❡st♦ ♣♦r ❝✉❛tr♦ s✉❜s✐st❡♠❛s ✭✶✮ ❜❛♥❝♦s✱ ✭✷✮ ❢♦♥❞♦s ✜♥❛♥❝✐❡r♦s ♣r✐✲
✈❛❞♦s ✭❋❋Ps✮✱ ✭✸✮ ❝♦♦♣❡r❛t✐✈❛s ❞❡ ❛❤♦rr♦ ② ❝ré❞✐t♦✱ ② ✭✹✮ ♠✉t✉❛❧❡s ❞❡ ❛❤♦rr♦ ②
♣rést❛♠♦✕ s❡ ❝❛r❛❝t❡r✐③❛ ♣♦r s✉ ❤❡t❡r♦❣❡♥❡✐❞❛❞✱ ❞❡❜✐❞♦ ❛ q✉❡ ❧❛s ❡♥t✐❞❛❞❡s ❜❛♥✲
❝❛r✐❛s t✐❡♥❡♥ ✉♥ ♠❛②♦r ❣r❛❞♦ ❞❡s❛rr♦❧❧♦ ② r❡❝✉rs♦s ♣❡❝✉♥✐❛r✐♦s ❡♥ r❡❧❛❝✐ó♥ ❝♦♥ s✉
❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ✜♥❛♥❝✐❡r♦s✱ r❡s♣❡❝t♦ ❛❧ r❡st♦ ❞❡ ❧♦s s✉❜s✐st❡♠❛s✳

✼▲❛ ❡①tr❛♣♦❧❛❝✐ó♥ t❡♠♣♦r❛❧ ❞❡ ❧❛ ✈❛r✐❛♥③❛ ❡s ❛❞❡❝✉❛❞❛ ❡♥ ❧❛ ♠❡❞✐❞❛ ❞❡ q✉❡ ❧♦s r❡t♦r♥♦s ♥♦
♣r❡s❡♥t❡ ❝♦✈❛r✐❛♥③❛ ✐♥t❡rt❡♠♣♦r❛❧✱ ✐✳❡✳ ❛✉t♦❝♦rr❡❧❛❝✐ó♥ ❡st❛❞íst✐❝❛♠❡♥t❡ s✐❣♥✐✜❝❛t✐✈❛✳

✽❉❡❜✐❞♦ ❛ q✉❡ s❡ ❤❛ s✉❣❡r✐❞♦ q✉❡ ❡❧ t❡sts ❞❡ ❑✉♣✐❡❝ ♣✐❡r❞❡ ♣♦t❡♥❝✐❛ ❡♥ ♠✉❡str❛s ♣❡q✉❡ñ❛s

✼



❚❛❜❧❛ ✶✿ ❊st✳ ❉❡s❝r✐♣t✐✈❛s ② ❚❡st ❏❛rq✉❡✲❇❡r❛ ✭❖❜❧✐❣❛❝✐♦♥❡s✮

❙❡s❣♦ ❈✉rt♦s✐s ❊st❛❞í❣r❛❢♦ Pr♦❜❛❜✐❧✐❞❛❞
❏❛rq✉❡✲❇❡r❛ ✭♣✲✈❛❧✉❡✮

❇❛♥❝♦s ✲✵✳✹✵✼✷✵ ✶✶✳✽✸✸✸✻ ✸✾✸✳✹✺✼✺ ✵✳✵✵✵✵✵✵
❋❋Ps ✶✳✽✷✻✻✺✾ ✶✷✳✷✻✾✻✺ ✷✾✼✳✽✶✾✶ ✵✳✵✵✵✵✵✵
▼✉t✉❛❧❡s ✵✳✶✼✾✽✻✼ ✸✳✹✻✾✵✶✻ ✶✳✵✹✽✶✺✸ ✵✳✺✾✷✶✵✷
❈♦♦♣❡r❛t✐✈❛s ✲✵✳✹✵✼✷✵ ✶✶✳✽✸✸✸✻ ✷✷✳✶✷✵✾✺ ✵✳✵✵✵✵✶✻

