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ABSTRACT

Vector Autoregressive (VAR) models have been applied extensively in modeling time series due to
their high precision when used to forecast. In the VAR development, if we have information up to time
t, then a VAR(p) model is fitted. However, if new information at time ¢ + 1, is obtained, then a new
VAR(p) model has to be fitted which makes one to go through the process again. Therefore, despite
their good performance, a need would arise to incorporate new information that could be obtained
after the model has been fitted to update the model instead of fitting a new model each and every
time a new information is obtained. This study, therefore, considers incorporating the new information
to update the vector autoregressive model of order p using Bayesian approach. First, a VAR model of
order 1 is formulated after which this is generalized to the VAR model of order p. We assume that the
VAR model is the prior while new information is the likelihood. The performance of updated model is
compared with corresponding VAR(p) models and the model is found to perform well based on the
small values of the root mean square error (RMSE) in the update and in the prediction for the plots
obtained.
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1 Introduction

The Vector Autoregressive (VAR) models were developed by the macroeconometrician Christopher Sims in 1980 where
the main aim was to model the joint dynamics and causal relations among a set of macroeconomic variables and they
dominate time series econometrics modeling [13]. The joint dynamics includes how each variable in the model is explained
by the past history of every variable and how the innovations may be correlated. The VAR models explain not only the
serial dependence within each component series { X;; } but also interdependence between the different component series
{Xu}and {X,;},i# jasseenin[2, 3,7, 15, 16]. A v-variate vector autoregressive time series model of order p, VAR(p),
is given by

Yi=A1Ye—1 + A2Ye2+ -+ ApYep + u (1.1a)

where Y, is a (v x 1) vector of time series variables, p is the number of lags and u¢ is a (v x 1) vector of white noise
process. In expanded form, equation 1.1a can be written as

Y1t aii, ai2,1 T A1v,1 Yi,t—1 aii,2 ai2,2 T A1v,2 Yi1,t—2
Y2, azi,1 a22,1 e azv,1 Y2,t—1 az1,2 az2,2 te azv,2 Y2,t—2
Yo, t Ay1,1 Av2,1 e Ayv,1 Yu,t—1 Ay1,2 Ay2,2 e Ayv,2 Yu,t—2
aii,p ai2,p et A1v,p Yi,t—p U1,t
az1,p az2,p ot QA2v,p Y2,t—p U2,t
+F . . . . . + . (1.1b)
ayl,p Av2,p e Ayv,p Yo, t—p Uyt

The VAR model provides forecasts which are superior to those obtained from the univariate time series models, [3].
Traditionally, VAR models are widely much useful in describing the dynamic nature of most economic and financial time
series. However, recently the vector autoregressive models have gained much application in a wide range of disciplines
such as Medicine, Epidemiology, Economics, Biology and Macroeconomics among others. Indeed, Hamzah et al. [3]
ascertains that VAR models are the mostly used models for modelling multivariate time series data. This is as seen in the
works [1, 4,5, 6,10, 12, 17].

Despite the fact that the VAR models have been applied extensively in many areas due to their ability to perform well,
there is a concern of what happens in the event that new information is obtained. This is due to the fact that, if we have
data up to time ¢, then we can fit a VAR(p) model. If some new information at time ¢ + 1 is obtained, then it requires that
again a new model is fitted. In this study, an approach is proposed where we incorporate new information obtained at time
t + 1 to update the VAR(p) model. To do this we consider the use of the Bayesian approach to cater for new information
obtained as time goes on after the model has been developed instead of repeating the process. The fitted VAR model is
considered as the prior, new information as the likelihood and the updated VAR model is the posterior. Therefore, the main
objective of the study is to provide an approach for updating the VAR(p) model whenever new information is obtained rather
that fitting a new model when even a single measurement is obtained. The rest of the paper is structured as follows: first
we have model formulation in Section 2 where we begin with VAR(1) model and then generalize to VAR(p) model using
the Bayesian approach, then check the performance of the updated model in Section 3 where the root mean square error
(RMSE) is computed alongside the plots of the model. The conclusions are then given in Section 4.
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2 Model Formulation

In this section we discuss modification of the ordinary VAR(p) model using the Bayesian technique to incorporate new
information. The model to be updated is vector autoregressive model of order 1 after which a generalization to the vector
autoregressive model of order p is done. However, first, a brief discussion on the existing VAR model is given.

