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This file comprises two parts: the first is the sampling procedure for the parameters,
excluding the space-time correlation in the spatial dynamic panel data (SDPD) model;
the second is the evaluation of marginal effects.

1 Sampling procedure for the parameters except
space-time correlation 1)

The SDPD model is defined as follows:

Vi = pWyi + dyi—1 + OWyi_1 + au, + X8 + 14, (1)
m = N+U€t7 etNN(OaA)7 A:diag()\ly-~-7)‘n)7 (2)

First, we assume the following prior distributions,

ﬁNN(ﬁ(hEﬁo)v O‘NN(O‘OanO)» 2 NIQ(5T0/27570/2)a
% ~ ZG(050/2,500/2), v~ G(Ouy, Sv) [V > 2]

where G denotes a gamma distribution, and we assume the truncated gamma
distribution to satisfy a finite variance.
Let yg = {tr ® (I, — pW)}y — at,r. The full conditional distribution of 8 and

o2 are given by

/6|19—,6aY7YOaXaW ~ N(ﬂﬁ? 2ﬁ)? 02|19—0'27Yay07X7W ~ Ig(50/27 ‘§0'/2)7

where fig = Z(X'Q ys+35!8)), Bp = (X'Q'X+351) 71, 6, = €/ (Ir@A et
5[,0 and 8, = nT' + s4,.

Next, we focus on sampling procedures for p and 7

= 1,...,n as ¢ the component of the vector p and X;, respectively. Let y;, =

1
(Yi1, -, yir) and X; = (x}q,...,%,p)". The model (1) and (2) becomes

2. Define w; and x; for

Yi = ilr =+ J€;, €; ~ N(07 )\7,IT)



where y; = (Jit,- -, Ui)'s Yit = Yir — P 35—y Wij¥jt — BYie—1 — 0 35 WijYje—1 —
a —xif3, and €; = (€1,...,67) . The full conditional distribution of u; and 72 are
written as

/‘Li|,l97/$i’ Y, Yo, X7 W ~ N([I”Lv 6—;2”)7 T2|19—7'2 ~ Ig(57/27 §T/2)7

where [i; = 621_(0_2)\;137;@) and 67 = (02N + 77271 6, = p/p + b, and
Sr =N+ 5.

For the constant term a, let y, = {t7® (I, —pW)}y —{tr @ (4L, +0W)}y_ —X3,
and the full conditional distribution of « is given as

a|ﬂ—aay07yaW7X ~ N(d7 6.(21)7

where & = 62 (L, Q 'ya + 05200) and 62 = (/2 Qe +052) 7L

For the heteroskedasticity parameters, we use the Gibbs sampler and acceptance-
rejection-MH (AR-MH) to generate A and v, respectively. Define e; = (e;1,...,¢er)
and i = Yir — P Y5y WijYje — PYire—1 —0 D) wiyje—1 — @ — p; —X; 8. Conditional
on v, the \; = (eje; +v —2)/A; follows an independent y2(v+T') distribution. Hence,
A# is sampled from x?(v + T) distribution. We calculate \; using \¥ and \;. Finally,

the log of the full conditional distribution of v is given by

v—2

Inp(v|9_,,y0,y, W, X) x % In ( ) —TInT (g) — (v + (0yy) In(v),

where

1< 1
(= QZ{IH()\i)+X}+sV0.

i=1 v

It is difficult to generate the parameter from the distribution. Thus, we employ the AR~
MH algorithm extended by Watanabe (2001). This algorithm generates the parameter
from a proposal density by applying the second-order Taylor expansion to the log of
p(V|¥_,,¥0,y, W, X) and evaluating the sampled parameter with AR and MH steps.
See the details of the AR-MH algorithm for the degree of freedom in Watanabe (2001).

2 Summary measures of direct and indirect effects

The estimated parameters can be interpreted as the partial derivatives of the depen-
dent variables with respect to the explanatory variables. Spatial models extend this
framework by incorporating information from neighboring regions, enabling sepa-
rate measurement of direct and indirect effects on the partial derivative. Let X; =
(X415 -+, Xex) and Xy = (140, -, Tpe)’ (I = 1,...,k). The direct effect means the
marginal effect of the I-th explanatory variable x; on y;, as expressed by gg;l . On the

other hand, the indirect effect is expressed as gzi (i # j) and refers to the marginal
gl



effect of the [-th explanatory variable x;; of another region j on y;. Furthermore,
because the SDPD model has a spatio-temporal structure, marginal effects can be
estimated in the short and long term.

To evaluate the effects of these, consider the SDPD model of the equation (1),
which we have rewritten as

v = S,(W) (oI, + 0W)y,_1 + S,(W)X; 8+ C

where S,(W) = (I, — pW) ! and C is a rest term containing the intercept and error
terms. Thus, the short-term marginal effects of the [ th explanatory variable at time
t are defined as:

0Yi
Oz jtl

(W) = | 22| = 15,(W)561,

Moreover, the long-term marginal effects of the [ th explanatory variable are given by

y;
8$jl

S1(W) = | 72| = [5(W) .

where Sy, (W) = [(1—-¢)L,— (p+60)W] 1. The diagonal elements of the matrix S;(W);;
(S} (W);;) contain the direct effects, and the off-diagonal elements denote the indirect
effects.

As an overall assessment of marginal effects, LeSage and Pace (2009) suggests
summary measures, such as the average total impact, average direct impact, and
average indirect impact, calculated by

Miprar(l) = TL_IL;ISZ (W),
Mgirect(1) = n~ Hrace(S;(W)),
Mindirect (l) = Mtotal(l) - Mdirect(l)~

Long-term marginal effects can be calculated by replacing S;(W).
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