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ABSTRACT

This dissertation examines the price discovery and
extreme value processes found in Germany’s stock index and
stock index futures markets. These two concepts are framed
within the fundamental relationship between risk and return
found in the financial economics literature.

Results from the price discovery analysis indicate
that the stock index futures market processes information
more quickly than the underlying spot market. However,
this processing can be characterized by a feedback loop
because sometimes the spot market processes information
more quickly than the futures market.

An indepth analysis of the information processing
relationship implies that the futures market processes
information faster than most of the individual stock index
component stocks. However, two securities sometimes lead
the futures market. The reasons these two securities lead
the futures market are of particular interest.

Additionally, the processing speed of the futures
market tends to be increased when there is market-wide, as
opposed to security-specific, information affecting the
securities market. Also, analyses of up and down markets
and different trading activity proxies are performed. They
reveal that the lead-lag relation is conditional on the

information set available to market participants.



The results of the extreme value section indicate that
extreme price declines for most FDAX contracts are larger
in absolute terms than extreme price increases. The
results of the extreme value analysis also indicate that
the data generation process of the extreme price changes
originate from a Type II extreme value process.

An examination of prudent margin setting procedures is
made as a practical application of extreme value theory.
The results of this part of the study indicate that the
extreme value distribution approximates the empirical
extreme value observations better than the normal

distribution process.

vi



CHAPTER 1
INTRODUCTION

The risk/return trade-off relationship is a central
paradigm in the financial economics literature and is used
extensively as a pedagogical concept in financial economics
education. In particular, this trade-off relationship is
essential to the argument of efficient asset allocation of
society’s precious resources. One avenue used to
investigate this relationship is to examine the price
discovery process and/or risk characteristics of a
particular security, market or basket of securities.
Derivative securities offer an interesting avenue for
examining the impact of price discovery and risk processes
on resource allocation.

The purpose of this dissertation is to examine both
the price discovery and risk processes of Germany'’s
derivative security markets. The price discovery process
is examined in a lead-lag context. The particular risk
process analyzed here is via probabilities of observing
extreme values. These two elements are important in
understanding how derivative securities are used by
investors to transfer their information into efficient
asset allocation decisions.

Extant research implies that derivative securities
(especially stock index futures) process information more

quickly than their underlying securities. This research



documents that returns from derivative securities usually
lead the returns of their underlying assets. However,
documentation of a weak feedback of information processing
from the underlying asset to the contingent claim also
exists.

This dissertation uses vector autoregressive (VAR)
methods, as described by Granger (1969), to investigate the
lead-lag relationship between Germany’s futures and spot
markets in an attempt to determine the sources of any lead-
lag, or feedback relationship existing in the data. Due to
leverage effects, transaction costs, and institutional
constraints, it is hypothesized that the derivative
securities markets will tend to process information more
quickly than the spot market. .

To examine whether derivative securities process
information faster than the underlying securities, a number
of hypotheses are examined. The first hypothesis examined
is whether DAX index futures returns lead DAX spot returns
over a large time series of spot and futures index data.
The results of this analysis indicate that derivative
securities process information more quickly than the
underlying securities. However, a significant feedback
information loop is also documented.

To further investigate the causes of the information
processing ability of stock index futures, a number of more

detailed hypotheses are examined. First, an examination is



made of the lead-lag relation between the stock index
futures and the individual component securities of the DAX
index. The results of this inspection indicate that the
futures market processes information more quickly than most
(28 out of 30) individual securities. However, there is an
apparent information processing feedback loop between two
of the individual securities (Allianz and Deutsche Bank)
and the futures contract. One implication of this finding
is that information processing on most individual
securities is slower than that taking place in the futures
market. With respect to Allianz and Deutsche Bank, each of
these firms hold asset portfolios consisting of many other
firms. In a sense, these two firms may be proxies for the
market as a whole.

