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Abstract: In view of the exchange rate risk in import and export trade, using Copula-GARCH method, this
paper proposes a hedging model with cross-currency options based on improved lower partial moment (LPM).
First, copula functions are used to describe the dependence structure. A theoretical hedging model, which is
applicable in any marginal distributions, is established with cross-currency options, and integral forms of the
hedging model are derived. Then GARCH models are fitted for the returns of the cross currencies, and steps
of calculating the distribution of the marginal returns using the optimal model are presented. The proposed
model is further validated using cross-currency hedging of RMB in the foreign exchange market. The effects
on LPM caused by the strike price, hedging cost and the degree of risk aversion coefficient are also discussed.
The results show that setting the median return rather than the expected return as the target return in LPM is
good for prudent investment. To reduce the risk measured by LPM, investors with less budget should choose
at-the-money put options hedging while those with higher budget can choose in-the-money put options. The

latter shall consider an appropriate strike price which is comparatively lower than others.
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Hrpd =1 RRFITLAANRT; ¢ = 2 FRERITETT. piy NEICEESEHWREA pi— AET— B IREA.
K1 AE 2 4353 7x CNY/USD V206 Bl 2 58 A e 3 Ui 2 2 15 B 3 AL 4 43531 USD/EUR 3% 5
A 2t S A 24 Wi 2 R .
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Fig. 1 Return from the conversion of USD into RMB
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Fig. 2 Absolute return from the conversion of USD into RMB
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Fig. 4 Absolute return from the conversion of EUR into USD
MBI~ 4 Fa] ORI, 58 SO AR it 347 A2 SR PERONL (BRI — R 3 8l JE AR A FEBE A K Ieah, —
UCNRIE B JEAEAE ARG N B sh). Pk ARCH SR IR 1 fs.
F 1 HARENG R

Table 1  Statistical description of the sample data

grith B el i EOKE BeME WREE RE g J-B&TitE p-A
CNY/USD —0.0001 —0.0000 0.0050 —0.0061 00010 —02286 7.8468 1184 0.001

USD/EUR  —-0.0001 —0.0001 0.0246 —0.0274 0.0062 —0.2245 45623 132011 0.001

1A TR X FR 19@%ARCH B El’Jé}hH‘*Jé ASHE R, CNY/USD JI- % FIUSD/EUR I %
HA 7 (—0.228 6 1 —0.224 5)FN G JE M. 0@ LM Gt &k a8 XL KIS #B 2 A5 ARCH 2%
REZATIRHT 20 B0 25 RAR R 2, 9 7 W ARIE, A BAARUE R IR). R, R 4.0 TS
() GARCH A4 HI GIR AYHUA PN 2RI RS I (R FF 81, 23 il an s 2 #1348 3 Frs. Hod 3 2 2 GARCH-n
1 GARCH-t #0553 bR 43 41 15 B S B0 THE R 2 & 3 441 7 H GIR-n Al GIR-t BRI U &3 bR 4y
3R S HAG THE SR ZE.

M 2 F12 3 AT LA B, A Ljung-Box %% A1l Engle-16 % .7k GARCH-n, GARCH-t, GJR-n FIGJR-t
WA ZEEBEE 5% FARIEL R R, @i S BIAMETH B S HOR B2 1. W3R 2 FIk 3 1k
Al LA H GARCH-t £ A Fiil] CNY/USD A1 USD/EUR Y 2 .
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*2 JBFRSf GARCH-n/GARCH-t 55!
Table 2 Models of GARCH-n/GARCH-t of the marginal distributions

