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In this article, we provide a detailed characterization ot the intraday
return volatility in gold futures contracts traded on the COMtiX di-
vision of the New York Mercantile Exchange. The approach allows
the study of intraday patterns, interday ARCH effects, and announce-
ment effects in a coherent framework. We show that the intraday
patterns exert a profound impact on the dynamics of return voiatiiity.
Among the 23 U.S. macroeconomic announcements, we identify em-
ployment reports, gross domestic product, consumer price index, and
personal income as having the greatest impact. Finally, by appropri-
ately filtering out the intraday patterns, we find that the high-fre-
quency returns reveal long-memory volatility dependencies in the
gold market, whieh have Important implications on the pricing of
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INTRODUCTION

The recent advent of hi^h-frequenty daty has sparked a growing literature
on a wide range of issues in the finaneial markets. Among the most puz-
zling issues is the behavior of volatility- One feature that eharaeterizes
high-frequeney data is strong intraday patterns. Despite the different
forms they take in different markets, intraday patterns have a similar
impaet on the dynamic properties of high-frequeney returns.' The avail-
ability of high-frequency data also increases the power of researchers'
efforts to estimate the volatility effect of publie information or regularly
scheduled maeroeeonomie announeements. Earlier studies often used
dummy variables to eontrol for announcements and intraday patterns of
price volatility.^

1 he empirical literature on intraday activity patterns in market mi-
crostructure studies, event studies on reaetions to maeroeeonomie an-
nouneements, and time-series evidence on interday volatility persistence
(ARCH etlects) have largely evolved independently. Although these fae-
tors have suecesslully captured a number of distinctive features in return
volatility, little is known about tbeir relative importanee in \arious mar-
kets. Andersen and Bollerslev (1998) recently developed an integrated
approaeh to examine various volatility components. The approach has
been truitUilly applied to the foreign exchange, equity, and fixed-income
markets. ^

In this article, we offer a comprehensive study of the intraday vola-
tility process for futures eontraets on a universally reeogni/ed and widely
traded physical asset: gold futures contracts on the COMEX division of
the New York Mercantile Exchange (NYME). Existing studies on futures
markets (and casb markets) often employ multivariate GARCH models
to investigate the joint dynamics of the means, variances, and covarianees

Intradii) piillfrns in absoliilc returns inthrceil ii distorted U shdpf in the sample corrclogriim of
nbsolutf rotiirns ihiil was incompuliblc v\Uh llial implied h\ >i skindard ARCII or CJARCTI model.
Sec DiiCdRi^nii. Muiler. Nailer. Olscn. and Pictet (\99^) und Andersen and Ikillerslev (1997).
"I he presenee «»l long nii'mory or volatility persistence in hi^h-freciKency data is another important
teaturf. The fact thai the li)ng-mcmor\ Feature also exists in high-irequenc\ data suggests thiit it is
inherent to the return-generating process itsell'ralher th.m being caused b\ structural changes in the
time series, as suggested in Lamoureux and t.astrapes (1^90).

*See Andersen and Bollerslev (1998). Andersen. Rollerslev. and Cai (in press), and liolltTslev. Cai,
and Song (in press).
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(K. Chan, Chan, & Karoiyi, 1991; Chatrath & Song. 1998; Wahab, 1995).
Cecchetti, Cumby. and Figlewski (1988) and BailHe and Myers (1991)
estimated optimal hedge ratios for finaneial and commodity futures
within a bivariute GARCH framework. Although these models have sue-
cesslully eaptured the temporal variation in returns and volatility at daily
and intraday frequencies, they do not attempt to address other features
of the data, that is, the intraday patterns, announcement effects, and
intcrday volatility persistence in a coherent framework. Therefore, this
article aims lo till a part of the gap by examining the gold futures market.

We focus on COiVlLX gold futures contracts during the NYMli trad-
ing hours beeause of data limitations. Nevertheless, the New York gold
market is the most active among the three main markets. Hong Kong,
London-Zurich, and New York (Muller et al., 1990). Moreover, trading
in the Nev̂  York market is more important for price discovery and release
of information {Dhillon, Lasser, & Watanabe. 1997)."* Our sample of S-
min gold futures returns covers a 4-year period from 1994 to 1997, during
which lime the gold price dropped from US$390 to USS287 per ounce
(Fig. 1). COMFX gold futures contracts remained aetively traded, with a
median daily trading volume and open interest of 24,360 and 84,S30
contracts, respectively, during the sample period.''•^

Our main fmdings are as follows. First, there exists a distinctive U-
shaped pattern in the intraday volatility eorresponding to the opening and
closing of the trading sessions. The strong intraday periodicity in turn
gives rise to an equally strong and regular pattern in tbe autocorrelation
of absolute returns. Ibc periodic pattern is significantly reduced after ibe
rav\ series is filtered. Ibe filtered series displays a rapid initial decay in
the autocorrelations, followed by an extremely slow rate of decay there-
after. This is a elear indication of the presence of a long-memory feature
in the gold market.