❚❛❜❧❛ ✷✿ V aR✲i ❞❡ ♦❜❧✐❣❛❝✐♦♥❡s ✭❡♥ ♣♦r❝❡♥t❛❥❡✱ ❛ ✸✵ ❞í❛s✮

❆ ❧❛ ❱✐st❛ ❈✉❡♥t❛ ❞❡ ❆❤♦rr♦s

▼♦♥❡❞❛ ▼♦♥❡❞❛ ▼♦♥❡❞❛ ▼♦♥❡❞❛
♥❛❝✐♦♥❛❧ ❡①tr❛♥❥❡r❛ ♥❛❝✐♦♥❛❧ ❡①tr❛♥❥❡r❛

❇❛♥❝♦s ✶✶✳✻✼ ✶✺✳✶✶ ✹✳✺✽ ✽✳✼✸
❋❋Ps ✸✸✳✾✵ ✷✶✳✸✸ ✹✳✹✾ ✶✷✳✽✻
▼✉t✉❛❧❡s ✹✻✳✻✻ ✺✸✳✼✻ ✺✳✵✹ ✶✸✳✽✷
❈♦♦♣❡r❛t✐✈❛s ✻✶✳✷✾ ✸✺✳✽✷ ✻✳✺✼ ✶✹✳✸✷

❈♦♠♦ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❡♥ ❧❛ t❛❜❧❛ ✶✱ ❧❛s s❡r✐❡s ❝r♦♥♦❧ó❣✐❝❛s ❞❡ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s
❝♦♥ ❡❧ ♣ú❜❧✐❝♦ ❛ ❧❛ ✈✐st❛ ♥♦ ❛♣r♦①✐♠❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ●❛✉ss ✭❧❛ ❤✐♣ót❡s✐s ♥✉❧❛
❞❡ ♥♦r♠❛❧✐❞❛❞ ❞❡❧ t❡st ❏❛rq✉❡✲❇❡r❛ ♣✉❡❞❡ r❡❝❤❛③❛rs❡ ❝♦♥ ✉♥ ♥✐✈❡❧ ❞❡ s✐❣♥✐✜❝❛♥✲
❝✐❛ ♠❡♥♦r ❛❧ ✶ ♣♦r ❝✐❡♥t♦✮ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧♦s ❜❛♥❝♦s✱ ❢♦♥❞♦s ✜♥❛♥❝✐❡r♦s ♣r✐✈❛❞♦s
② ❝♦♦♣❡r❛t✐✈❛s ❞❡ ❛❤♦rr♦ ② ❝ré❞✐t♦✱ ♣♦r ❧♦ q✉❡ s❡rí❛ ✐♠♣r❡❝✐s♦ ✉t✐❧✐③❛r ✉♥ ♠♦❞❡❧♦
❱❛❧♦r✲❡♥✲❘✐❡s❣♦ ♣❛r❛♠étr✐❝♦ ❣❛✉ss✐❛♥♦ ♣❛r❛ ♠❡❞✐r ❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③ ❡♥ ❡st❛s
s❡r✐❡s✳ ✭❙ó❧♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s ▼✉t✉❛❧❡s ❞❡ ❆❤♦rr♦ ② Prést❛♠♦ ♥♦ s❡ ♣✉❡❞❡ r❡❝❤❛③❛r
❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ ♥♦r♠❛❧✐❞❛❞ ❞❡❧ t❡st ❏❛rq✉❡✲❇❡r❛ ❛ ♥✐✈❡❧❡s ❞❡ s✐❣♥✐✜❝❛♥❝✐❛ ❝♦♥✲
✈❡♥❝✐♦♥❛❧❡s✳✮ ❱✐s✉❛❧♠❡♥t❡✱ ❡st❡ ❢❡♥ó♠❡♥♦ ❡s ❡✈✐❞❡♥t❡ ❛❧ ♦❜s❡r✈❛r ❧❛s ❞✐str✐❜✉❝✐♦♥❡s
❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❡♠♣ír✐❝❛s ✭❛♣r♦①✐♠❛❞❛s ❝♦♥ ❦❡r♥❡❧s ❞❡ ❊♣❛♥❡❝❤♥✐❦♦✈✮ ❞❡ ❧❛s ♦❜❧✐✲
❣❛❝✐♦♥❡s ❛❧ ♣ú❜❧✐❝♦ ❛ ❧❛ ✈✐st❛✱ q✉❡ ♠✉❡str❛♥ ✉♥❛ ♠❛r❝❛❞❛ ❧❡♣t♦❝✉rt♦s✐s ✭●rá✜❝♦ ✸✮
② ✉♥ ❛❧❡❥❛♠✐❡♥t♦ ❞❡ ❧♦s ❝✉❛♥t✐❧❡s ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧ t❡♦rét✐❝❛✱ s♦❜r❡ t♦❞♦
❡♥ ❧♦s ❡①tr❡♠♦s ✭❝♦❧❛s✮ ❞❡ ❧❛ ❞✐str✐❜✉❝✐ó♥ ✭●rá✜❝♦ ✸✮✳ ❉❡❜✐❞♦ ❛ q✉❡ ❧❛s s❡r✐❡s ❞❡
t✐❡♠♣♦ r❡❧❡✈❛♥t❡s ♣❛r❛ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ♥♦ ❛♣r♦①✐♠❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧✱
♠♦str❛♥❞♦ ❞❡ ❤❡❝❤♦ ❧❡♣t♦❝✉rt♦s✐s ② ❝♦❧❛s ❛♥❝❤❛s✱ ❡❧ V aR ♣❛r❛♠étr✐❝♦ ❣❛✉ss✐❛♥♦
s✉❜❡st✐♠❛rí❛ ❧♦s ✈❡r❞❛❞❡r♦s r✐❡s❣♦s ❞❡ ❧✐q✉✐❞❡③ ❞❡❧ s✐st❡♠❛ ✜♥❛♥❝✐❡r♦✳