2.1 Existing VAR(p) Model

A general VAR(p) model is as given in equation 1.1a. It should be noted that the VAR models can further be classified into
two types namely: the reduced form, equation 1.1a and the structural VAR model as given in [7]. In the reduced form VAR
model, each variable is a function of its own past and the past values of the other variables. On the other hand, the structural
vector autoregressive models add the restrictions that allow identification of causal relationships beyond those that can be
identified with the reduced form [7, 14]. In addition, structural form is used when the error terms are uncorrelated and that
the variables can have a contemporaneous impact on other variables [14].

The identification or fitting of an ordinary VAR model involves model specification, estimation of model parameters and
model checking to test whether the model is adequate. The order, p, of VAR is chosen which minimizes the Schwartz and
Hannan-Quinn criteria as outlined by [8]. The Schwartz criterion is given by

a InT
SC(p) = n[Su(p)] + —pv”
On the other hand, the Hannan-Quinn criterion is given by
a 2InlnT
HQp) = In[Su(p)| + ——pv’

where, for both criteria, 3. is the estimated white noise covariance matrix, T is the sample size and v is the number
of time series components. The criteria compare the residuals of the models and estimate the relative information loss
of representing the original data using each of the model. In addition, the criteria weigh the quality of fit (covariance
of residuals) against the complexity (number of free parameters) and therefore the model with least criterion value is
considered [14]. The parameters of a fitted VAR model can be estimated by ordinary least squares estimation method
under the assumptions that error term has mean of zero, the variables are stationary and no outliers. The developed model
is then subjected to diagnostic checking for its adequacy and this involves checking whether the residuals are white noise,
normally distributed and uncorrelated. Afterwards, the model is used to forecast which is the most important function of the
VAR models. Apart from forecasting, the VAR models can be used to give the dynamics that are predicted by the models
in addition to estimating the model's parameters which involves Granger-causality statistics, impulse response function
and forecast error decomposition as given in [8]. Granger-causality involves testing whether one variable is statistically
significant when predicting another variable while impulse response function traces the dynamic path of variables in the
system to shocks to other variables in the system. On the other hand, forecast error decomposition separates the forecast
error variance into proportions attributed to each variable in the model which enables understanding of how much of an
impact one variable has on another variable in the VAR model [8].
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2.2 Updated Vector Autoregressive VAR(p) Model

In this section, the updated Vector Autoregressive model is discussed. First, the updated VAR(1) model is discussed after
which the proposed updated VAR(p) model is given. A v-variate VAR model of order 1 is given by

Y = A1Yio1 + us, ur ~ N(0,Q). (2.1)
Now, let the relation between Y;, which is assumed to be the state at time ¢, and X, measurements at time ¢, be given by
Xy =PY;, + e, ne ~N(0, R), (2.2)

where P is a matrix that may depend on time t and 7. is the measurement error which is white noise. Equation 2.1 is a
transition equation giving transition from state ¢ to state ¢ 4+ 1 while 2.2 is known as measurement equation. Equations 2.1
and 2.2 now form a system of models referred to as state-space models given by

Y =A1Yi1 + Ut, U ~ N(O, Q) (23&)
X =PRY, + Nty Ne ~ N(O, R) (23b)

where: Y; is an v x 1 state vector, X, is a n x 1 vector of measurement or observable variables, P; is a n x v measurement
matrix, A1 is a v x v state transition matrix which may be time dependent, u: is a v x 1 vector of transition equation errors
and 7. is a n x 1 vector of measurement errors.