There may be many reasons why there exists a lead-lag
relation in the DAX and DAX index futures contracts. One
of these reasons relates to the difficulty German investors
have in short-selling individual securities. An
examination of up and down markets is made to explore this
issue. The result of this section is surprising in that
the lead time of the futures market is substantially
reduced, though feedback still exists. Apparently, the
short selling restrictions in Germany do not entice
participants with bad news to trade their information in
the derivative securities market. Market expectation

alignment during extreme up and down markets is given as a
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reason for the reduction in processing speed in the futures
market.

Much attention has been paid by financial market
research to defining information proxies. One of these
proxies comes under the rubric of trading activity. 1In
particular, the number of transactions, trading volume, and
the number of securities trading per time periods have been
postulated as proxies for information. Hence, examining
the lead-lag relation considering these proxies of trading
activity can be an important indication as to whether
information processing is affected by differential levels
of market activity. The results of this test, however, are
mixed. Essentially, the lead-lag structure depends upon
the definition given to trading activity. The implication
here is that more research related to information proxies
is needed.

If investors wish to decrease trading costs,
derivative securities offer one route to obtain this
objective. In particular, stock index futures contracts
allow investors an option to trade market-wide, or macro-
based information with lower transaction costs than trading
individual securities. Depending on whether an investor
possesses market-wide (macro related) or security-specific
(micro related) information, he may choose the derivative
or underlying security. Examining this issue in a lead-lag

context allows one to determine the information processing



speed of each market when investors are confronted with
different types of economic information. The results of
this analysis indicate that under heavy market-wide
movements, the derivative market’s information processing
advantage is expanded. The implication here is that the
leverage effects and low transaction costs of the
derivative securities market are an attractive alternative
to investors endowed with macro or market-wide information.

Regardihg the risk process, much research has been
done using ARCH and GARCH models for modelling risk
conditional on past information. This dissertation takes a
different but complementary path in that the risk process
considered is found in the probabilities of observing
extreme values. The idea is that extreme values may well
be considered the "ultimate" risk measure because they
represent precipitous changes in wealth. If abrupt changes
in wealth are undesirable, the contribution of this
analysis is determining the probability of observing large
negative wealth effects found in extreme values.

Extreme value theory - as applied to financial markets
by Longin (1994), Jansen and De Vries (1991), Koedijk, et.
al. (1992) and Akgiray, et. al. (1988b) - is used to
examine the tail distribution of the futures return series.
Since extreme value analysis is a relatively new branch of
the financial literature, this part of the dissertation

adds much to the body of financial knowledge.
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The results of this section indicate two facts related
to the DAX futures data: (1) price declines are larger in
absolute value than price increases, and (2) the extreme
price changes follow a Type II extreme value distribution.
The Type II extreme value process indicates highly
leptokurtotic tail behavior and an increased probability of
observing large stock price changes. Examples of parent
distributions that generate Type II extreme values are the
t-distribution, the Cauchy distribution and other
leptokurtotic data generation processes, such as ARCH and
GARCH. This result is intuitively pleasing because it
conforms to extant research indicating non-normality of
stock return distributions.

As a practical application of extreme value analysis,
prudent margin setting requirements are examined. The
thrust of this section is related to curbing losses due to
extreme price movements in Germany’s stock index futures
market. Findings are that the extreme distribution is
better suited to curbing losses than using a normal
distribution process when setting margin levels. A
normative application of this result is that margin setting
committees should use extreme value theory when setting

prudent margin levels.



CHAPTER 2

' PRICE DISCOVERY

2.1 LITERATURE REVIEW

Derivative securities are defined as financial assets
that derive their value from other financial assets. Stock
index futures fall under the category of derivative
securities because they are assets based on the value of a
basket of securities. 1In particular, the basket of
securities are those securities that make up the particular
stock index of interest.

According to the no arbitrage condition of the spot
futures parity theorem, the value of a stock index futures
contract is a function of the underlying stock index, a
factor to account for a risk free level of interest rates,
a factor to account for leakage (usually a dividend yield)
if any, and a factor to account for the time to maturity.
The spot futures parity theorem, also called the cost of
carry relationship, is shown in its functional form in

Equation 1.