Second, we examine the 25 largest 5-min absolute returns during
the sample period. Most of these are linked to the following events: sales

fl al. (1997) tomparfd COMEX jjold futures uilh gold I'Liliircs. triiclfd on ihe Tokyo Com-
modity Exchanjie. Ihey concluded thai more intormation appears lo be released in j>old markets
durin^t U.S. trading hours relative to Japan.
""Earlier studies ol the jjold nmrkel inelude ihiise on intcrdii) and intradiiy patterns (Hall, lorous, &
Tschocf-l, I9K2; t)hiilon el LIL. 1997; l.iiuterhath & Monroe. I9H9; M;i, 1986; Muller ct Lil., 1990).
ihe elfeets ol L.S. money supply and inll;ition announeements iTiindon & Urich, I9K7). ihe et'fi-
eieney and dynamies ol jiold and siKer prices (Ajj^iiruiil (4 Soenen. 1988; Akgiray. Booth. Mat em. &
MiislaUi. 1991; M. Chan & Mountain. 1988; Soil & Swanson. l9HI;\\ahah, 1995), gold price and
ihe inflation rate (C^hua & VVoo<luard, 1982; Keldslein. 1980). m»ld priee and exehange rate move-
ments (Beekcrs & Socnen, 1984; Sjaastad Hi Seaetiavillani. 19961, and gold prieing models {Abken,
1980: Sherman. I98.i).

''The daily trading vuliime was quite slahle during the period 1983 to 1997, with a median ot 25.SS0
eontraets. The open interest increased from -411.000 lo over 100.000 tor ihe most active eontraets,
Mith a median ol S6,i6() conlracls.
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FIGURE 1
Cash price of COMHX gold for ihe I98.VI997 period.

oi gold reserves by central banks, concerns about eonsumer demand for
gold, interest rates, oil prices, inflation rates, U.S. unemployment rates,
tbe Asian financial crisis, and political tension in South Africa. Notably,
the largest absolute 5-min return of 2.638% occurred at 8:20 Eastern
Standard Time (EST) on Monday, July 7, 1997, after the Reserve Bank
of Australia said it had sold 167 tons of gold, or two thirds oi its gold
reserves. The COMEX gold futures price fell from US$326.5 to US$318,
or by US$8.5, within the first 5 min of trading.

Finally, we examine the impaet of 23 regularly scheduled U.S. mac-
roeconomic announcements. We find that ff)ur have significant effects
on the gold market s return volatility. In order ot descending importance,
these are employment reports, gross domestic product (CDP), consumer
price index (CPI), and personal income. Despite the significant instan-
taneous jump in volatility following these individual announcements,
their impact on the volatility over the course of the trading day is small.
Among the three components (calendar, announcements, and ARCH ei-
fects), the announcement effects have the smallest marginal explanatory
power on volatility at the intraday frequency. Compared to the reactions
of the foreign exchange and Treasury bond markets, the gold market's
reaction to the release of U.S. macroeeonomic news is much smaller.

The remainder of this article is organized as follows. The Intraday
Periodicity and Long Memory in Return Volatilily section describes the
data, summarizes the return and volatility patterns over the trading day,
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and esUmates the intraday periodic and long-memory volatility compo-
nents. The Largest Absolute 5-min Returns section looks at the largest
absolute 5-min returns and associated economic and political events. The
Macroeconomie Announcement Effects section examines the implica-
tions of major macroeconomic announcements on COMEX gold futures
contracts. The Assessing the Importance of Volatility Components at
Daily and Intraday Erequeneies section assesses the importance of vari-
ous volatility components at the daily and intradaily frequency. Einally,
the last section concludes the article.

INTRADAY PERIODICITY AND LONG MEMORY
IN RETURN VOIATILITY

Data

Intraday gold futures data covering the period January 1994 to December
1997 were provided by the Futures Industry Institute. The gold futures
contracts were traded on the COMEX division of NYMH. COMEX reg-
ulations stipulate delivery of 100 troy ounces of refined gold, assaying not
less than 0.995 fineness, cast either in one har or in three I -kg bars. The
delivery months are the current and next two calendar months and any
Eehruary, April, August, and October within a 23-month period and any
June and December within a 60-month period. During tbe 1994-1997
sample period, contracts maturing in I ebruary, April. June, August, and
December were actively traded. The corresponding intraday returns are
thus employed in the following analysis. The data specify the time, to the
nearest second, and the exact price of the futures transaction. The intra-
day time series is partitioned into 5-min intervals. During each interval,
the last recorded prices for the nearhy futures contracts are employed to
ealculate the 5-min returns. The sample time is chosen to be between
08:20 and 14:35 EST, whieh corresponds to the trading hours for gold
futures contracts on COMEX, resulting in a total of 75 5-min intervals
during each trading day.' Einally, there are 970 trading days over the
sample period, each consisting of 75 intraday 5-min returns, giving a total
of 72,750 observations. The 5-min return, /?,_„, denotes the return in the
nth interval on day t, where n — 1,2 . . . 75 and t = 1,2 . . . 970. •

Wlifii Iriinsacliiiiis v t̂Tc niissinj> lor a piiriiciiliir S-iiiin iritorval, wo iis<'d linear inlt'rpokilion lo
determine the futures prices iisfd to calculate thf returns, ihis only happened occasionalK.
"The siimple mean of the 5-min raw returns, —().00041 !'^, is miirginaliy significant, f̂ iven ihe symple
standard deviation of 0.06!^. The sample skewness of — 1.204 and the sample kurlosis ol 64.Ji
suggest thai the returns are not normally dislributed.
''The lirsl ^-min return was construcled with the opening price after ((S:iO and the last priee heforc
0M:2T and. therefore, constitutes a special ohservation. I he results were essential!) the same ij the
first 5-min return was nol used liirall siilisei|iient analyses.



