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This article provides a comprehensive examination of the existence,
or the laek thereof, of the compass rose pattern in futures markets.
The results from 118 futures contracts traded on 31 futures ex-
changes in 15 countries sbow that the compass rose pattern exists
only in some futures contraets, in contrast to the robust existence
among stocks documented by Crack and Ledoit (1996) and Chen
(1997). Not all contracts on the same exchange exhibit this pattern.
However, the pattern appears to be concentrated in some sectors.
Although this evidence suggests that eifecti\e tick si/es that are dif-
ferent among contracts may be the determining factor for the exis-
tence of the pattern, contradicting evidence also suggests that there
are other yet-to-be-identified determinants at work. Furthermore,
whereas the pattern is absent in tbe daily returns of primary stoek
index futures contraets sucb as the Major Market Index (MMI), it is
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very easily observable in the intraday returns of the same futures con-
tract. The elusiveness of the pattern is further demonstrated in the
returns on the cash S&P SOO Index, which does not exhibit the pat-
tern unti! the tocus is on returns that arc within a \% boundary.
© I999John Wiley & Sons, Inc. Jrl Fut Mark 19: 541-564, 1999

INTRODUCTION

Recent literature suggests that technical analysis may have more predic-
tive ability tban previously thought (Taylor, 1994; Chang & Osier, 1995),
as sophisticated forecasting algorithms continue to evolve. Consequently,
the discover)' of some previously unknown patterns should be viewed as
welcome news. Exploring the correlation dimension of the time series of
prices may reveal that they are driven hy nonlinear dynamics rather than
deterministic chaos. In that case, the power of technical analysis may be
better understood in ligbt of nonlinear patterns, as indicated by Clyde
and Osier (1997).

Examining the scatter diagram of daily stock returns plotted against
themselves with one day's lag. Crack and Ledoit (1996) find that a geo-
metrical structure emerges. The structure takes the form of evenly spaced
rays radiating from the origin with the thickest rays pointing in the major
directions of the compass, hence the term "Compass Rose pattern." and
is caused by discrete jumps in stock prices. The pattern was discovered
by Crack and Ledoit when they used dots (.) rather than the plus symbol
( + ) in plotting scatter diagrams. The compass rose may have also been
masked in previous research due to the use of an excessively large frame
size in plots (Kramer & Runde, 1997).

Crack and Ledoit report that tbe pattern is "indisputably present in
every stock," and Chen (1997) finds evidence of a compass rose pattern
in the Taiwanese stock market. Given that these studies examine only
stocks, they leave unanswered the question related to the existence and
pervasiveness of this pattern in non-equity assets such as futures
contracts.

Patterns are more sought after in futures markets where technical
analysis has long been used in short-term oriented trading. The compass
rose pattern in stock markets documented by Crack and Ledoit (1996)
may turn out to be a manifestation of the nonlinear dynamics driving
stock and futures prices and, thus, may have implications for the pre-
dictability of returns. Or it may be only a consequence of price discrete-
ness, as argued by Crack and Ledoit (1996), and as empirically demon-
strated by S/piro (1998). As stated by Harris (1991), neither the
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discreteness of futures prices, nor its potential consequences, have been
examined in detail, despite their persistence across stock prices.

Irrespective of whether the search for structure in the time series of
returns can provide new mechanisms by which supernormal returns can
be made, it is important to recognize that microstructure effects may be
relevant in light of the biases that they may create even in relatively low
frequency data with commonly used estimation procedures. For example.
Crack and Ledoit (1996) show that chaos tests for low dimensional struc-
ture in H-histories—such as the BDS test of Brock et al. (1987)—are
affected to the extent that evidence to support the existence of chaos may

TABLE I

Contracts Examined"

Abbreiiaiiou

CBOT
CSCE
DTB
EOE
FOX
HKFE
lOM
IPE
KLCE
KRE
KRSE
LCE
LIFFE
MATIF
MDCE
MEFF
ME
MiF
NTE
NZFOE
OSE
OTE
SIMEX

SFE
SOFFEX
TOCOM
TGE
TIFFE
TSE
TOR
WOE

Name of Exchange

Chicago Board of Trade
Coffee, Sugar & Cocoa Exchange
Deutsche Terminborse
European Options Exchange
London Futures 8. Options Exchange
Hong Kong Futures Exchange
Index & Options Market, CME
International Petroleum Exchange
Kuala Lumpur Commodity Exchange
Kobe Rubber Exchange
Kobe Raw Siik Exchange
London Commodity Exchange
London International Financial Futures
Marche ag Terme International DeFrance
Maebashi Dried Cocoon Exchange
Mercade De Opciones Y Futuros Financieros
Montreal Exchange
Mercade Italiano Futures
Nagoya Textile Exchange
New Zealand Futures & Options Exchange
Osaka Securities Exchange
Osaka Textile Exchange
Singapore International Monetary Exchange

