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Motivation

Bivariate count time series data recorded at consecutive
time points:{[th, Y}Z]]’, t € Z}, influenced by some
common time-dependent and/or time-independent
explanatory variables x;.

Some real-life examples can be found in:
Road accidents (slight injury, injury and fatal)
Financial data, among others.
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Stock Data

y[h yP

» where th indicates the number of intra-day transactions

of Company 1 and Yt[z] indicates the number of intra-day
transactions of Company 2 fort=1,..., T.
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Explanatory Variables

» Some common time-dependent and/or time-independent
explanatory variables x;: news effect, time of the day
effect, day effect among others.

» Collaboration with stock brokers.
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Challenges

» Modelling such bivariate count time series recorded over
consecutive time points which are

» correlated (serial- and cross-correlation),

» under the influence of time dependent/independent
covariates

» and different dispersion parameters makes it challenging.
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Literature Review Estimation of Parameters

Classical INARMA(1,1)

» The first INARMA model was developed by McKenzie

(1988) under stationarity condition and was specified as:

Yt:p1OYt,1—|—p20Rt,1—|—Rt for t:1,...,T, YtZO

(1)
where Y; are non-negative count values, py indicates the
serial-correlation, o is the binomial thinning operator such
that p o R;_4 accounts for the count nature of the series
and R; is the innovation term.

» This model can be extended as follows:
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BINARMA(1,1) Model:

Y =10 Y 4 e« R+ R &)
YA =15 Y2 + 902+ R + RE) 3)
» The pair of innovations {[F?P], RF]]} is allowed to follow the
bivariate CMP model.
> Fik] COM — Po:sson(AL ], «). Note that
)\Ek] = (0}9)1/% — (%), where 6} = exp(x;8) with
A =519, 609 g for ke (1,2},
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BINARMA(1,1) Model

» Hence, E(R}k]) = )\Ek], Var(R}k]) = [ + T 1] while

Corr(RM, APy =
» Finally, the relationship between Y,[k] and R}k] are as
follows: Cov( Y}, R¥) = var(R[).
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Model Development

i = B = iy + 2l A, (4)

HEZ] = E(Y[ ]) Vo1 fht—1 +722)\[ Ll ()

Var(Y{') = 11 (1 =)ty + 25 Var(Yh) + yia(1 = 2

A“L Py — 1 A[1]+ﬂ1—1
202 Z 202 |’
(6)

++

+ (752 + 2711712)
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Model Development

Var(Y) = ya1(1 = 20)?, + 43, Var(YL) + y20(1 — 720) A,

A, M -1
0 203 |
(7)

+

2
2
+ (722 + 2721722) [ > 272

The cross-covariances between the two series are given by

Cov(th, Yt[zl) = ’711721C0V(Y,[1]1, Yt[ﬂ) + (711722 + 112721 + Y12722)0

+amm. (8)
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Estimation Approach (CMLE)

» This section describes the CML estimation method for
estimating the regression and correlation parameters
based on thinning and convolution properties following
Pedeli and Karlis (2011).

» Thus, the conditional density of the BINARMA(1,1) model
is given by

1] [1] [1]
_ Y, Ny =Y —k
fi(k) = E < 511 ) ( t—1 P t/11 )

h=
[1] [1] ;
(= )T (1 — )2 (g)
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CMLE Approach

>
s [2] 2 _ 2
6H(s) = Vi1 iy =Yg =S
2= | 7, S~

=0
2 CRP
Vi (1= 7211 205 B (1 = qpa)i1 252 (10)
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CMLE approach

» and 1a bivaqiate distrzibutionzof the innovation terms
(7 = e =y

|y
(M, = kynym

1
aﬂﬂ@J
(11)

1 ] (AP
zOM o) | (2, — ke
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CMLE

» The conditional density is written as
1 1 21" [ L2
(N7 )|(y} byt ), 6)
1 1 2 2
=0 S RSB =y — kP = P — ),
Where 0= [711,712,’721722,1/17V2,5[ ] is the vector of
unknown parameters.
» The conditional likelihood function is given by

1 1 2
L(6ly) = Hf Ly v ey (12)

» and the maximum likelihood estimators of 8 is obtained by
maximizing

;
loglL(81y)] =log | >~ A", v, v, i r), 6)
t=1
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Forecasting Equations

Based on the proposed model, the forecasting equations are
derived as follows:

1 1 1 1 1
ECYEL 1y Ty = E(yas o YY) + E(rrz o RMA) + E(RIY,)

[1

=i+ yrer !+ AL (14)

2 2 2 2
E(YEyB By = E(re1 0 YY) + E(v20 0 RP|rP) + E(RPL)
= 721}/,[ ! + y22f; P +)\El1 (15)
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Application

» Two banking group of companies in Mauritius, namely
Mauritius Commercial Bank Group Limited (MCB) and
State Bank of Mauritius Holdings Ltd (SBMH).

» Data were collected on a 30 minutes interval from 4%
October to 10" December 2021.

» Explanatory variables: Covid-19 news effect (x;1), Friday
effect (xyp)and time of the day effect (x3).

» SBMH has a mean (variance) of 1.0765 (1.4191) and
1.0393 (1.0154) for MCB.

» Both series are over-dispersed with a cross-correlation of
0.1617.
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Application

[ Models [ Seres [ By [ By [ B [ B3 |
v 0.2268 0.2633 0.1482 0.1399
BINARMA(1,1)CMP 5@ {0.1975) | (0.0581) | (0.0288) | (0.0295)

YT | 01543 | 02456 | 0.1297 | 0.1193
s€ | (0.2259) | (0.0447) | (0.0350) | (0.0587)

vIT [ 02122 [ 02530 | 01533 | 0.1264
BINMA(1)CMP se | (0.2089] | (0.0615) | (0.0314) | (0.0322)
YPT | o150 | 02627 | o.074 | 04317
s | (0.2451) | (0.0566) | (0.0416) | (0.0661)
vIT T o2a12 | 02490 | 04231 | 0.1211
BINAR(1)CMP se | (0.2159] | (0.0691) | (0.0375) | (0.0388)
YPT | 01856 | 0.2659 | 00926 | 0.1262

se (0.2577) | (0.0612) | (0.0487) | (0.0707)

Table: Intra-day transactions for MCB and SBMH: Estimates of the
regression parameters.
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Application

» The record of any Covid-19 news on the stock market
leads to an increase in the number of transactions.

» There is high trading intensity on Fridays rather than
non-Fridays.

» |t is remarked that more trading takes place in the
afternoon than in the morning sessions.

» The Covid-19 news causes an expected increase in the

trading frequency by 30.1 percent for SBMH and 27.8
percent for MCB.
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Conclusion

» This paper introduces a non-stationary BINARMA(1,1)
model with COM-Poisson innovations.

» The mean, variance and covariance expressions are
derived under the assumption of non-stationarity.

» The model parameters are estimated using the CML
method.

» These estimates prove to be efficient and reliable.

» The BINARMA(1,1) model is applied on a bivariate stock
data.
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