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Empirical research on price discovery in RMB foreign exchange markets
from the perspective of development

WEI Yongfeng. XU Dongdong
(School of Management , University of Science and Technology of China s Hefei 230026, China)

Abstract: RMB exchange rate reformation has been deepening over the past decade. During this RMB
internationalization process, one of the most important research issues is how the price relationship has
been developing among the onshore spot market, onshore forward market, offshore spot market, offshore
forward market and non-deliverable forward market. Based on the co-integration, vector error correction
(VEC) model and information share (IS) model, price discovery mechanism among these five markets of
seven periods was studied. The result shows that non-deliverable forward (NDF) market has greater price
discovery ability before the emergence of the offshore market. However, as the result of easing policies and
the development of the offshore market, the centrality of market price information is gradually transferred
from the non-deliverable forward market to the offshore market. It is expected that the offshore market
will play the main role in the price discovery mechanism.
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Tab.1 Seven periods of sample date
i [7] ¥ i % R Al /4
#— B 2005-08-15~2007-05-20 CNYS.CNYF,NDF 460
BB 2007-05-21~2008-07-30 CNYS,CNYF,NDF 313
BB 2008-07-31~2010-06-19 CNYS.CNYF,NDF 492
5 4 B B 2010-09-08~2011-06-26 CNYS,CNYF,NDF,CNHS,CNHF 208
B 2011-06-27~2012-04-13 CNYS,CNYF,NDF,CNHS,CNHF 210
HNH B 2012-04-14~2014-03-15 CNYS,CNYF,NDF,CNHS,CNHF 500
HL B 2014-07-02~2015-09-14 CNYS,CNYF,NDF,CNHS,CNHF 314

[3) A8k A T Bloomberg. CNYS— CNY B, CNYF — CNY —4E % ] , NDF — — 4E F5 32 #3% 4] . CNHS — CNH i 48,
CNHF—CNH — 43 i

R2 BFRHEHBBEST

Tab.2 Descriptive statistics of sample data

mean max min std. dev. skewness kurtosis obs

CNYS 7.948 8.106 7.669 0.130 —0.597 1.924 460

Period [ CNYF 7.719 7.865 7.479 0.103 —0.699 2.242 460
NDF 7.625 7.865 7.251 0.178 —0.895 2.424 460

CNYS 7.282 7.667 6.811 0.273 —0.229 1.569 313

Period 1l CNYF 6.913 7.512 6.399 0.334 0.154 1.496 313
NDF 6.791 7.301 6.275 0.333 0.132 1.548 313

CNYS 6.833 6.887 6.812 0.010 2.559 11.72 492

Period Il CNYF 6.807 7.003 6.648 0.061 —0.006 2.530 492
NDF 6.778 7.355 6.514 0.151 0.996 3.367 492

CNYS 6.594 6.794 6.464 0.075 0.100 2.271 208

CNYF 6.490 6.740 6.316 0.095 0.001 2.615 208

Period [V NDF 6.444 6.708 6.301 0.073 0.933 4.400 208
CNHF 6.503 6.770 6.348 0.084 0.675 3.416 208

CNHS 6.568 6.775 6.460 0.067 0.503 3.297 208

CNYS 6.360 6.479 6.286 0.052 0.591 2.413 210

CNYF 6.331 6.402 6.276 0.028 0.488 2.327 210

Period V NDF 6.344 6.448 6.258 0.048 —0.077 1.816 210
CNHF 6.390 6.490 6.311 0.043 0.070 1.940 210

CNHS 6.370 6.512 6.275 0.059 0.353 2.000 210
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mean max min std. dev. skewness kurtosis obs
CNYS 6.201 6.389 6.041 0.100 0.306 1.868 500
CNYF 6.287 6.498 6.068 0.116 —0.151 1.993 500
Period VI NDF 6.283 6.455 6.097 0.101 —0.157 1.944 500
CNHF 6.300 6.516 6.074 0.119 —0.081 1.917 500
CNHS 6.196 6.389 6.020 0.104 0.302 1.941 500
CNYS 6.205 6.413 6.111 0.065 1.303 5.010 314
CNYF 6.353 6.599 6.248 0.081 0.784 3.150 314
Period VI NDF 6.312 6.714 6.215 0.104 2.025 6.709 314
CNHF 6.382 6.764 6.261 0.104 1.249 4.372 314
CNHS 6.216 6.511 6.114 0.080 1.877 6.615 314