Sydney Futures Exchange
Swiss Options & Financials Futures Exchange
Tokyo Commodity Exchange
Tokyo Grain Exchange
Tokyo International Financial Futures Exchange
Tokyo Stock Exchange
Toronto Stock Exchange
Winnipeg Commodity Exchange

Contracts Examined

FV, US
SB,SE
BF, EF, NB
AX, FT
BB, FH, FP, FW, LD, LW
GK, HB, HC, HN, HP, HS. HT
SP, BC (daily and intraday)
CB, LF, GS
KK, KP
YU
YO
FB, LS
A-, E-, F-, G-, I-, J-, L-, U-, V-, X-, Y-, Z-
ME, MJ, MO, MN, MP, MU, MX, MZ
YB
HM, IX, JM, KM, LM, MM, OM, QM
BA, CA, CE, CG
MF, MH
YO
BZ, IZ, UZ, ZZ
NO
YP, YV, YY
CX, DS, DY, FS, GX, JX, MS, NX, PX,

SG, SY, UR
BS, IS
SW, SZ
YA, YC, YG,Yi, YR, YW
CV, TG, YM, YZ
DT, ET, IT
BT, GT, JT, TT
TV, TX
WA, we, WF, WR, WW

'This table lists the contracts examined in this paper. The full names tor the contracEs examined are provided in Table 2.
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FIGURE IA
Sugar #11 (world) contract (SB). Coffee. Sugar & Cocoa IZxchange.

Pattern Tor lolal sample.

have been completely driven by stock price discreteness. The existence
of the compass rose pattern in futures prices may translate into problems
with inferences made from the results of procedures such as ARCH and
GARCH models. Thus the compass rose pattern desenes investigation.

The results from 118 contracts traded on 31 futures exchanges in
15 countries show that the compass rose pattern exists only in 43 futures
contracts. Not all contracts on the same exchange show the pattern,
which suggests that effective price limits that are different among con-
tracts may be the determining factor for the existence of the pattern. The
elusiveness of the pattern is further illustrated in the returns on the cash
S&P 500 Index, which does not exhibit the pattern until a \% limit re-
striction is imposed on the returns. Finally, whereas the compass rose
pattern is missing in the S&P 500 Index futures contracts, the intraday
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FIGURE 1B (Continued)
Sugar ffl 1 (world) contract (SB). Colfee, Sugar & Cocoa Exchange.

Pattern screened at S%.

5-minute Major Market Index contract e.xhibits the strikingly strong
pattern.

DATA AND METHODOLOGY

Data

Given the ever-increasing number of futures contracts, it is a daunting
task to attempt to examine all of them in a study such as the present one.
Nonetheless, to he as comprehensive as possible to increase the extent
to which the conclusions can be generalized, this study examines most
of the futures contracts traded outside the United States. This choice is
made mainly because these non-U.S. instruments have not been exten-
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FIGURE 1C (Continued)
Sugar #! 1 (world) contracl (SR). C ôftVe, Sugar & Cocoa Exchange.

Pallern screened al i%.

sively examined, yet they play an important role in risk management in
today's environment of global investments. For the U.S. futures, only the
S&P 500 Index futures and the Major Market Index (MMI) futures con-
tracts traded on the Chicago Mercantile Exchange (CML), the 30-year
U.S. Treasury Bonds and the S-year U.S. Treasury Notes futures contracts
traded on the Chicago Board of Trade (CBO'D, and two sugar contracts
traded on the Coffee, Sugar & Cocoa Exchange (CSCE) are examined.

Daily priee series of the nearhy contracts oi 118 futures contracts
traded on 31 exchanges in 15 countries are ohtained from the Knight-
Bidder Datahase. The intraday 5-minute price series oi the MMI and ihe
S&P Index futures contract traded on the CME are also examined. The
underlying assets these contracts represent include currencies, energy,
financial instruments, foodstuffs, grains/oilseeds, industrials, metals, and
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RGURE 2A
Sugar #14 (domestic) contract (SE). Coltee, Sugar & Cocoa Kxchange.