❊♥ ❡❧ ●rá✜❝♦ ✸ s❡ ♦❜s❡r✈❛♥ tr❡s ♠♦❞❡❧♦s V aR ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s
❞❡❧ ♣ú❜❧✐❝♦ ❛ ❧❛ ✈✐st❛ ❞❡❧ s✐st❡♠❛ ❜❛♥❝❛r✐♦ ❡♥ ❡❧ ♣❡r✐♦❞♦ ✭♠❡♥s✉❛❧✮ ❡♥❡r♦ ❞❡ ✶✾✾✾
❛ ❞✐❝✐❡♠❜r❡ ❞❡ ✷✵✵✽✳ ❊♥ ❧❛ ♣❛rt❡ s✉♣❡r✐♦r ❞❡❧ ●rá✜❝♦ ✸ s❡ ♦❜s❡r✈❛ ❡❧ ♠♦❞❡❧♦ V aR

♥♦ ❝❛❧✐❜r❛❞♦✿ ❧♦s ♣✉♥t♦s ❞❡ ❝♦❧♦r ❝❡❧❡st❡ ♠✉❡str❛♥ ❧❛s ❢❛❧❧❛s ❞❡❧ ♠♦❞❡❧♦ V aR❀ ❡♥
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✉♥ ✷✵ ♣♦r ❝✐❡♥t♦ ❞❡ ❧♦s ❝❛s♦s ❡❧ ♠♦❞❡❧♦ V aR s✉❜❡st✐♠❛ ❧♦s r❡t✐r♦s
❞❡ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s ❛ ❧❛ ✈✐st❛✳

❊♥ ❡❧ ❣rá✜❝♦ ✸✭❜✮ ❡❧ ♠♦❞❡❧♦ V aR ❢✉❡ ❝❛❧✐❜r❛❞♦ ❡♥ ❜❛s❡ ❛ ❧❛ ♣✉♥t✉❛❝✐ó♥ ❞❡ ❧❛
❞❡♥s✐❞❛❞ ❣❛✉ss✐❛♥❛ ❡stá♥❞❛r✿ ♣❛r❛ ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ❞❡ ✾✺ ♣♦r ❝✐❡♥t♦✱ ❡❧ ✈❛❧♦r
❞❡❧ ♠✉❧t✐♣❧✐❝❛❞♦r ❜❡t❛ s❡rá β = 1,64 ✭❏♦r✐♦♥✱ ✷✵✵✶✮ ② ❡❧ ✈❛❧♦r ❞❡❧ V aR ❣❛✉ss✐❛♥♦ ❡s
❞❡ ✶✵✳✼✼ ♣♦r ❝✐❡♥t♦✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❞❛❞♦ q✉❡ ❧♦s ❞❛t♦s ♥♦ ❛♣r♦①✐♠❛♥ ✉♥❛ ❞✐str✐❜✉❝✐ó♥
♥♦r♠❛❧✱ ❡❧ V aR ❣❛✉ss✐❛♥♦ s✉❜❡st✐♠❛ ❡❧ ✈❡r❞❛❞❡r♦ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③ ❞❛❞♦ q✉❡ ❡♥ ❧❛s
♣r✉❡❜❛s ❞❡ ❜❛❝❦t❡st✐♥❣ ❡❧ ♠♦❞❡❧♦ V aR ❣❛✉ss✐❛♥♦ t✐❡♥❡ ✉♥ ✶✵ ♣♦r ❝✐❡♥t♦ ❞❡ ❢❛❧❧❛s
✭s❡ ❡s♣❡r❛rí❛ ✉♥ ✺ ♣♦r ❝✐❡♥t♦✮ ② ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ ✉♥ ♠♦❞❡❧♦ V aR ❛❞❡❝✉❛❞♦ s❡

