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JAJRE P B — PRI AE AR R T B AT I T B, 1994 4F, JP Morgan 2w 5l T KUK
{E (Value at Risk, VaR), {HFIABE B SRHIKAG T, I ARG RN Hitk, 1999
fE Arztner %5 AR T — SBUAKS FE B IS, Kusoka(2001) 44 HY T HAG 20 A A A8 M () 4%
£ X% & (Conditional Value at Risk, CVaR). 2003 4, Landsman 1 Valdez #2&H T 414
FEi Y (Conditional-Tail-Expectation, CTE). B /5, £ %% #H X CTE #47 1 i, H,
Krokhmal Al Palmquist 5% AX} CTE #RH#E4T T 7 Cherny(2006) A0y CTE REEFRIL
T E A, NS TN {E (Weight Value at Risk, WVaR). Cont(2010) 55 A
N —BURARS B 5 B = R DR S i (B R BUK, g T XX (Range Value
at Risk, RVaR). {H/&HIFAR1HE RVaR M WVaR £ 2 MR 44 &I,

GRtT b, RN T AR i #E 2 Mk RIEAN 2 35 0 22 4 XU B2 &gk AT
THEFL. Li(1996a) 55 AHRAE T BA [ 2 2 bR 1) 2 oL & 7346, 2013 4, Cousina il Di
Bernardino 33| J A E A EH VaR M2 o), Zul&E(E VaR B FBEAZNE, B3
PESE. 2014 4F, Cousina Ml Di Bernardino 53] | #48 & [ & CTE M2 ok, £t
BiH CTE FFEEEA FRBAZNE, ESFE . JEfal otk (22, X Fh XS T & IF AR
F SRR LT

ALHINZ T EE WVaR Fl RVaR, FE0 HIEARME TR 7L, AHIR T VaR #1 CTE,
WVaR Fl RVaR A8 55 5 14 21 1] HA 45 5% 25 1 0 20 0 AR 0T e o L PO UK B

2 EFEFIR

B (Q, F,P) N & MR, i X = LI°(Q, Z, P), BN (Q, 7, P) F R0
BENLAZ A, 1<p< +co. W X REEANMHK, H Xe X, HAoMmRECN Fx(z), EAFR

“UrkS HER: 2021-04-01 = HER: 2021-05-21
TEEEN: EI5F (1995-), &, WU Rl WL, TEEREFE 7 S8 &
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BN Sx(x) =1 — Fx(z). i
Fil'(o) :=inf{z € R: Fx(2) > a}, Fy (o) :=inf{z € R: Fx(z) < 1—a}, a € (0,1).
BEAKFHN a BXEAE (VaR,) BIE SCINT:
VaR.(X) = inf{x € R: Fx(z) > a},

HAPEEKF a € (0,1).

BIEKFRN o MFAFRHEE (CTE,) HYEIT:

CTE,(X) = —ﬁ /a VR (X)dt o€ (0.1).
KT WL p FIBUARAE (WVaR,,) BE XU

WVaR,(X) = / 1 CTE.(X)u(da),

Hrbop [0, 1] ERBERMEE, & p < L[0,1], #¥E Radon-Nikodym &, f77F w 15
dp(a) = w(a)da. HIE WVaR,,(X) XA UIRRN

WVaR,(X) = /1 CTE,(X)w(a)da.

BEAKFN a, 8 XIRSE (RVaR, 5) FIEXWF:

RVaR,3(X) = E[X|VaR.(X) < X <VaRz(X)] = _5—% /ﬁ VaR,(X)dt,0 < a < < 1.
HTFEBREERHEIE T {(VaR,(X) < X < VaRg(X) }, {1 - 8 < Fx(X)< 1-a}A K
{a < Fx(2) < BYRSIRMFERFHES. H, RVaR, 3(X) = BE[X|a < Fx(z) < 3.

Wd>1,1id X=LP(Q, F, P), % X4 N—d 4EFRFBIEE X x - x Xy, i =1,---,d,
X = (X1, Xy) € XX, € X, WX, AEEANGBRIR. X WECA 210 RN
Fx(X)=P(X; < w1, Xg < xq), BEEEFARE Fx(X)=P(X; > 21, -, Xg > zq). B X
W R LR FIAE: (D)X 4atT 4L (2)E(X)< +o00,i=1,---,d.

