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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

∑m
i=1

∑m
j=1wijψij can be written as tr(ΨW ′), where Ψ is a m × m matrix

with the (i� j) entry equal to ψij . 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

∑m
i=1

∑m
j=1wijwji,

∑m
i=1

∑m
j=1

∑m
k�=j wijwik and

∑m
i=1

∑m
j=1

∑m
k�=i wijwkj , re-

spectively, are equivalent to tr(W 2), l′mW ′W lm − l′mW lm and l′mWW ′lm − l′mW lm. 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

∑m
i=1

∑m
j=1wij(

∑m
k�=j wik)2, which can

be written as l′mW ′Diag(W lm)W lm − 2l′W ′W lm + l′mW lm, where Diag(A) is a n × n di-
agonal matrix of a n × 1 vector A. Third, the sum of third-order interaction terms∑m
i=1

∑m
j=1

∑m
k=1wijwikwkj , or equivalent to tr(W 2W ′), reflects the transitive triads ef-

fects. The term
∑m
i=1

∑m
j=1

∑m
k=1wijwjkwki, equivalent to tr(W 3), 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

∑m
i=1

∑m
j=1wijwji, the number of two stars∑m

i=1
∑m
j=1

∑m
k=1wijwik, or the number of triangles

∑m
i=1

∑m
j=1

∑m
k=1wijwjkwki, 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 l′mW 2lm − tr(W 2) 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 yig ∈ R+, the equilibrium outcome vector based on
equation (5) can be expressed as

Yg = max(0� Ÿg)�

Ÿg = λWgYg +Xgβ1 +WgXgβ2 +Zgρ1 +WgZgρ2 + lgαg + ξg

(C.1)
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We can divide the mg individuals in group g into two blocks, such that the first mg1 in-
dividuals have activity variables equal to zero, and the remaining individuals who are
arranged from mg1 + 1 to mg have positive values. Ÿg of equation (C.1) and the network
Wg can be conformably decomposed into(

Ÿg1

Yg2

)
= λ

(
W11�g W12�g

W21�g W22�g

)(
Yg1

Yg2

)
+

(
Xg1

Xg2

)
β1

+
(
W11�g W12�g

W21�g W22�g

)(
Xg1

Xg2

)
β2

+
(
Zg1

Zg2

)
ρ1 +

(
W11�g W12�g

W21�g W22�g

)(
Zg1

Zg2

)
ρ2 +

(
lg1

lg2

)
αg +

(
ξg1

ξg2

)
� (C.2)

where Yg2 > 0 and Yg1 = 0, with the corresponding latent Ÿg1 ≤ 0. Based on equa-
tion (C.2), the joint probability function of Yg andWg can be written as

P(Yg�Wg|θg�αg�Zg)
= P(Yg1 = 0�Yg2�Wg|θg�αg�Zg)

=
∫
I(Yg1 = 0� Ÿg1) · P(Ÿg1�Yg2�Wg|θg�αg�Zg) · dŸtg1

=
∫ −(λW12�gYg2+Xg1β1+(W11�gXg1+W12�gXg2)β2+Zg1ρ1+(W11�gZg1+W12�gZg2)ρ2+lg1αg)

−∞
|Img−mg1 − λW22�g| · f (ξg1� ξg2|θg�αg�Zg)
× P(Wg|ξg1� ξg2� θg�αg�Zg) · dξg1� (C.3)

where I(Yg1 = 0� Ÿg1) is a dichotomous indicator that is equal to 1 when Ÿg1 is neg-
ative, and equal to 0, otherwise; ξg2 = (Img−mg1 − λW22�g)Yg2 − Xg2β1 − (W21�gXg1 +
W22�gXg2)β2 −Zg2ρ1 − (W21�gZg1 +W22�gZg2)ρ2 − lg2αg and θg = (γ′�η′� δ�λ�β′�ρ′�σ2

ξg
).

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 (yuc�ig) and one censored activity variable (yc�ig),
where the subscripts uc and c represent “uncensored” and “censored,” respectively.

D.1 Likelihood function

With two activity intensity equations in the model, the disturbances ξuc�ig and ξc�ig of
the two equations are assumed following a bivariate normal distribution:

(ξuc�ig� ξc�ig)∼ i
i
d
N2

((
0
0

)
�

(
σ2
ξuc�g

σξucc�g
σξucc�g σ2

ξc�g

))
� i= 1� 
 
 
 �mg
 (D.1)
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From equation (D.1), conditional on ξuc�g, we have

ξc�g = σξucc�gσ−2
ξuc�g

ξuc�g + ug� ug ∼ Nmg

(
0�σ2

ug
Img

)
� (D.2)

where ug is independent of ξuc�g and σ2
ug

= (σ2
ξc�g

− σξucc�gσ−2
ξuc�g

σξucc�g ).