✽



r❡❝❤❛③❛ ❝♦♥ ✉♥ ♥✐✈❡❧ ❞❡ s✐❣♥✐✜❝❛♥❝✐❛ ❞❡ ✺ ♣❡r♦ ♥♦ ✶ ♣♦r ❝✐❡♥t♦ ✭❡❧ ❡st❛❞í❣r❛❢♦ ❞❡
❑✉♣✐❡❝ ❡s ❞❡ ✺✳✵✻✻✮✳

P♦r ú❧t✐♠♦✱ ❡♥ ❧❛ ♣❛rt❡ ✐♥❢❡r✐♦r ❞❡❧ ❣rá✜❝♦ ✸ ✭❣rá✜❝♦ ✸✭❝✮✮ s❡ ❡♥❝✉❡♥tr❛ ❡❧ ♠♦❞❡❧♦
V aR✲i ❞❡ ❝❛❧✐❜r❛❝✐ó♥ ✐♥❞✐r❡❝t❛✱ ❝❛❧✐❜r❛❞♦ ♣❛r❛ ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ❞❡ ✾✺ ♣♦r ❝✐❡♥✲
t♦✳ ❊❧ ✈❛❧♦r ❞❡ ❜❡t❛ ❞❡ β = 2,30 ♥♦ ❢✉❡ ❡①tr❛í❞♦ ❞❡ ♥✐♥❣✉♥❛ ❞✐str✐❜✉❝✐ó♥ t❡♦rét✐❝❛✱
s✐♥♦ q✉❡ ❢✉❡ ❡s❝♦❣✐❞♦ ♣❛r❛ s❛t✐s❢❛❝❡r ❡❧ ❝r✐t❡r✐♦ ❞❡ ♣r♦♣♦r❝✐♦♥❛❧✐❞❛❞ ❞❡ ❧❛s ♣r✉❡❜❛s
❞❡ ❜❛❝❦t❡st✐♥❣ ② s✉♣❡r❛r ❡st❡ t❡st✳ ▲❛ ♣r♦♣♦r❝✐ó♥ ❞❡ ❢❛❧❧❛s ❞❡❧ ♠♦❞❡❧♦ V aR − i ❡s
❞❡ ✺✳✵✹ ♣♦r ❝✐❡♥t♦✱ ✉♥ ✈❛❧♦r ♠✉② ❝❡r❝❛♥♦ ❛❧ ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ✺ ♣♦r ❝✐❡♥t♦
❡s♣❡r❛❞♦ ♣❛r❛ ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ❞❡ ✾✺ ♣♦r ❝✐❡♥t♦✳ ▲❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡❧ t❡st ❞❡
❑✉♣✐❡❝ ♥♦ ♣✉❡❞❡ r❡❝❤❛③❛rs❡ ❛ ♥✐✈❡❧❡s ❞❡ s✐❣♥✐✜❝❛❝✐ó♥ ❝♦♥✈❡♥❝✐♦♥❛❧❡s✱ ♣♦r ❧♦ q✉❡
❡❧ ♠♦❞❡❧♦ V aR✲i ❡s ❡st❛❞íst✐❝❛♠❡♥t❡ ❛❞❡❝✉❛❞♦ ♣❛r❛ ♠❡❞✐r ❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③✳
❊♥ ❡st❛ ❡s♣❡❝✐✜❝❛❝✐ó♥✱ ❡❧ ✈❛❧♦r ❞❡❧ V aR✲i ❡s ✶✺✳✶✶ ♣♦r ❝✐❡♥t♦✱ ♣♦r ❧♦ q✉❡ ♣✉❡❞❡
❡s♣❡r❛rs❡ ✕❝♦♥ ✉♥ ❤♦r✐③♦♥t❡ t❡♠♣♦r❛❧ ❞❡ ✉♥ ♠❡s ❝♦♥ ② ✉♥ ♥✐✈❡❧ ❞❡ ❝♦♥✜❛♥③❛ ❞❡ ✾✺
♣♦r ❝✐❡♥t♦✕ q✉❡ ❧♦s r❡t✐r♦s ❞❡ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s ❝♦♥ ❡❧ ♣ú❜❧✐❝♦ ❞❡❧ s✐st❡♠❛ ❜❛♥❝❛r✐♦
❛❧❝❛♥③❛rá♥ ❝♦♠♦ ♠á①✐♠♦ ✉♥ ✶✺✳✶✶ ♣♦r ❝✐❡♥t♦✳

