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EIEDR, T EIMEIN R B4, PR MBS HERS . AT X O IEEN FoR U E.

EX 1B B M — R ERIB p — 800 AR B &, a5 e il 2 LR AN A4

FRALHE: p(X +a) =p(X) —a, a NEEMILE;

EFM: p(aX) = ap(X) , a NIESE;

BT X >V, M p(X) < p(Y);

TATNEE: p(X) 4 X2) < p(X1) 4 p(X2).
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FE A XU 5 Sk ~T B R I s B P AT DAL UL & K ST, JRUBSEAH B 520N KT
TIPEARII 1 RS 3 Bl A 2508

W F(z) RBENAZE X MRS ML, i F(z) = P{X <z}, SMEE a € (0,1)
a W NECN z, = inf{z|F(z) > a}.

EX 2 HIHHAEK (expected shortfall, ES)

it X i E[X] < oo, M X 1ERZEIKA o B BRI E KE R

ES.(X) = —~B[X|X < ).
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EX 30l IR HII AU % (exponentially weighted-expected shortfall, WES)

kT X R B(X) < oo, M X FERZEIKN o B B EIFREOMBURE 2 8 L~

WES(X) = —a " {Elexp(—AX) X 1{x<s.1] + exp(—Aza)za(a — P[X < z,])}.
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WES,(X) = —a " Y{E[exp(=AX)X1{x <, 41}
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AN — EE AU B B R SERRE Rl b, 2 G Rl Sk AR R B I n SR BN
BN RS A 0. X U0 < Sk ~T i XU 7T g DA B 1 77 URE A <6 R Sk~ B 4 in s A2 Ak,
BUTE 5 T R P24, DR G A0 33 S P AR I 5 2 T R VR R I p 23R, PR 5 5 ™ R4
B DR R PR 43 B BORE , 3K A2 A 5T — AN KU, B2 B b AN R /D ) S A RIS, AR SRV 2
FEX B AR TREE, PR AR T ISR N, 75 RS R R KU
JERBT, A LLA PR — NG R fRE. BT UL ERE, ZH YN, PR —
AN TP IR, P52 B 2 1% A P B A P

HR, T sE VaR, ES i&/& WES, #8558 7 BIH 5™ 1At o, BB IE 5™ 0
202 T W22 (T T RLRZ 1 /NI, 1 RER 7 REE), #3718 i £ 5B g — b U
JE&. TMSERR B G TV 2 (R IR AR A R I 2 AR, 2 00 R B R
FERX A 5N AR

3 ZHARBUMAAE K

PUEAE R BT WIBRI (AR RGO ~ T AT N . 2 A={to=0,--- ,t, =T} FEN+1
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A H m MR, X TAERN 2 ¢ € A MR —F 0T 5R0E S, W BTH G R
WS W (s, t5) = (wi(s),t5), wals), ), -+ ,wm(s;,t;)) € R™ Fow, Hof j =0,1,--- | N.
= wi(sj,ty), =1, ,m) B~ T t; BIZIE ¢ Mg se 8, BALE. ¢; i %15
R HAWE A V (sj,t5) = (v1(s),t5),v2(85,t5), s vm(s), 1)) € R™ Fax, H vi(s),t5)
Fow t; WZE ¢ Fpgt Pl as B B ) AL ANE. R TT R WA vi(s;,t;) > 0 R T I,
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EX 4 ZWIRENBGHEHR K (multi-period exponentially weighted-expected shortfall,
MWES)

10 X;(sj,t5) = Vsjt;)W (s, t5), WM VX = (Xo(so0,t0), X1(s1,t1), -+, Xn(sn,tn)) €
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MWES,(z) = sup WESL[X;(s;,t;)]

j=0,1,---,N

e—MIEET N+ 1 BRI 2 HEEUNBURE R K (fRiFF MWES).
4 MWES M4 5 8@
4.1 MWES BYE8iEMH

FE1 WTFHAAHZHERENARE X, Y ¢ RNt E[X] < oo, E[Y] < oo, WIH
X <Y, MSHEREM X € [0,400), f MWES,(X) > MWES,(Y), Bl MWES /2 B3 3
(1.

F2 OVX e RV E[X] < oo £n X TB—NrE X(s;,t) R E[X(s;,t5)] < oo,
j=0,1,---  N; @QWTF X,Y € RN*1 2 X,(s;,t;) < Yj(sj,t5), 5 = 0,1,--- , N, Nic K
X<Y; @E X ME—AaEnR, WHid X AT

iE ANWYEIE WESL(X;(s;,t;)) > WES, (Y(sj, )i =0,1,--- N. NHHERR, &
10 X;(sj,t5) N Xy, Hoj=0,1,-- N, T REERKREE ESREE OB ERZ
A I, A B A I OGO K B AL AR B 1) AE R A AT —Eﬁmﬁyﬂﬁ&’ﬁﬂiﬁﬁﬁiaﬁﬁﬁﬁm
W, WCE IS o3& 4/, BUREIER AN, B (xj) <0, (y;)a <0.