262 Cai, Cheung, and Wong

930 1000 \m lioo 1130 ]z

Trading hours

(a)

1230 1300 1330 HOO 1430

t
u
f »
> o

<6

630 900 930 1000 1030 1100 1130 1200 IE30 1300 1330 1400 1430

Trading hours

(b)

FIGURE 2
(a) Gold futures intraday 5-min average R, and (b) gold futures intraday 5-min raw

and fittcti average |R||.
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Intraday Periodicity and Its Estimation

Figure 2{a) shows that the average raw S-min returns are centered around
zero, with little evidence oFa systematic pattern through a t)'pical tradiiig
day. However, the average absolute returns show a familiar pattern of
regularity in Figure 2(b). They start at nearly 0.076% early in the morning,
drop to a lower level of 0.031% in the middle of the day, and rise to about
0.0609^ toward the end of day. There is an abrupt drop in volatility during
the last S min of trading.'" This pattern is consistent with the patterns
found by Lauterbach and Monroe (1989) and Muller et al. (1990). In
particular, Muller ct al. plotted the 1-hr absolute return from the round-
tbe-clock world gold market shown on the Reuters screen. The U-shaped
pattern is evident in all three markets: East Asia, Europe, and North
America.'' The strong intraday LJ shape in turn gives rise to the repetitive
pattern in the autocorrelations of absolute returns. Figure 3(a) displays
a distorted U shape in the sample correlogram occupying exactly a 1-day
interval. This is a clear indication of seasonality in the period of 1 trading
day.'^

To model the periodic volatility coinponent in high-frequency re-
turns, we apply the general framework developed in Andersen and Bol-
lerslev (1997, 1998). Ihe idea is to decompose the predictable part of
volatility into a number of components, some associated with intraday
patterns, some associated with the release of macroeconomic news, and
some associated with a daily volatility factor. Specifically, our model for
the 5-min returns takes the following form:

where H denotes the sample mean of the 5-min returns (expected returii),
a, „ denotes a daily volatility I actor that is traditionally captured by ARCH
models, Z, „ is an i.i.d. mean zero unit variance innovative term, and s, „
captures the intraday calendar features as well as the announcement ef-
fects. The components of Equation I are not identifiable without addi-
tional restrictions. Therefore, we take squares and logs, rearrange the
terms, and obtain the lollowing equation:

'"'I Ills \Mt\ LIILI- lothc l,K-k ol'[Riding ;ii.li\ily in ihf last =i-Tnin inttT\al. The same piiriern was observed
lor Slandiird ii Poor's SOO riUiires S-min returns lAndLTsen ik liijllfrslc;, 1997).
"'['hf volume imd voiiilility pallerns in Muller el :il. (1990) also rellfcl the uell-known I'aci thai the
F,asl Asian market is less ac[i\t' in jJold triiding than ihc European and North American markets.
'"The autocorrelations Icir the niw S min returns uere all sniLill and resembled the realizations of
whiti' noise.
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2ln|R,,, - R|-ln af,, ^ In s^,, + In /;;„ (2)

Now the two-step procedure for estimation hecomes apparent. First, we
estimate the daily volatility factor 6, by applying a fractionally integrated
GARCH (FIGARCH) model to a sample of 3,777 daily returns.'^ This
model explicitly incorporates the long-memory feature in COMEX gold
futures daily returns as in many other asset markets. The resulting S-min
volatility estimator is simply given by d,,, = d/N'''". Second, we replace
Oi n hy its estimate di,,, and run the following tlexihle Fourier form (FFF)
regression;

D

,^ - R| - Indr,, - c + 2 / ^ ^
k

(3)

where N, = (N + I )/2 and N, - (N + l)(N + 2)/6 are the normalizing
constants. \\J\t,n) is an indicator tor event k during interval n on day (. It
can easily capture the weekday effects or the announcement eitccts. We
also include a dummy for the last {n = 75) 5-min interval to capture the
ahrupt drop in volatility. '"* The FFF regression provides a convenient way
to capture the smooth intraday patterns with a limited numher of param-
eters to estimate, especially when studying high-irecjuency data with a
larger numher ol intraday inter\als.

The actual estimation is hased on all 4 years of 72,750 intraday "5-
min returns. After some experimentation, we found that J — 0 and P =
8 will he sufficient to capture the hasic shape of the periodicity. The
individual point estimates for ^^ ̂ ^ and 6̂  p are highly significant. Param-
eter estimates ohtained hy allowing for additional terms are not signifi-
cant. The log—likelihood ratio tests also suggest that higher order terms
are not necessary. Now let/(t,n) + t, „ denote the right-hand side of
liquation 3, where/(f.w) is the estimated intrada\ pattern and S, „ is the
residual from the FFF regression; then, the absolute return can he derived
as

n)/2l-exp{^,,y2) (4)

'^"IVs^implf period is J;iniLir> ^, I ^K^ to f)ccnnh.-r .̂  1, 1447. 1 ht.'MAI h-f ICARCI l( I .d. I) model
lor daily rclurns (DIIOUS IJaillic. H(ilkTsk'\, and Mikkflscn (14^61. I or ill I empirical analyses, we also
used estimates from a longer daily return series from January 2. 197S to December 31. \^^1: ihi-
results vvt'ro osscniiiilly ihe same. Details of ihe estimation arc aviiibble on request.
'"•Sce Andersen und Rr)llerslev 11998) and Andersen. Bollerslev. and Das {\^^^) for a disLUSsitin ol
the consistency and small sample pro|H'rlies ol' the two-slep estimators.
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If we average d, and explSj ,,/2), respectively, over the trading days, we
ohtain the unconditional intraday volatility forecasts. The dotted line in
Figure 2(h) plots the unconditional volatility forecasts with the announce-
ment and day-of-the-week effects included. Clearly, the fitted value pro-
vides a close approximation to the overall volatility pattern in the COMFX
gold futures market.