Performing the decomposition of Ÿc�g, as in Supplementary Appendix C:(
Ÿc�g1

Yc�g2

)
= λc

(
W11�g W12�g

W21�g W22�g

)(
Yc�g1

Yc�g2

)
+

(
Xg1

Xg2

)
β1�c +

(
W11�g W12�g

W21�g W22�g

)(
Xg1

Xg2

)
β2�c

+
(
Zg1

Zg2

)
ρ1�c +

(
W11�g W12�g

W21�g W22�g

)(
Zg1

Zg2

)
ρ2�c +

(
lg1

lg2

)
αc�g +

(
ξc�g1

ξc�g2

)
� (D.3)

where Yc�g2 > 0 and Yc�g1 = 0 with the corresponding latent Ÿc�g1 ≤ 0. We let θg =
(γ′�η′� δuc�δuc�λuc�λc�β′

uc�β
′
c�ρ

′
uc�ρ

′
c�σ

2
ξuc�g

�σ2
ξc�g
�σξucc�g ). The joint probability func-

tion of Yuc�g, Yc�g, andWg is

P(Yc�g�Yuc�g�Wg|θg�αuc�g�αc�g�Zg)

=
∫ −(λcW12�gYc�g2+Xg1β1�c+(W11�gXg1+W12�gXg2)β2�c+Zg1ρ1�c+(W11�gZg1+W12�gZg2)ρ2�c+lg1αc�g)

−∞
|Img−mg1 − λcW22�g| · f (ξc�g|ξuc�g� θg�αc�g�αuc�g�Zg)
× ∣∣Sg(Wg)∣∣ · f (ξuc�g|θcg�αuc�g�Zg)
× P(Wg|ξuc�g� ξc�g� θg�αc�g�αuc�g�Zg) · dξc�g1� (D.4)

where Sg(Wg)= Img − λucWg.

D.2 Prior distributions

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

P
({θg}� {αuc�g}� {αc�g}� {Zg}� {Ÿc�g1}|{Yuc�g}� {Yc�g}� {Wg}

)
∝ π({θg}� {αuc�g}� {αc�g}� {Zg})

×
G∏
g=1

{(mg1∏
i=1

I(yc�ig = 0) · I(ÿc�ig ≤ 0)

)

× P(Yc�g�Yuc�g�Wg� Ÿc�g1|θg�αuc�g�αc�g�Zg)
}
� (D.5)

where π(·) 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,

zi�g ∼ N�̄(μz�g� I�̄) and μz�g ∼ N�̄(0� ςI�̄) i= 1� 
 
 
 �mg;g= 1� 
 
 
 �G


(ii) Coefficients of the network formation model,

φ= (
γ′�η′� δuc�δc

) ∼ T N 2s̄+q̄+�̄+h̄+2(φ0��0I2s̄+q̄+�̄+h̄+2�O)�

O = {
φ ∈R

2s̄+q̄+�̄+h̄+2||γ41| ≥ |γ42| ≥ · · · ≥ |γ4�̄|� δuc ≥ 0� δc ≥ 0
}



(iii) Endogenous peer effect parameters in the activity intensity equation,

λuc ∼U[−1/�uc�1/�uc] and λc ∼U[−1/�c�1/�c]


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

βuc = (
β′

1�uc�β
′
2�uc

)′ ∼ N2k(β0�B0I2k) and βc = (
β′

1�c�β
′
2�c

)′ ∼ N2k(β0�B0I2k)


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

ρuc = (
ρ′

1�uc�ρ
′
2�uc

)′ ∼ N2�̄(ρ0�R0I2�̄) and ρc = (
ρ′

1�c� ρ
′
2�c

)′ ∼ N2�̄(ρ0�R0I2�̄)


(vi) Variances and covariance of disturbance in the activity intensity equation,

σg = (
σ2
ξuc�g

�σ2
ξc�g
�σξucc�g

) ∼ N3(σ0�Σ0I3)� σg ∈ Tg�g= 1� 
 
 
 �G


(vii) Group fixed effects in the activity intensity equation,

αuc�g ∼ N (α0�A0) and αc�g ∼ N (α0�A0)� 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 zi�g. That is, we assume zi�g is normally
distributed having a unit variance and a prior mean equal to μz�g, reflecting the identifi-
cation restrictions on zi�g, as presented in Section 3.2. Then we further assume that μz�g
is normally distributed having a hyperprior mean of zero and a hyperprior variance of
ς. As a result, latent variables {Zg} only add G “real” parameters ({μz�g}) in addition to
their coefficients γ4 into the estimation procedure.

Note that the prior of φ is constrained to a parameter space O in which |γ41| ≥
|γ42| ≥ · · · ≥ |γ4�̄|, So the prior distribution of φ is truncated normal (T N ) on O. for
the identification of latent variables Z. We also assume that δ is nonnegative to main-
tain the coherence with our microeconomic model. The prior on λ is also constrained
on [−1/��1/�], where � = n̄, 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 σ2
ξuc�g

, σ2
ξc�g

, and σξucc�g into a group σg and specify a multivariate normal

distribution truncated to the area Tg = {σg ∈R
3|σ2

ξuc�g
> 0�σ2

ξc�g
> 0�σ2

ξuc�g
σ2
ξc�g

− σ2
ξucc�g

≥
0} so that σ2

ξuc�g
, σ2

ξc�g
, and σξucc�g form a proper covariance matrix.

