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This Supplementary Appendix provides (1) additional discussion on the specifi-
cation of global network effects in the utility function; (2) the likelihood function
for the full model with both uncensored and censored activity variables and the
corresponding Bayesian posterior analysis; (3) an extensive simulation study to
show the issue of model misspecification and the associated estimation biases;
(4) additional empirical tables and figures.

APPENDIX B: SPECIFICATION OF GLOBAL NETWORK STRUCTURE EFFECTS

The empirical specification of the global network effects in equation (10) of the paper
are based on which network structural statistics may represent potential benefits and
costs of network connections. When treating the local network effects in equation (3) as
the first- order interaction terms among network links, the set of global effects in equa-
tion (10) covers the reciprocality effect, the congestion effect, and the popularity effect
as second-order interaction terms and the transitive triads effect and the three-cycle ef-
fect as third-order interaction terms.

As a result, the deterministic part of the network value, V(W) consists of the sum
of first-, second-, and third-order interaction terms. The sum of first-order interac-
tion terms > 7' Z;-"zl w;j;; can be written as tr(WW’), where ¥ is a m x m matrix
with the (i, j) entry equal to ¢ ;. This term reflects the local network effect in the ex-
plicit preference over the network structure. Second, the sums of second-order inter-
action terms 3 i, 377 wywji, D7y Yy DG wijwie and YT 3T 3T, wijwyg, Te-
spectively, are equivalent to tr(W?2), I, W' W, — I, Wl,, and I, WW'l,, — I, Wi,,. These
terms reflect, respectively, the reciprocity, and the level term of the congestion and the
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popularity effects in the in the explicit preference over the network structure. The square
term of the congestion effect will be reflected by > 72| =70 wi; (37}, wj)?, which can
be written as [, W' Diag(Wl,,,)Wl,, — 2I'W'Wl,, + I, Wl,,, where Diag(A4) is a n x n di-
agonal matrix of a n x 1 vector A. Third, the sum of third-order interaction terms
Yoy YTy Yokl wijwikwy, OF equivalent to tr(W2W'), reflects the transitive triads ef-
fects. The term Y72, 711 37| wywjrwy, equivalent to tr(W?), reflects the three cycles
effect.

The exponential random graph model (Frank and Strauss (1986)), or more gen-
erally, the p* model (Wasserman and Pattison (1996)) in the statistics literature also
takes a log linear form with some specified network statistics. The most common statis-
tics include the number of reciprocal ties 3 2 37" wjwj;, the number of two stars
Doim1 2iL1 2ok=1 wijwik, or the number of triangles 377 377 3L wjwjkwy;, etc. The
coefficients in the p* model represent how the corresponding network statistics con-
tribute to the occurrence of the network but do not provide any causal interpretation.
Compared to the p* model, our network model is originated from the consideration of
network structural effects in the link associated utility, and thus captures economic rea-
soning in the formulation.

Mele (2017) provided some alternative network effects that might also be specified in
the model. He proposed a network model that considers the effects from direct, mutual,
and indirect friends. Using the terminology in our paper, they correspond to the exoge-
nous effect, reciprocality effect, congestion effect, and popularity effect. The exogenous
and the reciprocality effects are considered in both Mele’s and our models. However,
Mele (2017) looked at the congestion effect from the receiver’s perspective and the pop-
ularity effect from the sender’s perspective, whereas we look at sender’s congestion effect
and receiver’s popularity effect. We believe that our specifications are intuitively appeal-
ing for our named (direct) friends network. Although different, both sets of effects all
belong to the second- order interaction terms that can be specified in the link associ-
ated utility. They coincide for a network having mutual friendships where W becomes
a symmetric matrix, that is, an undirected network. Note that two effects considered
by Mele have the same statistics /), W?2l,, — tr(W?) in the transferable utility function,
and hence, they have the same effect (due to the model coherency requirement). On the
contrary, our two interaction terms can have different effects for the named friendship
(directed) network. The third-order interaction terms—transitive triads and three cycles
effects are only considered in our model but not in Mele’s.

APPENDIX C: LIKELIHOOD FUNCTION FOR THE FULL MODEL WITH A CENSORED
ACTIVITY INTENSITY

For the censored activity intensity y;, € R, the equilibrium outcome vector based on
equation (5) can be expressed as

Y, = max(0, Vg),

.. (C.1)
Yo =AW, Yo + XogB1 + W XgBo+ Zgp1 + WeZgpr + lgag + &g.
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We can divide the m, individuals in group g into two blocks, such that the first 72, in-
dividuals have activity variables equal to zero, and the remaining individuals who are
arranged from my; + 1 to mg have positive values. Yg of equation (C.1) and the network
W, can be conformably decomposed into

Ygl Wit g Wi g Ygl Xgl
= A ’ ’ —+
(Yg2> (VVZl,g W22,g Yg2 Xg2 A
W g Wi, g Xg]
+ b b
(VVZl,g I/VZZ,g Xg2 F2

Zg1 Wi,e Wiz Zg1 lg1 &a1
(L) py o (P W) (Ze1) ) (o) o o (S1) ) (2
(Zgz) P <W21,g sz,g> (Zgz P2 lga) ¢ \ée

where Y, > 0 and Y, = 0, with the corresponding latent Ygl < 0. Based on equa-
tion (C.2), the joint probability function of Y, and W, can be written as

P(Yg, Welbyg, g, Zg)
=P(Yg1 =07 Yg27 ngaga ag, Zg)

/ I(Yq =0, Vo) - P(V o1, Yoo, WylOg, agy Zg) - d Vg

—(AW12, Yo+ X g1 B1+(W11,g X1 + W2, g X g2) Bo+Z g1 p1+(W11,g Zg1 + Wi, g Zg2) p2+l g1 22g)
/..
|Img7mg1 - )\WZZ,gl : f(fgla §g2|0ga Ag, Zg)
XP(Wg|§gl, §g2, Og, g, Zg) - dfgl, (C.3)

where 1(Yy =0, Yg1) is a dichotomous indicator that is equal to 1 when Yg1 is neg-
ative, and equal to 0, otherwise; &g = Umg—my — AMW22,0) Y2 — Xg2B1 — (Wa1,g X1 +
Wi, e Xe2)B2 — Zgap1 — Wat,g Zg1 + War ¢ Zg2)p2 — lgpag and 0, = (v, ', 8, A, B/, p/, (Té%g)-

APPENDIX D: POSTERIOR ANALYSIS FOR THE MODEL WITH BOTH UNCENSORED AND
CENSORED ACTIVITY VARIABLES

In this Appendix, we provide the posterior analysis of the parameters in the full model
with one uncensored activity variable (y,c,;¢) and one censored activity variable (y.,;c),
where the subscripts uc and ¢ represent “uncensored” and “censored,” respectively.

D.1 Likelihood function

With two activity intensity equations in the model, the disturbances ¢, ;, and & ;; of
the two equations are assumed following a bivariate normal distribution:

2
P 0 g O-ucc, .
(Fucigs i) ~1idt (o) [ o 5], i=time @)
Uguﬂ'ﬂ',g Ugc,g
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From equation (D.1), conditional on &, 4, we have
§c,g= Ugucc,go'g_ligfuc,g +ug, ug~ </Vmg (07 Oﬁglmg), (D.2)

. 2 (2 -2
where u, is independent of &g and oy, = (0% e ™ Tluces Ty Téucers)”

Performing the decomposition of Y, ¢» as in Supplementary Appendix C:
Ve gt Witeg Wiz Ye g1 X1 Wi,g Wiz X1
> — /\ '8 8 c8 + 8 1 + 8 8 8 2
(Yc,gZ) ¢ (VVZLg I/V22,g> (Yc,gZ) Xg2 P o I/VZl,g I/VZZ,g XgZ P o

Za Wig Wi Za lg1 c gl
S ) N WR o a SV ) ore+ 2 )acg+ (7% ), (D3)
(Zg2> Plye (I/VZI,g W22,g Zg2 P lg2 o8 gc,g2

where Y, .o > 0 and Y, = 0 with the corresponding latent Yc,gl < 0. We let 6, =
(Vs 1y Sucs Sucs Aucs Acs Biyes Bls Plycs Ples crgw}g, Ugc,g’ Ttyeee)- The joint probability func-
tion of Yy g, Yc o, and Wy is
P(Yc,ga Yuc,ga Wg|0g, Quc,g> Xe,gs Zg)
—(AcW12,5Ye g2+ X1 B1,c+ (Wit g X g1+ W12, Xg2) B2, e+ Zg1P1,c+ (W1, Zg1 + W12, Zg2) p2,c Hg1 e, )
- \/;OO

|Img7mg1 - /\cI’VZZ,g| ' f('fc,g|§uc,g> 6g> Qc,g5 Qyc,gs Zg)

X |Sg(We)| - f(éuc,glOcg, uc,gs Zg)

S P(Wg|§uc,ga fc,ga Hg, Ac,g5 Quc,g> Zg) : dfc,gla (D.4)

where Sg (W) = Iy — AucWs.

