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Appendix A: MCMC scheme

We present the Markov Chain Monte Carlo (MCMC) algorithm for sampling from the joint
posterior distribution of the parameters of the proposed model. We need to obtain posterior
inference for the set of parameters @ = {6, Ay, No i, Wo.t,, Pti> Vis» Brir &ty iy G} In particular,
for sampling from the full conditional distributions of these parameters, we consider Gibbs
sampling and Metropolis-Hastings algorithms. The MCMC scheme can be summarized in the
following steps:

e Sample the states (0|, Ay, NoiswWot,, Pty Vs Btis s @i jis Gijr Y1) In order to obtain pos-
terior inference on the state parameters 6; = {0y ¢, 61,624, ...,0p:}, we use the forward-
filtering backward-sampling (FFBS) method proposed by Fruwirth-Schnatter (1994), which
is practically a simulation of the smoothing recursions.

e Sample (Ay| g4, wot,, Pt;s Vii» Bri» Etir @iy Gin Y1) in @ Gibbs step using a Gamma distribu-
tion,

1 1
Ayl... ~ Gamma (T + 2, iSSy* + 255;71‘) )

where SSy* = ST wy s (y: — Fi6;)? and S84, = Sy Aoiwoyt, (0, — (Gebr—1)i)*.

e Sample (Ngilo, Ay, wo t,s Pty Viys Bty s €tis @iy Gijr Y1) i @ Gibbs step from a Gamma distri-
bution,

T+Vti_

11
)‘9,i|' ~Gamma <q + 2 ) 5‘955:; + 6tipti> )

where S5;% = Y"1 Aywoyr, (01, — (Gifr—1):)%.



Sample (wg ¢, |0, Ay, Nois Ptis Viis Bris &tis s Gijs Y1.¢) in @ Gibbs step from a Gamma distri-
bution,

v, +1 v, + AyXei(0r, — (Gt9t—1)i)2)
2 7 2 ’

wo ¢, |- ~Gamma (

Sample (py, |, Ay, AgisWot; Viis Bris &tis s Gijs Y1) in @ Gibbs step from a Gamma distri-
bution,

Vti+]-

Pt ’ ~Gamma ( ;ﬁti)\e,i + 1> .

Sample (B, |, Ay, NoisWo.t,, PtV &ty Gijis Ginjs Y1) 0 & Gibbs step from a Gamma distri-
bution,

v, +1
Bt;|- ~Gamma (1512’ Pt; AyAa,i + 5&) :

Sample (&, |o, Ay, Ag.i, wo.t,» PtV Bris Gijs Gijr Y1) in a Gibbs step from a Gamma distri-
bution,

&, |- ~Gamma (2, By, + 1) .
Sample (v, o, Ay, Mgi, Wo ., Pty s Bis Etir Ginjs Gijr Y1) in @ Metropolis-Hastings step using
ARMS
p(vy, = k) o< Gamma(wo,y, (v, = k +1)/2, pr, /B,) x Gamma(Ag,i|ve 1, =k, Vo,t,=k) i,
on the set {n1,n9,...,nx} fori=1,....pandt=1,...,T;
©il... ~ Dirichlet (o, Ny), (0.1)

where Ny = {N;1,...N; ;;} with, for each k, N; j, = Z?zl(yti =k), fori=1,..,p.

Sample ((Z)Z,j ‘aa Vti )\ya >\9,i7 w@,ti ) Pt“ Btw gtw Ci7j7 yl:t) from

0 with probability ,1 — 77

bij = (0.2)
N(¢i,j‘ﬂi,j,5i2,j) with probability 7};.



where

7rp1(0;‘j ¢) 1 ,
o 2J> 7 Bii = — 467, Ae,.e"_‘ _ 7
U mpi(6F,) + (1 - m)pa(67 ) W= g T Ol

and

*! * * * —1 * *!
Hig = ﬁi,j 9j,t—1>\9,i9i,j,t ) pl(ez’,j,t) = NT(ai,j,t‘()? )‘H,il + Ci»joj,t—lej,t—l)v
* * —1
p2(9i,j,t) = NT(ai,j,tma >\97i I) (0.3)
where py (67 ;,) and p2(0; ;,) are the predictive multivariate normal densities. Here

Oir — > bik(@he—1)(Oki—1) = dij(2j0-1)(0j1-1) + wis- (0.4)
oy

0*

it

Using the usual notation for linear regression:

071 (@5,0)(85,0) wi,1
02 (25,1)(0;,1) Wi

= Pij | | (0.5)
0 ;1 (zjr-1)(0571) Wi, T

which can be expressed in matrix notation as follows:

0" .

it 9;,t—1¢i,j + wiy t=1,2,...,T

0;775_1 = 33j7t719j,t71 Wit ~ N(0, )\9_711[)
e Sample (G jlo, v, Ay, Aa,isWa i, s Pt;s Bris &ty Pijr Y1) in a Gibbs step from a Gamma distri-
bution, Gamma((; jlac; ;,b¢, ;), with:

g,y =c+ 2’ by =d+ - (06)



Appendix B: The marginal prior for states

Proof. Integrating out wg¢, we have 6; ~ Student’s t(G¢0;_1,07,v;) where v, corresponds to
the degrees of freedom, G;#;_1 corresponds to the location and o7y corresponds to the scale of
the Student’s t density:

k 176, —G,0 o\ —(vi+1)/2
(0| Gt, Or—1, 0, ¢, 01) = RAL <1 + = <ttt—1> >

Tt Ut Tt

I'((ve +1)/2)
I(ve/2) /o

1)/2,1), we have that

where k; = . Using the fact that 77 ~ Gamma(1, 8;/p;) and p; ~ Gamma((v; —

k(O’ﬁt)(V"_l)/%/;’t/Q/(et — Gtet_l)ut/22F1((Ut + 1)/2,’(}75/2,’(}75/2 —|— 1, 1-— Uﬁtllt/(et — Gt9t_1)2),
if 0, # Gi0;_
W(Qt‘Gth_l) _ 1 t7é tVt—1,

k1Be(1/2,v1/2)/ (B *Be(1, (v; — 1)/2)), if 0, = G4b,_1,

where k = k1Be(v:/2,1 4 v4/2)/Be(1, (v — 1)/2). Here, Be(a,b) denotes the beta function and
2F1(a,b,c, z) denotes the hypergeometric function. Finally, we use the identities (15.3.5) and
(15.1.13) for 6; # Gb;—1 from the book of Abramowitz & Stegun (1970).
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Appendix C: Plots from simulation study
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Figure 1: Posterior distributions of the mean of the
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Figure 2: Posterior distributions of the precision of the connectivity regions ¢;;.
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Figure 3: Posterior distribution: observational variances, trends and weights.
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Figure 6: Posterior distributions of the precision of the connectivity regions ¢;;.
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Figure 7: Posterior distribution: observational and state variances, trends and weights.
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Figure 10: Posterior distributions of the precision of the connectivity regions ¢;;.
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Density

Density

Density

25

15

1.0

0.5

3.0

25

15 20

1.0

0.0 05

15

1.0

0.5

0.0

-0.2

p(¢y1 = O|data)= 0.865

— — —

I T T T T 1
-0.4 00 02 04 06
p(@,; = 0|data)=0.809

T T T T T 1
-0.6 -0.2 02 04
p(@s; = 0|data)=0.637

Density

Density

Density

0.6 0.8

0.4

0.2

0.0

15

1.0

0.5

0.0

2.0

15

1.0

0.5

0.0

-1.0

.,

p(@1, = 0|data)=0.695

11—
T 1 1
-1 0 1 2

p(@,, = 0|data)=0.551

I T T 1
-1.0 -05 0.0 0.5
p(@s, = 0|data)= 0.597

Py
hd

T T T 1
-05 00 05 10

Density

Density

Density

00 01 02 03 04 05 06

0.5 1.0 15 2.0

0.0

25

10 15 20

0.5

0.0

-0.4

p(@y3 = O]data)=0.018

-3.5

v' T T T T T 1
=25 -15 -0.5
p(@23 = O]data)=0.607

l_|;|_|
-1.0 -05 00 05
p(@s3 = O|data)= 0.592

T T T T 1
00 02 04 06

Figure 13: Posterior distributions of the mean of the connectivity regions ¢;;.
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Figure 18: Posterior distributions of the precision of the connectivity regions ¢;;.
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Figure 19: Posterior distribution: observational variances, trends and weights.
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Figure 20: 95% posterior credible interval (shadow) of the state parameters using the FFBS
algorithm and true simulated state parameters (black line).
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Figure 21: Posterior distributions of the mean of the connectivity regions ¢;;.
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Figure 22: Posterior distributions of the precision of the connectivity regions ¢;;.
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Figure 23: Posterior distribution: observational and state variances, trends and weights.
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Figure 24: 95% posterior credible interval (shadow) of the state parameters using the FFBS
algorithm and true simulated state parameters (black line).
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