In the specification of (vii), we treat the group effects αuc�g and αc�g as fixed effects
with the hyperparameters α0 and A0 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 αuc�g and αc�g in (vii). We specify αuc�g and αc�g as follows:

αuc�g =Xgβ3�uc +Zgρ3�uc + ζuc�g� ζuc�g ∼ N
(
0�σ2

α�uc

)
�

αc�g =Xgβ3�c +Zgρ3�c + ζc�g� ζc�g ∼ N
(
0�σ2

α�c

)
�

where Xg and Zg are, respectively, the group averages of Xg and Zg. β3�uc , ρ3�uc , β3�c ,
ρ3�c , σ2

α�uc , and σ2
α�c are unknown parameters, and we specify the following prior dis-

tributions for them: β3�uc ∼ Nk(β0�B0Ik), ρ3�uc ∼ N�̄(ρ0�R0I�̄), β3�c ∼ Nk(β0�B0Ik),
ρ3�c ∼ N�̄(ρ0�R0I�̄), σ

2
α�uc ∼ I G (κ0

2 �
ν0
2 ), and σ2

α�c ∼ I G (κ0
2 �

ν0
2 ).

D.3 Conditional posterior distributions

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

(i) P(Ÿc�g1|θg�αuc�g�αc�g�Zg�Yuc�g�Yc�g�Wg), g= 1� 
 
 
 �G.
By applying Bayes’ theorem, we have

P(Ÿc�g1|θg�αuc�g�αc�g�Zg�Yuc�g�Yc�g�Wg)

∝
(mg1∏
i=1

I(yc�ig = 0)I(ÿc�ig ≤ 0)

)

× P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αuc�g�αc�g�Zg)� (D.6)

for g= 1� 
 
 
 �G.

(ii-1) P(zi�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�αc�g�Z−i�g), i= 1� 
 
 
 �mg; g= 1� 
 
 
 �G.
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By applying Bayes’ theorem, we have

P(zi�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�αc�g�Z−i�g)

∝ N�̄(zi�g;μz�g� I�̄)
× P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αuc�g�αc�g�Zg)� (D.7)

for g= 1� 
 
 
 �G.

(ii-2) P(μz�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�αc�g�Zg), g= 1� 
 
 
 �G.
By applying Bayes’ theorem, we have

P(μz�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�αc�g�Zg)

∝ N�̄

(
mgZ̄g

mg + 1/ς2 �
1

mg + 1/ς2 I�̄

)
� (D.8)

where Z̄g = 1
mg

∑mg
i=1 zi�g.

(iii) P(φ|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\φ� {αuc�g}� {αc�g}� {Zg}), where {θg}\φ
stands for {θg} excluding φ.

By applying Bayes’ theorem, we have

P
(
φ|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\φ� {αuc�g}� {αc�g}� {Zg}

)
∝ T N 2s̄+q̄+�̄+h̄+2(φ;φ0��0I2s̄+q̄+�̄+h̄+2�O)

×
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.9)

where T N 2s̄+q̄+�̄+h̄+2(φ;φ0��0I2s̄+q̄+�̄+h̄+2�O) is the prior density function of
φ truncated at O.

(iv) P(λuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\λuc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
λuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\λuc� {αuc�g}� {αc�g}� {Zg}

)
∝

G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αuc�g�αc�g�Zg)

× I
(
λuc ∈ [−1/�uc�1/�uc]

)

 (D.10)

(v) P(λc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\λc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
λc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\λc� {αuc�g}� {αc�g}� {Zg}

)
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∝
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)

× I
(
λc ∈ [−1/�c�1/�c]

)

 (D.11)

(vi) P(βuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\βuc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
βuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\βuc� {αuc�g}� {αc�g}� {Zg}

)
∝ N2k(βuc;β0�B0I2k)

×
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.12)

where N2k(βuc;β0�B0I2k) is the prior normal density function of βuc .

(vii) P(βc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\βc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
βc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\βc� {αuc�g}� {αc�g}� {Zg}

)
∝ N2k(βc;β0�B0I2k)

×
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.13)

where N2k(βc;β0�B0I2k) is the prior normal density function of βc .

(viii) P(ρuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\ρuc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
ρuc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\ρuc� {αuc�g}� {αc�g}� {Zg}

)
∝ N2�̄(ρuc;ρ0�R0I2�̄)

×
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.14)

where N2�̄(ρuc;ρ0�R0I2�̄) is the prior normal density function of ρuc .

(ix) P(ρc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\ρc� {αuc�g}� {αc�g}� {Zg}).
By applying Bayes’ theorem, we have

P
(
ρc|{Ÿc�g1}� {Yuc�g}� {Yc�g}� {Wg}� {θg}\ρc� {αuc�g}� {αc�g}� {Zg}

)
∝ N2�̄(ρc;ρ0�R0I2�̄)

×
G∏
g=1

P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.15)

where N2�̄(ρc;ρ0�R0I2�̄) is the prior normal density function of ρc .
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(x) P(σg|Ÿc�g1�Yuc�g�Yc�g�Wg�θg\σg�αuc�g�αc�g�Zg), g= 1� 
 
 
 �G.
By applying Bayes’ theorem, we have

P(σg|Ÿc�g1�Yuc�g�Yc�g�Wg�θg\σg�αuc�g�αc�g�Zg)
∝ N3(σg;σ0�Σ0) · I(σg ∈ Tg)

× P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)� (D.16)

for g= 1� 
 
 
 �G.