The goal is to get the estimates of the states Y; given the observations X for the representation given by 2.3a and 2.3b.
To achieve this, we do it in two steps, namely; the prediction and the update step. In the prediction step, we assume that
the previous belief p(Y:—1|X:—1) is known and we wish to get p(Y:|X¢—1).

p(Ye|Xi—1) I/p(Ythfﬂthl)dYtq
From conditional probability we have that
POGIXe1) = [ pOViIYicr, Xe)p(¥ioa | Xeo1)aYin
But Y; is independent of X,_; and therefore
POGIXe0) = [ pOViIYip(Yioa | Xo )i (2.4)

The probability density functions p(Y:—1|X¢—1) and p(Y:|Y:—1) are Gaussian, where

p(Yic1|Xi—1) = N (E[Yio1|Xio1], Var[Yeio1| Xe—1])
= N (Vi1 Secajen) (2.5)
and
pYlYit) = N(BVlYi), VarVilYi i)
= N(A1,4-1Y:-1,Q) (2.6)

Substituting equations 2.5 and 2.6 in the prediction posterior, equation 2.4, we have

p(Yi|Xi—1) = /N(Al,tfli/tth)N(ﬁ—l\t—hst—lhﬁ—l) dYi—1
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But f/\/ (f/t_nt—l,st—ut—l) dY;_1 =1, then

pVilXi1) = N (AveaVior,Sye)
S Ly (2.7)
where the predicted mean in equation 2.7 is given by
Yieer = E[Yi|Xi]
= E[A1,t—1Yt—1 + ut‘Xt—l]
= FE[A1-1Yi1|Xeo1] + Elu Xe—1] (2.8)

But since u; are independent and identically distributed and not dependent on X,_1, then equation 2.8 becomes

}A/tlt—l = A1 EYio1]Xe—1] + Elud]
= Al,t—lyA;—l\t—l (2.9)

since E(u:) = 0. On the other hand, the predicted covariance S;;_; is given by

Sii—1 = Var[Vi|Xi1]
= Var[Ai-1Ye—1 + ue| Xe—1]
= Var[Al,t_1Yt_1|Xt_1] + Var[ut|Xt_1] (210)

But since u, is independent of X,_1, then equation 2.10 becomes

Sije-1 = Al,t—lvar[Yt—l‘Xt—l]A’{,t—l + Var|u]
At1Si 11 AT+ Q (2.11)

where Var(u:) = Q. In the update step, the new measurement X is used to obtain the posterior p(Y:|X:). From Bayes
theorem,

p(X:|Y1)p(Yr)

Y| X
p( t‘ t) p(Xt)
_ p(Xy, Xen[Ye)p(Y2)
p(Xuthl)
_ P(Xi| X1, Y)p(Xea [Ye)p(Y2) 2.12)
P(X¢| Xe—1)p(Xe-1) '
But
p(Xe—1,Ys) _ p(Ve, Xi1) _ p(Yel Xi—1)p(Xi—1)
X 1Y) = = = 2.13
D) (%) (%) 219)
and therefore substituting 2.13 in 2.12 we have
P(Xe| Xe—1, Yo)p(Ye | Xe—1)p(Xe—1)p(Ye)
Yi | X =
p(¥elXe) (Xt Xt—1)p(Xe—1)p(Y2)
_ P(X| X1, Yo)p(Ye| Xion)
(X X¢-1)
p(Xe|Ye)p(Ye| Xi—1)
P X 1) (2.14)
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Furthermore,

p(Xe|Xio1) = /pxt,mxt dY; = /p(xtm,xt_l)p(mxt_l)dm

[pxavoptvipxay; (2.15)

Substituting 2.15 in 2.14 we have

P(Xe|Ye)p(Ye| Xe—1)

Y| X
p(xal¥e) = fp Xe|Ye)p(Ye| Xe—1)dYs

(2.16)

From the measurement equation we have that p(X:|Y:) = N[P.Y:, R] and since p(Y:|X:—1) = N[Ys—1, Stje—1], then 2.16
becomes

p(Xe|Ye)p(Ve| Xi—1)