KA WES.(X;) = —a” H{Elexp(=AX;) X;1¢x, <(x,).1) ) FTEA

a[WES,(X;) - WES, (Y)] [GXP(—AE)le?ng(yj)a} —eXP(—/\Xj)le?ng(zj)a}]
[eXP(—AX‘)X'l?y-qy.) | eXP(—)\Xj)le?xjg(zj)a}]
= E{exp(—2X;)X [1?Y <(yj)o} — 1{xjg(xj)a}]}
> (z7)a exp[—A(@;)al E[1Ty, <(y,)ar — 1{X,<(2;)a] (1)
= (2j)a exp[—A(z))a)(a —a) = 0.
e (1) WSz iR A
{ 1 <wner ~ 1<) 200 X5 > (@5)as
1?y-<(yj) } 1{X <(@))a} = 0, Xj<(j)a;
FTLA WES,(X,(s;,t;)) > WES(Y;(sj,t;)), j =0,1,--- ,N. &

sup WES[X,(sj,t;)] > sup WES[Y;(s;,t;)],

j=0,1,--- ,N j=0,1,--,N

I MWES,(X) > MWES,(Y).
BRI A5 SRR G AR IR, e i B AL 2 26 15 R 5 7 A /DN R XU

4.2 MWES #8944

EHE 2 WHEEHNIRANZHEEILE XY € RV | E[X] < oo, E[Y] < 00, &AT
B X € [0,400) Fly €[0,1], H MWES J& M, BIF 3 0kaz

MWES.(vX + (1 = 9)Y) S yYMWES,(X) + (1 — /) MW ES,(Y).
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W AWIGIESHERER X € [0, +00) Fly € [0,1], A F kL
WES,(vXj + (1 =7)Y;) SAWES.(X;) + (1 = y)WES.(Y;), HHj=0,1,--- | N.

[ S VRAE— B, 58 o &4/, BURIIERAERIED, B (25)0 <0, (y5)a <0, (2))a <0.
MR X <Y, Z=9X+(1-)Y, W X; <Y}, Z; =9X; + (1-9)Y;, j=0,1,--- N,

a[YWES.(X;) + (1 =7 )WES.(Y;) — WES.(Z;)]
=F {GXP(_/\Zj)Zjl?ng(zj)a} - 'YeXP(_)‘Xj)le?ng(xj)a}
— (1= 7) exp(=AY)) Y1y, <(y,))
:E{ exp[-A(vX; + (1 = Y)IX; + 1 = NY5112, <2001
- WGXP(—AXJ‘)le?ng(zj)O} -(1-9) eXP(—AYJ‘)l/}l?x/jg(yj)a}}
> B{ [y exp(=AX;) + (1= 7) exp(-AV)]3; + (1= DYi]iz, <209
- ’YeXP(—AXj)le?xjg(mj)a} - (1 - ’Y) eXP(—)‘Yj)le?ng(yj)a}} (2>
ZE{ [y exp(=AX;) X; — yexp(=AX;) X; +7° exp(=AX;) X; + (1 — 7) exp(—)X;)Y;
+ (1 =) exp(=AY;) X; + (1 — ) exp(=AY;)Y; — (1 — 7) exp(—=AY;)Y;
+(1— 7)2 GXP(*AYJ')Yj]l?ng(z,-)a} - VQXP(*AXj)le?ng(zj)a}
= (1= ) exp(=\Y)Y; 1y, <1 |
:E{W eXP(—)\Xj)Xj[l?zjg(zj)u} - 1?ng(mj)a}] + (1 =) eXp(—)\Yj)Yj{l({lzjg(zj)a}
- 1?ng<yj)a}]} + E{{[VQXJ- =X + (1 = )Yjlexp(=AX;) + [v(1 =) X;
+ (1= )2 = (1= Y] exp(-AY) 1T, <0 |

ZE{V eXP(—)\Xj)Xj [1?zjg(zj)(,} - 1?X_j§(xj)a}}

+ (L =7) exp(=AY;)Yi (192, < o))y = Wyyzwnal} 3)
>y exp[—A(2)al(%1)a B1{7,<(2 )0y — 1{x,<(2;)a}]

+ (1 = 7) exp[=AY;)al (W) B1{2, <2101 — 11y <)) (4)
=y exp[—A(z;)a)(@))a(a — a) + (1 =) exp[=A(y;)a)(y))a (o — )
-0,

o2 St (2) IR
exp[-A(yX; + (1 = 7)Y))] < vexp(=AX;) + (1 — ) exp(~AY;)