(xi) P(αuc�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αc�g�Zg), g= 1� 
 
 
 �G.
By applying Bayes’ theorem, we have

P(αuc�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αc�g�Zg)

∝ N (αuc�g;α0�A0)

× P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)�
g= 1� 
 
 
 �G� (D.17)

where N (αuc�g;α0�A0) is the prior normal density function of αuc�g.

(xii) P(αc�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�Zg), g= 1� 
 
 
 �G.
By applying Bayes’ theorem, we have

P(αc�g|Ÿc�g1�Yuc�g�Yc�g�Wg�θg�αuc�g�Zg)

∝ N (αc�g;α0�A0) · P(Ÿc�g1�Yuc�g�Yc�g�Wg|θg�αc�g�αuc�g�Zg)�
g= 1� 
 
 
 �G� (D.18)

where N (αc�g;α0�A0) is the prior normal density function of αc�g.

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 Ÿ (t)c�g1 from P(Ÿc�g1|Yc�g�Yuc�g�Wg�Z(t−1)
g � θ(t−1)

g �

α
(t−1)
c�g �α

(t−1)
uc�g ) by the double M–H algorithm.

(a) Propose ˜̈Yc�g1 from a random walk proposal density q(Ÿc�g1|Ÿ (t−1)
c�g1 ).

(b) Calculate the implied residuals from activity intensity equations, ξ̃c�g1 = ˜̈Yc�g1 −
λ(t−1)
c W12�gYc�g2 − Xg1β

(t−1)
1�c − (W11�gXg1 + W12�gXg2)β

(t−1)
2�c − Z(t−1)

g1 ρ(t−1)
1�c −

(W11�gZ
(t−1)
g1 +W12�gZ

(t−1)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ(t−1)

c�g2 = (Img−mg1 − λ(t−1)
c W22�g)×

Yc�g2 − Xg2β
(t−1)
1�c − (W21�gXg1 + W22�gXg2)β

(t−1)
2�c − Z(t−1)

g2 ρ(t−1)
1�c − (W21�gZ

(t−1)
g1 +

W22�gZ
(t−1)
g2 )ρ(t−1)

2�c − lg2α
(t−1)
c�g . Denote ξ̃c�g = (̃ξ′

c�g1� ξ
(t−1)′
c�g2 )′. To make a distinc-

tion, denote ξ
(t−1)
c�g = (ξ

(t−1)′
c�g1 � ξ

(t−1)′
c�g2 )′ with ξ

(t−1)
c�g1 = Ÿ

(t−1)
c�g1 − λ

(t−1)
c W12�gYc�g2 −
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Xg1β
(t−1)
1�c − (W11�gXg1 + W12�gXg2)β

(t−1)
2�c − Z(t−1)

g1 ρ(t−1)
1�c − (W11�gZ

(t−1)
g1 +

W12�gZ
(t−1)
g2 )ρ(t−1)

2�c − lg1α
(t−1)
c�g . Also calculate ξ(t−1)

uc�g = (Img − λ(t−1)
uc Wg)Yuc�g −

Xgβ
(t−1)
1�uc −WgXgβ(t−1)

2�uc −Z(t−1)
g ρ(t−1)

1�uc −WgZ(t−1)
g ρ(t−1)

2�uc − lmgα(t−1)
uc�g .

(c) Given ξ̃c�g and ξ(t−1)
uc�g from (b), simulate an auxiliary network W̃g by the M–H algo-

rithm based on

P
(
Wg |̃ξc�g� ξ(t−1)

uc�g �Z
(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

)
= exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

))∑
W

exp
(
V
(
W� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

))
starting from the observed Wg, that is, set the initial auxiliary network W̃ (0)

g equal

to Wg. Update W̃ (0)
g by looping all entries of W̃ (0)

g with either a local or a global
update:

(i) local update: for all ij, we propose w̃(r)ij�g = 1 − w̃(r−1)
ij�g . With the probability

αMH�local
(
w̃
(r)
ij�g� w̃

(r−1)
ij�g

)
= min

{ exp
(
V
(
w̃(r)ij�g� W̃

(r−1)
−ij�g � ξ̃c�g� ξ

(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

))
exp

(
V
(
w̃(r−1)
ij�g � W̃ (r−1)

−ij�g � ξ̃c�g� ξ
(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

)) �1
}
�

accept w̃(r)ij�g; otherwise, set w̃(r)ij�g = w̃(r−1)
ij�g .

(ii) global update: despite implementation of the local step for most of the time,
with a probability Pinv, we propose W̃ (r)

g = lmg l
′
mg

− Img − W̃ (r−1)
g . With the

probability

αMH�large
(
W̃ (r)
g � W̃ (r−1)

g

)
= min

{ exp
(
V
(
W̃ (r)
g � ξ̃c�g� ξ

(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

))
exp

(
V
(
W̃ (r−1)
g � ξ̃c�g� ξ

(t−1)
uc�g �Z

(t−1)
g � θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

)) �1
}
�

accept W̃ (r)
g ; otherwise, set W̃ (r)

g = W̃ (r−1)
g .