PSR IE N B B R & AT AR X355
TCRTERT 6 B BEIEAR LA TR TFHE B B,
FEfcJa 1AW BOA AR, AT RE — 36y Az 36
] A i W IBOR 1) 52 M 3 JC AR X 3 A5 B0 5 41
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LR R) 30 A% B3 A0 G 09 Y 3R T (R BE L T R
di B . CNHS & 19 A B M FHE 06 B 2K T
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S, H A B 51 34 5 AR W A A S I BRI E R AT
AL AT Jo R ADF K56 05 5, % 2845 7 51 & H:
—WZEA IRt R R R T I
B BN A T S 5 % — B B, BT BE A AE T
R AEF WA B B, CNHS M1 CNHF o HF
— ARV RRRY UL B S B R T S Y R R W HE A
e i B B o BRI 7 5 DU A B B e, 3R AT I B 5
BT RO AR AR S A R T A T AR 4 A8
) 32 B T . a0 A T AT I BE b, AR Y B AR
AR AT LAEAT iE— 25 i Db A 56
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K H] Johansen Pp % K5 5 J7 ¥, i 4ls LR 423t
B FPERZ MM 32 . SC {5 BN L AIC {5 B
W5 HQ B AMENX 5 A8 b5 ok 347 FI W, 0 2 B
DL Ja Br&n 2 3 Jros.
x3 BRAFEHNH
Tab.3 Optimal lag order

Fr Bt 1 il 1 v v VI M

L E A 3 3 2 2 2 3 2

i 2 X RSB B . VAR B VAR(2)
P, D8 R 5 AHE , R et e e, Ph 4G
I ZE AN 4 R RYE P EFTLLE W, 76565 DU o B

[R5 — A T BRI X B B i 38 — AN Dy B b Ll G it
B KRB E SR S5 BB T s, ik, &
IR T R 0 B 2 o 2 A7 F Rt AR 58, IR AR
P BY BB AR AE 1 A AR 0 PR ) B 7E T 45
HE A B B X I A T ) P ) i

SRS B LR Ty R AT B Y PR R ) o AR O AR
f4 5 TIE B 33X LA DR OC 3R 0 A g 1 7 S 2 ety | 1)
AR R Z A B A O & @7 VEC B 3 T B B
Bz, LS L B B o A7 53 B . VEC Al 1145 5L 4n
# 5 iR,

Xof A TR ) B R P G B8t R . AR HRAIE 22 31 20 AR
MEIECE 3 ASTE A R, oAt () B A0 T A 5] .
MR SCHR (16 ], iRl it — 2 r AV EXRM
VEC BRI A b —r NSRS T 1, A F B
B R Z VEC B2 54 1.

NG —A D5 FE ] LU Y CNHFE % 39 7% 2 ]
PLAY PR 4 . — 3B 43 & ECM AR 2 110 4% 11 % I 25
KM I 50 s —FR o2 25 i g R S I 2 3
B hR N R B /NRE  NDF(—2) 1 CNHS(—2)
Xf CNHF 19 5 mi b 8 8 K, 43 5% b 0. 3578 il
—0.3008, 7] LATA A Hilf J5 P 01 11 355 A0 BV 099 S X B
A3t BT 3R 1 B ) 52 ) e KL WIS R ) e AR 42 32
E 372 J I R0 85 A 38 BV 2R 1 1 1) 5% ) S5 K () 2
A 4 407 B 20 B AT LLFE H . CNHS 52 ECM Al
CNHF #9170 5 W i K . 52 NDF B 1F ] 52 0 K
Horp ECM 952 ) w] LLIA Ay 2 00 O 725 4 303 340 £y 1% 3]
B S R LA CNHS 5 %A (1 4 30 35 5 06 5 I
IE;CNYF 52 CNHS 1917 1) 52 W 5% K, % CNHF Hl
CNYS M IE 7] 52 M 5 K3 CNYS 52 CNHF 9 i1 7]
M i K, % CNHS 9 IE [n] % M iz K; NDF 42
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Tab.4 The results of cointegration test

