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Summary
The strategy we tried to develop involved placing varying amounts of money in the

Hang Seng index via a mutual fund which invests in Hong Kong on days when the S&P

500 rose. Buying the mutual fund just after the close of the market in New York w;)uld

allow us to invest at the closing price of the same day in Hong Kong (which would have
closed some twelve hours earlier). We could thus take advantage of any rise in the index
that occurred at the opening of the Hong Kong marl.cet following the New York close,
should We find that moves in the S&P 500 were correlated with the following day’s move
in the Hang Seng. \/

Reviewing data frorh, 1990 through November 17, 1997, e found statistically
— [ -~—~~——"/

signiﬁcént correlation between movements in the Standard & Poors 500 benchmark
index and next-day movements in the Hang Seng benchmark index. The correlation was

particularly large when the S&P index experienced positive movements of two standard

deviations and higher.

At ——

We used data from January 1, 1990 through the end of 1996 to develop a model for

investing in the Hang Seng index at the previous day’s price (possible using mutual

| funds), varying the amount invested on the size of the move in the S&P 500 that day. We

then applied the model to data fron@uary 1, 1997 through November 17 as an

objective. We found that while a straight investment in the Hang Seng index during this
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10.5 month period would have resulted in a return of -23.2% (-waua].ized return),

o

wﬁile our method would have returned (38.7% (45.3% annualized, not including interest

\ earned). We have therefore scrapped our post-graduation jobs and will monitor our

computer program trading scheme full time.
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' Data and Analysis

We chose to do our study on the Hang Seng index mainly because the Hong Kong
dollar is tied to the US dollgr, at least for now. Tﬁe strategy really depends on the time |
!' difference, and being able to buy mutual funds before the market opens in Hong Kong, 50
t there are a number of mafkets where a similar strategy could work if correlations exist.
Howevér, with a fluctuating curfency, there is an added degree of noise thrown in, and
we therefore decided to look exclusively at Hong Kong.

We began by examining the returns from the S&P 500 and the Hang Seng index
from January 1, 1990 through December 31, 1996. We used percentage changes rather
than absolute changes, as the percentage changes would not necessarily have a tendency

’ to grow larger over time, making it possible to compare data directly over the entire time

{ period. We thought that this amount of data (seven years) was sufficient, and that going
back any further would not have added much. In addition, if correlations between the
S&P and the following day’s Hang Seng shift over time, it is possible that inclqding data
from earlier dates would actually make our results less relevant to the presentf./We
decided to develop our model using this data, and then to test it using the data from 1997.
Naturally testing the model on data that was used to deve;(;;)’t‘}:;:l;c’i—eT\_’vT(;._lId\t_e—r;d—;/7
prove the model correct, and would make us far less confident about the robustness of our
results, and we wanted to avoid this problem.

We removed from the data all dates where either the US or the Hong Kong stock

markets were closed, because the direct relationship between the moves could be
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obscured by other information by the delay. We did retain values over the weekend (S&P
Friday moves and Hang Seng moves. the following Monday).

For the following tests we used all the data, as it was not to be used directly in el
' &t &1\’0’4 -7 \/FA
-determining our trading model, only to analyze the data. We examined t}),c,_,gTWﬂ vr«e@z:]

P i
and found them to be close to zqfo (0. 0308 for the US and 0.0007 for Hong Kong). This

confirmed that both indices are mdeed movmg as a random walk as expected. We also

looked at the scatterplot of both indices’ returns over time, and found that to be random

and without pattern. Drawing the histogram of both the S&P returns and the Hang Seng- LKMU

e e, p t P “m,\
returns showed that the returns were &exrmally dlsmbuteW ge(/\ C7 «“"'ﬂ
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We then looked at the correlations between the S&P and the following day Hang ‘/\6‘5‘“’ L-‘ B

Seng moves. The correlation for all the data, negative and positive moves, was 0.361. For l

L

only the positive data, the correlation was. 0301\ A one standard deviation move in the
A

S&P was equivalent to a 0.78% move, and we found that the correlation increased as the

size of the S&P move increased. The correlation between the two indices for moves of

greater than two standard deviations was(f)68%and for moves of greater than three

standard deviations the correlation coe fﬁci;t was 0.810. Most of the correlation was in

fact due to the high correlation at the extreme end, as }he correlation for moves of

between two and three standard deviations only was 0.244.