Notice that when proposing any change on network link, the auxiliary uncensored
activity outcome vector Ỹ ∗

uc�g(W̃g� ξ̃uc�g) and the censored activity outcome vector
Ỹ ∗
c�g(W̃g� ξ̃c�g) 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, αMH�local and αMH�large. Repeat the described updating procedure

R= 2 times and obtain the realization of W̃ (R)
g as the simulation result. If the ob-

tained auxiliary network does not belong to Ωn̄�g, reject it and rerun the simula-
tion.
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(d) With the acceptance probability equal to

αMH
(˜̈Yc�g1� Ÿ

(t−1)
c�g1

)
= min

{
P

(˜̈Yc�g1�Yc�g�Yuc�g�Wg|θ(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

)
P

(
Ÿ (t−1)
c�g1 �Yc�g�Yuc�g�Wg|θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g �Z
(t−1)
g

)
× P

(
W̃g|ξ(t−1)

c�g � ξ(t−1)
uc�g � θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

)
P

(
W̃g |̃ξc�g� ξ(t−1)

uc�g � θ
(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

) · I(
˜̈Yc�g1 < 0)

I
(
Ÿ
(t−1)
c�g1 < 0

) �1
}

= min
{ f

(̃
ξc�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g � θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

))
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g � θ
(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

))
× exp

(
V
(
W̃g� ξ

(t−1)
c�g � ξ(t−1)

uc�g � θ
(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

))
exp

(
V
(
W̃g� ξ̃c�g� ξ

(t−1)
uc�g � θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

)) · I(
˜̈Yc�g1 < 0)

I
(
Ÿ (t−1)
c�g1 < 0

) �1
}

set Ÿ (t)c�g1 = ˜̈Yc�g1. Otherwise, set Ÿ (t)c�g1 = Ÿ (t−1)
c�g1 .

Step II-1. Simulate z(t)i�g from P(zi�g|Ÿ (t)c�g1�Yc�g�Yuc�g�Wg�Z
(t−1)
−i�g � θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g � )

by the double M–H algorithm, for i= 1� 
 
 
 �mg; g= 1� 
 
 
 �G.

(a) Propose z̃i�g from a random walk proposal density q(zi�g|z(t−1)
i�g ).

Denote Z̃g = (z(t)1�g� 
 
 
 � z
(t)
i−1�g� z̃i�g� z

(t−1)
i+1�g · · · � z(t−1)

mg�g ) andZ(t−1)
g = (z(t)1�g� 
 
 
 � z

(t)
i−1�g�

z(t−1)
i�g � z(t−1)

i+1�g� 
 
 
 � z
(t−1)
mg�g ).

(b) Calculate the implied residuals from the activity intensity equations ξ̃c�g1 =
Ÿ
(t)
c�g1 − λ

(t−1)
c W12�gYc�g2 − Xg1β

(t−1)
1�c − (W11�gXg1 + W12�gXg2)β

(t−1)
2�c − Z̃g1ρ

(t−1)
1�c −

(W11�gZ̃g1 +W12�gZ̃g2)ρ
(t−1)
2�c − lg1α

(t−1)
c�g and ξ̃c�g2 = (Img−mg1 − λ(t−1)

c W22�g)Yc�g2 −
Xg2β

(t−1)
1�c −(W21�gXg1 +W22�gXg2)β

(t−1)
2�c −Z̃g2ρ

(t−1)
1�c −(W21�gZ̃g1 +W22�gZ̃g2)ρ

(t−1)
2�c −

lg2α
(t−1)
c�g . Denote ξ̃c�g = (̃ξ′

c�g1� ξ̃
′
c�g2)

′. To make a distinction, denote ξ
(t−1)
c�g =

(ξ
(t−1)′
c�g1 � ξ

(t−1)′
c�g2 )′ with ξ

(t−1)
c�g1 = Ÿ

(t)
c�g1 − λ

(t−1)
c W12�gYc�g2 − Xg1β

(t−1)
1�c − (W11�gXg1 +

W12�gXg2)β
(t−1)
2�c − Z(t−1)

g1 ρ(t−1)
1�c − (W11�gZ

(t−1)
g1 + W12�gZ

(t−1)
g2 )ρ(t−1)

2�c − lg1α
(t−1)
c�g and

ξ
(t−1)
c�g2 = (Img−mg1 − λ(t−1)

c W22�g)Yc�g2 −Xg2β
(t−1)
1�c − (W21�gXg1 +W22�gXg2)β

(t−1)
2�c −

Z(t−1)
g2 ρ(t−1)

1�c − (W21�gZ
(t−1)
g1 +W22�gZ

(t−1)
g2 )ρ(t−1)

2�c − lg2α
(t−1)
c�g .

Also calculate ξ̃uc�g = (Img −λ(t−1)
uc Wg)Yuc�g−Xgβ(t−1)

1�uc −WgXgβ(t−1)
2�uc −Z̃gρ(t−1)

1�uc −
WgZ̃gρ

(t−1)
2�uc − lmgα

(t−1)
uc�g and ξ(t−1)

uc�g = (Img − λ(t−1)
uc Wg)Yuc�g − Xgβ

(t−1)
1�uc −

WgXgβ
(t−1)
2�uc −Z(t−1)

g ρ(t−1)
1�uc −WgZ(t−1)

g ρ(t−1)
2�uc − lmgα(t−1)

uc�g .