F=£(I,R;D,T), (1)

where F is the futures price, I is the value of the index
in question, R, is the risk free rate of interest, D is an
appropriate dividend yield, and T is the time to maturity

of the futures contract.



In a perfect world, futures prices will
instantaneously reflect all information related to the
underlying stock index, interest rates and appropriate
dividend yields. However, research related to the price
discovery processes of stock index and stock index futures
markets infers that the derivative asset processes
information more quickly than the underlying asset. This
result may lead one to infer that the underlying asset
derives its value from the derivative asset.

Examination of lead-lag relationships is not specific
to the spot and futures return relationship, however.
Manaster and Rendleman (1982) examine the lead-lag
relationship between stocks and their associated stock
options. The authors find that the returns for stock
options usually lead the returns on the underlying stocks.
However, Stephan and Whaley (1990) find that the lead-lag
relationship is the opposite of the result found by
Manaster and Rendleman (1982). Returns on the individual
stocks appear to lead the returns on their options.
Brockman (1994) provides evidence supporting Manaster and
Rendleman’s explanation when he finds that returns to
primes and scores lead those of their underlying stocks.

Finally, Kawaller, Koch and Koch (1990), and Chan,
Chan and Karolyi (1991) examine the lead-lag relationship

of volatility in the S&P 500 spot and futures markets. The



results from these studies indicate that volatility is
transmitted much more quickly than price changes.

Finnerty and Park (1987) were the first to examine the
price discovery processes of stock index futures markets.
They analyze the relationship between the futures contract
of the Major Market Index and its associated spot index.
Their model accounts only for the futures price change that
occurred one minute before the spot return. Even though
they include dummy and interaction variables for contract
expiration effects, they examine only the transmission of
information from the futures to the spot market and do not
consider the possibility of information being transmitted
from the spot to the futures markets. The results of their
analysis show that stock index futures usually lead the
spot market in price discovery - a phenomenon the authors
label "a case of the tail wagging the dog."

Kawaller, Koch and Koch (1987) examine the lead-lag
relationship of the S&P 500 futures and spot markets for
various trading days in 1984 and 1985. Using minute-by-
minute data, for different daily time periods of the
contract (88, 60, 30, 14, and 1 day(s) prior to expiration
and expiration day), the authors find that futures price

changes lead spot price changes up to 45 minutes, while the
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spot price changes lead the futures price changes by no
more than 2 minutes.!

Stoll and Whaley (1990) also study the lead-lag
relationship between the S&P 500 and Major Market spot and
futures markets (from 1982-1987 for the S&P and from 1984-
1987 for the Major Market). The authors find that the S&P
500 futures tend to lead the S&P 500 index up to 15
minutes. However, the leading market direction is not
found to be unidirectional, i.e. hints of the spot market
leading the futures market are also documented. Results
for the Major Market index and associated futures contract
are similar to those found for the S&P 500 market, except
that the feedback relationship from spot to futures is
almost non-existent.

In a related study, Chan (1992) examines the lead-lag
relationship between the S&P 500 and Major Market spot and
futures markets for the time period covering 1984-1987.
Using an approach similar to Stoll and Whaley °(1990), Chan
(1992) documents the existence of a lead-lag relationship

(also up to 15 minutes).

ITheir model (a bivariate VAR-type model) is similar
to the type used in this paper; however, they allow the
contemporaneous price change of the futures and spot
indices to enter the model when the spot and future price
changes are the dependent variables. Contemporaneous price
changes are usually constructed for convenience of analysis
purposes. In reality, very few observations are actually
"contemporaneous."
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The first study on the price discovery process of the
stock index futures market in Germany was carried out by
Griinbichler, Longstaff, and Schwartz (1994). These authors
find that the lead time for returns in Germany’s futures
market over its spot market is longer than that documented
in the U.S. market. Specifically, evidence is presented
that the electronically traded futures market leads the
floor-based spot market by approximately 20 minutes instead
of the 15 minutes found in the S&P and Major Market studies
of Stoll and Whaley (1990) and Chan (1992). Interestingly
though, Griinbichler, Longstaff, and Schwartz (1994) also
find that the spot market leads the futures market by
approximately five minutes, although this lead is weak.