❊♥ ❧❛ t❛❜❧❛ ✷ s❡ ❡①t✐❡♥❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ V aR✲i ♣❛r❛ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s
❞❡❧ ♣ú❜❧✐❝♦ ♠❡♥s✉❛❧❡s ❞❡ ❧♦s ❞✐❢❡r❡♥t❡s s✉❜s✐st❡♠❛s✱ t❛♥t♦ ❡♥ ♠♦♥❡❞❛ ♥❛❝✐♦♥❛❧
❝♦♠♦ ❡♥ ♠♦♥❡❞❛ ❡①tr❛♥❥❡r❛✳ ❉❡❜✐❞♦ ❛ ❧♦s ❛❧t♦s ✈❛❧♦r❡s ❞❡❧ V aR✲i ❞❡ ❧❛s ▼✉t✉❛❧❡s
❞❡ ❆❤♦rr♦ ② Prést❛♠♦ ② ❧❛s ❈♦♦♣❡r❛t✐✈❛s ❞❡ ❆❤♦rr♦ ② ❈ré❞✐t♦✱ ❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③
❡s ♠❛②♦r ❡♥ ést❛s ❡♥t✐❞❛❞❡s✳ ❊❧ V aR − i ❞❡ ❧❛s ▼✉t✉❛❧❡s ❞❡ ❆❤♦rr♦ ② Prést❛♠♦✱
❛♣r♦①✐♠❛ ✉♥ V aR ♣❛r❛♠étr✐❝♦ ❣❛✉ss✐❛♥♦✱ ❞❡❜✐❞♦ ❛ q✉❡ ❧❛s ♦❜❧✐❣❛❝✐♦♥❡s ❞❡❧ ♣ú❜❧✐❝♦
❛ ❧❛ ✈✐st❛ ❞❡ ❧❛s ❡♥t✐❞❛❞❡s q✉❡ ❝♦♠♣♦♥❡♥ ❡st❡ s✉❜s✐st❡♠❛ ❛♣r♦①✐♠❛♥ ✉♥❛ ❞❡♥s✐❞❛❞
❞❡ ●❛✉ss✳