D.2 Prior distributions

By Bayes’ theorem, the joint posterior distribution of the parameters and latent variables
in the full model is

P({@g}’ {auc’g}, {ac,g}, {Zg}, {Yc,g1}|{Yuc,g}, {Yc,g}’ {Wg})
X W({gg}, {auc,g}, {ac,g}a {Zg})

G Mgl
<1 { (l_[[(yc,ig =0) -1 (Je,ig < 0))

g=1 i=1
X P(Yc,ga Yuc,g, Wga Yc,g1|0ga Qyc,g, Xe,g» Zg)}, (D.5)

where 7(-) represents the prior density function. We block the parameters and latent
variables in the model and assign the prior distributions as follows:
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(i) Unobserved individual latent variables in both the network formation model and
activity intensity equation,

zig~ Nj(zg, Ip) and ;o ~A5(0,61;) i=1,...,mgg=1,...,G.
(ii) Coefficients of the network formation model,
b =¥ 8uc: 8c) ~ TN ssygrivi2( 0 Polys 174742 O)s
O ={d e R¥F T2 1y 1> 1ypa] > o 2 Ly, Buc 2 0, 8 2 0},
(iii) Endogenous peer effect parameters in the activity intensity equation,
Aue ~ Ul=1/Ayc, 1/Ayc] and  Ac~ U[=1/Ac, 1/Ac].
(iv) Coefficients of own and contextual effects in the activity intensity equation,

Buc=(B/l,upﬁ/z,uc)/”e/VZk(Bo,Bofzk) and Bc=(3/1,0,B/z,c)/NJVzk(BO,Bolzk)-

(v) Coefficients of own and contextual correlated effects in the activity intensity
equation,

puc = (P ucs Pruc) ~ Hi(po: Rolyp)  and  pe = (p) . P o) ~ M7 (po. Rolyp).
(vi) Variances and covariance of disturbance in the activity intensity equation,
Og = (Usgm,g’ Ué,g’ Otueey) ~ N300, 2013), ogeTg,g=1,...,G.
(vii) Group fixed effects in the activity intensity equation,
ye,g ~ N (ap, Ag) and  ac g~ AN (ag, Ay), g=1,...,G.

Most of the above prior distributions are conjugate priors used commonly in the
Bayesian literature. However, following Hsieh and Lee (2016) and Hsieh and Van Kip-
persluis (2018), we set up a hierarchical prior for z; ;. That is, we assume z; ; is normally
distributed having a unit variance and a prior mean equal to u; g, reflecting the identifi-
cation restrictions on z; ¢, as presented in Section 3.2. Then we further assume that u, ¢
is normally distributed having a hyperprior mean of zero and a hyperprior variance of
s. As a result, latent variables {Z,} only add G “real” parameters ({x,¢}) in addition to
their coefficients vy, into the estimation procedure.

Note that the prior of ¢ is constrained to a parameter space O in which |y | >
lv42] = -+ = |47, So the prior distribution of ¢ is truncated normal (7.4 on O. for
the identification of latent variables Z. We also assume that 6 is nonnegative to main-
tain the coherence with our microeconomic model. The prior on A is also constrained
on [—1/A, 1/A], where A = i, to ensure that Proposition 1 holds and that the equilib-
rium is always unique and generates a well-defined data generating process (Kelejian
and Prucha (2010)). The use of a uniform prior follows Smith and LeSage (2004).
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We put Ué%uc,g’ O-gc,g’ and o¢,., into a group oz and specify a multivariate normal
distribution truncated to the area T, = {0 € R3|U§m~,g >0, ‘Tg%c,g >0, O-é%uc,g Ué%c,g — a-guu',g >
0} so that Uguc,g’ Ué,g’ and oy, , form a proper covariance matrix.

In the specification of (vii), we treat the group effects oy, ¢ and a. ¢ as fixed effects
with the hyperparameters g and Ay fixed in their prior distributions. The distinction
between fixed and random effects in a Bayesian approach lies on prior assignment at the
second and third levels of hierarchy (Lancaster (2004), Rendon (2013)). For a fixed effect
model, a Bayesian approach updates distributions of fixed effect parameters, whereas a
random effect model updates distributions of hyperparameters in the prior distribution
of random-effect parameters. If it is preferred to model the correlation between covari-
ates and group effects explicitly, one may follow Mundlak (1978) to have a correlated
random effect specification that allows the mean of the random effect (i.e., the mean
hyperparameter in the prior distribution of the random effect) to be a linear function
of covariates (e.g., Boucher and Goussé (2009)). To determine if there is any impact due
to the specification of random group effects, we also examine estimation results of our
model based on the correlated random effect specification for a robustness check.

In the case of correlated random group effects (Mundlak (1978)), we change the prior
settings for ay. ¢ and a, ¢ in (vii). We specify ay. ; and a., ¢ as follows:

Ayc,g = ygB3,uc + 7gp3,uc + guc,ga guc,g ~ «/V(O’ Uiuc)a
Qc,g = ygﬁ3,c + 7gp3,c + gc,ga gc,g ~ «/V(O, Uic)’

where Yg and 7g are, respectively, the group averages of X, and Zg. 83 uc, P3,uc» B3,cr
P3.c0 ai 4o and ‘Tz%,c are unknown parameters, and we specify the following prior dis-
tributions for them: B3 e ~ Ak (Bo, Bolk), p3,uc ~ Ai(po, Rolp), B3,c ~ Ak(Bo, Bolk),

p3,c ~ Ni(po, Rolp), 02 o~ IG (%2, %), and 02 . ~ IG (2, D).

D.3 Conditional posterior distributions

Here, we list the set of conditional posterior distributions required by the Gibbs sam-
pler:

@) P(Yc,g1|0g, Ayc,g> Ac, g5 Zg: Yuc,g, Yc,ga Wg)r g=1,...,G.
By applying Bayes’ theorem, we have

P(Yc,glwg: Quc,g> e, g> Zga Yuc,g, Yc,g, I’Vg)

Mgy
S (]‘[ 1(ye,ig = 0)I (Jic,ig < 0))

i=1
X P(Yc,gla Yuc,g» Ye,gs WelOg, @uc,g, @c,g> Zg), (D.6)

forg=1,...,G.

(11'1) P(Zi,g|YC,g17 Yuc,ga YC,g> Wg, 0g7 auc,ga aC,g7 Z—i,g)) l= 17 e mg, g = 1> LN G'



Supplementary Material Network interaction models 7
By applying Bayes’ theorem, we have
P(ziglYe g1, Yuc,gs Yeugo Wes Ogs Qucygs @eygs Z-ig)
X Nj(zig5 Mz,g» 1)
X P(Ye o1, Yuc,gs Ye g WelOg, duc,g, e g, Zg), (D.7)
forg=1,...,G.

(ii-2) P(pzglVe g1, Yuergs Ye.go Wes Ogs Que gs @ g Zg), 8 =1, ..., G.
By applying Bayes’ theorem, we have

P(/-Lz,g|Yc,gla Yuc,g> Yc,g: Wg, ega Quc,g> Xe, g5 Zg)

x </V—< MgZs ! 1—) (D.8)
J4 27 27 ) .
mg+1/s” mg+1/s

7 _ 1 mg .
where Z, = g D i Zig

(iii) P(¢’|{ch,g1}a {Yuc,g}a {Yc,g}, {VVg}a {Og}\d), {auc,g}: {ac,g}y {Zg})’ where {Gg}\d)
stands for {6} excluding ¢.
By applying Bayes’ theorem, we have

P(¢|{Yc,gl}a {Yuc,g}a {Yc,g}, {Wg}a {Gg}\d’, {auc,g}> {ac,g}a {Zg})

X TN g5 qrivia2( P b0 Polyg o174 fivar O)

G
X 1_[ P(Yc,gl, Yuc,g> Yc,ga Wg|0ga Qc.gs AXyc,gs Zg), (D.9)
g=1

where 9,/V2§+q+@—+ﬁ+2(¢; bo, (D012§+q+f+iz+2’ 0) is the prior density function of
¢ truncated at O.

(iv) P()\ucHYc,gl}, {Yuc,g}y {Yc,g}, {Wg}> {Og}\)\uw {auc,g}y {ac,g}a {Zg})'
By applying Bayes’ theorem, we have

P(/\uc|{Yc,g1}, {Yuc,g}a {Yc,g}a {I’Vg}’ {Gg}\/\uc, {auc,g}a {ac,g}a {Zg})
G .o
X 1_[ P(Yc,gl, Yuc,g, Ye, g0 WelOg, atuc,g, 0tc,g, Zg)
g=1

x I(Aue € [=1/Aue, 1/Ac]). (D.10)

W) POV g1} (Yueghs (Yergh (Weh 101\ Ac, {ue,g)s {ate ), {Zg)).
By applying Bayes’ theorem, we have

Pl Ye g1}, (Yue,ghs Ve b Wehs {01\ Acs {aue g}, (e g}, {Zg))
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G
&8 l_[ P(Yc,gla Yuc,g, Yc,ga Wg|0g, Ac,g5 Xuc, g, Zg)
g=1

x I(Ac € [—1/Ac, 1/Ac]). (D.11)
i) P(Bucl{Veg1}, (Yue.gh (Yergh (Weh, 01\ Bucs {atuc g}y {e g} {Zg)).
By applying Bayes’ theorem, we have
P(Bucl{¥e g1}s {Yue,g)s (Yerghs (Wel, {051\ Buc, {auc.g ) {ae g}, {Zg})
& A2k (Buc; Bo, Bolak)

G
X l_[ P()’}c,gla Yuc,g, Yc,ga Wg|6g, Qc,g> Qyc,gs Zg)y (D.12)
g=1

where A5k (Buc; Bo, Bolak) is the prior normal density function of B,..

(vii) P(BC'{YC,gl}! {Yuc,g}7 {Yc,g}a {Wg}a {0[,’}\:86’ {auc,g}7 {ac,g}a {Zg})-
By applying Bayes’ theorem, we have

P(BC'{Yc,gl}) {Yuc,g}> {Yc,g}a {Wg}, {Og}\BC) {auc,g}a {C\’—c,g}a {Zg})

X N2k (Bes Bos Bolok)
G
< [T P(Yeg1> Yuergr Yeogr WelOgs e g Quc > Zg), (D.13)
g=1

where A45x (B¢; Bo, Bolyk ) is the prior normal density function of 8..