Long-Run Dynamic Dependencies in High-
Frequency Data

One important finding thai has recently emerged is the presence of a
long-memor\' feature (slow ly declining autocorrelogram) in daily squared
or ahsolute returns of various financial asset prices, captured hy the
MA( 1 )-FIGARCH( 1 ,d, I) model. In the FFF regression, because the first-
stage volatility estimate, ^,, is derived from daily returns that cover a
longer period, it is not clear whether it is appropriate in capturing the
features in the volatility of 5-min returns, d, „. To answer this question,
we need to examine whether the long-memory feature is also present in
high-frequency data covering a shorter period. Figure 3(a) plots the au-
tocorrelation of raw 5-min ahsolute returns, |R[,,,|. The autocorrelogram
is dominated hy strong periodicity at the daily frequency and is not very
informative on the long-run dependencies in autocorrelations. However,
after the estimated intraday and announcements effects in 5-min returns
are filtered, the filtered ahsolute returns. |R[,nK î,n- display a strictly posi-
tive and slowly declining autocorrelogram, as shown in Figure -^(h).'""

Figure 3(h) further suggests that the estimate for the degree of long-
run dependence is easily ohtained from the autocorrelogram of the fil-
tered ahsolute S-min returns. IJecause the autocorrelations of a long-
memory process are eventually all positive, we can assume that for large
;, the autocorrelations hehave as p| = c-j^ ' '" ' . Equivalently, we have

ln(/?,) - ln(c) + {2-d - l)-ln(j),

where pj denotes the jth order autocorrelation and c is a factor of pro-
portionality With the autocorrelations replaced hy the sample estimates
(pj), the resulting OLS estimate is given hy d^c — 0.39^. This time-
domain-hased estimate is fully consistent with the estimates from fre-
quency-domain-hased procedures. "'The implied hyperholic rate of decay,

^S| ,1 is the normalized estimate for the periodic component Irom 111' regressions incorporating the
intraday patterns and iinn ounce ment effects; see .Andersen and Bollerslev (1997).
n^uo alternative Frcquency-domiiin-based estimates are the log periodogram estimate {Geuekf &

Porter-Hudak, 199.^) and the average periodogram estimate (Robinson, 1994). The S-min returns
yielded estimates of 0,302 and 0.17 1, respeelively. for ihese alternative estimation procedures.
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j2 0.̂ 9>-1 ^ J "•-"*, closely follows the actual autocorrelogram |Fig. 3(h)l.
This procedure only applies to the autocorrelations of filtered ahsolute
returns but not to those of raw ahsolute returns, hecause the strong in-
traday periodicity significantly distorts the shape of the gradual decline
and, hence, the estimate oft/.

A related question is whether the long memory component changes
over time as a result of a major e\ent or a sequence of major events. The
gold futures market offers an interesting opportunity to examine this is-
sue. During the 4-year sample peri(id from 1994 to 1997, the Bre-X scan-
dal took place. Ihe scandal concerned a small Canadian gold-mining
firm, Hre-X Minerals Limited, which claimed to ha\e found a large gold
reserve that suhsequently turned OLit not to be trtie. BecaLise the news
ahout the Bre-X scandal lingered on For quite a long time, it is not clear
whether the scandal had any impact on the persistence of volatility, or
long-memory component, in the gold futures market. I hereiore, we
searched the Wall Street Journal and identified 107 stories related to Brc-
X. The first one occurred on March 18, 1996 when the firm said it had
discovered as many as 40 million ounces ol gold on its property in the
wilds of Indonesia. We used this day as the eutoll date and truncated the
entire sample into two suhsamples. With the same method apjilied, tbe
estimates lor tbe degree of fractional integration are close, {).4{)l and
0.404 for the prescandal and scandal samples, respectively. There does
not seem to he a break in the long-memory component of the volatility
process alter the scandal. Using alternati\e Irequency-domain-hased es-
timates yields the same conclusion.

LARGEST ABSOLUTE 5-MIN RETURNS

Figure 1 shows that from 1994 to 1997, the gold price declined from
US$390 to US$287 per ounce. Much of the decline occurred in tbe last
2 years ol tbe sample period. One major force behind this drop appears
to have heen the sales ol gold reserves hy a mmiher of central hanks. To
see w hetber this is indeed the case, Tahle I displays tbe 25 largest ahsolute
returns over the sample and indicates whether any economic or political
event may account for the sharp price cbange. The evidence is striking,
with 6 of the 25 largest ahsolute returns associated with the sales of gold
reserves hy central hanks. Notably, the largest ahsolute 5-min return of
2.638% occurred at 08:20 EST on Monday, July 7, i 997, after tbe Reserve
Bank of Australia announced that it had sold 167 tons of gold, or two
thirds of its gold reserves. The COMEX gold futures price fell from
US$326.5 to US$318, or hy US$8.5, within the first 5 min of trading.
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TABLE I

Largest Absolute 5-min Heturns from COMEX Gold Futures Cuntnicts during
the 1994-1997 Period