If spot and futures prices are assumed to follow the
paths set out under the spot-futures parity relationship,
one would expect to see price changes in the spot market
move in tandem with price changes in the futures market.?
However, empirical results indicate that the futures market
tends to process information more quickly than the
underlying spot market. Researchers have argued that
arbitrage opportunities, infrequency of trading, bid-ask
spread effects, mechanical time delays, transactions costs,

and other factors may explain the information processing

2Technically, contemporaneous movements of both spot
and futures price series would only occur if the component
stock dividend yields and applicable interest rates were
non-stochastic.
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advantage of the stock index futures market. "Herding"
theories, similar to those found in Admati and Pfleiderer
(1988), Bhushan (1991), and Chowdry and Nanda (1991) have
also been used to explain the information processing
advantage. Discretionary traders "herd" during the same
time period, on the same asset, or in the same market,
respectively. The herding theories imply that uninformed
investors tend to concentrate their trading in order to
reduce losses to informed traders. On the other hand,
informed traders will want to trade in the market where it
is less costly to reveal their information.

Kawaller, Koch and Koch (1987) state that market
sentiment and arbitrage trading may be two phenomena
affecting the temporal linkages between spot and futures
markets. Since changes in investor sentiment can only be
transmitted through the spot index after all the relevant
stocks trade at different prices from the previous index
calculation, the index may reflect updated market sentiment
with a lag. Market sentiment can cause the futures market
to lead the spot market when investors react to bullish or
bearish macro-economic factors.

The futures market could also more quickly reflect new
macro-economic information because of the lower initial
investment required. Additionally, portfolio rebalancing
or stock selection decisions are not required. However,

futures traders may rely on recent changes in the
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underlying spot market for an indication of the direction
of future prices.

Since the transactions costs of a futures transaction
are less than the transactions costs of trading the
component stocks of an index, market participants who have
expectations about market-wide movements, rather than
individual stock movements, may elect to trade in the
futures market instead of the spot market. Loistl and
Kobinger (1993) document that round-trip transaction costs
of a futures transaction are approximately 1/100 as costly
as the round-trip transaction costs of trading all the
stocks comprising the DAX index. If investors want to
trade where it is least costly, it is hypothesized that
investors informed with macro-economic information in
Germany will tend to trade in the futures market. However,
it may still be possible for an investor to become informed
on an individual stock, or sub-group of stocks, and reveal
his information through trades in the spot market.

Chan (1992) also acknowledges that the lead-lag
relationship may depend on whether information arriving to
the market is market-wide or firm-specific. If information
is market-wide, informed investors may prefer to trade in
the lower cost market, instead of having to engage in
individual stock selection and to incur higher transactions
costs. When information is macro in nature, the futures

market is in a position to lead the spot market by a longer
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time period than when there is not a large amount of
market-wide information. Conversely, if information is
firm-specific or even industry-specific, the spot market
may lead the futures market when traders respond to firm-
specific news related to their individual stock holdings
more quickly than futures traders.

Chan (1992) deduces that the information processing
advantage of the futures market is due primarily to market-
wide movements of asset returns, as opposed to the
infrequency or intensity of trading, or good or bad news
events. Chan (1992) finds that after accounting for a
changing infrequent trading structure (news events or
trading intensity effects) the lead-lag relationship is
stronger the more individual stocks move together (market-
wide movements).

Chan (1992) stipulates that when a larger number of
component stocks make up an index, the futures market leads
the spot market more strongly. He concludes that the
asymmetric lead-lag relationship between the futures and
the spot market is attributable to faster information
processing and a more efficient ability to recognize
market-wide information by the futures market.