(viii) P(PucHYc,gl}a {Yuc,g}, {Yc,g}a {I’Vg}a {og}\Puc, {auc,g}, {ac,g}a {Zg})-
By applying Bayes’ theorem, we have

P(PucHYc,gl}a {Yuc,g}, {Yc,g}a {I’Vg}’ {Hg}\PMCa {auc,g}a {ac,g}’ {Zg})

o< N7 (Pucs Po, Rolyy)

G
X 1_[ P(Vc,gl, Yuc,g, Yc,ga Wg|0g, Ac,gs Xyc,gs Zg), (D.14)
g=1

where A45;(puc; po, Rol,yp) is the prior normal density function of pyc.

(ix) P(PcHYc,gl}a {Yuc,g}a {Yc,g}, {Wg}a {Hg}\Pu {auc,g}a {ac,g}a {Zg})-
By applying Bayes’ theorem, we have

P(PcH?c,gl}’ {Yuc,g}a {Yc,g}a {I’Vg}a {eg}\Pc, {auc,g}> {ac,g}a {Zg})

o< 5(pe; po, Rolyg)

G
X l_[ P(Yc,gla Yuc,ga Yc,ga Wg|0g, Qc,gs Cuc,gs Zg)a (D.15)
g=1

where .45;(pc; po, Rol,;) is the prior normal density function of p..
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X) P(0glYe 15 Yue,gr Yeog W, 0g\Og, Quc gy Qc.gy Zg), 8 =1, ..., G.
By applying Bayes’ theorem, we have
P(ag|Ye g1, Yue.gs Yergo We» 05\ 0, Quc,gs e g5 Zg)
x M(0g; 09, 20) - (og € Ty)
X P(Ye o1, Yuc,gs Ye g WelOg, e gy Quc,g, Zg), (D.16)
forg=1,...,G.

(Xl) P(auc,g|yc,gla Yuc,ga YC,g> Wg, 0g7 aC,ga Zg)) g = 17 LR G'
By applying Bayes’ theorem, we have

P(aue,gl Ve g1s Yuce,gs Ye.g, W, 0g, cteg, Zg)
o A (e, g3 g, Ap)
X P(Ye g1, Yuergs Yeog, Wl Og, e, gy Quc,g Zs),
g=1,...,G, D.17)

where A (ayc,g; ag, Ap) is the prior normal density function of a; 4.

(Xll) P(ac,g|YC,gla Yuc,ga YC,ga Wga 0g7 auc,ga Zg)r g = 1> R G
By applying Bayes’ theorem, we have

P(ac,gm}c,gl, Yuc,g, Yc,ga Wg7 0g> Qyc,gs Zg)
X f/V(ac,g; ag, Ao) - P(Yc,gla Yuc,ga Yc,ga I/VgWga Ac,g, Quc, g, Zg)a
g=1,...,G, (D.18)

where A (ac,q: ap, Ag) is the prior normal density function of a .

D.4 Detailed MCMC sampling steps

At the tth run of the iteration, we perform the following steps sequentially. For each step,
the pseudo MCMC algorithm outlined in the main text is implemented.
Step I. For g = 1,..., G, simulate Yc(gl from P(Y, ¢1|Ye gs Yuc,g We, Zg*l), ngl),

gtgl) aifc g)) by the double M-H algorithm.

(a) Propose Yc ,¢1 from a random walk proposal density q(YC gtl C(tgl]))

(b) Calculate the implied residuals from activity intensity equations, EC gl = Y, gl —

-1 1 1 1 1
AT WingYeg — Xy — <an o+ WiagXe)By ' — 2 Y~
-1 1 1 1 1 1
(Wi Z3G " + Win o 205 )6 Y —lgalyV and £ = Iy my, A(’ W) x

1 1 1 1 1
Yc,g2 gZB([ ) (VVZlg gl+w/22g gz)B([ ) Z(t )(t ) — (W ngll )

Why gZ(t 1))p(’ b — 1, Hal! ) . Denote &, = (gc e §£’g21) )’ To make a distinc-

-1 -1 -1 -1 -1 -1
tion, denote f( ) = (§£ gl) , §£’g2) ) with §£ gl) YC( gl) /\g )WlZ,ch,g2 —
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1 1 -1 (=1 1
XaBi." = MigXa + WXe)By ) — Z5 Vel — WeZ™ +

gl
le,gZ(t ])) (t - — Iy a(t D Also calculate §,(fc ;) (Img — /\(t ])%)Yuc,g —

XgB(t 1)—Wng,8(t 1) Z(l 1) (t 1) WgZ(t 1) (t 1) lméaz(ztc ;)

1,uc 2,uc 1 uc 2 uc
(c) Given EC, ¢ and gi,’g;) from (b), simulate an auxiliary network VT/g by the M-H algo-
rithm based on

P(ngfc,g, gi- 1) Z(t 1) 9(t D = 1)’a(t_1))

uc,g g uc,g

eXp(V(Wg’ gc,g, f(t D Z([ D 0([ 1) all= 1)’ (t— 1)))

uc,g ° ®eg " Xuc,g

D exp(V(W. Ee g €1 287D, 0070, all V. alic )

starting from the observed WW,, that is, set the initial auxiliary network W§0) equal
to W,. Update I/T/g(o) by looping all entries of I/T/g(o) with either a local or a global
update:

(i) local update: for all ij, we propose zT)f]’ ?g =1- NL(j' g1) With the probability

~(r)  ~(r=1)
aMH,local(wij,g, Wi ¢ )

) =1 (t=1) Z(t=1) p(t— 1) (z 1) (t—1)
_min{ exp( ( ng’W—th ’fc’g’fwg Ly b e.g > Yucyg )) }

(r=1) [7(r=1) (t=1) 7(t=1) p(t— 1) (t 1) =Dy’
exp( ( l] g W lj g > §C,g7 guc ,8 Z 6 c,8 B auc,g )
acceptw ,otherw1se, set wl(]’i, LT)E;’;D.

(ii) global update: despite implementation of the local step for most of the time,
with a probability Pi,, we propose W,." = e WD, With the
probability

aOMH large(W(r) W(r 1))
. { exp(V(Wy", Ecgs £y Zy 1,087, 0l alic ) 1}
)

VT B, 00 28, 00D, 51 ol )

uc,g
accept W(') otherwise, set W('> W(' b,

Notice that when proposing any change on network link, the auxiliary uncensored
activity outcome vector Y. g(Wg, Euc ,¢) and the censored activity outcome vector

. g(Wg, &) are implicitly calculated from the reduced form of equation (4) and
the contraction mapping of equation (5) in the main text. These auxiliary outcome
vectors will be used in evaluating the value of function V in the above acceptance
probabilities, ey, local and aypp,large- Repeat the described updating procedure
R =2 times and obtain the realization of I/T/g(R) as the simulation result. If the ob-
tained auxiliary network does not belong to (2; ¢, reject it and rerun the simula-
tion.
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(d) With the acceptance probability equal to

am (Ve g1, i}c(fgll))

_ min{ P(Yc gl» Yc g Yuc ,87 Wgwg_l) (t_l) fjcjé})’ Zét_l))

(t=1) (t— 1) t—1 t—1 t—1
P(chl ’Ytg’Ymg’ngeg ( )’ g’[c3g)’zé ))

(W|§U D g&tcgl),g(l l) (fgl) (1*1) Z(l‘*U) I(Yc,gl<0) }

(=1 gU=1)_,(-1)_ <t 1) =Dy " y=D ’
(I/Vglfc,g, §ucg 70 ',g Qe ,8 ’Z ) I(Yc,gl <O)

Qg

{ @ — ol (02 0) e D) exp(V(Wy, e €600, 000, 0l alle D, ZUD))
=ml
P ol ) D e (VO 657 6, 00l e 2

uc,g > Y

X .
W 1 D (-1 D 01 Y ,
exp( ( g5 ‘fc,g, f,(,,lc g)’ o4~ ) (l,g ), ch,g)’ g ))) 1(;c(,tg1 ) <0)

exp(V(Wy, €050, €60, 60D allD oD, ZUD))  [(V o <0) }

. 1
set Yc(tél = Yc,gl. Otherwise, set Yc(’g?l = Yc(tg1 ).

1 1 1 1

Step II-1. Simulate z( ) fromP(z,gl cgl’ Ye or Yue g We, (tlg), 6” ) (’g ) all” g),)
by the double M—-H algorlthm, fori=1,...,mgg=1,...,G.
(a) Propose Z; ; from a random walk proposal density g(z;, g|z(t 1))

t t ~ t—1 t—1 t—1 t t

DenoteZg = (zg ;, zt( )1 g,zlg,zt(Jrl é), . z,(,,g ))andZ( ) = (zi ;, ~~’Z§—)1,g’

R Gy Z=1)
lg ’Zi+1,g""’ mpg)

(b) Calculate the implied residuals from the activity intensity equations &, gl =
VO = AT Wi Yoo = XaBY ;Y — Wi o X1 + Win g Xe2)BY .V = Z1pi D -
Wi1.gZg1 + le,gzgz)Pé . lglacg and & g2 = Imy— gt = A, g)Yc g2 —
Xq BY;”—(%Lngﬁ%z,g BY V= Zap\ T = W1 e Zgr + Wi o Zo)pl . -
lgzagtg Denote Ec’g (gc gl,g’c g2)/ To make a distinction, denote §(t b —
(fitgf),ff;z])/)’ with fitgl]) YC('té)ﬂ ’\(t ])WlZg .82 — gerlc — (W11, Xe1 +
Wio g Xe)BY . = Z Vol Y = Wi g Z3E) + Wi e 25 pl 0D — lrally” and
&) = Unymy —A“ ”szgm 2 gzﬂ“ D — (W1 X1 +szg X)BY ) -
ZU D — Wy 20 4 W 2 )l — Ll

1 -1 -z -l
Alsocalculategucg_(Img—/\l(fc )VVg)YuC,g—XgB(’ W XY — Zept ) -

1,uc 2,uc
> t—1 t—1 t—1 t—1 t—1
I/nggpé,uc) - lmgagw g) and g’("c g) = (Img - A( )Wg)Yqug - Xglgi,uc) -
(t—1) (t—1) (t 1) (t—1) (t 1 (t—1)
Wng'BZ,uc Z 1 uc WgZ 2 uc lmg Quc,g -

(c) Given EC, ¢ and Euc, ¢ from (b), simulate an auxiliary network VT/g by R runs of the
M-H algorithm based on

7 z ~ t—1 t—1 t—1
P(Wg|§c,ga fuc,ga Zg7 Bl(g ) E ,8 )7 a;,tc’g))
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~ o~ ~ 1 1 _1
eXp( (W s &e .8 uc .8 Zga H(t ) gtg )’ a(utc,g)))
1 1 -1
E eXp W gc .89 fuc .89 Zg, H(t ) gtg )a aittc,g)))

starting from the observed W,. See details in Step I, part (c). If the obtained auxil-
iary network Wg does not belong to {25 4, reject it and rerun the simulation.