.Absolute
Return {%} Date Time Weekday Event

Gold sales by the Reserve Bank of Australia
Rise in interest rates in Europe
Concern about weaker consumer demand for goid
Concern about oii price
Political tension in South Africa
Concern about gold sales by the Central Bank of Switzerland
Concern about gold sales by the Central Bank of Switzerland
Concern about gold sales by centrai banks in Europe
Concern about inflation in the United States
Political tension in South Africa
Concern about weaker consumer demand for gold
Concern about goid saies associated witfi stock market crash
Factory orders in the United States
Demand from jewelry makers
Increased consumer demand for gold
Employment report in the United States
Concern about inflation in Japan
Concern about Asian financial crisis
Concern about gold sales by the Central Bank of Switzerland
Weakening of the US. dollar
Concern about gold sales by the Central Bank of Switzeriand
Middle East selling more crude oii
Poiitical tension in South Africa
Concern about weaker consumer demand for gold
Concern about infialion in the United States

The absolute returns are based on the raw 5-min returns on COMEX gold futures. The sample period is from January 1994
to December 1997 The daily time interval ts between 08:20 and 14:35 EST, which corresponds to the trading hours of
COMEX gold futures contracts on the New York Stock Exchange, thus resulting in 75 5-min intervals during each trading
day. Over the 4-year sample period, there were 970 trading days, making a total of 72,750 observations. Eor each 5-min
interval, we subjectively indicate whether any economic or political event appears tc have contributed to the absolute 5-
min return.

2.638
0.847
0.846
0.805
0.795
0.787
0,782
0.776
0.728
0.724
0.718
0,695
0,686
0.670
0.669
0.660
0.636
0.633
0.614
0.600
0.597
0.596
0.594
0.590
0.581

97-07-07
97-10-09
94-01-20
97-07-17
94-04-04
97-10-24
97-10-24
97-02-27
94-09-28
96-07-31
96-02-20
95-07-19
94-01-05
97-09-25
97-07-18
94-10-07
94-01-31
97-10-28
97-10-24
97-02-20
97-10-24
95-06-30
94-04-05
94-10-11
94-05-06

8:20
12:25
11:45
11:20
11:05
8:35
8:20
8:20
8:20

14:15
8:25

14:00
13:35
9:40

14:20
8:45

11:55
13:50
13:55
11:35
8:45

11:50
8:45
8:30

12:00

Monday
Thursday
Thursday
Thursday
Monday
Friday
Friday
Thursday
Wednesday
Wednesday
Tuesday
Wednesday
Wednesday
Thursday
Friday
Friday
Monday
Tuesday
Friday
Thursday
Friday
Friday
Tuesday
Tuesday
Friday

On October 24, 1997, a committee set i!|3 by tbe Swiss Goxcrnment
released a report saying tbat Switzerland could do witbout as many as
1,400 of its total 2,590 tons of gold reserves. Tbe Swiss government later
alfirmed a previous announced plan lo sell 400 tons over a 10-year period.
Tbis resulted in 4 ol tbe 25 largest price cbanges in a single day. Otber
large price ebanges were related to concerns about consumer demand for
gold, interest rates, oil prices, inflation rates, U.S. unemployment rates,
tbe Asian financial crisis, and political tension in Soutb Africa.
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IMACROECONOMIC ANNOUNCEMENT
EFFECTS

Important Announcements

We now examine the effects of macroeconomic announcements on the
COMEX gold futures market. There already exists a sizeable literature on
the effects of public information on the volatility of financial assets. '
Studies on the gold market s reaction to the release of public information
are scarce. Tandon and Urich (1987) reported significant impacts ol un-
anticipated components of U.S. money supply and producer price index
(PPI) announcements on daily gold prices. More studies look into the
factors that affect the movement of gold prices using monthly data. Al-
though these studies do not exactly investigate the ellects ol announce-
ments, they provide us with an idea of what factors arc most likely to
move the gold market. For example, Fledstein (1980) showed that a rise
in expected inflation will increase the relative price of gold. Chua and
Woodward (1982) provided empirical evidence that, for U.S. investors,
gold is an effective hedge medium against hoth expected and unexpected
inflation. Ahken (1980) examined the relationship between the gold price
and 1-month U.S. Treasury bill yields. Sjaastad and Scacciavillani (1996)
reported that floating exchange rates among the major currencies have
heen a major source of price instability in the world gold market. In par-
ticular, the appreciation or depreciation of European currencies has a
strong effect on the price of gold in other countries. Sherman (1983)
found that the log of the gold price is negatively related to the U.S. trade
weighted exchange rate and the real liLiroclollar interest rate lagged hy I
montii and is positively related to the log of real world GDP, anticipated
inflation, and unanticipated inflation.

Interestingly, several major U.S. macroeconomic announcements
have been shown to affect both foreign exchange and interest rates in a
similar way. For example. U.S. macroeconomic announcements such as
employment reports, durable goods orders, GDP, PPI, and retail sales
have significant price effects on both the deutsehe mark—U.S. dollar ex-
change rate and long-term and short-term U.S. interest rates. Bundes-

' L a r l i t T sliidrcs iiicliulf lliosc on llic shfirl-lcrm [iiul knifi-tcrni Ixiiid iiiarU'l (Biilclii//i. IJ ton. ik

CifL'i'n, \^f^7: l!(l('rin)it(in & I.ee. 144,^; h lcni in^i i iU'molon,), 1447, in press), on l ln ' lorci^n cxchiinge

murkfl (DeCiciiMiin) tk Shricvcs. I99S; Gootlliiirl, Hdll, Henry, & IVsaran. 1943; llu & \\o\v\. 1487;

Payne, 1446), und on the equity market (Berry & l l u u e . 1494; Culler, l'(»lerbii, & Summers , 1484;

Mitehell ik Mulherin, 1494).

