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where § = P, — P} 1s the bid—ask spread, P* is the time-f fundamental value of
the asset in a frictionless market, and {/;} i1s a sequence of independent binary
random variables with equal probabilities (i.e., I; = 1 with probability 0.5 and
= —1 with probability 0.5). The I; can be interpreted as an order-type indicator,
with | signifying buyer-initiated transaction and —1 seller-initiated transaction.
Alternatively, the model can be written as

_ +S5/2 with probability 0.5
Pr="F+ —S/2 with probability 0.5.
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The effect of bid—ask spread continues to exist in portfolio returns and in mul-
tivariate financial time series. Consider the bivariate case. Denote the bivariate
order-type indicator by I; = (I, I>;)’, where Iy, is for the first security and I
for the second security. If /{; and Iy are contemporaneously positively correlated,
then the bid—ask spreads can introduce negative lag-1 cross-correlations.
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Table 5.1. Frequencies of Price Change in Multiples of Tick Size for IBM Stock from
November 1, 1990 to January 31, 1991

Number (tick) < -3 -2 —1 0 | 2 >3
Percentage 0.66 1.33 14.53 67.06 14.53 1.27 0.63
/ $ n % % n 1 i 8 &
&& ' $ . (
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Figure 5.1. IBM intraday transactions data from 11/01/90 to 1/31/91: (a) the number of transactions
in 5-minute time intervals and (b) the sample ACF of the series in part(a).
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Figure 5.2. Time plot of the average number of transactions in 5-minute time intervals. There are 78
observations. averaging over the 63 trading days from 11/01/90 to 1/31/91 for IBM stock.
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Table 5.2. Two-Way Classification of Price Movements
in Consecutive Intraday Trades for IBM Stock”

ith Trade

(i — 1)th Trade + 0 — Margin
+ 441 5498 3948 0887
0 4867 29779 5473 40119

— 4580 4841 410 9831

Margin 9888 40118 9831 59837

“The price movements are classified into “up,” “unchanged.” and
“down.” The data span is from 11/01/90 to 1/31/91.
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Let y* be the unobservable price change of the asset under study
E * * . . . . .
v = Py — P7 | P is the virtual price of the asset at time {(
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E(E;L\:‘g) = 0 Var(e¢;|x;) = ::rf Cov(ei,€;) =0 fori # J.
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where «; are real numbers satisfying —00 =g < @) < -+ < @p_1 < oty = OO

M D [ 1" %

P(yi = sjlxi,w;) = P(ej_1 < xif +€ < ajlx;, w;)

[ P(xiB+ e < alx;, w;) if j =1,
= 1 P(ﬁ"j_lﬁix,fﬁ—{—f{g‘:_i&’ﬂxi,w;) if j=2,...,k—1,
| Plag—1 < xif +€ifx;, wy) if j =k,
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[ o;(w;) (5.18)
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of(w;) = 1.0+ yAtF + 7 AB;

bl
T:.(V) = (V* = 1)/x is the Box—Cox (1964) transformation of V

ﬁf;‘ = (t; — ti—1)/100

AB;_1 1s the bid—ask spread prevailing at time #;_; in ticks
vi—p (v=1,2,3) 1s the lagged value of price change at #;_, in ticks
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