(d) With the acceptance probability equals to

(t— 1))

aMH(zl g %ig

; { P(Yc(tél’yfg’YuCprW(t b, Etgl)’ e ;)’Z&’)
P(Y!

(1— 1) (t 1 =1 (t=1)
o Yeugs Yue,gs Wel0y ™0, allg D allc ), Z47D)

t—1 t—1 t—1 t—1 1 1 ~
(ng( )ggcg)70‘(gv ) ig )’ Eltcg)’z([ )) %(zi,g?ﬂz,p[ﬂ 1}

1 1 1 ' -1 >
(Wg|§c,g’§uc,ga Gfgt )7 El,g) l(llcg)’Z) ‘/VZ(Z[(,tg );MZ>8’IZ)

_ min{ f(EC,g - 0';2;1;( ,?C(tg 1)) fuc,g) EXP(V(Wg,Ec g Euc g e(til) a(tgl), Efc ;)7 Zg))
R — o (o i sV 55 4 0ol 20V

1 1 1 1 1 1 ~
exp( (I/Vg g(t )’g(utcg)re(t ) (tg )7 Eltcg)’z(l ))) </%7(zi,g§I-‘«z,gaI[) 1}

(—1 -1 -1 ’ -1 ’
exp(V (Wg,fe,gsfwvgﬂg ), g,g) (ucg)’Z ) f/’/é(zf,g "z I

{ ) =2, ¢. Otherwise, set 20— =D,

setz ig ig

Step 1I-2. Simulate ;Lgt,) by a standard Gibbs step, from

>(1)
(=1 _(t=1) (z 1 () o MgZy 1 _
P(Mz(g)| cgl’ Yue, ga(Y)c .87 Wg,e s Qyc,g > Z ) & JVK(mg+1/;2’ mg+1/921€)’
t 1 t
where Z, ' = Zl 1Zig"

Step III. Slmulate »® from P(¢|{Y(’)1} {(Ye.ohs (Yuc,ghs (Wel, {2}, YD) by the
double M-H algorithm, where Y~D denotes the remaining parameters evaluated at
the (¢ — 1)th iteration, including {Géffl)}, {aif{,?} and {a(’ 1)}

(a) Propose ¢ from a random walk proposal density g(¢|p D).

(b) For g =1,..., G, calculate the implied residuals from the activity intensity equa-
tions
f(t % Y(t) )\(H)le,g g2 — ng(t b — (M1,gXg1 + Wiz g gZ),B(t b
Z(r) (z 1) (W ,gZ n legz“))p” D a3 and gD = gy —

c,82
1 1 1 -1
(t VVZZ g)Yc g2 — XgZB(t b - (I/VZlg gl + I’VZZg gZ)B(t ) - Zétz)p(ltc ) -~
(VVZLg + Whs gz(l))p(f n _ l a(f 1) Denote f(t 1) — (ggfg:) g(f 1y Y. Also

calculate Eld = (Iny — A 1>Wg)ym’g _ X, BUD —w,x, Bl Z(r) (1) _

1,uc 2,uc g luc
H (t—1) 1
I/VS’Z( 2uc lmga’(“’g)'
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(c) Forg=1,...,G,given £'; D and g&’cjg) from (b), simulate an auxiliary network W,
by R runs of the M-H algorithm based on

~

1 1 (-1
(- - 0 % yu-iy_ PV (Wg’ €50 g 28, 6. YY)
P(Wlgls D, el 70§, y =)

~

Zexp (t 1 fgttcé)’z(t) d’,Y(t_l)))
w

starting from W,. See details in Step I, part (c). If the obtained auxiliary network
I/T/g does not belong to (2; ¢, reject it and rerun the simulation.

(d) With the acceptance probability equal to

amu($, ¢7D)

G PO sy 20, 6, YY)
=min) [ ] P(Welel- D, €0-D Z0 (=D y @)

uc,g

g=1

uc,g

~

(W|§(I 1)’§(l 1) Z(I) b, Y(t*1))

uc,g

(W|§(t 1 g(f 1) Z(f) d)(t]),y(fl)))

‘/1/2§+E]+Z+ﬁ+2(¢|¢07 @0125+51+g+;,+2) . [($ €0) }
1 1 R
‘/I/2§+q+l7+il+2(¢(t )|¢0’ ¢012§+E]+E+i1+2) I(¢([ ) € O)

exp(V (Wg £l 1),&}6 ;)’Zm ¢(r-1>’y(t_1)))

g=1
y exp( (Wg, §(t 1)’ §z<fc é})’ Z(t) ¢(t71)’ Y(tl))))

exp( (Wg,f([ 1)’§(l 1) Z(t) d)’y(t*l)))

uc,g °

’/1/2§+51+l7+/_l+2(¢|¢0a q>012§+q+[+fl+2) . 1(&; e 0) 1}
1 — ,
Nsrarivie2 (@100, Polyg a1 70740) (970 €0)

set ¢ = q~5 Otherwise, set ¢ = ¢~ 1.

Step IV, Simulate Ay from POucl{V) ), (Ve g (Yue g, (We), (27}, 60, YD) by
the double M-H algorithm.

(a) Propose A, from a random walk proposal density q()\ucM(t Dy,
(b) For g = 1,...,G, calculate the implied residuals from the activity intensity
equations Zucg = (Imy — AucWe)Yueg — XeB o' — WeXoBY ot — 2 o) —

1,uc 2,uc 1,uc

1 1 -1 1 -1
Wgzét) (b _ lmgagc g) and fz(jcg) (Img - /\([ )Wg)Yucg Xglg(t )

2 uc 1,uc

(1=1) (l) (t-1) (1) (1-1) (1=1) (1= (1)
WngBz,uc —Zg Pl uc —WeZg'p P3. e — Imganc.g - Also calculate ¢, gl = YC i

t—1 t—1 t—1 t t—1
)\(c )I/VIZ,g c,g82 — ng( ) - (W1 .8 gl + W .8 gZ)B( b - Z( ) g ¢ ) —

1 1 1 -1
W16 28 + Wi Zpl T — L1l and €00 = Ly — AL )%z,gm,gz—
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1 1 .
X ﬁ(t " — (Wi X1 + Wang gZ)B(t b zWpD (WZl,gZ;?‘FI’sz,ngZ))X

g2 1,c
1 1 1 1 :
ch ) lgzactg ). Denote g(’ ) — (fifgl) ’fggz) ).

(¢c) Forg=1,...,G, given guc ¢ and §(t Din (b), simulate an auxiliary network VT/g by
R runs of the M-H algorithm based on

(I/Vg|§uC 8> gct b Z(t) (b(t)a Xuc, Y(til))

= exp( (Wg’ guc s8> g(t 1) Z(t) d)(t);XMCy Y(t_l)))
 Z eV B 5 27 60 K YD)

starting from W;. See details in Step I, part (c). If the obtained auxiliary network
W, does not belong to (25 g, reject it and rerun the simulation.

(d) With the acceptance probability equal to
amu (Aue, ALD)
. { G< P(Ygfgl,Yc,g, Yuego Wel Z0, 60, Ko, YD)
= min 1_[

) t t —1 -1
P(chlaYC,gaYuc,g,Wg|Z§),d)(),/\Etc ), yU-Dy

g=1

uc,g

(Wé’|§ucg7f(t b Zm dD, Nucs Y(’—D)

P(Wyleld €850, 280, cb(t),/\ﬁtﬂ),y(t—l)))

« I()\uc € [_I/Auc,Ga 1/Auc,G]) 1
I(AEZC_U € [_I/AMC,G: 1/Auc,G]) ’

—min{l_[ (f(§<t n_ éicf;(ogftgfv)—%c,g) g =KWl fGue)
FED ol Do) T D) g = NTPW] (€0

5 exp(V(W, €071, €00, 20, ¢®, A&, Y(fl)))>
CXp( (I/Vga §cg ’gucg Z(t) ¢(I) Y(l‘ 1)))

I(Xuc € [_1/Auw 1/Auc]) 1
X ) ’
I(Aﬁfc_l) € [—1/Aye, 1/Auc])

set A\ =X ,.. Otherwise, set A = AL,

Step V. Simulate A" from P(), |{Y(t)1} Yeohs (Yue o), (Wel 1280}, 60, AL, Y1)
by the double M-H algorithm.

(@) Propose A, from a random walk proposal density g(Ac[AY ™).

(b) Forg=1,..., G, calculate the implied residuals from activity intensity equations
1 1
fc,gl Yc(gl /\ I/V12g c,82— ngl,Blc (I/Vllg g1+I/VlZg gZ)B(t ) Z(I) (1tc )~
1 1
(I/Vll,gzgl + W2 gZ(t))p(l ) lglaglg ) and gc,gZ = (Img—mg1 - ACI/VZZ,g)Yc,gZ
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(©

1 1 1
XeaB', Y — Mo g Xg1 + Wap o X2)BY D = Z0 0D — (War o Z) + W Z88) x

g2 1,c
pé’c” lpal's". Denote Z., = (Z, . %, ,)". To make a distinction, denote

1 1 1 1y —1y -1

§gg ' = (gitgl) aff;tgz)) with §([ ) and §£fg2) calculated based on AY™V. Also
1 -1 -1 1

calculate §£fcg) = Um, — A(t)Wg)Yucg Xgﬁ(’ ) _ WngB(t ) Z(z) (=1 _

1,uc 2,uc 1 uc
(1) (1=1) (t—1)
Wng 2 uc lmgauc,g .