(c) Given ξ̃c�g and ξ̃uc�g from (b), simulate an auxiliary network W̃g by R runs of the

M–H algorithm based on

P
(
Wg |̃ξc�g� ξ̃uc�g� Z̃g� θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g

)
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= exp
(
V
(
Wg� ξ̃c�g� ξ̃uc�g� Z̃g� θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g

))∑
W

exp
(
V
(
W� ξ̃c�g� ξ̃uc�g� Z̃g� θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g

))

starting from the observed Wg. See details in Step I, part (c). If the obtained auxil-

iary network W̃g does not belong toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equals to

αMH
(̃
zi�g� z

(t−1)
i�g

)
= min

{ P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g � Z̃g
)

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g �Z
(t−1)
g

)
× P

(
W̃g|ξ(t−1)

c�g � ξ(t−1)
uc�g � θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

)
P

(
W̃g |̃ξc�g� ξ̃uc�g� θ(t−1)

g �α(t−1)
c�g �α(t−1)

uc�g � Z̃g
) · N�̄ (̃zi�g;μz�g� I�̄)

N�̄

(
z
(t−1)
i�g ;μz�g� I�̄

) �1
}

= min
{ f

(̃
ξc�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ̃uc�g

)
exp

(
V
(
Wg� ξ̃c�g� ξ̃uc�g� θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g � Z̃g

))
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g � θ
(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

))
× exp

(
V
(
W̃g� ξ

(t−1)
c�g � ξ(t−1)

uc�g � θ
(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g �Z

(t−1)
g

))
exp

(
V
(
W̃g� ξ̃c�g� ξ̃uc�g� θ

(t−1)
g �α(t−1)

c�g �α(t−1)
uc�g � Z̃g

)) · N�̄ (̃zi�g;μz�g� I�̄)
N�̄

(
z(t−1)
i�g ;μz�g� I�̄

) �1
}

set z(t)i�g = z̃i�g. Otherwise, set z(t)i�g = z(t−1)
i�g .

Step II-2. Simulate μ(t)z�g by a standard Gibbs step, from

P(μz�g|Ÿ (t)c�g1�Yuc�g�Yc�g�Wg�θ
(t−1)
g �α(t−1)

uc�g �α
(t−1)
c�g �Z(t)g ) ∝ N�̄(

mgZ̄
(t)
g

mg+1/ς2 �
1

mg+1/ς2 I�̄),

where Z̄(t)g = 1
mg

∑mg
i=1 z

(t)
i�g .

Step III. Simulate φ(t) from P(φ|{Ÿ (t)c�g1}� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�Υ (t−1)) by the

double M–H algorithm, where Υ(t−1) denotes the remaining parameters evaluated at

the (t − 1)th iteration, including {θ(t−1)
g }, {α(t−1)

uc�g }, and {α(t−1)
c�g }.

(a) Propose φ̃ from a random walk proposal density q(φ|φ(t−1)).

(b) For g = 1� 
 
 
 �G, calculate the implied residuals from the activity intensity equa-

tions

ξ(t−1)
c�g1 = Ÿ (t)c�g1 − λ(t−1)

c W12�gYc�g2 − Xg1β
(t−1)
1�c − (W11�gXg1 + W12�gXg2)β

(t−1)
2�c −

Z
(t)
g1 ρ

(t−1)
1�c − (W11�gZ

(t)
g1 + W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ

(t−1)
c�g2 = (Img−mg1 −

λ(t−1)
c W22�g)Yc�g2 − Xg2β

(t−1)
1�c − (W21�gXg1 + W22�gXg2)β

(t−1)
2�c − Z(t)g2 ρ

(t−1)
1�c −

(W21�gZ
(t)
g1 + W22�gZ

(t)
g2 )ρ

(t−1)
2�c − lg2α

(t−1)
c�g . Denote ξ(t−1)

c�g = (ξ(t−1)′
c�g1 � ξ(t−1)′

c�g2 )′. Also

calculate ξ(t−1)
uc�g = (Img − λ(t−1)

uc Wg)Yuc�g − Xgβ
(t−1)
1�uc − WgXgβ

(t−1)
2�uc − Z(t)g ρ

(t−1)
1�uc −

WgZ
(t)
g ρ

(t−1)
2�uc − lmgα(t−1)

uc�g .
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(c) For g= 1� 
 
 
 �G, given ξ(t−1)
c�g and ξ(t−1)

uc�g from (b), simulate an auxiliary network W̃g
by R runs of the M–H algorithm based on

P
(
Wg|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g � φ̃�Υ

(t−1)) = exp
(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g � φ̃�Υ

(t−1)))∑
W

exp
(
V
(
W�ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g � φ̃�Υ

(t−1)))
starting from Wg. See details in Step I, part (c). If the obtained auxiliary network
W̃g does not belong toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
(
φ̃�φ(t−1))

= min

{
G∏
g=1

(
P

(
Wg|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g � φ̃�Υ

(t−1))
P

(
Wg|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g �φ

(t−1)�Υ (t−1))
× P

(
W̃g|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g �φ

(t−1)�Υ (t−1))
P

(
W̃g|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g � φ̃�Υ

(t−1))
)