M4 Cousina Al Di(2013), X € X4, % X i &% MM, a € (0,1), & X VaR, WF:

E[X1|Fx (X) = q
VaR (X) = E[X[Fx(X) =a] = : ,

{63 .

E[Xlex(X) = Oé}

WFK VaR, (X) NEEKTFHN o i FRIRE TR EERENE. 12 VaR, (X) } VaR, (X)
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Eg% [ /[\ﬁi (Z = 17 t 7d) @}Ey %X m& ﬁD—F

E[X,|[Fx(X)=1-q]

VaR,(X) = EX|[Fx(X)=1—-a] = : :
E[X4|Fx(X) =1-q]

WFR VaR. (X) AEREATEHR o # L RRE A EERRE. 18 VaR,(X) }9 VaRa(X)

HiMnEG=1,-4d).
¥ Cousina Al Di(2014), X € X7, #5 X Wi LW %A, & X CTE (X) WiF:
E[X,|Fx(X) > o]
CTE (X) := E[X|Fx(X) > a] = : ,
E[Xq|Fx(X) > a

M CTE,(X) ABEFEKFRN o MFRBL 0 M REME K4 RBEE 2 CTE (X)) N
CTE,(X) M i Myr& (i=1,---,d). FH, & CTEL(X) nF:

E[X,|Fx(X) <1 -q]
CTE,(X):= EX|Fx(X)<1—a] = ( : ) ,

E[Xy4|Fx(X) <1—q]

W OTEL(X) HERBATN o it ERIE LT &M & RBME. L CTEL(X) N
CTE.(X) M5 i My& (i=1,---,d).

2.1 WVvVaR

WVaR,(X) W LLEAER CTEL(X) BB {E. B R/, " LLEN CTE,(X) Al
CTE, (X) k&R WVaR,(X) Ml WVaR ,(X).

ENX 2.1 MEEMBENRE X € X9, 5 X e miaEs, i = 1,2, -,d, BEKFP
a € (0,1). X WVaR, WF:

Jiy CTEL(X)w(o)da
WVaR (X) := ( )
Jo CTEL(X)w(a)da

W WVaR,(X) N FERZ T EAEINBSAE. X WVaR, WH:

i OTE (X)w(a)da
WVaR,.(X) = :
[ CTEL (X)w(a)da
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MFE WVaR,,(X) A5 R 2 0RO AE.

i WVaR,(X)=(WVaR.(X), - -, WVaR%(X))', WVaR,(X)=(WVaR,,(X),- - -,
WVaR. (X)) . Wi X &l @Bl i, N WVaR, (X)=WVaRl,(X) A WVaR, (X)=
WVaR,(X), i,j = 1,---, d. 2 d=11, WVaR,(X) = WVaR,(X) = WVaR,(X).

B 2.2 AEB D N b2, za)=(h(21), -, ha(xa)), FEE X € X7,

(1) # hy,- -, hg FAERERRERL, W IE FR AL

WVaR (h(X)) = / 1 CTE' (h(X))w(a)da, WVaR, (h(X)) = / 1 CTE., (h(X))w(a)da.
(2) 45 ha,- -+, hg NAEBGRRERL, T 515K F AL :
WVaRL(h(X)):/O Vi (a)w(a)da, WVaRZ(h(X)):/O vh (a)w(a)da,

Hrf v (o) = B[h(X)[Fx (X )Z L

vs(a (X )IFx( )<1l-ali=1--d
I MR E X 2.1 WVaR), (h(X))

()Z Elh
:f CTE' w(a)da, %ti=1, ---, d, %

Fx(hil(yl)ﬂ ) hil(yd))7%“hl7 Y hdj\jzuzls%l%'ﬁ
h

ot :{ Foc(h ™y -+ b (), b, - ha SRR

W bk g5 B RRAT.
@ 2.3 WMEE ac (0,1), X € X4, WVaR, (X) Fl WVaR, (X) WL LR
(1) IEFE: AHEER c=(c1,- -, cq) € R4,

WVaR, (c1 X1, caXq) = (i WVaR),(X),- - -, caWVaR (X)),
WVaR,(c1 X1, -+ caXa) = (1 WVaR,(X),- - -, caWVaRy(X)).
(2) FRAENE: MEEK ce RY,
WVaR,(c+X) =c+ WVaR,(X), WVaR,(c+X) = ¢ + WVaR,(X).