Our strategy was to use only the positive moves in the S&P 500, because it is not '

-’pdséible to short mutual funds, and'thus we would have no way to take advantage of
downward moves in the S&P and corresponding downward moves in the Hang Seng. We

therefore decided to run a regression on only the positive S&P 500 returns. At this point,
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because the results would have a direct impact on the trading strategy we developed, we

used only data from 1990 to 1996, leaving the 1997 data to test our results. We used the

+ S&P percent change as the independent variable, and the following day Hang Seng

percent change as the dependent variable, using only the positive returns of the S&P, to

e D

create a line predicting tl:e/Hang Seng move following a given S&P 500 move. ( . Pfdﬂ)_
N

regression data is attached. The intercept wa{ta 1st1cally equal to zero'(t-statistic was .Dl ??@ze: c

1.11), and the x coefficient was 0.629, giving us the slope of the line. The x\coeffiment
was statistically significant (not equal to zero) as the t-statistic w@%squmed
for the regression was 0.056, which is not large, but we thought explaining anything at all
about the Hang Seng move may be good enough to form a trading strategy.

We found the residuals fo be normally distributed around the regression line, and the
standard error of the residuals was 0.0127. Because they were normally distributed, using
this standard error and the regression line we were able to determine the percent chance
that the move in Hong Kong would be positive following a given move in the S&P 500.
For example, if the regression line predicted a move in Hong Kong of 0.0127, we would
be about 84% sure that the actual Hang Seng move would be greater than zero from the
area under the curve of a normal distributidn curve. In other wérds, the area under the tail
of the curve would represent a negative Hang Seng return, and the number of standard
errors from zero that our predicted return is would tell us the degree of certainty that the
Hang Seng move would be positive. With a two standard error move predicted in Hong
K'i:)'ﬁg, we would @e actual move would be positive, etc. For every point
along the regression line we were able to determine the exact degree of certainty that the

actual Hang Seng move would be positive.
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We used this degree of certainty to determine the amount we would commit to the
Hang Seng index following a positive S&P 500 move. Clearly for smaller moves, less
would be committed. In our model we decided we would begin with a specific amount

(we used $1000), and risk a percentage of this amount corresponding to the degree of

e

certainty that the actual Hang Seng move would at least be positive. At the close of

. trading in Hong Kong, or when the mutual fund allowed it, we would sell the mutual fund

' - - e (PetoniLy
and put the money back in a money market account where it would safely earn interest,

e
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as would the remainder of the amount not committed. We were looking only at positive
moves in the S&P 500, and in theory after a very small positive move we would be ﬁbout
50% sure the Hang Seng move would also be positive. HoWever, we didn’t want to bet
half of our total amount on this, so we scaled our percentages so that 50% certainty was
equal to at bet of 0 and 100% certainty (impossible, of course) would result in a 100%
bet. Eyen with a large amount committed, we could be fairly comfortable because we
know that a large percentage drop is rare, and even if the move in Hong Kong was

negative, most of our money would be returned to us.

Application of Model to 1997 Market Movements

Starting with our notional $1000, we used our regression line to predict the Hang
Seng moves followihg positive S&P 500 moves from January 1, 1997 through November
17. Based on the strategy described above, we committed different amounts to a
Wat precisely tracks the Hang Seng index, and then compared

the returns from this strategy over the period to investing the same $1000 in the Hang
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Seng index for the same period. Even if the returns were the same, it is possible that our
strategy would be less volatile, and thus preferable to a simple investment in the Hang
Seng index. | |

As it turned out, the Hang Seng index fell by some 23.2% during the 10.5 months we
used, or an annual rate of —26.1%. Our strateg};, on the other hand, had a positive return
of 38.7%, or 45.3% annualized. This assumes that our notional rises énd falls‘ by the
amount gained or lost on a particular day. This makes the total gain comparable to an -

investment in the index, since if the index rises 1% two days in a row, the dollar gain is
.‘-/“"-——_——_‘—‘-—

greater the second day. Noie that we did not include dividends that would have been

received by an investor in the Hang Seng mutual fund, but likewise the figure for our
strategy does not include returns from interest income received on days we do not invest

in the mutual fund, or on the amount not invested in the mutual fund on the days we do

invegt. If we include an estimate of the interest earned assuming a 5% return in a money.

market fund, the return using our strategy rises to 42.6%, or 50.1% annualized.