Pattern for total sample.

Stock indices. Table 1 lists tbese contracts along witb tbe excbanges on
wbicb tbey are traded.

Methodology

Tbe return for period t, R,, is calculated as tbe cbange of the closing price
of period f, P, — Pt-iy over the closing price of period P, _ |, tbat is.

, = (P, - P,_,)/P,_, (1

Equiviilently, considering tbat prices move only in discretcjumps {h), tbe
ratio of next to current period returns can be expressed as
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FIGURE 2B (Continued)
Sugar #11 (domestic) contract (SF,). Coffee, Sugar & Cocoa Exchange.

Pattern screened at 3%.

(2)

wbich can be simplified to nt+ih/n,h = n,^i/ni, wbere M, is tbe number
of ticks that the price change represents.

Crack and Ledoit (1996) argue that the source oi tbe compass rose
pattern in common stock returns is explained tbrougb the existence of
three necessary and sufficient conditions: (i) First, the price level has to
be large relative to tbe price cbange from tbe last to tbe current period.
Tbis condition reflects tbe intensity or volatility of price movements over
tbe sbort term, (ii) Second, tbe price changes occur in small discrete
Jumps. Tbis condition requires tbat tbe asset is liquid and trades under
orderly market conditions, {iii) Tbird. tbe price of tbe asset must vary over
a reiativel) wide range. This condition reflects tbe volatility or intensity
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FIGURE 2C (Continued)
Sugar ^14 (domestic) contract (SE). Colfee, Sugar & Cocoa Exchange.

Pattern screened at 1%.

of tbe asset's price movements over tbe long term. However, in a subse-
quent article, Szpiro (1998) demonstrates tbat tbe only condition nec-
essary for the pattern to exist is that price changes should occur in dis-
crete jumps.

Alter computing returns, a scatterplot is generated of fi,^] against
R,. In the case that returns remain relatively stahle over time, tbe plot
will indicate tbat returns tend to cluster on lines radiating from tbe origin,
witb tbe tbickest rays emanating in tbe major directions (nortb, soutb,
east, and west), resembling a compass. Under the condition identified by
Crack and Ledoit (1996) tbat tbe price exbihits a relatively large variance
over tbe time period examined, and the use of a small frame and dots
rather than + typographical symbols in tbe plot, tbe data points will be
"smudged" across tbe grid, creating tbe appearance of tbe compass rose.
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FIGURE 3A
Gertnati bond (bund) (BF), Deutsche IVrtnitiborse. Pattern screened at 1%.

RESULTS

Figure 1 reports the return pntterns of the two sugar contracts traded in
the CSCE. Figures I A, I B, and IC show the patterns for the Sugar y/i 1/
World Raw contract (symhol SB), When al! the availahle 8192 ohserva-
tions are used in the plot of the diagram, the resulting graph, shown in
Figure lA, docs not resemhle the compass rose pattern. By eliminating
1287 obser\'ations that are greater than S% in magnitude in either H, or
R,^i. the pattern starts to emerge in Figure IB. although it is not that
ohvious. Only after eliminating 3390 observations with R, or Rf+j ex-
ceeding 3% in magnitude is the pattern clearly present in Figure !C. The
notahle rays in the figure are those pointing to the east, west, north, south,
northeast, east northeast, north northeast, northwest, north northwest,
west northwest, southwest, west southwest, south southwest, south
southeast, and east southeast.
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FIGURE 3B (Continued)
FIBOR, 3-month (EF). Deutsche Terminhorse. Pattern screened at 1%.

Figures 2A, 2B, and 2C show the patterns for the other sugar con-
tract of CSCE, the Sugar #14/Domestic Raw (symbol SE). Again, using
all ot the 2157 available observations obscures the pattern, as shown in
Figure 2A. After zooming in and removing returns that are greater than
3% in magnitude, one observes, in Figure 2B, a pattern resembling the
compass rose—yet it is not quite the same. The compass rose pattern is
unmistakably observed in Figure 2C only after further restricting the re-
turns to a I % limit. Notice that, for this contract, returns are so uniformly
small, compared with those on the SB contract, that only 122 of the
original 2 1 S7 obser\'ations have to be truncated to fit within the 1% limit.
Because it is reasonable to question whether the pattern observed in Fig-
ure 2C is a compass rose pattern, we arbitrarily classify this contract as
one without a compass rose pattern. However, one must keep in mind
that there are only 21 52 observations available for analysis and that it is
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FIGURE 3C (Continued)
German hond, medium term (NB). Deutsche Termlnborse. Pattern screened at 1%.

very likely, as more observations become available, the pattern may be-
come more like the compass rose pattern.