LY T2 max 4¢ 1 it
JEAB X AR
Seil{H P {H EaRiEl P i
none” 0.031 4 36.38 0.017 7 24.56 0.020 8
Period | at most 1 0.023 2 11.82 0.165 8 10.70 0.169 9
at most 2 0.002 5 1.12 0.290 2 1.12 0.290 2
none " 0.089 5 34.68 0.012 6 28.98 0.003 2
Period I at most 1 0.015 9 5.71 0.730 0 4.94 0.749 5
at most 2 0.002 5 0.77 0.381 2 0.77 0.381 2
none " 0.062 5 54.96 0.000 0 31.57 0.001 2
Period Il at most 1” 0.035 4 23.38 0.002 6 17.61 0.014 3
at most 2° 0.011 7 5.77 0.016 3 5.77 0.016 3
none " 0.089 2 31.85 0.028 6 19.14 0.092 8
Period [V at most 1 0.053 2 12.71 0.125 8 11.21 0.144 1
at most 2 0.007 3 1.50 0.220 1 1.50 0.220 1
none " 0.157 8 74.71 0.019 3 35.55 0.031 3
at most 1 0.088 3 39.16 0.253 8 19.13 0.404 8
Period V at most 2 0.056 5 20.04 0.420 5 12.05 0.543 1
at most 3 0.028 8 7.99 0.466 5 6.05 0.606 7
at most 4 0.009 3 1.94 0.163 8 1.94 0.163 8
none” 0.080 3 95.79 0.000 1 41.52 0.005 1
at most 1 0.049 4 54.27 0.011 1 25.15 0.099 4
Period VI at most 2 0.033 7 29.12 0.059 7 16.99 0.172 4
at most 3 0.017 0 12.13 0.150 8 8.50 0.330 4
at most 4 0.007 3 3.63 0.056 7 3.63 0.056 7
none " 0.146 1 110.74 0.000 0 49.10 0.000 4
at most 1 0.124 3 61.64 0.001 5 41.30 0.000 5
Period VI at most 2 0.039 8 20.35 0.399 6 12.63 0.486 4
at most 3 0.019 8 7.71 0.496 7 6.21 0.585 9
at most 4 0.004 8 1.50 0.221 0 1.50 0.221 0

(Y x FoRTE 50 BB R KF T IR 5B

*5 VECEEMFMHIERELHMER
Tab.5 The results of VEC estimate (seventh period)

VEC D(CNHF) D(CNHS) D(CNYF) D(CNYS) D(NDF)
ECM1 —0.126 6 0.031 0 —0.024 0 —0.013 3 —0.047 0
ECM2 0.008 1 —0.175 9 —0.012 9 0.027 1 0.042 4
D(CNHF(—1)) 0.014 6 —0.140 4 0.185 3 —0.098 8 0.065 4
D(CNHF(—2)) 0.065 5 0.032 9 0.291 4 0.087 7 0.275 5
D(CNHS(—1)) —0.015 6 0.123 6 0.149 6 0.288 4 0.238 0
D(CNHS(—2)) —0.300 8 —0.116 8 —0.279 5 —0.0717 —0.317 5
D(CNYF(—1)) —0.037 3 0.011 8 —0.340 4 —0.015 7 —0.060 9
D(CNYF(—2)) —0.239 7 —0.093 4 —0.200 8 —0.056 5 —0.086 7
D(CNYS(—1)) —0.127 5 —0.042 1 0.285 1 —0.104 8 0.016 2
D(CNYS(—2)) 0.133 1 —0.004 8 0.064 4 —0.047 4 —0.068 3
D(NDF(—1)) 0.104 3 0.164 7 0.127 1 0.116 8 —0.019 5
D(NDF(—2)) 0.357 8 0.197 3 —0.035 0 0.045 1 0.006 8
G R HL 4.79% 4.94% 24.50% 15.02% 5.35%