To compare the relative riskiness of the straight investment in the Hang Seng index
and our strategy, we looked at the standard deviations of the pereent changes of the two
over the period. If our strategy had a much higher standard deviation, we would be

concerned that the riskiness outweighed the benefits of the higher returns. However, the

I vv-..\
. standard deviation of the Hang Seng index ‘was 0.0259 for the period, and the standard

L deviation for our strategy was 1{1’)/"40.01 47,lm ing it considerably less risky.
\qf * é |




Conclusion and Future Research

While our analysis found arbitrage opportunities between the US and Hong Kong
markets, the opportunities persist only in limitéd circumstances. Mutual funds are the
only way to exploit the predictive outcome of US market moves on Hong Kong.
Expectations of Hong Kong reactions to a US market move cause Hongb Kong prices to
rise to higher opening levels, such that it would not be possible to purchase securities atA
the previous day’s closing price as trading started. Using our strategy in practice requires
that we find a mutual fund that matches the Hang Seng index closely and is a no load

| fund (loads would create transaction costs that would kill ys )‘. It has also comé€

[attention that at least some mutual funds use “fair value” pricing rather than net asset

d

value (NAV) pricing on certain days when a large move is expected in the foreign market

the fund invests in.}@ad of looking at the fund’s closing asset prices, they incorporate
other information such as futures to determiﬁe the mutual fund share price. This could
have the effect of negating any positive jump we expect based on moves in the S&P .500,
as we would in effect be unable to buy at the previous day’s closing prices. Funds that |
use fair value pricing state the fact in the prospectus, and we would try to avoid such ¢~
funds. The SEC is currently reviewing whether fair value pricing is legal or not. |

We would also want to test our strategy on more than one time period. It is clear
from looking from the results of our test .that a large part of our gain came on one day
\% when the Hang Seng rose by more thai;l’l8% (it is also worth noting that our strategy |
com}nitted new;riy*thé full amount on that day, ilowever, aﬁd we Were able to take

advantage of the gain). We might not be able to expect the same magnitude of gains in

periods of lower volatility. We would want to go back to some earlier year, for example
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1985, run the regression on the data from 1985 through 1991, and see how our strategy
would have done in 1992. We would then shift this forward, using data from 1986

~ through 1992, and see how we would have done in 1993. We would continue this
analysis to the present, and if the strategy proved as effective in other years as in 1997, )
1 we would feel quite confident that it could truly be traded upon for broﬁt.

We plan to perform the above analysis, and it will be interesting to see how our
strategy does in years when the Hang Sehg rises dramatically. We also plan to research
various no-load rﬁutual funds and determine how well they track the Hang Seng index.
Once we have done these two things, if all appears to be in order, we will set up a
computer program to determine our trades and commit some money to it. The results of

that, of course, are the ones that count.
\,A_———-——‘—’_"/
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Residuals

Regression Residual Plot
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$ gains / losses (our strategy)