Y GARCH-n GARCH-t
5 CNY/USD USD/EUR CNY/USD USD/EUR
ZH A brifE 2 fliTHHE i) A i fliiHE brifE 2
C —6.075¢—5 | 2.179e—5 | —1.239e—4 | 1.529e—4 | —3.238¢—5 | 1.840e—5 | —5.808¢—5 | 1.466e—4
K 1.075e—7 | 1.047e—8 | 2.000e—7 | 5.844e—8 | 1.072e—7 | 2.540e—8 | 2.000e—7 | 1.162e—7
GARCH 0.573 0.022 0.957 0.008 0.561 0.049 0.952 0.013
ARCH 0.421 0.036 0.038 0.008 0.440 0.091 0.044 0.013
AR —0.029 0.030 —0.027 0.029
d 3.371 0.390 7.055 1.602
LLF 6.721e+3 4.495e+3 6.827e+3 4.514e+3
AIC —1.343e+4 —8.982e+3 —1.364e+4 —9.016e+3
BIC —1.341e+4 —8.963¢+3 —1.361e+4 —8.987¢+3

SE: BRI ab+ ¢ #R a x bEC, .

&3 JARSTH GIR-0/GIR-t fRE
Table 3 Models of GJR-n/GJR-t of the marginal distributions

Y GIR-n GIR-t
POEd CNY/USD USD/EUR CNY/USD USD/EUR
24 fliTHE PRt 2 fliTHE Rt iF flivH{E R i fhiTHE brifE 2
C —0.5.414e—5 | 2.510e—5 | —1.590e—4 | 1.5223e—4 | —1.797e—5 | 1.002—5 | —6.955e—5 | 1.245¢—4
MA —0.015 0.034 —0.040 0.030 7 —0.470 0.013 —0.158 0.015
K 1.075¢—7 1.041e—8 | 2.000e—7 | 6.848 1e—8 | 1.128¢—7 | 2.227e—8 | 2.000e—7 | 1.162e—7
GARCH 0.574 0.022 0.960 0.009 0.553 0.050 0.955 0.013
ARCH 0.472 0.055 0.026 0.010 0.470 0.097 0.031 0.016
Leverage —0.091 0.066 0.017 0.010 —0.047 0.109 0.019 0.016
AR 0.431 0.013 0.131 0.015
d 3.357 0.018 7.093 1.276e—5
LLF 6.722¢+3 4.497e+3 6.826e+3 4.514e+3
AIC —1.343e+4 —8.982e+3 6.826e+3 4.514e+3
BIC —1.340e+4 —8.953e+3 —1.360e+4 —8.974e+3

PLR 25 H CNY/USD L #4783 GARCH-t 152 7:
r, = —3.238 x 107° — 0.027 — 0.0297,_; + &,
Et = Oz, Z(t) ~ t(4) (20)
02 =1.072 x 107* — 0.027 4 0.56102 | + 0.440¢2 ,.

Rl I, CNY/USD L3[R 35 210 bR 2 A7 B ] 2 n

r1+3.238 x 107° — 0.027 + 0.029r;
Fl(T‘l) =1y —1 5 2
V/1.072 x 104 = 0.027 + 0.56107_, + 0.440¢7_,

[FIFEHL, USD/EUR %I 73 % GARCH-t B KRN
r, = —5.808 x 107° — 0.027r,_, + &,
Et = Oz, Z'(t) ~ t(?) (21)
02 =2.000 x 1077 — 0.027 4 0.95202 | + 0.044¢2_|.
1% USD/EUR I 2 [N 28 23U bR 43 A7 BR BN
5.808 x 1075 — 0.027 + 0.027r,_
F2(r2) . ( To + X + Te—1 )

v/2.000 x 10-7 — 0.027 + 0.95207 , + 0.044¢7
O RIAZ X (1 [ S, 4] 3 0L 6 25038 1) AR S 45 H e fIL ) Copula o 22 2 37 GARCH-Copula
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B f) — S B 1] J. 5 {1 Copula R £ 1R 1 7R 2, 5T AIC #E A1 BIC )% F T & & 9P A A
[F] Copula BTG BE T, A SCHIH AIC F1 BIC #EJ R 5 5 ) Copula Bk, 7E 8 1 5 Mk I 14T A
. Copula BRI ECR AT, AIC B¢ BIC /NG M ) Copula BRI AR L. Hod ATC B 52 URAE & 5 i
NI 55 kb Copula %5 B B BB BORI £ 2 155 2 % Copula BB SSSHE H 2 A, Kt SRk Ul