Forg=1,...,G, given & ¢ and gifc‘,;) in (b), simulate an auxiliary network I/T/g by

R runs of the M-H algorithm based on

P(WylEeg, €50, Z(0, 60, A0, Ko, YD)

_ eXp(V(Wg’ gC,g, §£fc gl), Z(t) d)(t> )\(t) Y(t 1)))
ZCXP(V(W9 EC,ga fifc gl),Z(t) d)(t) )\(t) Y(t 1)))

starting from W;. See details in Step I, part (c). If the obtained auxiliary network
W, does not belong to (25 , reject it and rerun the simulation.

(d) With the acceptance probability equal to

amu (X, AYD)

X Y -1
—min{ . ( P(Y, g1> Yegs Yaue, g,WgIZ(’) ¢, A0, R, YUD)Y
PVD Ve g Yuer Wel Z0, 60, A0, 26D YD)

Cgl’ uc?

g=1

(W|§(t 1) fffc gl),Z(t) d)(t) A(t) /\(tfl) Y(fl))>
P(WylZerg, €40, 20, 0,20, X, YD)

% I(;\c € [_1/AC,G> 1/AC,G]) 1
IAY e[=1/A06,1/AcG1)
~ ~ — —1 _
. { ( gy = AW glf (Feig — o D (og V) T Ely)
= min
g=1

gy = MW | £ (€150 = o D (07 0) D)

o

eXp(V(Wg7 gc .85 f(t 1) Z(t) d)(t) )\(t) Y(t 1)))

uc,g ’
eXP(V(W (t 1) ifc gl)’Z(t) ¢(z)’/\£ltg,/\£t D,Y(t_l)))
y exp(V ( (r b, gl gl)’Zm 0, A0 /\(H) Ygl))))
exp( (Wg,fc,g,fifc ;),Z(’) oW, )\(l) oYU 1)))

I();G[_l/ACal/Ac]) 1
X ) ’
I(/\E,t_l) e[-1/A, 1/Ac])

set A =A.. Otherwise, set AL = AU™D,
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Step VI. Simulate B from P(Buc|{?§’§1},{Yc,g},{Yuc,g} Wb, (257}, 9O, A0, A,
Y= by the double M-H algorithm.

(a) Propose B, from a random walk proposal density g(B.c| Bl Dy,

(b) Forg=1,..., G, calculate the implied residuals from activity intensity equations
= = 5 1 1
fuc 8 = (Img /\(I)Wg)Yuc g Xngl,uc - VVng,BZ,uc Z(t) gtuc) WgZ(t) gtuc)

1 1 1 1 1
Inmgatlic.y’ and €licg’ = (Iny — Ml We) Yue,g — XgBY 1) — I/I{ng,B(t 'z e -

1,uc 2,uc 1 uc
(1 (1) (r—1)
W, Zg 2 uc lm&auc g

Also calculate f(t b _ Y(t) — AE'I)I/VD,gYC,gZ - ng(t b - M1 gXq +
1 1 1 1 1
VVlZg gZ)B(t ) Z(l) (f ) (ngZ(t)‘l‘VVlz,gZ(t))P(t )_l (X(t )and g(f )
1 1 1
(Im(g mgl_)\g)WZZ g)Yc g2 g2,8(t ) (W21g g1+W22g gZ),B(t ) Zg,tz) (1tc -
(WZLgZ() + Wy gZ(t))p(’ b lgzagfgl). Denote g“ - gzgll),
(=1
50,82 )"
(c) Forg=1,...,G, given fuc ¢ and 5(’ D from (b), simulate an auxiliary network Wg
by R runs of the M-H algorithm based on

PWyluerg €451, 210, 60, A0, A0, B, YD)

uc?

exp(V(We, Eucgs €655 2, 6 ML AL Bue, YUU))

uc?

S (V. Fuce €85 2 6O AL AD Bues YD)

starting from W;. See details in Step I, part (c). If the obtained auxiliary network
W, does not belong to (25 g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

aMH(Buc; B(t 1))
_ {G( PV Yoo Y Wel Z8, 6@, A0, A0, Bue, YO)
= min
g=1

c,gl’ uc?

P(Y(t) Yc,g, Yuc,g, Wg|Zét), d)(t)’ 2D )\(f) B&f;l)’ Y(I*U)

c,gl’ uc?

uc,g >

(I’Vg|§uc 8> gét b Z(t) d’([), Az(fga )\Et)’ Buc, Y(t_l))

(Wg|§(t_1) ggt 1) Z(l) (150),)\5}2;/\?),3556_1),Y(l_l)))

Nk (BuelBo» Bolax) 1}
Mk (BYV1Bo, Bolak)

g(t 1) (t 1)/ 2(t-1) flzuc ~
=min{n< f( f““ -8 (0-&& ) g) f(fuc,g)

f(g(t 1 _ (t 1)( Zc(zg 1)) fz(fc gl)) f(fifcfgl))
exp(V(We, €05 " Eue.gr 2§, 81, M, A Bue, YU 7))

fucc g
uc?

X
xp(V (Wi €05 60D 250, 60 AL AL, B D, YD)

uc,g
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o ) )
exp(V(We, €51, €lg), Z80, ¢, A2, A0, gD, v 1))))
xp (VT € B, 28, 00 N2 AL Bue, Y1)

» Mk (BuclBos Bolax)
i (B4 1Bo, Bolak)

set ,B(Mtc) = Buc. Otherwise, set B,(fc) =BYr 2

Step VII. Simulate B from P(Bel{Yy'yy}, (Ye,gh {Yucughs (Wed (2§}, 60, AL, AL,
B, Y= by the double M-H algorithm.

(a) Propose ,E; from a random walk proposal density q(,86|,8§t_1))-

(b) For g=1,..., G, calculate the implied residuals from activity intensity equations
Lot =V = A Wha g Ye 0 = X1 Bre = Wit g X1 + Wia e Xo) Boe — Z4) ol =
(Wi g Zg) + Win g Zhps ) = Inally” and & o = (Iny-myy — X Wan ) Ye g2 —
X2Brc — War g Xg1 + Wan g X)) Bae = Zp' e = (Way o 205 + W o Z3)pS . —
zgzagfgl). Denote Ec,g = (E’C,gl, Ei;,gz)/- To make a distinction, §g§1) = (§£f;11)/,

gg;zl)/)’ is calculated based on B'~". Also calculate £ ;" = (I, — A" We) Yie g —
t t t -1 -1 -1
XgB( ) - WngB( e Zé’ )P([ ' Wgzét)p(t - lmgagc’g)'

1,uc 2,uc 1,uc 2,uc

(c) Forg=1,...,G, given Ec, ¢ and g{fgg) from (b), simulate an auxiliary network VT/g

by R runs of the M-H algorithm based on

~

P(Weléegr g Z¢ 61, M AL B, Be, YY)

uc,g >

eXp(V(Wg’ gC,ga g(til)’ Z(g)a d)(t)a ASJC)’ Agt)’ Bgc)’ BCa Y(til)))

uc,g

D exp(V(W, €cg, €g), 2, 6D, A0, A0, B, Be, Y1)
w

See details in Step 1. part (c). If the obtained auxiliary network Wg does not belong
to £ ¢, reject it and rerun the simulation.

(d) With the acceptance probability equal to

a(Br, BYY)
. { G ( P(Yc(fgl’ YC,ga Yuc,ga Wg|Zé(7t)a (b(t)a /\gfga /\E‘t)a ng’ Ela Y(til))
= min 1_[
p

v (1) -1 -1
(Yc,gl’ chg’ Yuc,g, VVngét), d)(t)a /\54[2’ /\E'[)a Bgfga Bgt )’ Y(I ))

g=1

uc,g uc» uc»

PWylbuc, €057, 20, 80000 A0, B2 B YO0)

5 P(Wg|§(t_1), féf;l), Zét), ¢(I)’ AD )\gf), B(f) ’Bgt—l), y(f—l))>

Mk (Btl Bos Bolax) 1}
Mk (B 1Bo, Bolak)
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(Lt D
FE" — ot ey ) e

exp(V(We. Eego £licg - 2. ¢ ML AL, B, B YD)
exp(V(
(

We, €00, 6D 70, 6@ N0 A0, g1, gUD YD)
’ - Cc >

ucg> uc> uc>

. exp( Wg, g(t 1) z(jc g})’ Z(t) <l'>([), )\l(ltg’ /\(t)’ Bz(fc)a gtfl)’ y(tl)))>
exp(V(Ws, e, €470, Z<’> LoD AL A, B, By, YD)

Mk (Bil Bos Bolag)
M (BE™V1Bo, Bolak)

set ,Bgt) = B;. Otherwise, set ,B(Ct) = Et_l).

Step VIIL Simulate py from P(pucl{Vig b (Ve gh (Yue,gh (Wb AZ7), 60, N, AL,
O ", y=D)y by the double M-H algorlthm.

(a) Propose p, from a random walk proposal density g(pyc| p;’g”).

(b) Forg=1,..., G, calculate the implied residuals from activity intensity equations,
Euc 8 = (Img AU)Wg)Yuc g XgIB(t) - WngB([) Zg)Pl uc — Wgzét)PZ uc —

1,uc 2,uc
t—1 t—1 t t t 1) (t—1
lmgagfc 8) and fi{c,g) Z(Img _/\&C)%)Ymg Xgﬁg )uc_VVng'BéLC_Z() guc)
(1) (1=1) (1=1) (t=1) () () (O
WeZs'p P3 e — Imgauc.g . Also calculate £ el YC g1 —Ae WigYe g2 — Xg1By .