'"Anticipated inlUition is prnxied liy tlie nilio tiT (jiiasimoney (savings iiecoiints lor the Ci7 eoiintrics)

lo ( i n P . L'niintiLip;itt'd indiitinn is the t i i r renl inflation rate minus iin l8-mantl i movinji avcni^e.
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bank meetings, German IV13 and GDP, and Japanese GDP also induce
higher volatility in the deutsche mark-U.S. dollar cxchan^re rate. We ex-
pect that d similar set of announcements will also affect the 24-hr world
gold market. However, mainly hecause ot the tremendous difficulties
in collecting news announcements from different countries, we can only
focus on regularly scheduled macroeeonomic news in the United States,
which corresponds to the trading of COMEX gold futures in New York.
Therefore, we collected the dates and release times of 23 different U.S.
macroeconomie announcements from the "The Week Ahead" section of
Business Week during the 1994—1997 period. Among the 2^ regularly
scheduled news releases, 12 arc inade at 08:30, covering employment
reports, CPI, durable goods orders, housing starts, leading indicators,
initial jobless claims, trade balances, PPI, retail sales, persona! income,
employment costs, and GDP; 8 are made at 10:00, covering business
inventories, construction spending, consumer confidence, NAPM sur-
veys, new single-faiTiily hoine sales, factory inventories, existing home
sales, and productivity and costs; the remaining 3 announcements made
at other times include industrial production (09:15), the Beige book
(12:00), and the federal budget (14:00). Nonfarm payrolls and the un-
employment rate are released together as part of the einployment report.
Industrial production and utilization arc alv\ays released together.""

Estimate of the Announcement Effects

Because most macroeconomic news in the United States is released on
a monthly basis, the occurrence of each type of news is limited. Therefore,
it is impracticable to estimate separate news-specific coefficients. Instead,
we follow Andersen and Bollerslev (1998) and assume that the volatility
response pattern is of the form MK') — ^k"y('). ' — li 2 . . . 13, where
the prespecified y(i) coefficients are determined by a third-order poly-
nomial with y(0) ^ 0.84346 and Y(13) ^ ()."' For all announcements,

Sjiiasliid Lind Scacci;i\ illani (1996) l(iLin<l tlial a lO'r approciiitiun iif the deutstlit' m îrk a^ainsl iill
other currencies increases ihc dollur price (il g{)kl by (i.S't. The same appreciation of the Japariese
yen increases the dollar priee of gold hy only 1.7^i. Reeaiise ihe world gold markel is dominated by
the Eurofurreney hloe. we expect that macroeeonomie announeemenls (Vnm major I uropean coun-
tries such as Germany will affect the gold priee in a significant way.
-'*\Ve also examined the impact of 12 major news items related lo the Rre \ seandal during New
York trading hours. The impact was not signilicant. One potential explanation is thai the Bre-X news
had been disseminated to the markel coniinuously duringtbe sample period. It is difficull to measure
exactly when ihe major oents hit ihe markel. Many news items are also released outside New ^ork
trading hours.
- The ihird-ordcr polynomial rt'prcst'ntalion (i! ihf volcililit\ pattern l<»llov\ing the rcleast.' of news is
determined hy y{i} = e,,-|l - (i/l.^l') - t r i l - (i/l.?)-]-i -I- c-y[l - l/\H\-i'. i = 0. I. 2 . . . 13.
where ihe three parameters art-given hy (t,,. f |, (.•_,) = (O.S4.t46, - ( ) . 1264.^, 0.00940). We estimated
((.•(|,f|, c,] Fora sL't ()( four signilkanl iinnotincements (employment reports. (iDP, CPI. and personal
income). This uniquely identified the three parameters.
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wt'choose the response hori/on lo bu 1 lir and estimate the corresponding
?.|̂  coefficients. With this specification in Equation .̂ , the immediate re-
sponse ^){' the ahsolute returns is ^iven hy exp|X|^-y(())/2l - I, whereas
the response at the ith lag equals exp[?.|^-y(i)/2] - I. The cumulative
impact over the entire 1-hr response hori/on is given hy M{k) = S^-Q

Table II summarizes the empirical results for the announcement ef-
fects. The estimation is hased on the full system in Equation 3, using the
first-step estimator of the daily volatility component that allows for hct-
croskedasticity. Ihe announcements are ranked according to the loading
coefficient >.|̂ . All together. 4 of the 2-̂  announcements are significant,
with employment reports, CIDP, CPI. and persona! income having the
greatest impact in order of descending importanee. Figure 4 displays the
\olatility response level. X{kJ) ^ ?̂ k*y'')> '<"• ^'-^^^ "̂ ^ the 4 significant
announcements over the 1-hr horizon following the release. The response
patterns are slightly different from those in the foreign exchange and
Treasury hond markets, mainly hecause the dynamic pattern in the gold
market is dominated hy the first term in the polynomial representation.