One might get the impression from Figures 1 and 2 that, despite the
several steps of screening that may be necessary to generate the pattern
in a clear form, the compass rose pattern is present in most futures con-
tracts. Figure 3 shows this is not the case. Figure 3A reports the return
pattern of the German Bond contract (symbol BF) of the Deutsche Ter-
minborse (DTB). Even after restricting returns to a 1% limit, with re-
sulting observations of 1197 (from the original 1264), the compass rose
pattern is noticeably absent. On the other hand, with only 425 observa-
tion in the whole sample and 418 observations within the 1% limit, a grid
pattern emerges in Figure 3B for the 3-Month FIBOB contract (symbol
EF). It appears tbat the number of observations, though important, is not
the sole factor determining whether one can observe the compass rose
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FIGURE 4A
S&P 500 Index (daily (SP). Index & Options Market (CME). Pattern screened at 1%.

pattern. Further evidence to support this argument is provided in Figure
3C for the Medium-Term German Bond contract (symbol NB), which
has 927 ohser\'ations (trom the whole sample of 950) within the !% limit.
Despite about twice the numher of observations, compared with the 418
for the EF, the compass rose pattern is not ohserved in the NB.

In discussing the e.xception to the robust existence of the compass
rose pattern. Crack and Ledoit (1996) specifically mention market indi-
ces. This comment prompts us to examine a number of futures contracts
on stock indices, including all five contracts on the Hong Kong Futures
Exchange, the CAC-40 index of MATIF, the IBEX Index of MEFF, the
All Ordinary Share Price Index of the Sydney Futures Exchange, and the
Toronto-100 and-3S Indices of the Toronto Stock Exchange. For the U.S.
stock index futures contracts, we examine the S&P 500 Index contract
(symbol SP) and the MMI contract (symbol BC) of the Index and Options
Market of the CME. None of these index futures contracts exhibit the
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FIGURE 4B (Continued)
Major Market [ndex (daily) (BC). Index & Options Market (CME).

Pattern screened at 1%.

compass rose pattern. Ib conserve space, only the results for SP and BC
are reported in Figures 4A and 4B.

Figures 4A and 4B show that the daily returns for these two indices
do not exhibit the compass rose pattern. However, for many traders, the
intraday price series are of more interest than the daily price series. Thus
an analysis of intraday returns is warranted. The intraday S-minute re-
turns for BC are reported in Figure 4C. In sharp contrast to the lack of
the pattern for the daily return series, the intraday returns for the same
BC contract clearly show a pattern that resembles the compass rose pat-
tern. The qualifying word resemhlitig is used because one migbt question
whether the pattern is strictly a compass rose pattern, because it shows
a more apparent horizontal and vertical grid-type pattern. However, as
one considers the much smaller returns associated with the 5-minute
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time inter\'iil. the labeling of the piitlcrti becomes less relevant for prac-
tical purposes. It remaitis that the intraday BC contract e.xhibits a pattern.

On a related issue of whether the compass rose pattern can be ob-
served for a portfolio of two futures contracts, we also examine a portfolio
composed of the futures contracts oti the U.S. Treasury 30-year bonds
(US) and the U.S. Treasury S-year notes (FV), traded on the CBOT. We
construct a note-over-bond (NOB) contract by going long on one notes
contract and going short on one bonds contract. As shown in Figures 5A-
5C, the pattern is present in the notes contract and is not present in the
bonds contract or the NOB portfolio. It appears that in forming ihe NOB
contract, the effective tick becomes half of the average effective ticks for
the US and the FV contracts, thereby violating Crack and Ledoit's second
condition that daily price changes are in discrete Jumps of a small number
of ticks.
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Pattern for U.S. treasury note (S-year) (FV) contract. Chicago Board of Trade.