N
AIC = —22111 D(Ul,“'U,Qi) + 2k2, (22)
i=1
Hrf ky y Copula BB KX ZEMEH. X T =4k Copula BRECK UL, ky = 1; (uis, ug )N i 46 W0 I %L
Wi (1, o)) A AME, 0 = 1,2,..., N. IEAF,

uy; = rank(zy;) /(N + 1)
ug; = rank(zq;) /(N + 1),

Hor rank (1) B rank (zo;) S8 F NI FEHEBUR SCIME 21, A1 2o, EBIMIMER X, = {211, 210, - .-,
zin} Xy = {1, s, - ., Ton } FHIRRIK.

R, BIC {H 52 X A8 bt JE A6 W S8 H0HR S5 Copula 85 B SLE X HORIFA 7 2 4515 In N 4% Copula %
32 $08 B 2 0, B

N
BIC = 2 In D(t;,u,,) + k2 In N. (23)
=1
zi b, A8 LR K i, v LR R e3) MR (24) 1 5 453% Copula B AIC 1 BIC 1#, M
P H LA 7 s B A S S5 M B AL A Copula BRI AR SC A AITEE 2 A FL A AN A Copula 2R %R 28 X 2R AH 26
SERIFNE ORI 4 TR,

# 4 7T Copulas &K HHI AIC, BIC
Table 4 AIC, BIC values of different functions

Copluafg % Copula -n Copula -t Copula -Frank  Copula -Clayton ~ Copula -Gumbel

AIC —169.5681  —176.749 5 —181.5591 2.0009 2.001 6
BIC —164.4789  —171.660 3 —176.469 8 7.090 2 7.090 8

HR4E Copula BRI AIC A1 BIC #EN, FE 47 LU H A Copula-Frank BRI 5Z X1 Z6[A] AH 5C 45
AL

TEAN R — MR BE B0R, A S B XSS DT B35 5% 5 e I vt i e B A S s R A 1] BT 26 1)
WA CF IR, wEER k23 IECK 2 1 3. A MATLAB 2012 b 8t 3K g5 2L (P ) ] 15 A0 i 78 4 k% A
S LPM {EWE 5 A1 6 Fios.
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Fig. 5 Relation between the strike price and LPM2 Fig. 6 Relation between the strike price and LPM3
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RN A 2T 16 0 HI BB AT RE AL T VR B (AR AS, FLIRBh MR 22, BT ATE SR AR ASE 28 i) R 2 4% 8 2 A 3K
NG A O FRHARL. 17 24 7 ik HAS R A% A5 /NN, R AL FE M ELAR /DS BRI, 508 3 e B SE NI
BRI, I S RN 6 AR /IS ml E A 6 S 1) LPM D LR B, 3 2% B4 B TR i+ 2 vk 6 R SR B AR A
Bkt B LPM. AL S AT 6 A3 R I AN EARE ) LPM KT AR E I LPM. 3 15 B ) 28 S
BUE A A T B T IR XK. B S RO 6 38 AT LR B, o 1 XU RS f 3058 3 T 55, 243 3 0 it
SE A I /NET, BR SR B BURT B Ak TR B R EDIRAS, BN AR IR, T 8UH br bR BUE A B A Z e s
(17 5. Bl R AR RTINS R S B S T TR /I, g O R A A S TR 1 B 2 B i
#% at-the-money F Ik HIAUSA), 1724 TR BRI, S e U ks K T4 0 28 4 T {E (RPi% ¥ in-the-money
B BRIABURAR). mE A% RIS TN WA CRAE LPM UK R, mE s R BT R U LPM
BN X5 SEBR AR A . 6T SENBREE BACE A DR E 3 5538 1T 5, RGR0E A% BOCBRA FI. —
BT 5, 5 A 5 6K 1) A R A L SR ik v, — AU /N, 0 ) S PR AR A e /D . AT 3 3
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Fig. 7 Relation between the budget and LPM2 Fig. 8 Relation between the budget and LPM3
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M9 AP 10 AL, HARYCaS 30 B Y max{Weas i1 P ALE, 0 IFAS 21 0T e XURS 0 B2 4 2 3K
T H bl O P E W o S . XU AR F bR IO P2 W o, 5 U1 ORAEL 2L 45 10 O AR XU R 2
fEAt. IXAA T H 5 F I BE. 10 H s A2 T RN AR BEE T, I ORAE BRSO i U A 52 AN 22
(K. BRI, e e mss g WA AR TR, I ELRE A U 08000 T~ i B KRS BEA.