IE M4 Cousina Al Di(2014) Hnfil 2.2, SilEamid 2.3 0L
HEIL 2.4 B h NERYEREL Wz, 2)=(ha (1), - -, ha(za)), WHETR S5 T
(1) 45 ha,- - - hg NAERERREL, W F15K R ARAL:

WVaR,(h(X)) = h(WVaR, (X)), WVaR,(h(X)) = ((WVaR,(X));
(2) 5 ha,- -+ hg NAEBGRREL, TR 515K F AL :

B K@)
WVl (1(X)) = h( [ [F0 ) - O SOTEL L (0u(o)do).
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EX) 1-K(l-0a
K(l-o) 1-K(a)

WVa, (X)) = h( [ | CTE, _,(X)Jw(1 - a)da),

Hh K A X KSR, K() = P(Fx(X) < z), K(z) = P(Fx(X) < 2), XHTLEK
x € (0,1).

JIE  #EiL 2.4 B Cousin and Di Bernardino (2014) #1418 2.3 FiE.

EX 2.5 WX e X, B Z MAERERE f1,- - - fo, 18 X=((f1(2), -
- fa(2))), WFR X RSP

EX 2.6 WX, YeX! FR(X,Y) —JtdERPLAEX, FAAE PRI R Z e X
FIAEPE R EL fr,- - - far g1, -+ 90, 13 (X, Y):=((f1(20), - -, fa(Z4)), (91(Z1), - - -, 9a(Z0))),
MR (X, Y) J& m- FLE ).

Rl 2.7 (X, Y) 52 7w LR, WAL
WVaR,(X +Y) = WVaR,,(X) + WVaR,(Y),
WVaR,(X +Y) = WVaR,(X) + WVaR,(Y).

iE  H4E Cousin and Di Bernardino (2014) ¥£)f 2.3 ZiE. X PN H&EHITRZ
VA ELAR ST I BERL I &, AR AT IAEAE ORT .

TR Xy, e, Xay Yo, oo, Yo ZIAFHEIRS, R W FANGE

WVaR,(X +Y) < WVaR,(X) + WVaR,,(Y).

HE 1 Cousin and Di Bernardino(2014) H YL 2 Filk.

2.2 RvVaR

[FIFEMR), RVaRa,p(X) AT UY B ZITIE.

EX 2.9 WX exd %X WHawmatti=1, 2, - d BEAKF 0<a < 8<1, X
RVaR, ; fF:
E[X;|la < Fx(X) <[]
RVaR, ;(X) = E[X]a < Fx(X) < 8] = : ;

E[Xela < Fx(X) < f]

MF RVaR,, 5(X) N [o, 8] LRI N RIRZ TR XX, & X RVaR, s W1

E[X;1-8<Fx(X)<1-q]
RVaR,3(X) = EX[1-3<Fx(X)<1-a]= ( : ) ,

E[X41 -3 <Fx(X) <1-d]
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WFR RV aRq5(X) A [a, f] LR ERIRE Tt S8 DOISXAE. FIFER, 12 RVaR, 5(X)=
(RVaR), 5(X), -, RVaR? ;(X))', BVaRo 5(X)=(BVaR, 5(X), - RVaky (X)) iH X
ST e RE AL I B, )

RVaR' ,(X) = RVaR’ ,(X), RVaR, 4(X) = RVaR, 4(X), i,j = 1,---d.
% d=1 I, RVaR, ;(X)=RVaR, 3(X) = RVaR, 3(X). RVaR, 5(X) W LL&RN:

& ~
RVaR, (X) = o5y | Valt, (OK () 21)

Hh K X KSR, K(o)=P(Fx(X)< z), K(z)=P(Fx(X)< z), MEEHN = €
(0,1).