I he results from individual announcements arc (ully consistent with
theoretical predictions and empirical e\idence in earlier studies. Notably,
the estimated loading coefficient of 1.26 for employment reports is highly
significant. 1 his translates into an instantaneous jump in volatility of 70%
and a S.S'/r average increase in the cumulative ahsolute return for trading
days containing a scheduled employment report. Just as in the loreign
exchange and Treasury bond markets, employment reports remain the
most important announcement in the gold market. As argued by Sherman
(1983). employment reports, GDP, and personal income mirror two forms
of economic pressure on the gold market. First, they summarize economic
activity and thus industrial and eommercial demand ior gold. Second,
they summarize the growth rate of income of production factors (wages,
profits. etc.)and thus reflect the demand for various assets including gold.
The i>old market remained sensitive to the inflation rate (CPI) when the
gold price fell sharply during the last 2 years of the sample from 1996 to
1997. Existing studies on gold prices and inflation rates typically have
focused on a period when both were rising, sucb as in the early 1980s.

Overall, several major maeroeconomic announcements ha\e a sig-
nificant impact on the COMEX gold futures contracts. However, the im-
pact is smaller than tbat on the foreign exchange and Treasury bond
markets. For example. Andersen and Bollerslev (1998) reported tbat lor
tbe deutscbe mark-U.S. dollar exchange rate, the "king ol kings" em-
ployment report generates an instantaneous jump in volatility and an in-
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TABLE II

Individual Macroeeonomic News Announcement Effeets

Annoiincemenis

Employment reports
GDP
CPI

Employment costs
Personal income
Initial jobless claims
NAPM surveys
PPI
Retail sales

Business inventories
Factory inventories

Industrial production
Existing home sales
New single-tamily home sales

Merctiandise trade balance
Federal budget
Beige book

Leading indicators
Durable goods orders
Housing starts
Gonsumer confidence
Construction spending

Productivity and costs

Coefficients

1.26

1.12
0.92

0.78
0.73
0.44
0.24
0.21
0,18
0.08
0,07
0.01

-0.01
-0,04
-0.06
-0.09
-0.10
-0.12
-0.14
-0.19
-0.56
-0.63

-0.96

Rohiist t

Statistics

3.13*'
2.57'*

2.46"
1.42
1.94'

0.98
0.46
0.50
0.47

0.22
0.16
0.03

-0.01
-0.11
-0.15
-0.22
-0.14
-0,29
-0.38
-0-49
-1,36
-1.16

-1.43

Insliintuiieoiis

jiiinp in

VoLitility {%)

70

60
47

39
36
20
11
9
8
4
3
0
0

- 2
- 2

- 4
- 4

- 6
- 8

- 2 1

- -23
- 3 3

Impact of
Duiiy Ctimulative

Absohile Return {%)

5.5
4.8
3.8
3.2

3.0
1.7
0.7
0.8
0.7
0.2
0.2
0.0
0.0

-0.1
-0.2
-0,3
-0,2
-0.4
-0.5
-0.7
-1.5
-1.6
-2.4

The dependent variables are based on raw 5-min returns on the COMEX gold futures. The sample period is from January
1994 fo December 1997, with a total ot 72,750 observations. The regressions take tfie form in Equation 1 The volatility
response pattern foiiowing announcements is approximated by a third-order polynomial restricted to reach zero at the end
of the response horizon of 1 h, or ihe 13th 5-min interval. Macroeeonomic announcements made at 08 30 cover employment
reports, CPI, durable goods orders, housing starts, leading indicators, initial jobless claims, merchandise trade balances,
PPI, retail sales, personal income, employment costs, and GDP. Announcements made at 10 00 cover business inventories,
construction spending, consumer confidence, NAPM surveys, new single-family home sales, factory inventories, existing
home sales, and productivity costs. Announcements made at other times include industrial production {09.15), the Beige
book (12:00), and the federal budget (14 00) The instantaneous jump in volatility measures the estimated increase in the
5-min absolute return for the interval when the announcement is made; the estimated total cumulative absolute return
induced by the announcement over the assumed horizon is measured relative to the median cumulative absolute return
over the sample period of 2.59% per day.
"Significance at the 10% level
"Signilicance at the 5% level.

crease in daily cumulative absolute returns of 576 and 15%, respectively.
In the Treasury bond market, Bollerslev, Cai, and Song (in press) sbowed
that after the release of an employment report, the instantaneous and
cumulative impacts are much larger in magnitude, being 1,323 and llVc,
respectively. In the COMEX data, the gold market reaction to the release
ot employment reports is much smaller, as are the responses to other
significant announcements.
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FIGURE 4
Eslimali'd iinnounffnu'tit responsi's patlcrns.

ASSESSING THE IMPORTANCE OF
VOLATILITY COMPONENTS AT DAILY AND
INIRADAY EREQLJENCIES

Existing evidence sugfjests that the intraday calendar effects, maeroeeo-
nomie announeements, and daily volatility taetor arc an integral part ol
the volatility process, bnt their relative importance varies for different
markets. In this section, we assess the joint and marginal contribution ot
eaeh of the three predictable volatility components in the COMEX gold
futures market. The idea is to construct a volatility forecast from Equation
4 and then identify the proportion of explained variation aceounted for
hy eaeh of the three components. In particular, the 1-day-ahead (condi-
tional on df) 5-min absolute return forecasts are obtained as

- N

exp{[/,((, «)/ , fjt, n)U/2} (5)

where /^.(/,H), /,,((,«), and f^y{t,n) denote the estimated eaiendar, an-
nouncement, and day-of-the-week effects, respectively. The indicator
variables l^., /.,, and /„ signify' whether the corresponding feature is ac-
counted for in the forecasts of ahsolute returns. The day-of-the-week
effects are incorporated in all forecasts, that is, /„ — I- The forecasting
performance of the S-min volatility is measured by the coefficient of mu!-
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TABLE III