Y| X =
POUX = T RVp ViKY,
NP Ys, RIN[Yiji—1, Stje-1] 2.17)
JNIPY:, RIN[Yiji—1, Seje—1]dY:
In the numerator to 2.17, we have that
. 1 1y, _ TR-1(x,_
J\/'[Pth,R]N[K\tfl,qu] = me 3(Xe—PYy) ' RTH(X =P Yy) o
! e A=) TS (Y=Y
det(27r5t|t_1)
1 1
_ —3[M]
= e 2 2.18
2m\/det(R)det(Sy—1) ( )
where M = (X, — P,Y,))TR™Y(X, — P,Y}) + (Vi — ﬁ“_l)TS;‘tl_l(Yt — Yijs_1). But from [?], M can be written as
M = (X;—PY) "R (Xe— PY2) + (Y — Yipo1) Syl (Ve = Vigeon)
= (Xe—PYy1)"(R+ PiSy 1 PPN (Xe — PY31)
+(Ye = Vi)' (Sepe—1 + PP RTI P (Ve — Yape) (2.19)
From which
det(R) x det(Sij;_1) = det(R + PySy 1 P) x det(Syji—1 + PF R Py) (2.20)
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Substituting equations 2.19 and 2.20 in equation 2.18 we have
1

NIPY:, RIN Vi1, ] = x
\/det(Qw(R + PSy_1 PT))
e—%(Xt—PtYm,l)T(R+PtSt‘t,1PtT)’1(X,,—Pth‘t,l) %
! X
\/det(2ﬂ-(sﬂt71 +P'R-'P)Y)
e—%(Yt—?ﬂt)T(st‘t,l+PtTR*1Pt)(Yt—Ym)
= N[Pt?t\t—lv R+ PtSt\t—lptT] X
N[Ytlta(sﬂt—l +PIR™'P)Y (2.21)
The denominator in 2.17 can be expressed as
/N[Pm, RIN[Yiji—1, Sepe_1]dY: = /N[Ptm,l, R+ PiS; 1P x
NYies (Sejp—1 + PFR™'P) 7 dY:
= N[PYii1,R+ PSys 1 Pl] x
/N[ybu, (S + PPR™1P) " ay,
= N[PYii_1, R+ PSy1P] (2.22)
where [ N[V, (Sije—1 + P R™'P;)~']dY; = 1. Therefore, the updated posterior is given by
p(ViX)) = NP1, B+ PeSuyea PEIN Vi, (S + PER™'P) ™
NIP.Yy -1, R+ P:Sy—1 PF]
= N[Yie, (Sie—r + PFR7'P) 7Y (2.23)
Defining the inverse-covariance of the update as
Sii =Sy +P'RTIP, (2.24)
then we have that
p(Yi|X:) = N[f/ﬂu St\t} (2.25)
By definition, see [9],
Sy =S, Y1 + PFRT'X, (2.26)
Thus to obtain S‘m, we apply the Woodbury matrix identity given as
(E+FGH) '=E'—-E'F(G '+HE 'F) 'HE! (2.27)
see [9]. Hence, applying 2.27 to 2.24 we have that
(Sl =Sy = (Syi,+P'R'P)!
= Sie-1— Sy Pl (R+ PiSye—1P) " PeSije—1
= (I - Sy 1P (R4 PiSys1P) " P)Sipsa
= (I—KiP)Syi1 (2.28)
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T A~
where K; = %. To obtain the updated state, suppose that 2.26 is multiplied by Sy, so that we have
t|t— t
SeeSy Yoe = (I = KiPy) Sy [Syy Yep—1 + PR X (2.29)
Thus
Y/;s\t = (I- KtPt)Y/;S\tfl + - Ktpt)st\tflptTR_lXt