A
pE

Rl 2.10 AR h N h(xy, .., zq)=(hi(21), - -, ha(zg)), X € X WPL R AL
(1) 45 ha, - - ha NAERERRERL, WTR515¢ R AT
RVaR;, ;(h(X)) = E[hi(X;)|a < Fx(X) < ],

RVaR, 4(h(X)) = E[h:(X,)|1 - 8 < Fx(X) < 1 - al;

(2) # ha,- - - ha NARBERREL, TR H1SR A KOL:

RVaR;, 5(h(X)) = E[hi(X;)]a < Fx(X) < f].

RVaR, 5(h(X)) = E[h(X;)|1 — 8 < Fx(X) <1—a).
WER i S 2.2 2818
@R 2.11 XMER a € (0,1), X € X%, RVaR, 4(X) Fl RVaR, 4(X) 2L N LT
(1) IE%‘@E Xﬁ{i%ﬁl‘] C:(C17 cey Cd)/ € Ri,
MQ)B(CIX17 T CdXd) = (QM}LB(X% T dei,ﬁ(x))ﬂ
RVaR, g(c1X1,- -+, caXy) = (clRVaRiﬁ(X), x -,cdRVaRZﬂ(X)).
(2) PR SHEEM ¢ e RY,

RVaR, 5(c+ X) =c+ RVaR, 5(X), RVaR,s(c+ X) =c+ RVaR, 5(X).

WE AR hi(Xs) = ¢ + X, RIEamE 2.10(1), HilE.
IR 2.12 & h REYEREL, h(aq, .., za)=(h1(x1), - - -, ha(za)),
(1) # h,- - hg RAEREREL, TR F AL

RVaR, 5(h(X)) = h(BVaR, (X)), RV aRa(h(X)) = h(RV aRa p(X));
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(2) & ha,- - ha ARERREL, T R F AL

CTE, ,(X) K@) =i
RVaR, ;(h(X)) = h(= A/ ___CTE, (X)),
Felles () = M 5 R a) R - K(a) )

S CTE, ,(X _ —a _
RVaR..(h(X)) = e mea) L) o (x)

E AL (X)) = (b —a Xy, -

7bd - adXd)7ai > Ou 1= 17 ) d7 Eﬂ/ﬂéﬁ%ﬁ 2.10 m‘/glf
RVaR'(WX)) = E[b; — a;X;|a < F(X) < f]
=b;, — a; E[X;|a < Fx(X) < 3],
FH A A = UnT 15

ElXila < Fx(X) < 8] = A;K(){E{meoc) < f] - EIX[Fx(X) < a]P(Fx(X) < )}

= m{@kg(x) - K(a)CTE; ,(X)},
BIA[S. RVaR, 3(MX)) [FHFEAE.
Bl1 # X e xd ANILBRYAI G, B hi(e) =1—z,2 € (0,1),i= - d, WA

—_i 1 i . K(l — /3)
RVaR, 4(X) =1- RVaR! ,, .(1-X)+ iK1 3

CTE,(X),

Hob KONAR 1-X = (1 - Xy, 1= Xo) WAL #5 X 5 1-X A R0 5 Ai 56 5L,
WIFRBENL I X RXARANALR), HH 55 3%

Z_ | K(1—
RVaR, ;(X)=1-RVaR; 5, ,(1-X)+ K(1— a() _ [fgl )

il 2.13  # (X,Y) A& w- LR, W 5 SRk
(1) aﬁ(X+Y) _MQ,Q(X) +MQ,Q(Y)7
(2) RVaRa@(X—&—Y) RVaR, 3(X) + RVaR, 3(Y).

I HTF RVaR,5(X) 5 RVaRaﬁ( ) HIRERAARARL, [RIUEAEIX B R RVaR,, 5(X).
% X = (Xla' ’ '7Xd)7Y = (Ylv' ’ '7Yd) 7~E = /\ilﬁm m”ﬁﬁﬂ/\mi Z = (Zl, Zd)7

ZIla"'advﬁX (Zz)aylzgl( z); fugz ij”EIS‘T‘EIﬁ7/\h —fz+gz,l—17 ’d, y\j
h AAERE R AL, Hidn i 2.6 AT45

RVaR, ,(X+Y) = E[hi(Z)|a < Fx(X) < ]

= E[fi(Zi)|a < Fz(Z) < B8] + Elgi(Z;)|a < Fz(Z) < 3]
= RVaR!, 4(X)+ RVaR, 5(Y),
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RIAIE.