6 ZRIE

F R AR A F I 2 2 2 AR 3 R, A SCHE H LT Copula -GARCH 57 1958 ST 2 HAZE
PRAEAETY, FH DOy 2271 i HE XURS, A 1 AR [ 6% T 5 40 [ B V1 SR AN A AT 3 0 452 55 2 AT A
FHIC 28 BAN A A ORAEL R B S i) /. 1550, E A8 SO AR it b s A 1% T2, FIH Copula bR 0 8 & AR (E 40
AW a4 A BRI, R A SOBUR AR B I ORAE R R AR 43 gt TR 2. 285, FIA GARCH RE R &
A SO ZW ok ZEAA R o3 AT, Fs e B I ORMAE AR e A o B T3 B o A AR T XL e, i SiE o0 1
JAJSSE DR R 458 % 285 0 K X B SRS RS 4 AR ) ST A T 1 55 i) R ff 9 4 SR 3R A

1) WA E 17 M1 5 40 E B E R AFE AT, 5 28 = E 1R AR R T 0, 485 2 =] ] LLdE
T AT X 2 A I ORAELOT i 28 XU

2) BRI A5 2 2 H AU R AN S AEVE, T LA GARCH-t B2 fitill CNY/USD Al USD/EUR i
R H .

3) TS A A M B A = BRYE, 1 Copula J7 35 AN AT LA R4 46 R 48 & 2 18] A OCAR FE, B R
% ) e AT 2 1] B’Ji‘ﬁa‘é@%ﬁ R TR S oA sk A RIE, R Copula BAEURT LA RO 30 bR o A 5
& ﬁﬁﬁﬁﬁa&% o SE 4 # IR Copula-Frank R #(H14A 52 X J° % CNY/USD #1 USD/EUR ¥ AH K45
M A

4) %Uﬁﬁﬁﬁﬂﬁﬁﬂﬁﬁmx&%gtﬂ AR A ORAE 0 RO . B BB AL RS I A AN 52 5 3 R
W5 DR U A B2 PR 52 e, {HL e o 3 o0 () 385 I T 14O, T Ok XSS B A T R 3G i gl D 1 BRI R R,
TR VLTI IR (1) 45 % 3 e 3 T AEL A SR BSOS o, T o0 B 2058 vy ) 0% 3 T LA 8 SAEL R RHAA, (HR0E b
ANELIE R ST XU PR ()45 58 251110 5, 12 2 38 I e A /N IR BB TIUE. K bl 2 152 B B s 1 R
AR T 5 F R T

AT ST AR B — & I, EE NS 22 GARCH AR BRI R A I R 7 B 8 HuAsi 2 o ()3 B 20 Afi . 1F
FITAR 3 B 45 T LU A 57 2 w6k i 20 RSS2 225 (RS SC R T R 25 18 XIS DR 1A 458 9% 38 R F 28 S
$1§ﬁﬂ1%ﬁﬂﬁmﬁw%ﬁluﬂ@ 28 T S A T AR 20 o 5 R SARUE Sy AR B 5 M), R SR A
FUKG 2 1E— 25 FEAS [R] IRV 2R 45 B 1 e 5 1] REURN 22 5 AR TR 3%,
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