Table II summarizes the results for all contracts, arranged into seven
sectors. For industrials, the pattern is not observable for any of tbe 10
contracts. Tbe same result is also observed for tbe seven currency con-
tracts. Two of tbe twenty-two indices contracts, or 10%. exhibit tbe pat-
tern. Ten, or 42%, of the foodstuff contracts sbow tbe pattern, whereas
2S, or 56%, of tbe Hnancial futures exbibit tbe pattern, A majority of the
metals and energy contracts sbow the pattern. Tbe results suggest that
the pattern may be tnore prevalent in some sectors, when compared with
others. Sectors in wbicb tbe percentage of contracts witb the pattern
deviates substantially from tbe overall average of 36% appear promising
for furtber researcb.

We also examine botb tbe official tick size and tbe effective tick
size—^defined as tbe typical actual price cbange for each contract—and
conclude that it is not evident at all that tbe effective tick size, relative
to tbe official tick size, matters in determining tbe existence of tbe com-
pass rose pattern. Tbis is because for most contracts tbe effective and
official tick sizes are identical, and some contracts exbibit tbe pattern
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Pattern for U.S. treasury note (3U-ycar) (US) contract. Chicago Board of Trade.

whereas others do not. For contracts with effective tick size greater than
the official tiek size, some (for example, SB, Stigar 0\ 1 (world) of CSCE
and HB, the 3-month HIBOf̂  of HKFE) exhihit the pattern whereas oth-
ers (for example, MJ, the rapeseed of MATIF and SB, Sugar #14 (do-
mestic) of CSCE) do not.

An interesting issue to consider is whether priee limits have an im-
pact on the existence of the compass rose pattern. Our sample includes
contracts with varying levels of limits relative to the tick size, as well as
contracts without limits. We are not ahle to discern any pattern that would
suggest that either the presence or the lack of limits has any influence
on the existence of the pattern. Chen (1997) reports similar results.

The elusiveness of the compass rose pattern is further demonstrated
by the examination of the cash S&P Index returns. Crack and Ledoit
(1996) state that the pattern is altogether ahsent in market indices. A
look at Figure 5D, produced with the same hounds used hy Crack and
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Pallern for synthetic (NOB) portfolio.

Ledoit (1996). show the correctness of their statement. However, after
zooming in to within the 1% bound, the pattern emerges, as shown in
Figure 5E.

CONCLUSIONS

Overall, the results from this study show that the compass rose pattern
exists only in some futures contracts, unlike the robust existence among
stocks documented in Crack and Ledoit (1996). Not all contracts traded
on the same exchange show the pattern, which suggests that microstruc-
ture, other than the effective price iimits ot the contracts in any particular
exchange, may not be the factor responsible for the presence of the pat-
tern. That the effective price limit of each contract is the one determinant
of the pattern is hased on the ohservation that the pattern emerges for
some contracts at higher limits of screening, say 3%, whereas other con-
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tracts require further screening at a tighter range, that is, within 1%, Even
for contracts in which the pattern finally emerges after repeated screening
of returns, the pattern can he elusive. For contracts in which the pattern
is nonexistent, large numbers of ohservations do help in generating the
pattern. However, the pattern is eWdent for some contracts even if the
number of observations is small.

An interesting finding is that the presence of the pattern is not con-
sistent across different categories of contracts. For example, the pattern
is totally absent in industrial and currency contracts, and is more preva-
lent in metals and energy contracts. Further, research is indicated on a
possible relationship between contract sector and the possihility of oh-
serving the pattern.

The finding that the pattern exists for intraday returns hut not for
daily returns on the MMI futures contract is unique and suggests that
for futures contracts, where short-term trading is more prevalent, the
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pattern may be more visible for the intraday returns series rather than
daily returns series. Further study is needed to test this conjecture. The
eiusiveness oi" the compass rose pattern is further illustrated by the ex-
aminations involving the S&P 500 Index. The finding of the existence of
the pattern in intraday returns but not in daily returns on the S&P 500
Index futures contracts is unique. The presence of the pattern in tbe cash
S&P 500 Index is in contrast to the statement hy Crack and Ledoit (1996)
that stock indices do not exhibit the pattern.

Finally, it is possible that the compass rose pattern may hold the
potential for improved forecasts with ARMA-GARCH procedures for
those futures contracts in which the pattern is evident. Bollerslev, Chou,
and Kroner (1992) show that low-order ARMA-GARCH procedures ad-
equately model conditional heteroskedasticity. An out of sample forecast
from an ARMA-GARCH model could be compared with the points on a
compass rose, and the forecast could be acijiisted to the closest point on
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the pattern, with the forecast assuming the value of the second coordi-
nate. However, this is an area that merits further research.
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