1 1 —1

(Wh1,gXg1 + Wi g Xe2) B, — Zp{' 7 — Wy gz + Wis g Zipy e lgla‘cfg )
1

and fétgz) = (Imgfmgl - )\c I/VZ2 g)Yc g2 — g2,81 < (Wa1,6X 83 gl + W .8 gZ)Bg)C -

1 1 1 1 1)
Z3p gy (Wa1 o Z33) + W o ZEpS Y = Iy 205V, Denote £050 = @&,
g(f 1)
c,g2

(c) Forg=1,...,G, given .fm ¢ and gcf D from (b), simulate an auxiliary network I/T/g
by R runs of the M-H algorithm based on

PWylZue,g €450, 20, 0, 10,00, B, BY), e, Y1)

uc? uc>

exp(V(Wg, Euc.gr E051, 28, 00, A0, 0D, B, B, Bue, YITL))

uc? uc?

Zexp (W, Eue,gr €050, 2, 0 ML AL B B, Bue, YD)

starting from W;. See details in Step I, part (c). If the obtained auxiliary network

I/T/g does not belong to (25 ¢, reject it and rerun the simulation.
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(d) With the acceptance probability equal to

aMH (ﬁuc’ pz(fcil))
. ﬁ PV Yeugs Yuegs Wel 2§, 60 A0, 00, B2, B pue, Y1)
= min POPD. Yoo, Yoo Wel ZW, 60, A0 A0 g0 50 G=1) (=D
8 82 g1 g c

c,gl’ uc»

uc>

g=1
P(Wlel D, €450, Z0, ¢, A0, A0, B, B, pll D, Y= 1))>

uc,g uc>

(Wg|§uc g’g(l 1 Z(l) ¢(t)’A(t) /\(t)’ﬁ(t) B(t)”" ,Y(t_l))

uc>

uc?

M (Puclpo, Rolae) 1}
M0 (pl P 1pos R()Izz)

(t n_ (=1 2(t 1) "
_mln{r[(f(g fucc,g( Eeg ) 5”" 3) f(guc,g)
B 1 2 1 —1
F(E4D = ol D (@2 D) T D) f ()
exp(V(We, €6 Eucse Z(’) ¢, AL AL, B, B, Bue, Y1)
V(W 605 0 4 5NN B B oD Y]

1 1

exp(V(We, €051, &y, 240 610, AL A0, Bl B pla P Y™ 1))))

1 ~ —
eXp( (Wg7 g(t )7 fuc,g, Zét)a d)(t)a Al(jga /\E’[)’ B&tgﬁ Bgt)7 p Y([ 1)))

Noe(Puclpo, Roloe)
M0 (pl P 1pos Rofzz)

©) (1) (t=1)

set pye = puc. Otherwise, set py,c = pyc

Step IX. Slmulatepc)fromP(pCHY(t} {Ye,ghs {Yuc,g)s (Wel, {Z(t)} e A0 AP g
B, pif), Yt=1) by the double M-H algorithm.

(a) Propose p. from a random walk proposal density g(p| p?‘”).
(b) Forg=1,..., G, calculate the implied residuals from activity intensity equations,
gc,gl Yc(t;] - /\gt)I/VlZ,ch,gZ - gllBgtc (VVll ,83gl + I/VlZ,g gZ)B g])ﬁl [

~ 1
(VVll,gZ + W2 gZ(tz))PZC -1 1a(ctg ) and fc,gZ = (Img—mgl - Ay)WZZ,g)YC,gZ -

XgZB(t (W1 8 gl + I/I/Z2g gZ)B(t) - Z(zpl c— (W2 gZ(l) + I/V22g (l))HZC -
lpaly Y. Denote &, = (& gl,f ¢2)'- To make a distinction, &y D — g

c,gl

§£’g21) )" is calculated based on Bct D Also calculate 55’6 gl) = (Im, — /\(’)W ) Yuc,g —
) () ()] (l) (1) (1) (t=1)
XgBI,uc_WngBZuc_Z P1,uc Wng p2uc_lmga”Cg

(¢c) Forg=1,...,G, given fc ¢ and guc ;) from (b), simulate an auxiliary network Wg
by R runs of the M-H algorithm based on

P(Welée, Elegs 20, 60, M2, N0, B2, B, plids e, YITI)
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~ 1 ~ 1
exp(V(W. B, 6450, 200, 60 A0 AP, B0, B0, ). e, Y1)
TSV B B 270 NN LB o V)

See details in Step I. part (c). If the obtained auxiliary network I/T/g does not belong
to £ ¢, reject it and rerun the simulation.

(d) With the acceptance probability equal to
amu (pe, pY)
P(V i1 Yo Yueg- WelZ§), 81 ML N, Bl B plid. e Y1)

G
_mln{l_[( Cgl7
- (1) t (t—1 -1
NPT, Vo Var W20 80 A AL B B ol D, YD)

-1 -1 t t t t t t n (-1 -1
P(Wlélicg €517, 20, 60 M MY BL2 BE plid oD Y >)>

1 _
(Wg|§mg,§£’ ) Z(” LoD AL A0, B0, B, p1), B, YD)

N N (Pelpo, Roloe) 1
M (pYV1po, Rolae)

E (t=1) (20=1) (=1
= min ﬁ( f(§Cg_a-§u<-cg( g ) futcg)
0D — oD (g2D) gDy

[

f uce,g

eXP(V(Wgs gC 8> f,(jc g1)7 Z(t) d)(l)s )\;?7 )\gt)’ Byc)’ Bét)7 P,(jg)y 56’ Y(t_l)))
1 1 1 -1
eXp(V(W (t ) gttc g)’ Z(t) d)(t)’ Ait?’ Ai‘t)’ B(utc)’ Bg‘t)a pf,ttc)7 pct )? Y(t )))
1 1 —
SO 0 18,20 0000 0 0 00
1 ~ _
exp( (Wg5 gc,g’ f,(jc g) Z(t) d)([)’ /\gc)7 )\gt)7 Bf}c)7 Bgt)a p1(,¢t5)7 P C» Y(t 1)))

A2 (Pelpo, Roloe)
M0 (p{"V1po, Rola)

set p( - = p¢. Otherwise, set p(t) p((f b,

Step X. Forg=1,..., G, simulate (Té(,t) from
P(Ug|Y( ) Yc,g, Yuc,ga I/Vg, Zét): q")(t)a Al(tlc)’ A(t)’ l(llc)’ Bgt)a pg,ttc)a pgl)a Y(til)) bY the stan-

1g >
dard M-H algorithm.
(a) Propose o, from a random walk proposal density g(oy| o-é(,[*l)).
(b) Calculate the implied residual from activity intensity equations, §(t Yc(tgl -
AW g Yoo — Xa1BY) — Wi gXg1 + Win o Xe2)BY) — Z o\ — (Wi Z3) +

t 1 1
I/VlZg ())P(t) - lglaétg ) and gitgz) = (Img—mgl - )\E)I/VZZ,g)Yc,gZ gZIB(t) -

(t t t t t 1
(Wa1 ¢ X1 + Wap o Xp2)BY), — Z3p') — (War o Z3) + Wi o Z0)pS) — Igaadly .
1 1y (t=1Y -1
Denote §(t ) = (§£tg1) gitgz) Y. Also calculate §ffcg) = Imy — )\yc We)Yue,g —
@) (%) &) (1) () (t) (1=1)
Xgﬁl,uc_WngBZ uc_Z P1,uc WgZ P2 uc lmgaucg
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(c) With the acceptance probability equal to

aMH(a' |a'(t 1))

~ —1
. {( P(chl’YCg’Yucg’Wg|Zg),¢(’) A<t> )\0‘)’35}) ng’p;tc)’pgt)’a y( )) )
= min
PV, Yo Yue,s Wel 287, 6,202,280, B, B, plR2, p0, o =0, YU71)

uc?

% %(Ugm'(];zo) I(og€Ty) }
Mo Doy, %) 1(of D eTy)’

:mm{( f(f(t Y o-é:uccg(a-f() glstC ‘g})’ ~) . f(fgltC (‘})’ N) )
f(gggl) (t 1)( ;Etg 1)) fi@,;)§0(171)) f(fffc,l)y (t— 1))
N3(Tglog, 30) 1(5 € Ty) }

,/‘6( (1= 1)|0'() 20) 1(0'([_1) € Tg) ’

§ uce,g

(1) (1) (t— 1)

set oy’ = G,. Otherwise, set oy ° = oy

Step XI. Forg=1, ..., G, simulate auc ,¢ from

1
P(auc,g|Y1g , Ye .87 Yuc .85 Wg, Zéft)’ (;b(t) /\gttc), /\(t) 1(416)7 BEI)a Pffc)’ pgt)a U"g(fl)y agtg )) by the

double M-H algorithm.
(a) Propose @, ¢ from a random walk proposal density g(ayc, g|auc g))

(b) Calculate the implied residuals from activity intensity equations, Euc, g = Um, —

) (1) ) ) (t) (1) (f) ~
AucWedYue,g — XgBy e = WeXgBsue = Zg Pr1ue = Welg Py — lmgQucyg and
(=1 _ () () () (t) (t) ) (t)
Euc 8§ (Img - /\”CVVg)Y”Cg - Xgﬁl,uc - WngBZ,uc Z Py, uc WgZ P2 uc
1 .
lmgagfc g) Also calculate f(t ) Yc(té),1 - )\g)le oY g2 — ngl e — M1 gXg1 +

1 1
WiaeXe2)Bs, — Zg)py. — W gz + WiagZGpy, — lpagy and &) =
t t

(Img—mg1 - /\( )I’VZ2 g)Yc g2 — gZBl ¢ — (W2 .8 gl + I/VZZg gZ)B(t) Zé(ytg) i)c -

1 1 1 1
(Wa1,g Z38) + Wan s ZEpY) — el Denote ¢V = (¢, €1

(c) Given fuc ,¢ and fct D from (b), simulate an auxiliary network I/T@ by R runs of the
M-H algorithm based on

(Wg‘fuc 8> g(t b Z(t) ¢(t)>A§,¢t27)\£t)7 B(t) B(t)a P&), PEI), % a Lg> (f 1))

uc>
exp( (VVg; fuc 8> ‘f(t b Z(t) ¢(t)a/\1(4t2:)\((;t)> B(t) B(t)> p(ut(,): Pgt), " & aucg a( 1)))

uc?