ST BT B T0 3R 2 IA)AR LT (R BEATL I &, Al ]2 TR AEAE R .

Rl 2.14 Y 8 [EEr, WX, Y € X4, H X e E At SERmi=1,--d #
Xy, - Xa, Yo, -0, Yo ZIAHEASE, W RVaR, 5(X 4+ Y) HA WA

RVaR, 5(X+7Y) < RVaR, 5(X) + RVaR, ;(Y),

Xi+ Y 5 X, +Y;(i # ) WIS, i # j, Bt A HE: —

EXi+Yia<Fxiv(X+Y)<f] _ BlX;a<x(X) <] EY,o<Fy(X)<p
Pla<Fxiy(X+Y)<p8) = Pla<Fx(X)<p) Pla<Fy(Y)<B)

/&\U: (Ulv' . '7Ud)7 U; == FX1+}’.L(X1+Y1)7Z = 17' : '7d7 V= (Vla' . '7Vvd)7 Vi = FXl(X1)7
i=1,--d BT X, +Y; 5 X, +Y; HEML, X TEREMR 6,5 =1, d, WH

EX;+Yila <Fxiv(X+Y) <[]l =FEX, +Y|&; < Fx,1v,(X; +Y;) < f],

it a= @ EHHBAET RVaR (X) BIVANtE, TR )R T

d
Hi:l,i#j Ui

EX;+Y,,06 < Fx,4v;(X; +Y;) < B|U 2] < E[X;, 6 < Fx,(X;) < B|Ui i)

+E[Y;, & < Fy,(Y:) < B|Ui izs)

BT (U, Xy, -+, Ug) HAMER A, Vi, X, -, Vi) BRI BR 7 A AR K 25
), Rk

E[Xi, & < Fx,(X;) < B|Uiiz] = BIXi, o < Fx(X) < B|V,izg]-
[ 2,

ElY;, & < Fy,(X;) < B|Uiizi] = EYi,a < Fy(Y) < B[V

K, FiRgE S L.
3 PR K{ES Coupla THIFRI

FEATATH, BT PEARMES Coupla HA R AZ#NE, XFEATIL PRI A B REALIA B 5] A [F
125 o
EX 3.1 WA ¢:(0,1]— [0, +o0) NS 1K IR AR, H ¢(1) =0. i

?

Ci ) 97H(1), 0 <t < ¢(0)
o= { 0, p(0)<t< + 00

TR oYU Sy o MRS RREL. & G C:[0, 17 — [0,1]: C(ur, - uq) = ¢~ (p(wr), -+, dua)),
NIFR C Ny d e EK 2K Coupla, HFR ¢ A Ak ea .
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%1 A Coupla [ME¥ i F WVaR! (X,Y),i=1,2

Coupla 0 WVaR!(X,Y)

Clayton Cy [1, +00) & — - 61()6J1r18 . fo - 1+9)+a1+06_’\°‘>\da
Counter-monotonic W -1 % -1 16 7 01 1(1aflna e\ doy
Independent II 0 % f 1 % —Aa gy,

s 1 Ty 73“ - 2‘2;“;‘“3) Ae=da

Comonotonic M 00 Ai)\+ T e

# 2 A Coupla [NRRE A (0<A<1) F WVaR! (X,Y),i=1,2
Coupla 6 WVaR! W(X,Y)
(0+1)(1
Clayton Cy [-1, +00) (9 T 9 1) fo 0— a+1+(9)+0(;1+9 oo
Counter-monotonic W -1 % — % 01 Wda
Independent II 0 % 01 %da

I 1 1 Aa*(1—a+alna)
S 10 1 2 T fO - (1—aa)2a —da
Comonotonic M 00 %)
WAL 3.2 W XecX IR =1, - d, f/EFHKES Coupla FH

(1) RVaR; 4(X) =
(2)
(3)
(4) W

1 By Ly dw)yd—1
ROR@ Jo 1= [, (1= 555) " du]

VaRaﬁ(X) = K(l a)lK(l ) S
VaRZ

fO {1 K(a) f
VaRZ

= Jo (= 2 1.