H (2))a 0. A% (3) FHERENH X; <Y W 2X; —vX; + (1 —)Y; > 0, [FHH



182 b 4 7 & Vol. 38

T exp(=AX) B, KIS X; <Y; I, exp(—=AX;) > exp(—AY;), AT

E{{[v’X; — vX; +v(1 = 7)Y;] exp(— X))

+ V(1 =X, + (1= 9)°Y; = (1= 7)Y exp(=AY)) 1z <))t
>E{[y’X; —7X; + (1 — 7)Y, exp(—AY))

+ (1 =X, + (1 =9)%; — (1 -7)Y]] exp(—AYﬁ}l?z <G)at)
=B{[V*X; = 7X; + 71 = NY; +7(1 =) X; + (1 =) — (1 = 7)Yl exp(=AY))1{7 <21}
0.

RE (4) BN

{ 17, <¢hay — 1X<@ay =00 X5 > ())a

12 <o ~ Mixy<@pnay S0 X < (25)a

{ 12, <znay ~ Wvi<wpnay 200 Y5 > (95)as

1 s<nar ~ 1o =00 Y5 < (%5)a-

HUEW] T WESa(vX; + (1 = )Y)) < AWESa(X;) + (1 = )WESa(Y;) , it j =
0,1,--- ,N . lrA

MWES,(vX +(1—-7)Y) = sup WES.(vX; + (1 -7)Y))

j=0,1,-- ,N

< sup [YWESa(X;) + (1 - 7)WESa(Y;)]
j=0,1,---,N

< Sup JTWES, (Xj)+  sup  (1=7)WES.(Y))
j=0,1,- J=0,1,-+,N

= 7 _sup WES (X;)+(1—=~) sup WES.Y;)

j=0,1,- j=0,1, \N

VMWESQ(X) (1— ) MWES,(Y).

i MWES /&1,

I PRI A E ARSI 2 B RO, T A S — A G B R FE 0 £ I B AR . A
KU W A B, MR ORE T — érJﬂ*IL*ﬁiz&sﬁzﬂAﬁu%T%E”*m%jz M5z 5 X
RABEWE I 3 47 (1) 7 1208 B e 8 R M= A BESR T, DR b USRS I BE 1 ™ 14 B T 15 2
ORI AR AR AR A a) FRE PR G B e — A AR, B 5 T PRl g i 52 8.

5 BIERM

R 1 P RIPIR ISR VI M V2, BRI SR, X BRI VL 5 V2 e H R A
i Z0 e s B AR MK 0 AT ANAE, B 22 AL, 5 . iR 3R 2 o,
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F 20 E VL V2 2 HE A
B B W(sy,ty)  WEE X (s, t5)

B3 1 (1,1) V1 + vy
i 7 2 (1,2) vy + 20y
3 3 (2,1) 201 + o
i1 4 (3,1) 3v1 + o
[N 45 5 (1,3) V1 + 30,

B =0.05, A =0.001 , i#iL SAS #MHHA NS R FE 3 Pk,

3 K V1 V2 (12 AL S5 R
A RS 2 S MWES

MHT1 349.31 349.31
M2 621.32 621.32
M3 731.09 731.09
A4 1379.83 1379.83
A5 1096.85 1379.83

M 3 AR AT LVE %8 2 WG, ¢ IR RS 5 ¢ i 30T DART 3015 RSB ARG, JF
L AR B RS A 5 SR A 2, BB F, S2ma )RR th AN ).

6 4518

AICAE ES IXF H BTA T BT B RS B BT b, S5 RS R B I B A2 TR X
S (¥ RO AR I, 405 5 W 2.3 A2 1 T 345 JE Kk RS P2 RO R, 3 L 1 Mol 0 22 31 XURS:
MWES. Jx5 € R PEAT PR R IT VIR 18, iR T EAE 2 HIH SRR P ISR &
B AR B R R T ik, R TR, ORI TR LB, b
JE SR bt T AR R, AT PRS2 2R B R DU 2 AL S B s 2 R b il
T TR
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MULTI-PERIOD EXPONENTIALLY WEIGHTED-EXPECTED
SHORTFALL

LIU Qiong, HU Yi-jun
(School of Mathematics and Statistics, Wuhan University, Wuhan 430072, Chma)

Abstract: In this paper, we study the risk measurement of multi-period financial asset

investment. By using the VaR and ES, we consider the behavior and psychological factors of

investors, divide the investment period and propose a new multi period risk measurement—
multi-period exponentially weighted-expected shortfall. In addition, we prove its convexity and
monotonicity. Moreover, we generalize the existing risk measurement methods.

Keywords: exponential weighting; single risk; multi risk; convexity
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