× N2s̄+q̄+�̄+h̄+2(φ̃|φ0��0I2s̄+q̄+�̄+h̄+2)

N2s̄+q̄+�̄+h̄+2
(
φ(t−1)|φ0��0I2s̄+q̄+�̄+h̄+2

) · I(φ̃ ∈O)
I
(
φ(t−1) ∈O) �1

}

= min

{
G∏
g=1

( exp
(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g � φ̃�Υ

(t−1)))
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t−1)�Υ (t−1)))
× exp

(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t−1)�Υ (t−1)))
exp

(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g � φ̃�Υ

(t−1)))
)

× N2s̄+q̄+�̄+h̄+2(φ̃|φ0��0I2s̄+q̄+�̄+h̄+2)

N2s̄+q̄+�̄+h̄+2
(
φ(t−1)|φ0��0I2s̄+q̄+�̄+h̄+2

) · I(φ̃ ∈O)
I
(
φ(t−1) ∈O) �1

}
�

set φ(t) = φ̃. Otherwise, set φ(t) =φ(t−1).

Step IV. Simulate λ(t)uc from P(λuc|{Ÿ (t)c�g1}� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�Υ (t−1)) by
the double M–H algorithm.

(a) Propose λ̃uc from a random walk proposal density q(λuc|λ(t−1)
uc ).

(b) For g = 1� 
 
 
 �G, calculate the implied residuals from the activity intensity
equations ξ̃uc�g = (Img − λ̃ucWg)Yuc�g − Xgβ

(t−1)
1�uc − WgXgβ

(t−1)
2�uc − Z(t)g ρ

(t−1)
1�uc −

WgZ
(t)
g ρ

(t−1)
2�uc − lmgα

(t−1)
uc�g and ξ(t−1)

uc�g = (Img − λ(t−1)
uc Wg)Yuc�g − Xgβ

(t−1)
1�uc −

WgXgβ
(t−1)
2�uc −Z(t)g ρ(t−1)

1�uc −WgZ(t)g ρ(t−1)
2�uc − lmgα

(t−1)
uc�g . Also calculate ξ(t−1)

c�g1 = Ÿ
(t)
c�g1 −

λ(t−1)
c W12�gYc�g2 − Xg1β

(t−1)
1�c − (W11�gXg1 + W12�gXg2)β

(t−1)
2�c − Z(t)g1 ρ

(t−1)
1�c −

(W11�gZ
(t)
g1 +W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ(t−1)

c�g2 = (Img−mg1 −λ(t−1)
c W22�g)Yc�g2 −
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Xg2β
(t−1)
1�c − (W21�gXg1 + W22�gXg2)β

(t−1)
2�c − Z(t)g2 ρ

(t−1)
1�c − (W21�gZ

(t)
g1 + W22�gZ

(t)
g2 ) ×

ρ(t−1)
2�c − lg2α

(t−1)
c�g . Denote ξ(t−1)

c�g = (ξ(t−1)′
c�g1 � ξ(t−1)′

c�g2 )′.

(c) For g= 1� 
 
 
 �G, given ξ̃uc�g and ξ(t−1)
c�g in (b), simulate an auxiliary network W̃g by

R runs of the M–H algorithm based on

P
(
Wg |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)� λ̃uc�Υ

(t−1))
= exp

(
V
(
Wg� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)� λ̃uc�Υ
(t−1)))∑

W

exp
(
V
(
W� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)� λ̃uc�Υ
(t−1)))

starting from Wg. See details in Step I, part (c). If the obtained auxiliary network
W̃g does not belong toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
(̃
λuc�λ

(t−1)
uc

)
= min

{
G∏
g=1

( P
(
Ÿ
(t)
c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)� λ̃uc�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t−1)

uc �Υ (t−1))
× P

(
W̃g|ξ(t−1)

uc�g � ξ
(t−1)
c�g �Z(t)g �φ

(t)�λ(t−1)
uc �Υ (t−1))

P
(
W̃g |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)� λ̃uc�Υ

(t−1))
)

× I
(̃
λuc ∈ [−1/�uc�G�1/�uc�G])

I
(
λ(t−1)
uc ∈ [−1/�uc�G�1/�uc�G]) �1

}

= min

{
G∏
g=1

( f (ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ̃uc�g

)
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

) · |Img − λ̃ucWg|∣∣Img − λ(t−1)
uc Wg

∣∣ · f (̃ξuc�g)
f
(
ξ(t−1)
uc�g

)
× exp

(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t−1)
uc �Υ (t−1)))

exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ̃uc�g�Z

(t)
g �φ

(t)� λ̃uc�Υ
(t−1)))

)

× I
(̃
λuc ∈ [−1/�uc�1/�uc]

)
I
(
λ(t−1)
uc ∈ [−1/�uc�1/�uc]

) �1

}
�

set λ(t)uc = λ̃uc . Otherwise, set λ(t)uc = λ(t−1)
uc .

Step V. Simulate λ(t)c from P(λc|{Ÿ (t)c�g1}� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�λ(t)uc �Υ (t−1))

by the double M–H algorithm.

(a) Propose λ̃c from a random walk proposal density q(λc|λ(t−1)
c ).