If trading in both markets is largely dominated by
little or no arbitrage opportunities, market sentiment
activities affect the spot and futures prices in the same

direction. However, if arbitrage opportunities persist,



15
arbitrageurs begin to take opposite positions in each
market, causing any "normal" lead-lag relationship to
alter. According to Kawaller, Koch, and Koch (1987),
changes in the lead-lag relationship during arbitrage
opportunities may manifest themselves either when both
markets move in the same direction (with one series moving
more quickly than the other), or when they move in opposite
directions. Hence, there may be a dynamic lead-lag
relationship between the spot and futures index markets,
depending on whether market sentiment or arbitrage
conditions are present.

Stoll and Whaley (1990) also discuss some of the
factors that may account for the existence of a lead-lag
relationship between the S&P 500 and Major Market futures
and spot markets. Infrequent trading, negative serial
correlation induced by the bid-ask spread of individual
stocks in an index, and the mechanical time delays in
reporting stock trades and/or the relevant index are each
mentioned as possible ways for a lead-lag relationship to
exist. These authors use an ARMA (Autoregressive Moving
Average) model to mitigate infreguent trading and bid-ask
problems. The autoregressive (AR) portion of the model is
shown to moderate infrequent trading problems whereas the
moving average (MA) portion is shown to temper noise

introduced by the bid-ask spread.



16

Chan (1992) discusses additional phenomena that may
cause the futures market to lead the spot market. For
example, short-selling restrictions are discussed as one of
the reasons for the existence of a lead-lag relationship.
Since Diamond and Verrecchia (1987) document that short-
selling restrictions retard the adjustment of prices to
private information, Chan (1992) postulates that short-
selling restrictions placed on institutional or insider
traders in the spot market will cause the futures market to
lead the spot market, especially in the presence of bad
news.

Bamberg and Rdder (1994) note that only institutional
traders are eligible to short-sell individual securities in
Germany. Therefore, when individual investors possess
adverse private information, and want to trade on that
information, they must go through the futures market.

Since there are little or no short-selling restrictions in
the futures market, the futures price discovery process may
tend to lead the spot market, especially in down markets.

Chan (1992) notes that there may also be a
relationship between price discovery and the intensity of
trading in each market. Due to Admati and Pfleiderer’s
(1988) finding that both liquidity and informed traders
prefer to trade when the market is thick, either through a
high level of trading volume or transaction activity, more

information may be released in thick, rather than thin,
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markets. Chan (1992) postulates that the increased
information released through thick trading directly impacts
upon any existing lead-lag relationship.

Another factor that may impact the differential
information processing capabilities of the spot or futures
market is the advent of fully computerized trading systems.
Huang and Stoll (1992) discuss some of the important issues
to consider when designing automated trading systems, and
Domowitz (1993) develops a taxonomy of automated trading
systems. Domowitz (1993) classifies different automated
trading systems along the lines of priority of trade
execution, degree of automation of the price discovery
process, and transparency of the system. He finds a broad
spectrum of systems in existence. 1In general, however,
most automated trade execution systems contain some level
of sophistication in that there exists a trade-matching
algorithm combined with information display and
transmission mechanisns.

The futures market found in Germany’s Futures and
Options Exchange, operating under the Frankfurt Stock
Exchange (FSE), is the automated Deutsche Termnibdrse
(DTB). As of 1993 the DTB had approximately 75 members
utilizing approximately 550 terminals for order entry,
order confirmation, and examination of trading activity.?

Even though the system was recently only operational in

3Information obtained from Table 1 in Domowitz (1993).
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Germany, an agreement with the MATIF, France’s futures and
options exchange, has allowed access to the system for
traders not physically located in Germany. A thorough
discussion on the market microstructure issues in Germany
is found in Griinbichler, Longstaff, and Schwartz (1994),
and Booth et.al. (1995). Specific plans concerning who
will obtain access to the DTB outside of Germany is found
in German Stock Exchanges -- Annual Report 1992.

The first classification scheme used by Domowitz
(1993) is the priority of trade execution. This
classification scheme determines the priority given to
orders in the system that await execution. The DTB’s
priority of trade execution is a combination of price and
time priority. This combination of priority gives
preference to the best price available for purchase or
sale, and then accounts for the time an order spends at a
particular price, not necessarily the amount of time the
order has remained unmatched in the system. As compared
with other automated systems used on futures and options
exchanges, the DTB maintains an average priority of trading
algorithm.