✹✳ ❈♦♥❝❧✉s✐♦♥❡s

❊♥ ❡st❡ ❡st✉❞✐♦ s❡ ❞❡s❛rr♦❧❧ó ✉♥ ♠♦❞❡❧♦ V aR ♣❛r❛♠étr✐❝♦ ❞✐♥á♠✐❝♦ ❞❡ ❝❛❧✐✲
❜r❛❝✐ó♥ ✐♥❞✐r❡❝t❛ ✭V aR✲i✮ q✉❡ t✐❡♥❡ ❧♦s ❞♦s ♣r✐♠❡r♦s ♠♦♠❡♥t♦s ❡st❛❞íst✐❝♦s ♠ó✈✐❧❡s
♣❛r❛ ♠♦❞❡❧✐③❛r ❧♦s ♣❡r✐♦❞♦s ❞❡ ♠❛②♦r ② ♠❡♥♦r ✈♦❧❛t✐❧✐❞❛❞✱ ② ❡♥ ❡❧ q✉❡ ❡❧ ✈❛❧♦r ❞❡❧
♠✉❧t✐♣❧✐❝❛❞♦r β ❡s ❝❛❧❝✉❧❛❞♦ ✭❝❛❧✐❜r❛❞♦✮ ♣❛r❛ q✉❡ ❡❧ ♠♦❞❡❧♦ V aR✲i s❡❛ ❛❞❡❝✉❛❞♦
♣♦r ❝♦♥str✉❝❝✐ó♥ s✐♥ ♥❡❝❡s✐❞❛❞ ❞❡ ❡st❛❜❧❡❝❡r ❧❛ ❞✐str✐❜✉❝✐ó♥ ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ ❧♦s
❞❛t♦s ✭♣❛r❛ ❡st❛❜❧❡❝❡r ❡❧ ✈❛❧♦r ❞❡ β só❧♦ s❡ r❡❝✉rr❡ ❛❧ ❝r✐t❡r✐♦ ❞❡ ♣r♦♣♦r❝✐ó♥ ❞❡ ❢❛❧❧❛s
♦ ❛ ❡✈❛❧✉❛r ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ ❛❞❡❝✉❛❜✐❧✐❞❛❞ ❞❡❧ ♠♦❞❡❧♦ V aR✲i ❝♦♥ ❡❧ ❡st❛❞í❣r❛❢♦
❞❡❧ t❡st ❞❡ ❑✉♣✐❡❝✮✳

❊st❡ ♠♦❞❡❧♦ ♣r♦♣♦r❝✐♦♥❛ ❛ ❧❛s ❡♥t✐❞❛❞❡s ✜♥❛♥❝✐❡r❛s ❡♥ ❡❝♦♥♦♠ás✐ ❡♠❡r❣❡♥t❡s
✉♥❛ ❤❡rr❛♠✐❡♥t❛ ❜ás✐❝❛✱ r✐❣✉r♦s❛ ② ❢á❝✐❧ ❞❡ ❝❛❧✐❜r❛r ♣❛r❛ ♠❡❞✐r ❝♦♥ ♠❛②♦r ♣r❡❝✐s✐ó♥
❡❧ r✐❡s❣♦ ❞❡ ❧✐q✉✐❞❡③✱ ♠❡❥♦r❛♥❞♦ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ② r❡❞✉❝✐❡♥❞♦ ❧❛s ❛s✐♠❡trí❛s
❝♦r♣♦r❛t✐✈❛s ❡♥tr❡ ❡♥t✐❞❛❞❡s✳ ❊♥ ❡❧ ❡s♣ír✐t✉ ❞❡ ❧❛ ❣❡st✐ó♥ ❞❡ r✐❡s❣♦s ❞❡❧ ◆✉❡✈♦
❆❝✉❡r❞♦ ❞❡ ❈❛♣✐t❛❧ ✭❇❛s✐❧❡❛ ■■✮ ❡❧ ♠♦❞❡❧♦ V aR✲i ❜ás✐❝♦ ♣✉❡❞❡ s❡r ✉t✐❧✐③❛❞♦ ❡♥
s✉ ❡s♣❡❝✐✜❝❛❝✐ó♥ ♦r✐❣✐♥❛❧ ♦ t❛♠❜✐é♥ ♣✉❡❞❡ s❡r ❡①t❡♥❞✐❞♦ ❝♦♥ ♣r♦♥óst✐❝♦s ❞❡ ❧❛
✈♦❧❛t✐❧✐❞❛❞ ❛ h✲♣❛s♦s ♠❡❞✐❛♥t❡ ♠♦❞❡❧♦s ✐♥t❡r♥♦s ❝♦♠♦ ❡✳❣✳ ❧❛ ❢❛♠✐❧✐❛ ❞❡ ♠♦❞❡❧♦s
❛✉t♦r❡❣r❡s✐✈♦s ❞❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐❞❛❞ ❝♦♥❞✐❝✐♦♥❛❧ ❝♦♠♦ ❧♦s ♣r♦♣✉❡st♦s ❡♥ ❊♥❣❧❡
✭✶✾✽✷✮✱ ❣❡♥❡r❛❧✐③❛❞♦s ❡♥ ❇♦❧❧❡rs❧❡✈ ✭✶✾✽✻✮✱ ② ❡①t❡♥❞✐❞♦s ♣❛r❛ ❝♦♥s✐❞❡r❛r ❛s✐♠❡trí❛s
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