S eV V. B €05 287, 80 A A0, B0, B0 02 60 00, a0l )

See details in Step I, part (c). If the obtained auxiliary network Wg does not belong

to £ ¢, reject it and rerun the simulation.
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(d) With the acceptance probability equal to

aMH (auc,ga aif{,;))

. {Pm‘f;l,m,g, Yoo Wl Z0, 60, A0 A0, B0, B o2 o, 080 B iy

™, 1 1
P(Y1 Yuess Yo Wel Z, 60 M2 A0, B2 B il o 0, ifcgh 4
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</V(auc,g|a07AO)
N (@ Ve, 49)
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e ol () Teid) ()

gmé
L PV Sucgs &5 27, 60 Ml K Bl B ol P 03 B )
exp(V(We, Eiicgs €85 Z<’> ¢<’%Aifz,A“),BE,?,BE’%pL?,pE’%a“) Efcg”, )
PV, glcy) 667, 2" 0, Ml A0 B2 B pids o 03 e 1)))}
exp(V(Wg. Eucg: €15 Z<’> ¢ AL A B B ol ol o 0 e !y "))

</V(Oluc gl@o, Ao)

—7 1}
A (et 1, Ao)

set at) ¢ = Fuc g Otherwise, set al) , = atye. ;)

Step XII. For g=1,..., G, simulate am from
t t 2 2(t
P(a, g| lg s Yc,ga Yuc,ga Wg, Zé )a ¢(t)7 )\(utc), )\g ), Ettc), (ct)a giz)g gL(g) gc) agfc) g) by
the double M-H algorithm.

(a) Propose @, ¢ from a random walk proposal density g (., g|act 1))

(b) Forg=1,..., G, calculate the implied residuals from activity intensity equations,
gc,gl = Yc(tél — )\E-t)VVH,g c,g82 — Xg1[3§fc (M .8 gl + I’VlZ,g gZ)B(Z) gl)PY,)C -
(VVll,gZ(t) + VW gZ(t))P lglacg and fc ,82 = (Imgfmgl - AE)VVZZ g)Yc g

XpBY, = (Wat g X1 + Wan g Xe2) B — zip\". - <%1gz<’)+%zgz(”>p‘” —

(t— 1) (t— 1)
c,gl §c ,82

is calculated based on act D Also calculate §§fc), ¢ = Um, — (t)Wg)YuC g —Xg BgtL —
Wng,B(t) _Z(f) (1) WZ(t) (1) _lmgaggg

2,uc 1uc Zuc

ngac g Denote fc 8= (gc .81’ f gZ)/ To make a distinction, §(t b_ = (¢

(c) Given §C ¢ and fuc .¢ from (b), simulate an auxiliary network I/T/g by R runs of the
M-H algorithm based on

(W|§L 8 fucg,Z(t), (b(t)vA(u?:)\gl)’ B(ulc)i B(Z)ipifc)>p£‘t), (t) (uc)g,ac g)

_ exp( (Wg’ §¢ .87 gyc)g’ (t)’ ¢(Z)’ /\gltc)’ Agt)v ng? o pl(,{tc) pgl)’ &, Ettc)g’ ac g))
t t t t t t t ~
ZeXp W géga 51(42,87Z§l): d)( )’)\1(,;2:Aé)’ngc)’Bg)’pfjg:pg)> () gw)énacg))
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See details in Step I, part (c). If the obtained auxiliary network I/T/g does not belong
to {25 ¢, reject it and rerun the simulation.

(d) With the acceptance probability equal to

amH (e g aé{g”)

] PV Ve Yo WGIZL0 . 60 X0 A0 B B pl0 10 080, 0l . )

n
—(t 1
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tcg §u( .8
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set aﬁfé with @ ;. Otherwise, set aE’ ; = aét g 2

APPENDIX E: SIMULATION STUDY

In this Appendix, we conduct a simulation study to examine the finite sample perfor-
mance of the Bayesian MCMC sampler proposed in Section 3. The simulation study is
designed to accommodate four different purposes.

First, we carry out a Monte Carlo experiment (with 100 repetitions) to demonstrate
that the MCMC sampler can successfully recover the true parameters from the artifi-
cially generated network data. Second, the same Monte Carlo experiment can be used
to show the issue of model misspecification and consequent estimation biases. Third,
using samples from one simulation repetition, we begin the MCMC sampler with differ-
ent initial values to see if the Markov chains converge toward the true values within a
reasonable amount of draws, that is, examining the issues of nonconvergence and the
slow mixing of the Markov chain. Fourth, we also report the computation time required
by network samples of different sizes to offer users additional information on the feasi-
bility of our approach.

We design the data generating process (DGP) throughout the simulation based on
the exponential distribution of equation (6). Continuous (uncensored) activity variables
are generated by the activity intensity equation of equation (7), and censored activity
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variables are generated by equation (5). We set the network size for the uncensored
case at 30 and the censored case at 40—to compensate the loss of information due to
censoring—and fix the number of networks at 30, that is, there are 900 and 1200 individ-
ual observations for the uncensored and censored cases, respectively, at each simulation
repetition.

In the activity intensity equation (9), we generate the exogenous variable X from
a normal distribution .#7(0, 4). The group fixed effects are generated from .4'(3, 1) for
the uncensored case and .4 (—1.5, 1) for the censored case. The disturbance term ¢ is
generated from .47(0, 0.5). The latent variable Z is specified as one-dimensional and
generated from .47(0, 1). For the other effects on network formation, the local network
effect is specified based on equation (8). We include a constant term and a dyad-specific
exogenous variable c;; that is generated as follows: first, we draw two uniform random
variables from U (0, 1), denoted as U; and U;. If U; and U, are both larger than 0.7 or
less than 0.3, then we set ¢;; to one. Otherwise, we set ¢;; to zero. We also include the
distance of latent variables | z; — z;| as part of the local network effect. The global network
effects are specified according to equation (10). All true parameter values of the DGP are
reported in the second column of Tables E1 and E2.

Each artificial network W is simulated by the M-H algorithm from an empty net-
work based on the exponential distribution of equation (6). The following steps are im-
plemented iteratively corresponding to the local and global updates in Step (c) of the
pseudo MCMC algorithm in Section 3.4. Activity intensity variables are simulated along
with networks. The M-H algorithm runs through the entire network for a total of 10,000
iterations, and realizations of the network and activity intensity variables from the last
iteration are used as the data. The networks generated out of the design have an average
out-degree of 3.6978 for the uncensored case and 2.6458 for the censored case; the av-
erage density is 0.1275 (uncensored) and 0.0678 (censored), and the average clustering
coefficient is 0.0493 (uncensored) and 0.0263 (censored).! These network statistics are
comparable to those of the empirical samples in Section 5. The generated uncensored
activity variable has a mean of 4.0767, and the censored variable has a mean of 1.1923. A
total of 21.67% of the observations are censored.

To estimate the model, a total of 50,000 draws were simulated using the double M-H
algorithm discussed in Section 3.3. The values of hyperparameters in the prior distribu-
tions described in Supplementary Appendix C are set as ¢y = 0; &9 = 10; By = 0; By = 10;
po=0; Ry =10; o9 =0; 3y = 10; g = 0; Ay = 400. These specified values of hyperparam-
eters are chosen to form very flat prior densities over the range of parameter spaces so
that estimation results are less influenced by choice of priors. We discard the first 10,000

IThe out-degree for individual i in group g is calculated by " jWij,g- The average out-degree is
2. 2 j2i Wij,g/ mg. The network density is obtained by further dividing the average degree by (m, —1). The
clustering coefficient is calculated as the total fraction of transitive triples in the network, that is,

Z Wij,gWjk,gWik,g
i jAi k#L, ]

> s

i;ji kAL ]

C(Wy) =
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draws and use the remaining 40,000 draws to compute the posterior mean as a point
estimate. We summarize our findings from the simulation study below.

First, we report respectively the Monte Carlo simulation results for uncensored and
censored activities in Tables E1 and E2. For both activities, we find that the proposed
Bayesian estimation can successfully recover the true parameter values when the correct
model—“full” model—is used. We also estimate four nested models under the full model
to examine consequences of model misspecification: the “no latent” model that ignores
the latent variable from network formation and activity intensity; the “no global” model
that ignores the global network effects from network formation; the “latent only” model
that only includes the latent variable; and the “activity only” model, that is, equation (7),
that regards a network as exogenously given and only estimates the activity intensity
equation. The results reveal different levels of estimation biases in these misspecified
models.

When ignoring the latent variable, the “no latent” results show significant upward
biases of the endogenous peer effect (A) in equation (9) and some of the global network
effects (e.g., 11, 12, and 7s) in equation (10), and there is a significant downward bias on
the incentive effect (6) in equation (1). These results demonstrate that omitting latent
variables that affect both activity intensity and network formation not only causes an
upward bias on the estimate of the endogenous peer effect (Hsieh and Lee (2016)), but
also biases the estimates of other network effects.

When ignoring the global network effects, the “no global” results show that the es-
timated incentive effect (§), which confounds with the uncontrolled global network ef-
fects in equation (1), becomes upward biased. Meanwhile, since the incentive effect and
the endogenous peer effect () are highly interdependent through the activity intensity,
the upward bias on the estimated incentive effect also leads to the downward bias on
the estimated endogenous peer effect. These results reveal the necessity of controlling
the global network effects in our network formation model.