The degree of automation in the price discovery
process is closely related to the economic efficiency of
the automated trading algorithm because it dictates how
prices are determined. The differences in algorithm

capabilities examined by Domowitz (1993) range from a
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system having to receive transaction prices from outside
(basically an input of a transaction occurring off the
system) to a fully automated continuous double auction
system using some type of pricing model to determine the
price of any transaction. The DTB uses the most popular
type of price discovery algorithm used by automated trading
systems - the automated continuous double auction
algorithm. Like other systems employing this algorithm,
DTB transactions occur when orders are crossed. A price is
determined within the system (as determined by the
previously mentioned priority rules) and a transaction
occurs when the best offer to buy is greater than or equal
to the best offer to sell. According to Huang and Stoll
(1992), a continuous double auction trading system, like
that found on the DTB, is the preferred algorithm for
efficient price discovery. Therefore, DAX (Deutscher
Aktienindex) futures contracts are traded on a system with
one of the highest levels of automated price discovery
actually used by computerized trading exchanges.

The final classification discussed by Domowitz (1993)
is the transparency and anonymity of the automated system.
Huang and Stoll (1992) define transparency of a system as
"the degree to which trading information is made publicly
available." When more trading information is available (on
transaction prices and volume for instance), the trading

system becomes more transparent. On the other hand,
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anonymity is defined as the degree to which traders can
transact without revealing their identity. The less
information revealed by the system about a trader’s
identity, the more anonymous the systemn.

For the most part, screen-based trading systems are
extremely anonymous. Very few systems offer any kind of
identification of the trader on the other side of the
transaction, while none offer counterparty information to
the public. Domowitz implies that stock and bond trading
systems appear to offer more information to the interested
public than futures and options systems. Therefore, an
information asymmetry is being introduced between direct
and indirect system participants where informed traders may
be able to hide more of their private information if they
participate in an automated market rather than on a regular
floor-traded system. The DTB is extremely transparent in
that it displays the last transacted price, as well as the
prices and volume for transactions in the automated order
book. The DTB is also completely anonymous in that no
information related to the counterparties of transactions
is displayed or transmitted. Therefore, informed traders
may be well-hidden when transacting through the DTB.

Huang and Stoll (1992) discuss some of the main

concerns with increased transparency and anonymity.* 1In

‘Massimb and Phelps (1994) compare and contrast the
operational efficiencies and loss of liquidity due to
electronic trading systems. Even though they conclude that
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particular, a situation similar to Akerlof’s (1970) lemons
market may cause trading to cease, due to the increased
level of asymmetric information. However, these concerns
may be mitigated by preferencing of order flow. 1In
general, automated systems must balance transparency and
anonymity with the reputation capital of traders (market
makers). If market makers’ identities are completely
anonymous, they will not be able to assume responsibility
for the quality of the market (i.e. show their fairness to
both sides of a transaction) and possibly may be unable to
attract sufficient order flow to unwind adverse positions
or to provide necessary immediacy to the market. Huang and
Stoll’s suggestion is to allow for a system to be flexible
and afford some type of preference-based trading based on
past or current order flow or possibly on reputation. The
DTB, like many of the other automated futures and options
systems, does not allow for preference-based transactions.

Design-based classifications may have an effect on the
lead-lag relationship found in Germany’s spot and futures
markets. Massimb and Phelps (1994) discuss the mechanical
characteristics of an automated trading system (increased
information dissemination, decreased settlement time,

decreased number of wrongly-entered trades, etc...), which

the loss of liquidity dominates the gains in efficiency
offered by today’s technology, they suggest that
applications of advanced technology to the traditional
floor trading systems may alter the loss and gain
relationship.
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decrease the time period necessary to report spot and
futures transactions. If the computerized system is used
to facilitate the mechanical operations of markets,
operational efficiencies could possibly be increased. If
the increased operational efficiencies are greater in the
spot market than in the futures market, one could
hypothesize that any lead-lag relationship advantage (often
attributed to the futures market) would be shortened.
However, if the operational efficiency gains are greater in
the futures market than in the spot market, any existing
lead-lag relationship favoring the futures market may be
increased.’ Analyzing the information processing
capability between a spot and futures market where one
market maintains a traditional floor trading technology,
and the other market adopts a purely electronic trading
system may be one way to probe technological or mechanical
efficiency gains from adopting an electronic trading
system.