& C jj Clayton coupla J&, W pu(u )

=

[e3%

é(1—7)

1 #(u) yd—1
fw ¢>(v)) dulK

f $(u) )d— 1 du]

17)

Sl

4
51 2

K'(y)dn,
JL= (1= ) e KL

( - 1) (07

—7)dv,

'(7)dyw(a)}da
‘() dyw(l - a)}da.
). HERH 9 — —

) C 4 Counter-monotonic W pR#L; 24 0 = 0, JH:HJ.F C N Independent IT PEE; 2460 = 1,
Jl:din] C:EIE—H; M0 = oo, i C 2 Comonotonic M BREL. 24 X, Y BRM (0, 1) ERII5 5

AilS, 4 ¢ BT PR
(1) fa%or A
w(z) =

m,fE S (O, 1), A>0,

Horp A RS E AL,

(2) o AA:
(2) = AL 0<<1
T A= a1

FHERE Rz € (0,1).

TEFRBU AR B (0<A<1) S04 F, 4583 WVR (X,Y), AR K 1, £ 2.

R, 2 C 4 Clayton BREURI, Joit o 170 A & B SR B %

HARRTHKSH 0 KR H, W 1 A 2.

R, WVaR, (X,Y)
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r\\\ 1 3 5 1\\45 i 3 5 7
AN N
B \'\ -2 \
3 A\ 5 \
4 L : \
-4
5
5
— . =)=05 =1 A=5
A=0.2  seeerenen A=0.5 A=0.8
B 1 H8HAH TN WV aR!, (X, Y), i =1,2 P2 B0 < A < 1) AT WVaR! (X,Y),i=1,2

% 3 ANF Coupla [REHEB AT RVaRfLB(X,Y), i=1,2
Coupla 0 RVaRg”B (X,Y)

20(871 —a”t1)— (140)0(5° o)

Clayton Cy [-1, +00) SO0 D(arh) 57 Tar ]
I 1 azlna—ﬁzlnﬁ-l—%(BZ —a?)

>-1I 2(B—a)+B2—a?
Comonotonic M oo (B—a)[3(B+a)+1]

5l 8 [FH, BURFE K Coupla By C iHHH %] RVaR (X,Y), &R N% 3.

Filih, 24 C N Clayton coupla PREHS, 24 3 [H &, RVaRflﬂ(X, Y) &Rkt o S
HEH MRS E 6 ek %, w3 —E 6. 4 C i Gumble coupla BRER, B O =1, 4 3
i 2 I, RVaR;, ,(X,Y) BKT o MIGEE, mkE 7 —& 8.

MAE RN 21,20 € R UNRAEBW LT a €0, 1), HIH L flazs + (1 — a)zs) >
min{ f(z1), f(z2)}, WFR f(z) NPT L FEAIHL, 35 © # 2o, WIAREREL f(x) ™
FAIY] R 25

Rl 3.3 A w ETARMIMRE, X e X MMERER i =1, - - d, A FIAERXAL:

CTE!(X) < WVaR, (X).

R 3.4 M B BER, & Fx NRRALMRE, XHERER i =1, - d, 7RI

<t

VaR}(X) < RVaR! 4,(X) < VaRj(X).
Y EER, R E AR RVaR, 4(X) < VaRy(X), RFEWADL. id

L(a,B) == {x € RL : a < Fx(x) < 3},
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12 1
09
1 08
0.7

0.8
0.6
0.6 05
04
0.4 03
0.2 az
0.1
0 o
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09
VAR == —(CTE RVAR VAR = —(ClE === RVAR

