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𝑉𝑎𝑅𝑖,𝑡
𝛼 =  𝐹𝑖,𝑡

−1(𝛼) (1)

𝐹𝑖,𝑡
−1 𝑖

𝛼 is the confidence level,  𝛼 ∈ (0,1).

𝑃𝑟 𝑟𝑖,𝑡 ≤ 𝑉𝑎𝑅𝑖,𝑡
𝛼 𝛼 (2)
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𝑗

𝑖

𝑃𝑟(𝑟𝑗,𝑡 ≤ 𝐶𝑜𝑉𝑎𝑅𝑡
𝛼,𝜏|𝑟𝑖,𝑡  ≤  𝑉𝑎𝑅𝑖,𝑡

𝛼 ) =  𝜏 (3)

𝐶𝑜𝑉𝑎𝑅𝑡
𝛼,𝜏 𝑗 𝜏 𝜏 ∈ (0,1)

𝑖 𝑗

𝑗 𝑖 𝑗

i

∆𝐶𝑜𝑉𝑎𝑅𝑡
𝜏,𝛼 =  𝐶𝑜𝑉𝑎𝑅𝑡

𝜏|𝑟𝑖=𝑉𝑎𝑅𝑖
𝛼

−  𝐶𝑜𝑉𝑎𝑅𝑡
𝜏|𝑟𝑖=𝑀𝑒𝑑𝑖𝑎𝑛𝑖 (4)

𝑗

𝐸𝑆𝑗,𝑡
𝛼 =  𝐸(𝑟𝑗,𝑡|𝑟𝑗,𝑡 ≤  𝑉𝑎𝑅𝑗,𝑡

𝛼 ) (5)

𝑤𝑖

𝑖 𝑗
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𝑀𝐸𝑆𝑖,𝑡
𝛼 =  

𝜕𝐸𝑆𝑗,𝑡
𝛼

𝜕𝑤𝑖
=  𝐸(𝑟𝑖,𝑡|𝑟𝑗,𝑡 ≤  𝑉𝑎𝑅𝑗,𝑡

𝛼 ) (6)

𝑗

𝑤 𝑖

𝐶𝐸𝑆𝑖,𝑡
𝛼 =  𝑤𝑖

𝜕𝐸𝑆𝑗,𝑡
𝛼

𝜕𝑤𝑖
= 𝑤𝑖𝐸(𝑟𝑖,𝑡|𝑟𝑗,𝑡 ≤  𝑉𝑎𝑅𝑗,𝑡

𝛼 ) (7)
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𝜇

𝜎

𝜅

𝜇 is 𝜎  𝜅

𝑅𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛𝐶,𝑡 =  
∑ 𝑅𝑒𝑑𝑒𝑚𝑡𝑖𝑜𝑛𝑖,𝑡𝑖∈𝐶

∑ 𝐴𝑢𝑀𝑖,𝑡−1𝑖∈𝐶
(8)
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(8)
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(1)

(8) 𝐶 = 1.

(1)

𝛼 𝜏

(3)

𝐶𝑜𝐸𝑆𝑖,𝑡
𝜏,𝛼 =  

1

𝜏
∫ 𝐶𝑜𝑉𝑎𝑅𝑡

𝜏,𝛼
1

𝜏

(9)

𝛼 𝛼 = 0.95

𝜏

𝜏

 

 
1 Note that VaR is defined in (1) as left tail risk since the general definition is about negative returns, in 
this study we are interested in the positive tail of redemptions so the equation must be reversed. 
2 Same as 1. 
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 (𝜶 = 𝟎. 𝟗𝟓;  𝝉 = 𝟎. 𝟗𝟓)

 

𝛼 = 0.95

𝜏 = 0.95

 



17 
 

 

 

 



18 
 

𝐻ℎ

 

 

 

𝐻ℎ
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𝐻𝑄𝐿𝐴𝑖 =  𝑤𝑘 (1 − ∑ 𝐻ℎ) ;                    𝑤𝑘 =
𝑥𝑘

𝐴𝑢𝑀𝑖
(10)

𝑤𝑘 𝑘 𝑖 𝐻ℎ

𝑘 𝑥𝑘 𝑘 𝑖
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𝛼 (2)

𝛼

(5)

 

𝑋𝑗 𝑋𝑘

𝜙

𝑍(𝑗, 𝑘)