When ignoring the global network effects and the incentive effect, the estimate of
endogenous peer effect (A) is also upward biased in the “latent only” results. This high-
lights the importance of the new avenue explored with our network formation model,
that is, the incentive effect, in which the issue of network endogeneity on social inter-
actions can be formulated, as well as extending the existing literature of jointly model-
ing network formation and interactions with latent variables (Goldsmith-Pinkham and
Imbens (2013), Hsieh and Lee (2016), Johnsson and Moon (forthcoming)). Finally, the
results of the “activity only” model display the most severe upward bias on the endoge-
nous peer effect (A) among the four misspecified models due to uncontrolled network
endogeneity.

Next, we inspect the convergence of the Markov chain in our Bayesian MCMC esti-
mation under different initial values to determine if there are issues of nonconvergence
and slow mixing. To implement this inspection, we take the network and activity sam-
ples from the first simulation repetition of the above Monte Carlo experiment and es-
timate the model with the proposed MCMC procedure in Section 3.3. We focus on two
important parameters of the model—the endogenous peer effect (A) and the incentive
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effect (6)—with different initial values to begin the MCMC sampling. To keep the exer-
cise tractable, we let the sampling of other parameters begin with the true values.

For illustration purposes, we consider the case of uncensored activity and present
the results of inspection by the trace plots of MCMC draws in Figure E1 and Figure E2.
To interpret these trace plots, we take the endogenous peer effect A in Figure E1 as an
example. The true value of A in the simulation is set at 0.05 (see Table E1). Accordingly,
we assign five evenly spaced values between 0 and 0.1, namely 0, 0.025, 0.05, 0.075, and
0.1, to start the MCMC sampling. With these five different initial values, we run five in-
dependent MCMC samplings (for all parameters) and plot the first 5000 draws of A in
each chain. The plots in Figure E1 show that regardless of the different initial values, the
draws of A converge and stabilize swiftly near the true value. We also find a similar pat-
tern in the other figures for A in the censored outcome and for 6 in both the censored
and uncensored outcomes; this occurs despite the convergence of é requiring slightly
more draws than A.2 Similar findings are found in the plots for the censored activity case
in Figures E3 and E4.

Finally, we illustrate the computational cost of our estimation algorithm. We focus
on the case of uncensored activity and generate artificial data with different network
sizes of 20, 40, 60, 80, and 100. We fix the number of network groups at 30 given that the
number of groups is less of a concern for computation because we can easily digest the
cost of many groups by applying the parallel computation at the group level.

In Figure E5, we show the computation cost, measured by the average CPU time (in
seconds) of one MCMC iteration for the five studied models (in Table E1); these models
include the full model, three nested network formation models, and the activity inten-
sity equation alone. The timing task is done using a desktop PC having an Intel i7-6700
CPU (4.00 GHz). We see that the computational cost increases exponentially with net-
work size whenever estimation of a corresponding model requires the double M-H al-
gorithm. Taking the median network size (60) in this simulation—which is also close to
the average network size in the empirical study of Section 4—as a reference, completing
the estimation of the full model with 100,000 MCMC iterations will require roughly 155
hours, a manageable amount of time.

2The draws of A and & have posterior means close to but not exactly equal to the true parameter values.
This occurs as a result of one simulation repetition where sampling errors exist.
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APPENDIX F: ADDITIONAL TABLES AND FIGURES

TaBLE E.1. Results of Monte Carlo experiments for the uncensored activity variable.

Full No Latent No Global Latent Only Activity Alone
Parameter True Mean SD Mean SD Mean SD Mean SD  Mean SD
A 0.0500 0.0500 0.0073 0.0679 0.0091 0.0167 0.0052 0.0595 0.0091 0.0846 0.0073
B1 0.3000 0.2817 0.0280 0.2986 0.0283 0.2992 0.0299 0.3038 0.0271 0.2965 0.0281
B 0.1000  0.0927 0.0099 0.1036 0.0196 0.1084 0.0116 0.1317 0.0185 0.1243 0.0214
p1 0.3000 0.2838 0.0605 - - 0.2359 0.0689 0.2713 0.0923 - -
P2 0.1000 0.0946 0.0248 - - 0.0696 0.0316 0.0864 0.0685 - -
Y0 —0.5000 —0.5262 0.0655 —1.9885 0.1387 —1.4266 0.0617 —1.0418 0.0362 - -
V3 0.3000 0.3106 0.0505 0.2733 0.0538 0.3519 0.0723 0.3620 0.0611 - -
V4 —1.0000 —1.1367 0.0715 - - —=1.1137 0.0784 —1.0580 0.0514 - -
n1 0.3000 0.2959 0.0405 0.4401 0.0499 - - - - - -
2 0.2000 0.2172 0.0475 0.3101 0.0602 - - - - - -
n3 —0.1000 —0.1003 0.0084 —0.1098 0.0100 - - - - - -
N 0.0400 0.0418 0.0036 0.0325 0.0042 - - - - - -
ns5 0.3000 0.3023 0.0241 0.4015 0.0285 - - - - - -
6 —0.2000 —0.1976 0.0216 —0.1777 0.0273 - - - - - -
) 0.3000 0.3000 0.0259 0.2094 0.0569 1.0049 0.1001 - - - -
a'é% 0.5000 0.5381 0.1759 0.6852 0.1843 0.6647 0.2403 0.5259 0.1764 0.6740 0.1784

Note: This Monte Carlo study consists of 100 repetitions. The values reported in this table are the mean and the standard
deviation of parameter estimates across repetitions. The parameters A, 81, and B, capture, respectively, endogenous, own, and
contextual peer effects in equation (9). The parameters vy, v3, and y, capture local network effects specified in equation (8).
The parameters n; to ng capture global network effects specified in equation (10). The parameter § captures the incentive
effect specified in equation (6). The parameter o’§ is the variance of error term ¢ in equation (9). In each repetition, we estimate
each of the corresponding models with 50,000 MCMC draws. We drop the first 10,000 draws due to burn-in and calculate the
(posterior) mean of the remaining draws as parameter estimates.
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FiGure E1. Trace plot of MCMC draws for the parameter A at different initial values (for the
uncensored outcome). The true value of A in the simulation is 0.05.
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FiGure E2. Trace plot of MCMC draws for the parameter § at different initial values (for the
uncensored outcome). The true value of é in the simulation is 0.3.

TaBLE E.2. Results of Monte Carlo experiments for the censored activity variable.

Full No Latent No Global Latent Only Activity Alone
Parameter True Mean SD Mean SD Mean SD Mean SD  Mean SD

A 0.0500 0.0492 0.0131 0.0890 0.0157 0.0242 0.0121 0.0568 0.0131 0.1187 0.0147
B1 0.3000 0.2695 0.0169 0.2798 0.0130 0.2726 0.0153 0.2779 0.0122 0.2761 0.0123
B2 0.1000  0.0820 0.0091 0.0880 0.0060 0.0685 0.0085 0.1094 0.0058 0.0935 0.0065
p1 0.3000 0.2464 0.0320 - - 0.2567 0.0615 0.2496 0.0478 - -
P2 0.1000  0.0972 0.0228 - - 0.1145 0.0249 0.1073 0.0401 - -
Y0 —1.7000 —1.6505 0.1155 —2.7295 0.1327 —1.9584 0.0895 —1.7348 0.0502 - -
V3 0.3000 0.3022 0.0426 0.2673 0.0474 0.3211 0.0556 0.3265 0.0530 - -
V4 —1.0000 —1.0715 0.0848 - - —1.0638 0.1144 —1.1122 0.0692 - -
m 0.3000 0.2873 0.0392 0.4504 0.0520 - - - - - -
2 0.2000  0.2085 0.0487 0.2107 0.0684 - - - - - -
3 —0.1000 —0.0998 0.0099 —0.0975 0.0129 - - - - - -
N4 0.0400 0.0391 0.0041 0.0352 0.0044 - - - - - -
ns 0.3000 0.2802 0.0325 0.4073 0.0370 - - - - - -
76 —0.2000 —0.2062 0.0252 —0.1609 0.0312 - - - - - -
é 0.3000 0.3166 0.0117 0.1885 0.0521 0.4211 0.1242 - - - -
ag 0.5000 0.5163 0.1406 0.6132 0.1477 0.5348 0.1611 0.4739 0.1289 0.6013 0.1425

Note: This Monte Carlo study consists of 100 repetitions. The values reported in this table are the mean and the standard
deviation of parameter estimates across repetitions. The parameters A, 81, and 8, capture, respectively, endogenous, own, and
contextual peer effects in equation (9). The parameters vy, v3, and y, capture local network effects specified in equation (8).
The parameters n; to ng capture global network effects specified in equation (10). The parameter & captures the incentive
effect specified in equation (6). The parameter o2 is the variance of error term ¢ in equation (9). In each repetition, we estimate
each of the corresponding models with 50,000 MCMC draws. We drop the first 10,000 draws due to burn-in and calculate the
(posterior) mean of the remaining draws as parameter estimates.
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Ficure E.3. Traceplot of MCMC draws for the parameter A at different initial values (for cen-
sored outcome). The true value of A in the simulation is 0.05.
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FiGcure F.4. Traceplot of MCMC draws for the parameter 6 at different initial values (for cen-

sored outcome). The true value of § in the simulation is 0.3.
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Ficure E5. The average computation time (in seconds) for a single MCMC iteration. The scale
of the vertical axis is logarithmic.
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Ficure F.6. MCMC trace plots and Geweke convergence diagnostics. Geweke convergence di-
agnostic tests for an equal mean of the first 10% versus the last 50% of the draws. We also try
different proportions (e.g., 30% versus 70%), and the results are similar.
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