= Y1 — KiP Y1 + Sy 1 PPR' Xy — KPSy 1 PFRT'X,
= Y1+ (Sip 1 PT(R+ PiSye—1 PT) Y (R+ PuSy 1 PT)R™?
—K¢PeSi1 PP R Xt — Ki P Yo
= Yipor + (Ke(I+ PSip—1 PPR™Y) — Ky PySyp 1 PER™H Xy — K Py Yo
= Y+ (K + KPSy 1 PFR™Y — KPSy 1 PP R Xy — K P Yi
= Y1 + Ke(Xe = PiYye1)
= Av-1Yieo1 + Ke(Xe — PYajo1) (2.30)

Therefore, the equations for the updated VAR(1) model are given as

Yijeo1 = Ar—1Yie-1 (2.31a)
Sii1 = Ari1Sim1 AT, +Q (2.31b)
Vije = AvemVijeos + Ke (Xo = Pi¥iges) (2.31d)
gt\t = Sijt—1 — Kt PeSye—1 (2.31e)

Syje—1PF
PySy i1 PT+R
residual in the measurement, which is equivalent to the measurement noise. Having obtained the algorithm for the updated

VAR(1) model, then we propose that the updated vector autoregressive model of order p, VAR(p) model, is

where K; = is known as the gain while the term (Xt - P,Ym,l) is referred to as the innovation, or the

Yiie = A1 Yapeor + Ki (Xt - Pti/ﬂt—l) + As—2Yi 12
+ Ki1 (Xt—l - Pt—lyA;t—l\t72) 4+ 4+ Ap,t—P?—tfp+l\t7p
+ Ki—p+1 (Xt—p+1 - Pt*pﬁ'lYA—tprrl\tfp) (2.32a)
and the corresponding covariance is
Sie = Sejp—1 — KePySyp—1 — Ki-1Pro1Si_1jp—o — -+ —
Ki—pt1Piep18ipirji—p (2.32b)

This can be used to update the existing VAR(p) model given the new information which is considered as the likelihood.
Therefore, the algorithm for the updated generalized vector autoregressive model of order p is
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Algorithm 1 Algorithm for generalized updated VAR(p) model
1: Predict the state: Yt‘t 1 = A 1Yt\t 1+ Ay th‘t _p and error covariance: St|t 1 =
Al,t—lst—lALtA +-+ Ap,t—pst—pAp,t—p +Q

T
St—pt1jt—pPrp1

2: Compute the gains: K;_ = _
p g t—p+1 T T

3: Update the state: Yy, = AV + K (Xt—Pth\f—1> + Ay oY +
K (thl _Ptflﬁ—1|t—2) ot Apy Yy —ptift—p T Ki—pt1 (Xt o1 — Pp1Yi —p+1|t— p)
4: Update the error covariance: St|t = St|t T KtPtSt‘t | — Ky1P1 S, -2 — "0 —

Kipt1Pi—pt1Si pi1je—p

3 Testing Performance of the Updated Model

In this section, performance of the updated model is given. First, consider the Bivariate VAR(2) model given by

i w00 +u (3.1)
b= 04 05|77 T loas oYM '
. 0.09 0 . . .
where it is assumed that >, = 0 004 and v is assumed to be a null matrix, see [8]. We use equation 3.1 to test the

performance of the updated model under Algorithm 1.

Setting 4; = {0'5 0'1} Az = [ 0 0 P =

0.4 05| 025 0}

1 . .
O,Q:z)u:()og 0 , R = 009 0 and Sp =
0 1 0 0.04 0 0.04

0'(?9 0%4 we obtain the output in Figs. 1-2 which gives the output for the first variable and the second variable

respectively. The first subplot in Figs. 1-2 represents the output for VAR(2), modified VAR(2) estimate and modified
VAR(2) prediction, denoted by the blue line, red line and the yellow line, respectively while the second subplot represents
the RMSE in the estimate and prediction, denoted by the blue and the red lines, respectively.
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Figure 1: Bivariate VAR(2) - Variable 1

The first subplot gives comparison of the VAR(2), modified VAR(2) estimate and modified VAR(2) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(2) and the
modified VAR(2) and between VAR(2) and the modified VAR(2) prediction for variable 1.
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Figure 2: Bivariate VAR(2) - Variable 1