[€ 3:Clayton % T, 8 = 1,3 = 0.95, RVaRiLﬁ(X, Y),
i=1,2

1.2

0.8
0.6
0.4

0.2

04 06 08 1 12

RVAR — —CTE VAR

[€ 5:Clayton % T, 8 = 5,3 = 0.95, RVaRiLﬁ(X, Y),
i=1,2

0.8
0.6
0.4

0.2

0 0.2 0.4

0.6

CTE == RVAR VAR

4 7:Gumble J&F, 8 = 0.95, RVaR} 5(X,Y), i=1,2

[4 4:Clayton & F, 6 = 1,8 = 0.8, RVaRiLﬁ(X, Y),i=1,2

09
0.8
0.7
0.6
0.5
04
03
0.2
0.1

0.8 09

VAR

¥ 6:Clayton %~ 6 = 5,8 = 0.8, RVangﬁ(X,Y), i=1,2

0.9
0.8
0.7

0.6
0.5
0.4
0.3
0.2
0.1

0 0.1

0.2

0.3 04 0.5 0.6 0.7 0.8 0.9

CIE =-
[ 8:Gumble & 8 = 0.8, RVaR, 5(X,Y), i=1,2

= RVAR VAR



No.4 FI5¥: ZIn)i B XA AH 341

B Fx(x) 1) (o, B)- FIKFE, a € (0,4), id
L(a,B) :={x€eRL:1-B<Fx(x)<1-al,

B9 Fx(X) 1 (1 — 8,1 —a)- AP, #5168 $ e X oL 9 Fx 1€ (a,8) L

MRS BT Fx 2R, Bk, L, 3) A RL T —MNE, WA H

X € L(a, B), X1 = VaRo(X1), -+, Xa > VaR,(Xy). Bk, VaR,(X) < RVaR!, 4,(X), BHE.
R 3.5 A X e Xl XMERE i =1, - -, d, A F AL

WVaR!,(X) = WVaR!,(X) = WVaR, (X).

iE R4 Di Bernardino(2014) H i 2.7 715,
W 3.6 & X cxd eI, SHMIEW i =1, -, d, B FAIAZRT

RVaR! 4(X) = RVaR., ;(X) = RVaR, 5(X).

S 3.7 Y4B EEH, X e x| B e Hmes, SMEEmi=1,- . d,
(1) # VaR,(X) M o MAEREER, W] VaR! (X) < RVaR!, 4(X) < VaRj(X);
(2) # CTE!(X) N o HAEME%, W) CTE! (X) < WVaR!,(X),

iE A CTE, (X) #l VaR, (X) A a HAERE S, W SIEAE 3.7 Mo, RVaR, 4(X)
I WVaR, (X) i IR i

il 3.8 £ X, Y € X iAW MAM, B X, Y A MEM Coupla %l C, #5
X;=Yi(i =1, -, d), B FHEREAL

RVaR' ;(X) = RVaR' ,(Y), RVaR, 4(X) = RVaR, 4(Y),

WVaR',(X) = WVaR',(Y), WVaR, (X) = WVaR,(Y).
HUE  HR4E Cousin A1 Di Bernardino(2013) H4)ii 2.6 1 Cousin 1 Di Bernardino(2014)
HrER 2.9 G
4 —MBEAIEHEI T AR

FEAH RV aRo 5(X) M WVaR,(X) £ WrHbLss] T 0.

EX A1 BX, Y e X ac(0,1), FHE Qx(a) < Qu(a), MFRLE—HrHEHLEHI
X AT Y, BX 20Yii =1, -, d), Jot Qx(a) 9 X A1) @ 4HOL

WE 4.2 42X, Y € X ME&M, BAEMEK Coupla AL C, ¥ X; =g

RVaR!, 4(X) < RVaR!, 4(Y), RVaR, 45(X) < RVaR, 4(Y),

WVaR!,(X) < WVaR!,(Y), WVaR,(X) < WVaR
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JE  MR4E Cousin #1 Di Bernardino(2013) 4t 2.7 1 Cousin Al Di Bernardino(2014)
kR 2.10 .

W 4.3 Y3 [EEr, 4 X, Y € x4 R AN, B X, Y AHE Coupla B3l
C, # E(X;|X; < B) < E(Yi|Y; < 8) H VaR'(X) M VaR (Y)(i = 1,- - -, d) W R —#
Wr 25, BIFEAE— ce (0, 8), 152 a € (0,¢) if, VaR (X) > VaR (Y) ; #Ha € (¢, )
i, VaR! (X) < VaR (Y), M FHIAREREL:

RVaRfLB(X) < MQ,Q(Y)'

WE RS ERALG e Wh
G(a) : = (K(8) — K(a))(RVaR', 5(Y) — RVaR', 5(X))

— /ﬁ (VaR' (Y) — VaR' (X))K' (v)dy.
MAEEMa<e, H

G(0) = (K(B) — K(0))(E(X;|X; < 8) < E(Y;|[Y; < B)) 20, G(B) =0,

/

G (@) = (VaR,(X) ~ VaR',(Y))K (a) > 0.
e <a<fif, G (a) <0, Bk Gla)>0 B _FR ARG K. m;ﬂ(X)(i =1,--,d)
WA R L5 18.