6/2/97

11/2/97

f

1 E$ gains/ losses:
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P

.~ 1997 returns, from our model and the Hang Seng

Date US %chg "HK+1 %chg Tradi move HK stddevs % of total bet amount model gain our model int. amount int.earned wkend int %chg.our model HK index return
: : : 1000 1000
4297 - 0.15% 0.32% -0.25 0 0.00 0.00 1000 1000  0.134 1662 0.000 1001.47
1/3/87.. 1.67% 0.94% 0.74 0.516 §16.00 863 1008.63 484.00 0.065 0.009 1018.21
1/6/97 -0.18% -0.03% -0.03 0 0.00 000 1008.63  1000.00 0.134 0.000 1016.41
17197 0.26% 0.47% 0.37 0.274 276.36 0.72 1009.35 723.64 0.097 0.001 1019.05
1/8/97. -1.91% -0.40% -0.32 0 0.00 0.0G 1009.35  1000.00 0.134 0.000 999.60
1/9/97 -0.05% 0.54% 043 0.31 312.90 -0.16  1009.19 687.10 0.092 0.000  999.10
1/10/97. = 0.74% 0.39% 0.30 0.236 238.17 1.76 1010.85 761.83 0.102 0.002 1006.50
e -0.04% 0.00% 0.00 0 0.00 0.00 101095  1000.00 0.134 0.000 1006.85
SRS % Y . 077% 061 0.452 456 95 16258 102720 £43 05 0073 0016 1042 66
-0.14% -0.11 0 0.00 0.00 102720  1000.00 0.134 0.000 1047.51
0.21% 0.16 0.12 123.26 023 1027.43 876.74 0.117 0.000 1049.45
0.52% 0.41 0.31 318.50 027 1027.7 681.50 0.091 0.000 1050.35
0.04% 0.03 0 0.00 0.00 1027.71 1000.00 0.134 0.000 1040.00
0.49% 0.38 0.274 281.59 -0.82 1026.89 718.41 0.096 -0.001  1037.06
0.28% 0.22 0.16 164.30 -0.99 1025.90 835.70 0.112 -0.001 1030.82
-0.69% -0.55 0 0.00 0.00 102590  1000.00 0.134 0.000 101334
-0.57% -0.45 0 0.00 000 102590  1000.00 0.134 0.000 1006.93
-0.45% -0.35 0 0.00 0.00 102590  1000.00 0.134 0000 1015.14
0.62% 0.48 0.348 357.01 0.08 102598 642.99 0.086 0.000 101536
0.95% 0.75 0516 575 40 133 i027 31 470 60 0063 adot 01784
0.16% 0.13 0.08 82.18 080 1028.10 917.82 0.123 0.001 1027.7%
0.05% 0.04 0 0.00 0.00 102810  1000.00 0.134 0.000 1035.23
0.20% 0.16 0.12 123.37 1.02  1029.12 876.63 0.117 0.001 1043.80
0.76% 0.60 0.418 430.17 -053 102859 569.83 0.076 -0.001 1042.50
-0.33% -0.26 o - 000 000 102859  1000.00 0.134 0.000 1028.03
0.33% 0.26 0.2 205.72 0.13  1028.72 794.28 0.106 0.000 1028.67
1.05% 0.83 0.576 592.54 -9.80 1018.92 407.46 0.054 -0.010 1011.66
0.71% 0.56 0.418 42591 -408 1014.84 574.09 0.077 -0.004 1001.98
-0.26% -0.20 0 0.00 0.00 101484  1000.00 0.134 0.000 1004.38
0.61% 048 0.348 353.17 0.09 101493 646.83 0.086 0.000 1004.64
-0.29% -0.23 0 0.00 000 101493  1000.00 0.134 0.000 1028.02
-0.75% -0.59 0 0.00 0.0 101493  1000.00 0.134 0.000 1020.59
-0.08% -0.06 0 0.00 0.00 101493  1000.00 0.134 0.000 1025.28
0.67% 0.53 0.384 389.73 421 1018.15 610.27 0.082 0.004 1036.37
0.14% G.11 G.08 81.53 G.i3  1019.28 §78.47 0.123 0.000 1038.02
-0.50% -0.39 0 0.00 0.00 1019.28  1000.00 0.134 0.000 1038.38
-0.83% -0.65 0 0.00 000 1019.28  1000.00 0.134 0.000 1027.05
-0.34% -0.26 0 0.00 0.00 1019.28  1000.00 0.134 0.000 1035.37
0.36% 0.28 02 203.86 -0.86  1018.41 796.14 0.106 -0.001 103098
-0.34% -0.27 o] 0.00 0.060 1018.41 1G00.60 0.134 0.000 1027.57
0.88% 0.69 0.484 492.91 021 1018.62 507.09 0.068 0.000 1028.40
-0.27% -0.21 0 0.00 0.00 101862  1000.00 0.134 0.000 102235
051% 0.40 0.274 279.10 -1.44 101718 720.90 0.096 -0.001  1017.0¢
0.68% 053 0.384 390.60 -049 1016.70 609.40 0.081 0.000 1015.82
-0.18% -0.14 0 0.00 000 101670  1000.00 0.134 0.000 1005.62
-0.55% -0.43 0 0.00 000 101670  1000.00 0.134 0000  990.13
-1.15% -0.90 0 0.00 000 101670  1000.00 0.134 0000 97629
0.28% 0.23 0.16 162.67 1.30 1018.00 837.33 0.112 0.001 984.11
0.20% 0.16 0.12 122.16 -085 101715 877.84 0.117 -0.001 977.24