Germany’s stock exchange is composed of both an "old-
fashioned" floor trading system for its spot market and an
electronic screen trading system that handles its futures
transactions. Both the S&P 500 spot and futures markets

are traded on traditional floor traded systems. 1In

SDiscussions related to lowering costs of market
operation via automated exchanges are also found in Harris
(1990). Increased operational efficiency arguments are
found in Grossman (1990) as well.
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reality, however, Germany’s spot market is a hybrid floor-
automated market, where an electronically traded spot
market, IBIS (Integrietes Borsenhandels- und Informations-
System), accounts for nearly 15-25% of the spot markets
trades.

Analyzing the lead-lag relationship between the spot
and futures markets using German data and comparing the
results to the S&P 500 lead-lag relationship potentially
adds valuable data to the information sets of policy makers
evaluating the prospects of incorporating screen trading
systems technology into their markets. If the technology
provided from electronic trading systems can increase
information processing speed, then markets utilizing the
new technology could perhaps boast faster price discovery,
higher operational efficiency, and possibly lower costs to
market participants.® These operational and economically
desirable exchange characteristics could, in effect, create
a strategic advantage useful in the increasingly
competitive market for security traders.

Even though the consensus of extant empirical research
implies an information processing advantage to futures and
or electronic markets, it maintains the possibility that
spot and/or traditional floor markets periodically have the

advantage. At this point, it is useful to recall two

‘Massimb and Phelps (1994) provide evidence refuting
the lower cost claims often extolled by electronic trading
system advocates.



24
factors that may affect the information processing
advantage of the technology based futures market found in
Germany. First, Loistl and Kobinger (1993) document a
significantly lower futures market transaction cost in
Germany. Second, IBIS trades essentially make the spot
market a hybrid between old-fashioned floor trading
activities and one embracing new technological
efficiencies. Therefore, attributing any price discovery
advantages directly to technology, or transaction costs, is
not as straightforward as that discussed in Griinbichler,
Longstaff and Schwartz (1994)

To examine empirically the information processing
relationship between spot and futures and electronic and
traditional floor systems, this study analyzes the lead-lag
relationships between the price changes for German DAX and
S&P 500 stocks by employing a bivariate VAR systen.’
Results of this research find that the S&P 500 futures
returns lead the S&P 500 spot returns by about 35 minutes,
and that Germany’s futures returns lead spot returns by
approximately 23 minutes.

However, both markets exhibit evidence that the spot

returns lead futures returns: up to five minutes for the

"This study employs a system related more closely to
the Granger (1969) approach rather than the Sims (1972)
approach. Since most of the extant literature focuses on
U.S. markets, the S&P 500 data will be used only as a
comparison. No indepth analysis of the lead-lag relation
will be made for the S&P 500 data.
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S&P and up to two minutes for the DAX. Discovering the
phenomenon that each market leads the other implies that
there is a significant information feedback relationship
present for both markets; therefore, no complete price
discovery domination by either market exists. Implications
of the feedback relationship are that traders in the
futures market appear to transmit information to the spot
market; on occasion, however, traders in the spot market
appear to transmit information to the futures market,
regardless of the technology or transactions costs of the
trading system. Therefore, from an information processing,
or price discovery, standpoint, it is not readily apparent
that the traditional floor traded S&P 500 futures market or
the German electronic screen-traded futures market
completely dominates its corresponding spot markets in
information processing capabilities.