The first subplot gives comparison of the VAR(2), modified VAR(2) estimate and modified VAR(2) prediction, denoted
by the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(2) and
the modified VAR(2) and between VAR(2) and the modified VAR(2) prediction for variable 2.
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From Figs. 1-2, it is observed that the errors between VAR(2) and the modified VAR(2) estimate are less, between 0 and
0.4 for variable 1 and between 0 and 0.3 for variable 2. Furthermore, the errors between VAR(2) and the modified VAR(2)
prediction are as well low, between 0 and 0.4 for variable 1 and between 0 and 0.3 for variable 2. This indicates that the
updated model performs well due to the small values of RMSE obtained in the estimate and in the prediction.

Next, suppose we consider the tri-variate VAR(1) model given in [?] where

05 O 0
y=v+ |01 01 03] yi—1+u (3.2)
0 02 0.3
225 0 0
where we assume v is a null matrix, X, = Q= | 0 1 05/,
0 0.5 0.74
225 0 0 225 0 0
R=1|0 1 05|andSo=1| 0 1 0.5 |. We test the performance of the updated model under the model
0 0.5 0.74 0 0.5 0.74

given by equation 3.2 whose output is given in Figs. 3-5 for the first, second and third variables respectively. The first
subplot in Figs. 3-5 represents the output for VAR(1), modified VAR(1) estimate and modified VAR(1) prediction denoted
by the blue line, red line and the yellow line, respectively. The second subplot in Figs. 3-5 represents the RMSE in the
estimate and prediction denoted by the blue and the red lines, respectively.
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Figure 3: Trivariate VAR(1) - Variable 1

The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
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modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 1.
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Figure 4: Trivariate VAR(1) - Variable 2

The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 2. The first subplot gives comparison
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Figure 5: Trivariate VAR(1) - Variable 3

of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by the blue line, red line and the yellow
line, respectively while the second subplot shows the errors between VAR(1) and the modified VAR(1) and between VAR(1)
and the modified VAR(1) prediction for variable 3.
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From Figs. 3-5 it can be seen that the updated model performs well due to the small RMSE values (ranging between 0
and 10) obtained in the update and in the prediction in each of the variables for the model. Furthermore, we check the
performance of the updated model by considering the model in five dimensions. In five dimension, then A; and P, are 5 x5
matrices. Suppose now that the state space model is given by

Y1, 0.99 0 0 0 0 Y1,t—1 U1t
Yot 0 0.99 0 0 0 Y2,t—1 U2t
yse | =1 0 0 0.99 0 0 Y3i—1 | + | us,e
Yat 0 0 0 0.99 0 Ya,t—1 Ugt
Ys,t 0 0 0 0 0.99 Ys,t—1 Us,¢
Tt 1 0 0 0 O Y1t Mt
Tt 01 0 0 O Y2, n2,t
z3: | =10 0 1 0 O ya,e | | m3.¢
Tat 0O 0 0 1 0 Yt N4,
Tst 0 0 0 0 1 Y5t M5,t
0.001 0 0 0 0
0 0.001 0 0 0
Upon setting Q = 0 0 0.001 0 0 |,
0 0 0 0.001 0
0 0 0 0 0.001
0.001 0 0 0 0
0 0.001 0 0 0
R= 0 0 0.001 0 0
0 0 0 0.001 0
0 0 0 0 0.001
and
0.001 0 0 0 0
0 0.001 0 0 0
So = 0 0 0.001 0 0
0 0 0 0.001 0
0 0 0 0 0.001

we have the plots in Figs. 6-10 which represent the first, second, third, fourth and fifth variables respectively. The first
subplot in Figs. 6-10 represents the output for VAR(1), modified VAR(1) estimate and modified VAR(1) prediction denoted
by the blue line, red line and the yellow line, respectively while the second subplots represents the RMSE in the estimate
and prediction denoted by the blue and the red lines, respectively.
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The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 1.
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the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 2.
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The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 3.
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The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and the
modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 4.
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Figure 10: Pentavariate VAR(1) - Variable 5

The first subplot gives comparison of the VAR(1), modified VAR(1) estimate and modified VAR(1) prediction, denoted
by the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(1) and
the modified VAR(1) and between VAR(1) and the modified VAR(1) prediction for variable 5.