¥ 2V J5 Fl 0.097 5 0.063 5 0.045 2 0.026 1 0.100 4
F 14 1.367 5 1.413 5 8.820 2 4.803 9 1.536 6

Y #{8 0.000 9 0.000 6 0.000 6 0.000 5 0.001 1

Y bR R 22 0.018 2 0.014 7 0.013 9 0.009 9 0.018 5
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# 6 Granger-Wald BRI ER
Tab.6 The results of Granger-Wald causality test

JR AR KIrgeit i 19 BB P 1A

CNYF A fig Granger 517 CNYS 0.32 2 0.851 4

CNHS A fig Granger 5/ CNYS* 6.01 2 0.049 5

CNYS /7  CNHF Afg Granger 5[ CNYS 2.26 2 0.323 2
NDF A g Granger 5/ CNYS 3.12 2 0.210 1
CNYF.CNHS.CNHF .NDF A HE[FHf Granger 5] CNYS* 25.02 8 0.001 5

CNYS A fig Granger 5|2 CNYF 2.04 2 0.361 4

CNHS K fig Granger 5|2 CNYF 3.99 2 0.136 1

CNYF 5  CNHF Afig Granger 5l CNYF* 7.07 2 0.029 2
NDF A fig Granger 5|# CNYF 2.35 2 0.309 0
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Fig.2 Path of information transmission of other six periods
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Tab.7 The information share of price discovery among the five markets

i Bt AT CNYS CNYF NDF CNHS CNHF
CNYS~CNYF 24.28% 75.72% - - -
Period | CNYS~NDF 27.29% — 72.711% — —
CNYF~NDF — 35.12% 64.88% - -
CNYS~CNYF 17.85% 82.15% - - -
Period 1T CNYS~NDF 30.91% — 69.09% — -
CNYF~NDF — 23.14% 76.86 % — —
CNYS~CNYF 7.29% 92.71% — - -
Period [l CNYS~NDF 29.77% — 70.23% - —
CNYF~NDF — 47.45% 52.55% - -
CNYS~CNYF 5.23% 94.77% - — -
Period IV CNYS~NDF 16.68% - 83.32% - -
CNYF~NDF — 11.82% 88.18% - -
CNYS~CNYF 48.24% 51.76 % - - -
CNYS~CNHS 13.03% — — 86.97% -
CNYS~CNHF 33.98% - — — 66.02%
CNYS~NDF 45.45% - 54.55% - —
CNYF~CNHS — 34.69% - 65.31% -
Period V
CNYF~CNHF — 45.02% - - 54.98%
CNYF~NDF — 79.64% 20.36 % - -
CNHS~CNHF — — — 51.94% 48.06 %
CNHS~NDF — — 62.76 % 37.24% -
CNHF~NDF — — 5.88% — 94.12%
CNYS~CNYF 31.73% 68.27% - - -
CNYS~CNHS 8.08% - - 91.92% —
CNYS~CNHF 28.19% — — — 71.81%
CNYS~NDF 23.28% - 76.72% - -
CNYF~CNHS — 70.34 % - 29.66 % -
Period V] _
CNYF~CNHF — 75.27% - - 24.73%
CNYF~NDF — 95.80% 4.20% - -
CNHS~CNHF — — — 37.12% 62.88%
CNHS~NDF — — 66.04% 33.96% -
CNHF~NDF — — 97.15% — 2.85%
CNYS~CNYF 6.15% 93.85% — - -
CNYS~CNHS 13.67% — - 86.33% —
CNYS~CNHF 19.94% - - — 80.06 %
CNYS~NDF 10.77% - 89.23% - -
) CNYF~CNHS — 68.36 % - 31.64% -
Period VI
CNYF~CNHF - 21.64 % - - 78.36 %
CNYF~NDF — 92.43% 7.57T% - —
CNHS~CNHF — — — 47.41% 52.59%
CNHS~NDF — — 83.83% 16.17% —
CNHF~NDF — - 4.77% — 95.23%
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