An additional result found is that the S&P 500 spot
and futures markets exhibit cointegration. The associated
error correction model does not appear to alter the
feedback relationship found in the non-error corrected
model. However, the DAX spot and futures markets do not
exhibit cointegration. Due to the significant feedback
relationship, it appears that the electronic trading system
found in Germany does not completely dominate the floor
trading system in information processing capability, as

implied by Grunbichler, Longstaff and Schwartz (1994).
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The contribution of this dissertation (as related to
the S&P 500 lead-lag relationship) is that the model
employed here allows for explicit testing of Granger
causality and cointegration between the spot and futures
market. When not accounting for cointegration, the S&P 500
results parallel those of Kawaller, Koch, and Koch (1987),
i.e., futures returns lead spot returns by approximately 35
minutes and spot returns lead futures returns by
approximately 5 minutes.

The results here find that the S&P 500 spot and
futures markets are cointegrated. Thus, by the Granger
Representation theorem, the correct model specification to
examine the lead-lag relationship must incorporate an error
correction term.® After including the error correction
term, however, the lead-lag structure remains relatively
unchanged.

The contribution of this dissertation (as it relates
to the German spot futures lead-lag relationship) is to
investigate more closely the lead-lag relationship found on
the FSE between the spot and futures markets. Using a
finer time grid of data (1 minute instead of 5 minutes) and

a different method of analysis (bivariate VAR, instead of

SError correction terms indicate that there is a long-
run equilibrium condition relating the spot and futures
markets to one another. That is, economic forces exist
which prevent either market’s deviation from the spot
futures parity theorem, at least for extended periods of
time.
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Sims) than Griinbichler, Longstaff, and Schwartz (1994),
this paper investigates the causal relationships between
the DAX spot and futures markets. Also, the hypotheses
examined in this dissertation are based on information-
linked explanations, not technology based notions, as found
in Griinbichler, Longstaff, and Schwartz (1994).

The results of this paper also match well with
Griinbichler, Longstaff, and Schwartz’s (1994) results. The
lead of the futures price changes is found to be
approximately 23 minutes, not 20. Even though the lead of
the price changes of the spot market over the futures
market appears to remain around 5 minutes, the results of
this paper more closely examine the lead time. It is
hypothesized that the significant feedback relationship is
due to information-based ideas, and not the hybrid nature
of the spot trading systen.

2.2 HYPOTHESES TO BE TESTED

2.2.1 Hypothesis #1

Ho: There is no lead-lag structure to the DAX stock

and stock index futures market.

Ha: There exists a lead-lag structure to the DAX stock

and stock index futures markets.

Stoll and Whaley (1990), Kawaller, Koch and Koch
(1987) and Chan (1992) all indicate that the stock index
futures market processes information faster than the
underlying stock market in the United States. Griinbichler,

Longstaff and Schwartz (1994) also find a lead-lag
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structure to the German DAX and DAX index futures market.
This hypothesis examines the information processing issue
in Germany’s security markets using a much longer time
series of data and a much finer time grid of observations
than that employed by Griinbichler, Longstaff and Schwartz
(1994). Examining this hypothesis on this unique dataset
is useful because it gives researchers an indication of the
persistence of Germany’s DAX futures markets information
processing advantage, if one exists.

2.2.2 Hypothesis #2

Ho: The DAX futures market leads all component stocks

in fashion similar to the index.

Ha: The DAX futures market leads component stocks

differently than the index.

According to Chan (1992), testing this hypothesis is
important for two reasons. First, determining which, if
any, stocks lead the futures is useful information for
investors constrained from participating in the futures
markets. Second, testing this hypothesis allows a closer

inspection of the lead-lag relation through a decreased

importance of the infrequent trading problem.’

2.2.3 Hypothesis #3

Ho: The lead-lag relation is the same in up and down
markets.

Ha: The lead-lag relation is different in up and down
markets.

Even though the infrequent trading problem is
virtually eliminated via examining individual stock
activity, the return interval is increased from a one-
minute to five-minute interval in order to maximize
observations.
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As mentioned previously, individual investors in
Germany cannot short-sell individual s