Explained Variation (R-) from Rcj>rtssi()ns of the COMKX Gold Futures niiil
Cumulative Absolute Returns or 5-min Absolute Returns un Altcrnativf

Absolute Return Forecasts

Model

Complete model, (1^. 1,. IJ =
No calendar effects. (1,, 1,, !„;

No announcements, (U, 1., 1,)
No daily volatility. (1^, 1,, !„) =
Calendar effects only, (1^, 1,, 1
Announoements only, {1^, 1,, 1
Daily volatility only, (1^, 1,, !„)
Day-of-the-week effects only,

(1, 1, 1)
) = (0, 1,1)

1 = (1,0,1)
(1,1,0)

IJ = (1,0,0)

L) - (0, 1,0)
= (0,0, 1)
(U, U, IJ = {0,0,0)

Daily Cinnulativc
Absolute Return

0,402

0.400

0,400
0,022
0.019
0.020
0.400
0,019

S-miii
Ahsiiitite Return

0,069
0,050

0,068
0,024

0.023
0,005
0.047
0,002

This table reports the explained variations (ff) from regressing^^ ,iR,,, - fli o n ^ ^ , , \^l. t. n), t = ^. 2, . . . T. for daily
cumulative absolute returns and from regressing Iff,,, - R on v(l: I. n), t = 1 ,2, , , , T, n = 1,2,, , A/, for 5-min absolute
returns. From Equation 2, v{l: f, n) is the 5-min volatility forecast that, in turn, leaves out or includes only the contribution
from each of fhe following components; the intraday calendar effects, Ihe announcement effects, and the time-varying daily
volatility factor. The indicator vector ( I . , I,, I,) signifies whether each of the three components is accounted for in the
forecasts of absolute returns. For example, ( I . , I,, I,) = (1, t, 0) corresponds to the model where both the calendar and
announcement effects are included and the daily volatility is constant The day-of-the-week effects are always included in
the regressions.

tiple correlation, or R-, from the regressions of realized COMEX gold
futures 5-min absolute returns on tbe corresponding volatility forecasts,
I'l n- 1 he forecasting performance of daily volatility is measured hy R~ from
the regressions of daily cumulative S-min ahsolute returns on the corre-
sponding daily cumulative 5-min forecasls, 1.^^ , y, „. R~ allows for a sim-
ple model-free comparison without involving any particular loss
functions.

lahle III reports the forecasting performance For the eight different
model configurations, as indicated hy the triplet (/,,, i.,, IJ. The results in
the first data column refer to the degree of explained variation in daily
cumulative absolute returns. The complete model explains an impressive
40.29r ot the total variation. Removing either the calendar or announce-
ment effeets only slightly reduces the numher of explained variations. In
contrast, removing the daily volatility factor substantially lowers the num-
her to 2.2% only. The evidence indicates that intraday patterns and an-
nouncement effects are significantly mitigated when aggregated to the
daily level. I he daily volatility factor is confirmed as the most important
component for predicting volatility at the daily level.

Turning to the degree of explanatory power in high-frequency 5-min
absolute returns, we observe that the overall explained variation drops to
6.9%. The daily volatility factor remains the most important component.
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explaining 4.7'^ alone. The eaiendar effects are seeondary, explaining
2.3%. Major announcements only account for 0.5% of the total variation,
despite their strong instantaneous impaet in the 5-min intervals imme-
diately alter the release. The announcement effects arc the least impor-
tant among the three components in the gold market.

CONCLUSION

This article provides a detailed characterization of the COMEX gold fu-
tures return volatility using 5-min returns tor a sample period ot 4 years
from 1994 to 1997. Consistent with previous findings, there exists a pro-
nounced U-shaped pattern in the intraday volatility; that is, the volatilities
at the market's open and close are higher than the volatility in the middle
of the day. Strt)ng intraday periodicity leads to equally strong patterns in
the autocorrelation of absolute returns, which overshadows the slow hy-
perholic decay or the long-memory feature. Nonetheless, high-frequency
data from the gold market are as informative on long-run volatility de-
pendencies as they are in other markets. Adjusting for the pronounced
periodic |iattcrn is critical in uncovering the complex link between the
short-rim and long-run \'olatility components.

We found that 6 of the 25 largest absolute returns are associated
with the eentral banks' selling of gold reserves in our sample period, es-
pecially during 1997. The massive sales (planned sales) by central banks
in countries such as Australia and Switzerland are the main lorce behind
the sharp drop in the gold price. Other tactors contributing to the large
price ehanges inelude iluctuations in interest rates, oil prices, consumer
demand, the Asian financial crisis, and tension in South Afriea. In com-
parison with tbe foreign exchange and Treasury bond market, far fewer
of tbe largest movements in tbe gold futures price arc related to tbe re-
lease ol U.S. macroeconomic announcements.

We finally examined the impact of 23 regularly released macroeeo-
nomic announcements in the United States and found tbat only 4 bave
significant effects on tbe volatility of the gold market. Employment re-
ports turn out to he tbe most important announcement for tbe gold mar-
ket, followed by GDP, CPI, and personal income. We also provided evi-
dence on tbe incremental explanatory power of tbe announcement effects
at both the daily and intraday frequencies. Overall, macroeconomic an-
nouncements have a smaller impaet on the gold market tban on tbe Trea-
sury bond or foreign excbange markets.
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