𝜙

𝑍(𝑗, 𝑘)

𝑋𝑗 𝑋𝑘

𝑋𝑗 𝑋𝑘
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𝐼𝑄𝑅0.75

𝜅

𝜅

𝑋𝑗𝑡 𝑋𝑘𝑡

𝑌𝑗𝑡 =  
𝑋𝑗𝑡 −  𝑄𝑗

0.50

𝐼𝑄𝑅𝑗
𝜏 (11)

𝑋𝑗𝑡  𝑖𝑠: 𝑡ℎ𝑒 𝑗𝑡ℎ 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒𝑐𝑡𝑜𝑟 𝑋𝑡  (𝑟𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛 𝑠𝑒𝑟𝑖𝑒𝑠), 𝑄𝑗
𝜏: 𝑡ℎ𝑒 𝜏𝑡ℎ 𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒

𝑎𝑛𝑑 𝐼𝑄𝑅𝑗
𝜏: 𝑡ℎ𝑒 𝜏𝑡ℎ 𝑖𝑛𝑡𝑒𝑟𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑟𝑎𝑛𝑔𝑒 (𝑄𝑗

𝜏 − 𝑄𝑗
1−𝜏)

𝑌𝑘𝑡 𝑌𝑗𝑡 𝑌𝑘𝑡

𝑌𝑗𝑡 𝑌𝑘𝑡

𝑍𝑡
(𝑗𝑘)

=  
1

√2
(𝑌𝑗𝑡 +  𝑌𝑘𝑡) 𝑖𝑓 𝑐𝑜𝑟𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

(12)

𝑍𝑡
(𝑗𝑘)

=  
1

√2
(𝑌𝑗𝑡 −  𝑌𝑘𝑡) 𝑖𝑓 𝑐𝑜𝑟𝑟𝑒𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

(13)

𝐼𝑄𝑅(𝑗𝑘)𝜉 =  𝑄(𝑗𝑘)𝜉 −  𝑄(𝑗𝑘)1−𝜉

(14)

𝜉 ∶ 𝑡ℎ𝑒 𝑡𝑎𝑖𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑡ℎ𝑎𝑡 𝑡𝑖𝑝𝑖𝑐𝑎𝑙𝑙𝑦 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒 𝑡𝑜 1 𝑎𝑛𝑑 0 < 𝜏 < 𝜉 < 1
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𝑇𝑎𝑖𝑙𝐶𝑜𝑅(𝑗𝑘)𝜉 =  𝑠0(𝜉, 𝜏) 𝐼𝑄𝑅(𝑗𝑘)𝜉

(15)

𝑠0(𝜉, 𝜏) 𝑖𝑠 𝑎 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑠𝑢𝑐ℎ 𝑢𝑛𝑑𝑒𝑟 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛𝑖𝑡𝑦 𝑎𝑛𝑑 𝑙𝑖𝑛𝑒𝑟𝑎𝑟 𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 

𝑇𝑎𝑖𝑙𝐶𝑜𝑅(𝑗𝑘)𝜉 = 1. 𝑠0 𝜉, 𝜏

𝑇𝑎𝑖𝑙𝐶𝑜𝑅𝑎𝑙𝑡
(𝑗𝑘)𝜉

𝜉

𝜌̂𝑗𝑘,𝑇 = sin (
𝜋

2
𝜅̂𝑗𝑘,𝑇)  ⇒  𝐿𝑖𝑛 = √1 + |𝜌̂𝑗𝑘,𝑇| (16)

𝜅̂𝑗𝑘,𝑇: 𝑡ℎ𝑒 𝐾𝑒𝑛𝑑𝑎𝑙𝑙′𝑠𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑤𝑒𝑛 𝑌𝑗𝑡  𝑎𝑛𝑑 𝑌𝑘𝑡

𝑁𝐿𝑖𝑛 =  
𝐼𝑄𝑅̂𝑇

(𝑗𝑘)𝜉

√1 + |𝜌̂𝑗𝑘,𝑇| (17)

𝐼𝑄𝑅̂𝑇
(𝑗𝑘)𝜉

: 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑟𝑎𝑛𝑔𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑜𝑛

𝜏 = 0.75 𝜉 = 0.95
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𝑥 ∈ (0, ∞
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𝐴𝐼𝐶 =  −2𝑙𝑜𝑔𝐿(𝜃̂) + 2𝑘 𝐿(𝜃̂)

𝜃

𝐵𝐼𝐶 =  −2𝑙𝑜𝑔𝐿(𝜃̂) + 𝑘𝑙𝑜𝑔(𝑛)

𝛼 𝛽 𝑥 ∈ (0, ∞

𝛼 𝛽

(18) (19)

𝑓(𝑥) = {
(

𝛼

𝛽
) (

𝑥

𝛽
)

𝛼−1

𝑒(−𝑥/𝛽)𝛼
  𝑖𝑓  𝑥 ≥ 0

0                                   𝑖𝑓  𝑥 < 0

(18)

𝐹(𝑥) = 1 − 𝑒−(𝑥/𝛽)𝛼
(19)

𝛽−1𝛤(1 + 𝛼−1)

𝛽−2(𝛤(1 + 2𝛼−1) − 𝛤(1 + 𝛼−1)2)

ǁ 𝑋𝑘 𝛽−𝑘𝛤(1 + 𝑘𝛼−1)

ǁ (𝑋 > 𝑥) 𝑒−(𝛽𝑥)𝛼
 x ≥ 0

(20)

𝛤(·)

𝛼 ≤ 1

𝛼 = 1 𝛽 𝛼 > 1
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(𝜎√2)

(𝜎)

 
 

 EE EI MX FI 

Shape (𝛼̂) 1,04 1,16 1,49 1,23 

Scale (𝛽̂) 8.87x10-4 7,11x10-4 1,59x10-3 2.34x10-3 

𝛼) (𝛽)

(21)

𝐹𝑋
−1(𝑥) =  

𝛼 (
𝛽
𝑥

)
𝛼

 𝑒−(𝛽/𝑥)𝛼

𝑥
(21)

{𝑢𝑛}𝑀

∼ 𝑢𝑛

(22) 𝛼̂ 𝛽̂

𝑋 =  𝐹𝑋
−1(𝑢, 𝛼̂, 𝛽̂) (22)
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𝑖 𝑖 ∈ (1,1.000)

𝑗 𝑗 ∈ (1,10.000)
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𝜇

𝜎

𝜅

𝜇 is  𝜎 𝜅
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𝑅𝐶𝑅𝑖 =  
𝐻𝑄𝐿𝐴𝑖

𝑅𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛 𝑠ℎ𝑜𝑐𝑘𝑗
 (23)

𝑖 𝑖 ∈ (1,73)

𝑗

𝑗 ∈ (1,4)
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(23)
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𝐹(𝑌|𝑋)

min
(𝛼,𝛽)

[∑(𝑞 − 1𝑦𝑡≤𝛼+𝛽𝑥𝑡
)(𝑦𝑡 − (𝛼 + 𝛽𝑥𝑡))

𝑇

𝑡=1

]

min
(𝛼,𝛽)

[𝑞 ∑ (𝑦𝑡 − (𝛼 + 𝛽𝑥𝑡)) − (1 − 𝑞) ∑ (𝑦𝑡 − (𝛼 + 𝛽𝑥𝑡))

𝑦𝑡≤𝛼+𝛽𝑥𝑡𝑦𝑡≥𝛼+𝛽𝑥𝑡

]

min
(𝛼,𝛽)

 ∑|𝑦𝑡 − (𝛼 + 𝛽𝑥𝑡)|

𝑇

𝑡=1
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𝛽̂

 

 EE EI MX FI 

𝛼̂ 0,00 0,00 0,00 0,00 

𝑝𝛼̂  0,00 0,01 0,00 0,50 

𝛽̂ 2,12 1,29 2,66 3,33 
𝑝𝛽̂ 0,00 0,00 0,00 0,00 

𝛼̂ 𝛽̂ 𝑝(𝛼,𝛽)
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≥

 

 

≥
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≥

 

 

≥

 

 

≥
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𝑅𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛𝑖,𝑡 =  𝜙𝑖,0 + ∑ 𝜙𝑖,𝑗𝑅𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛𝑖,𝑡−𝑗 + 𝜀𝑖,𝑡