Figs. 6-10 shows that the updated model gives precise estimates as seen from the small value of root mean square error
in the update and in the prediction for each variable. The RMSE values range from 0 to 0.005 in the five variables.

3.1

Application to Real Data

We consider testing the performance of the updated model by considering fitting a VAR(p) model to some secondary data.
We consider secondary quarterly data for the contribution of the manufacturing, wholesale and retail, and transport and
communication sectors to the national GDP obtained from the Kenya National Bureau of statistics (KNBS), quarterly GDP
reports from 2009 quarter 1 to 2022 quarter 3. We fitted the VAR(2) model given by

e [—0.5

Y2t = —-0.27
Y3t | 0.1

[—0.59

—-0.1

| 0.23

0.09
-0.21
0.05

0.25
—0.34
—0.04

0.01
0.13
—0.21

—-0.13
0.04
0.08

Yi,t—1
Y2,t—1 | +

Ys,t—1

Y1,t—2 U1t

+ U2t

(3.3)

Y2,t—2

Y3,t—2 u3,¢

We test the performance of the fitted model by associating it with measurement equation given by

Tt

T2t

I3t

1
0
0

0 0
1 0
0 1

Yi,t
Y2,t
Ys,t
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Using Algorithm 1 and MATLAB software we obtain the plots in Figs. 11-13 which represent the manufacturing,
wholesale and retail, and transport and communication respectively. The first subplot in Figs. 11-13 represents the output
for VAR(2), modified VAR(2) estimate and modified VAR(2) prediction denoted by the blue line, red line and the yellow line,
respectively. The second subplots in Figs. 11-13 represents the RMSE in the estimate and prediction denoted by the blue
and the red lines, respectively. From Figs. 11-13, it is observed that the updated model performs well due to the small
RMSE values obtained in the estimate and the prediction. For instance, in the variables, manufacturing and wholesale and
retail, the RMSE values in both the estimate and the prediction are less than 0.005 which can be considered to be low. In
the transport and communication variable, the RMSE values are less than 0.004 which we may consider to be low thus
good performance from the processes of prediction and update.
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Figure 11: Trivariate VAR(2) - Variable 1 (manufacturing)

The first subplot gives comparison of the VAR(2), modified VAR(2) estimate and modified VAR(2) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(2) and the
modified VAR(2) and between VAR(2) and the modified VAR(2) prediction for variable 1.
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Figure 12: Trivariate VAR(2) - Variable 2 (wholesale and retail)

The first subplot gives comparison of the VAR(2), modified VAR(2) estimate and modified VAR(2) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(2) and the
modified VAR(2) and between VAR(2) and the modified VAR(2) prediction for variable 2.
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Figure 13: Trivariate VAR(2) - Variable 3 (transport and communication)

The first subplot gives comparison of the VAR(2), modified VAR(2) estimate and modified VAR(2) prediction, denoted by
the blue line, red line and the yellow line, respectively while the second subplot shows the errors between VAR(2) and the
modified VAR(2) and between VAR(2) and the modified VAR(2) prediction for variable 3.
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4 Conclusion

In this paper we developed an updated Vector Autoregressive (VAR(p)) model using the Bayesian approach. The existing
Vector Autoregressive (VAR) model is taken to be the prior while new information (measurements) that is gotten is used
as the likelihood to update the existing VAR model. After incorporating new information, the proposed updated Vector
Autoregressive model of order p is obtained (refer to Algorithm 1). The performance of the updated VAR(p) model is then
compared with corresponding vector autoregressive models. It is found that the errors between VAR and the modified VAR
estimate are less in the models considered. Furthermore, the errors between VAR and the modified VAR prediction are as
well low. The plots of the RMSE show that the updated model performs well as indicated by small values of RMSE in the
update and in the prediction.
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