W 4.4 X, X* e X B HIAY, Fi(X,) = B(XF), "HMEEM i =1, d.
% C N X ) Coupla E%, C N X I4FE Coupla B %L, C* N X* [ Coupla pR#L, C*
N X* 44T Coupla R,

(1) 1L U; = Fx,(X;), Ur = FX;(X;), U=(Uy,---,Uyq), U *=(Uy,---,U}), 45

[Uila < C(U) < 8] 25 [Ufla < C(U*) < 3],

)
RVaR], 5(X) < RVaR], 5(X*);
(2) Vi =Fx,(X), V¥ = Fxr, V=(V1,- -, Vg), V*=(V§,- - V), 4
Vil < C(V) < 6] 2t [Vi]a < C(VF) < 4],
Iy

RVaR, 5(X) < RVaR,, 5(X*).

E UL =g Uy 5AAY E[f(U)] < E[f(U2)], SERMARERE f. B f(u) =
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Qx,(u),u € (0,1), #
ElQx, (U;)—a < C(U) < §] < E[Qx,(U})—a < C(U*) < 4],

BT X, X BHAMERR A, Ktk
ElQx: (U})—a < C(U) < ] = E[Qx; (Ui)—a < C(U*) < g,

IR FILER (1) TR (2), 4 f(u) =F, (u),u € (0,1) AFE. #4E Cousin M Di
Bernardino(2014) f#r @ 2.12, Xf WVaR,(X) HRHMHFEKZ5R.

HEI 4.5 W X € X7 B H AT,

(1) % C NFIHAKMES Coupla, M WVaR ,(X), RVaR,, 5(X) X T 6 [
H, RVaR, 5(X) £RT a(BH 3) H— 4L

(2) # C ABIFEKAES Coupla, Wl WVaR,(X), RVaR, 5(X) £XKT 0 (—A 5%

HEIP 4.6 W X € X4 B R H AT,

(1) # VaR,(X) ART o FEAERERE, W RVaR, 5(X) H2KT o KRR R

(2) # VaR,(X) #%T o MAEMEL, 1 RVaR, 5(X) % T o (RS

HEIL 4.7 B X € X9 H S AF, Coupla B %L C AIZETE Coupla %k C,

(1) # C Jy d BIFEAKMESE Coupla, W RVaR], 5(X) KT o M4k R %L

(2) #5 T d HEFTHERAES Coupla, M| RVaR, 5(X) 2K T o (R E%L

5 45ip

AR IR B AE UL K X I KBS A Y fe B 2 Joii . W Fiss R e M2 o &
AEL ISR DX 35 RSB J2 IE 55 IR RN R AN AR LS LA M. 34k, AR SCb e fit 7 —2t
HHBIT, % VaRo (X)) CTEL(X) 5 RVaR, 5(X) MEH, 3 e T 2 Jo i B E
TR IX 33 XU A E— B BE AL A28 1) (1) 3R .
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MULTIVARIATE VECTOR WEIGHT AND RANGE VALUE AT
RISK

WANG Qiao-ling
(Department of Mathematics and Statistics, Wuhan University, Wuhan 430072, C’hma)

Abstract: For the investment portfolio, in order to better characterize investor preferences
and reduce the sensitivity to outliers, this paper introduces the multivariate vector value area and
weighted risk value risk measurement which are based on the existing multivariate vector value
risk value and conditional tail expectations. And this paper studies their basic properties. Under
different Coupla functions, the specific expressions of the vector value area and the weighted
risk value are obtained respectively. Finally, this article provides relevant numerical calculation
examples. The vector value area and weighted risk value risk measurement introduced in this
paper extend some of the existing results in the literature.
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