𝑝

𝑗=1

𝜙𝑖,𝑗

𝜀𝑖,𝑡 𝜎𝑖,𝑡 𝜀𝑖,𝑡

𝜎𝑖,𝑡
2 =  𝜔𝑖 +  𝛽𝑖𝜎𝑖,𝑡−1

2 + 𝛼𝑖𝜀𝑖,𝑡−1
2

𝛼𝑖 𝛽𝑖 𝜔𝑖

 

 EE EI MX FI 

𝜙0 0.68 0.43 0.79 1.32 

 [0.04]*** [0.04]*** [0.104]*** [0.143]*** 

𝜙1 0.0538 0.1688 0.4414 0.2660 

 [0.03] [0.107]*** [0.06]*** [0.07]*** 

𝛼 0.0000 0.3430 0.3135 0.1029 

 [0.00] [0.248] [0.210] [0.04]*** 

𝛽 0.9890 0.5155 0.1006 0.7371 

 [0.00]* [0.315] [0.118] [0.08]*** 
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𝜏, 𝜉)

𝜏  𝜉
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𝐿 =  ∏ 𝑓(𝑥𝑖 , 𝜃)

𝑛

𝑖=1

𝑓(𝑥𝑖 , 𝜃) 𝑥𝑖 𝜃

(18)

𝐿(𝛼, 𝛽) = ∏ (
𝛼

𝛽
)

𝑛

𝑖=1

(
𝑥𝑖

𝛽
)

𝛼−1

𝑒[−(𝑥𝑖/𝛽)]𝛼

𝑙𝑛𝐿(𝛼, 𝛽) = 𝑛𝑙𝑛𝛼 − 𝑛𝛼𝑙𝑛𝛽 −
1

𝛽𝛼
∑ 𝑥𝑖

𝛼
𝑛

𝑖=1
+ (𝛼 − 1) ∑ 𝑙𝑛𝑥𝑖

𝑛

𝑖=1

𝜕𝑙𝑛𝐿(𝛼, 𝛽)

𝜕𝛼
=  

𝑛

𝛼
− 𝑛𝑙𝑛𝛽 −

∑ 𝑥𝑖
𝛼 − 𝑙𝑛𝛽 ∑ 𝑥𝑖

𝛼𝑛
𝑖=1

𝑛
𝑖=1

𝛽𝛼
+ ∑ 𝑙𝑛𝑥𝑖

𝑛

𝑖=1
= 0

𝜕𝑙𝑛𝐿(𝛼, 𝛽)

𝜕𝛽
=  

𝑛𝛼

𝛽
+

𝛼

𝛽𝛼+1
∑ 𝑥𝑖

𝛼
𝑛

𝑖=1
= 0

𝛼̂ =  
𝑛

(1/𝛽̂) ∑ 𝑥𝑖
𝛼̂𝑛

𝑖=1 𝑙𝑜𝑔𝑥𝑖 − ∑ 𝑙𝑜𝑔𝑛
𝑖=1 𝑥𝑖

𝛽̂ =  [(
1

𝑛
) ∑ 𝑥𝑖

𝛼̂
𝑛

𝑖=1
]

1/𝛼̂
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𝑝𝑈(𝑢)

𝑝𝑋(𝑥)

𝑃(𝑢) = {
0, 𝑢 ∋ (0,1)
1, 𝑢 ∈ (0,1)

|𝑝𝑈(𝑢)𝑑𝑢| =  |𝑝𝑋(𝑥)𝑑𝑥|   ⇒  𝑝𝑋(𝑥) = 𝑝𝑈(𝑢) |
𝑑𝑢

𝑑𝑥
| 

𝑝𝑋(𝑥)

𝑢

𝑝𝑋(𝑥) =
𝑑𝑢

𝑑𝑥
 ⇒ 𝑑𝑢 = 𝑝𝑍(𝑧)𝑑𝑧

𝑃𝑋(𝑥) = ∫ 𝑑𝑥′𝑝𝑋(𝑥′)
𝑥

−∞

∫ 𝑑𝑢
𝑢

0

= ∫ 𝑑𝑥′𝑝𝑋(𝑥′)
𝑥

−∞

  ⇒   𝑢 =  𝑃𝑋(𝑥)   ⇒ 𝑥 =  𝑃𝑋
−1(𝑢)

𝑥 =  𝑃𝑋
−1(𝑢)

𝑥 =  𝑃𝑋
−1(𝑢)

 