-0.48% -0.38 0 0.00 0.00 1017.15 1000.00 0.134 0.000  969.77
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858.44
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643.74
763.48
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257.50
0.00
174.63
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529.02
132.24
0.00

176.34
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0.00
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0.00
0.00
0.85
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0.091
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0.076
0.134
0.106
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0.046
0.124
0.124
0.134
0.085
0.018
0.084
0.134
0.048
0.032
0.134
0.134
0.104
0.104
0.054
0.134
0.116
0.099
0.134
0.110
0.083
0.134
0.134
0.063
0.116
0.134
0.134
0.110
0.134
0.134
0.134
0.116

0.000
0.000
0.001
0.002
0.000
-0.001
0.000
0.001
0.000
0.000
0.003
0.002
0.000
0.000
0.000
G.GG0
0.001
0.010
-0.002

956.04
957.34
977.26
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979.35
960.79
925.52
930.28
924.06
935.52
941.90
950.39
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947.33
959.43
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964.39
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961.32
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9755
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1027.10
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1042.93
1053.23
1067.83
1072.20
1065.97
1084.91
1076.35
1077.92
1081.48
1091.24
1091.19
1089.3¢
1098.56
1117.19
1118.44
1107.69
1133.91
1151.82
1134.09
1139.58
1136.81
1126.02
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14.47
-7.62
0.00
0.00
0.00
0.00
0.00
0.00

1100.42
1100.31
1094.24
1102.32
1110.78
1110.78
1110.78
1110.78
1128.04
1128.04
1128.04
1136.72
1136.72
1136.72
1131.27

P

11£2.20
1122.25
1120.41
1120.41
1127.29
1128.58
1128.92
1128.10
1136.05
1136.056
1136.05
1136.05
1151.68
1151.51
1151.06
1151.06
1151.06
1154.70
1165.31
1165.39
1165.39
1166.35
1167.32
1170.20
1170.20
1170.20
1169.54
1169.54
1169.54
1167.27
1146.96
1161.43
1153.81
1153.81
1153.81
1153.81
1153.81
1153.81
1153.81

0.104
0.122
0.110
0.054

0.054
0.134
0.134
0.134
0.134
0.134
0.134

-0.003
0.0600
-0.006
0.007
0.008
0.000
0.000
0.000
0.016
0.000
0.000
0.008
0.000
0.000
-0.005

~

-0.008
0.000
-0.002
0.000
0.006

0.000
-0.001
0.007
0.000

0.013
-0.007
0.000
0.000
0.000
0.000
0.000
0.000

1109.47
1108.07
1069.87
1084.33
1106.00
1099.28
1091.35
1114.60
1164.38
1154.15
1144.14
1157.51
1162.35
1167.64
1156.80

113852

138.52
1133.83
1127.05
1137.43
1167.02
1178.19
1187.10
1183.84
1203.8¢
1193.48
1190.86
1184.00
1206.39
1204.12
1200.20
1200.85
1208.94
1225.12
1254.44
1255.47
1246.30
1254.88
1267.92
1278.01

1276.04
1261.70
1255.80
1263.42
1264.56
1233.83
1186.34
1215.34
1199.89
1182.70
1195.66
1191.70
1190.68
1140.26
1083.47

&

!



8/29/97 s -5.02%

| 9/22/97
$/25787

92497
9125097

b

el

Aﬁ:ﬂ‘\m

11AHeT

stddev

-0.29%
1.97%
0.02%
0.20%

-0.12%
0.15%

0.16% .

-0.98%
-0.44%
0.78%
-0.28%
-0.18%
0.29%
0.21%
0.33%
-0.23%
-0.49%
-0.44%
0.49%
0.54%
0.33%
0.30%
0.50%
0.67%
-0.59%
-0.24%
0.07%
0.14%
-0.30%
-0.68%
-0.73%
0.76%
1.10%
-0.25%
-1.16%
-0.60%
-4.32%
3.22%
-0.18%
-1.06%
0.76%
1.68%
0.12%
0.13%
-0.32%
-0.71%
-0.43%
0.18%
-1.21%
0.74%
0.80%
1.21%

-0.10

-0.22

0.26
-0.18
-0.39
-0.34

0.39

0.43

0.26

0.24

0.33

0.53
-0.47
-0.19

0.06

0.11
-0.23
-0.54
-0.57

0.60

0.86
-0.19
-0.91
-0.47
-3.40

253
-0.14
-0.83

0.60

1.32

0.09

0.11
-0.25
-0.56
-0.34

0.14
-0.85

058

0.63

0.95

0.274
0.1

0.418
0.452
0.658

10.5 month return

0.00
999.20
0.00
147.00
0.00
98.30
98.40
0.00

555.41
0.00
0.00

197.59

148.13

246.32
0.00

730.55
0.00
0.00
0.00
0.00

1150.47
0.00
0.00

577.26

1140.74

54.69

109.24
0.00
0.00
0.00

109.12
0.00

568.34

620.82

922.72.

38.7%

0.00
71.19

-48.07
-0.50
-2.78

0.00
0.00
0.00
-4.32
0.00
13.83
28.83
-15.46
386.86

1153.81
1225.00
1225.00
1228.77
1228.77
1230.04
1228.78
1228.78
1228.78
1234.93
1234.93
1234.93
1234.45
1231.60
1231.36
1231.38
1231.36
1231.36
1234.88
1239.65
1240.94
1236.33
1237.11

4122800

122800
1238.00
1237.17
1233.94
1233.94
1233.94
1233.94
1209.52
1164.44
1164.44
1164.44
1164.44
1164.44
1381.00
1381.00
1381.00
1415.31
1367.23
1366.73
1363.98
1363.98
1363.98
1363.98
1359.65
1359.65
1373.48
1402.32
1386.86

avg.

431.66
379.18
77.28

avg.

0.134
0.134
0.134
0.134
-0.020
0.134
0.134
0.057
-0.019
0.126
0.118
0.134
0.134
0.134
0.119
0.134
0.058
0.051

0.010 wknd int.

22.962

16.62

0.000
0.062
0.000
0.003
0.000
0.001

-0.001
0.000
0.000
0.005
0.000
0.000
0.000

-0.002
0.000
0.660
0.000
0.000
0.003
0.004
0.001

-0.004
0.061
0.001
0.000
0.000

-0.001

-0.003
0.000
0.000
0.000

-0.020

-0.037
0.000
0.000
0.000
0.000
0.186
0.000
0.000
0.025

-0.034
0.000

-0.002
0.000
0.000
0.000

-0.003
0.000
0010
0.021

-0.011

1029.08
1102.41
1063.83
1091.13
1109.34
1123.58
1109.26
1072.01
1084.16
1096.16
1079.72
1080.34
1077.69
1057.01
1055.98
1064.30
1096.61
1102.17
1113.67
1127.83
1133.43
1107.11
1109.66
1111.74
10€9.37
1054.37
1036.67
1002.78
1016.49
1019.02
971.81
929.27
871.93
781.16
834.96
786.55
678.79
806.56
776.41
795.96
843.26
807.72
800.30
780.13
757.05
748.69
749.53
719.85
728.30
746.03
780.67
767.59
-232.41

A

f



10.5 month return
annualized return

10.5 month return with interest 42.6%
annualized . . 50.1%
Hang Seng return - -23.2%

annualized - -26.1%

Std. Dev for our Bof

‘Std. Dev for Hang Seng
0.0259
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