(b) For g = 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations
ξ̃c�g1 = Ÿ (t)c�g1 −λ̃cW12�gYc�g2 −Xg1β

(t−1)
1�c −(W11�gXg1 +W12�gXg2)β

(t−1)
2�c −Z(t)g1 ρ

(t−1)
1�c −

(W11�gZ
(t)
g1 + W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ̃c�g2 = (Img−mg1 − λ̃cW22�g)Yc�g2 −
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Xg2β
(t−1)
1�c − (W21�gXg1 + W22�gXg2)β

(t−1)
2�c − Z(t)g2 ρ

(t−1)
1�c − (W21�gZ

(t)
g1 + W22�gZ

(t)
g2 ) ×

ρ(t−1)
2�c − lg2α

(t−1)
c�g . Denote ξ̃c�g = (̃ξ′

c�g1� ξ̃
′
c�g2)

′. To make a distinction, denote

ξ
(t−1)
c�g = (ξ

(t−1)′
c�g1 � ξ

(t−1)′
c�g2 )′ with ξ

(t−1)′
c�g1 and ξ(t−1)′

c�g2 calculated based on λ
(t−1)
c . Also

calculate ξ(t−1)
uc�g = (Img − λ(t)ucWg)Yuc�g − Xgβ

(t−1)
1�uc − WgXgβ

(t−1)
2�uc − Z(t)g ρ

(t−1)
1�uc −

WgZ
(t)
g ρ

(t−1)
2�uc − lmgα(t−1)

uc�g .

(c) For g = 1� 
 
 
 �G, given ξ̃c�g and ξ(t−1)
uc�g in (b), simulate an auxiliary network W̃g by

R runs of the M–H algorithm based on

P
(
Wg |̃ξc�g� ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1))

= exp
(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1)))∑

W

exp
(
V
(
W� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1)))

starting from Wg. See details in Step I, part (c). If the obtained auxiliary network
W̃g does not belong toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
(̃
λc�λ

(t−1)
c

)
= min

{
G∏
g=1

( P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc � λ̃c�Υ (t−1))

P
(
Ÿ
(t)
c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t−1)

c �Υ (t−1))
× P

(
W̃g|ξ(t−1)

c�g � ξ(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t−1)
c �Υ (t−1))

P
(
W̃g |̃ξc�g� ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1))

)

× I
(
λ̃c ∈ [−1/�c�G�1/�c�G])

I
(
λ(t−1)
c ∈ [−1/�c�G�1/�c�G]) �1

}

= min

{
G∏
g=1

( |Img−mg1 − λ̃cW22�g|f
(̃
ξc�g − σ(t−1)

ξucc�g

(
σ

2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
∣∣Img−mg1 − λ(t−1)

c W22�g
∣∣f (ξ(t−1)

c�g − σ(t−1)
ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
× exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1)))

exp
(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t−1)
c �Υ (t−1)))

× exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t−1)
c �Υ (t−1)))

exp
(
V
(
W̃g� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc � λ̃c�Υ
(t−1)))

)

× I
(
λ̃c ∈ [−1/�c�1/�c]

)
I
(
λ(t−1)
c ∈ [−1/�c�1/�c]

) �1

}
�

set λ(t)c = λ̃c . Otherwise, set λ(t)c = λ(t−1)
c .
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Step VI. Simulate β(t)uc from P(βuc|{Ÿ (t)c�g1}� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�λ(t)uc �λ(t)c �
Υ (t−1)) by the double M–H algorithm.

(a) Propose β̃uc from a random walk proposal density q(βuc|β(t−1)
uc ).

(b) For g = 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations
ξ̃uc�g = (Img − λ(t)uc Wg)Yuc�g − Xgβ̃1�uc − WgXgβ̃2�uc − Z(t)g ρ

(t−1)
1�uc − WgZ

(t)
g ρ

(t−1)
2�uc −

lmgα
(t−1)
uc�g and ξ(t−1)

uc�g = (Img − λ(t)uc Wg)Yuc�g −Xgβ(t−1)
1�uc −WgXgβ(t−1)

2�uc −Z(t)g ρ(t−1)
1�uc −

WgZ
(t)
g ρ

(t−1)
2�uc − lmgα(t−1)

uc�g .

Also calculate ξ(t−1)
c�g1 = Ÿ (t)c�g1 − λ(t)c W12�gYc�g2 − Xg1β

(t−1)
1�c − (W11�gXg1 +

W12�gXg2)β
(t−1)
2�c −Z(t)g1 ρ

(t−1)
1�c − (W11�gZ

(t)
g1 +W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ(t−1)

c�g2 =
(Img−mg1 −λ(t)c W22�g)Yc�g2 −Xg2β

(t−1)
1�c − (W21�gXg1 +W22�gXg2)β

(t−1)
2�c −Z(t)g2 ρ

(t−1)
1�c −

(W21�gZ
(t)
g1 + W22�gZ

(t)
g2 )ρ

(t−1)
2�c − lg2α

(t−1)
c�g . Denote ξ(t−1)

c�g = (ξ(t−1)′
c�g1 �

ξ(t−1)′
c�g2 )′.

(c) For g= 1� 
 
 
 �G, given ξ̃uc�g and ξ(t−1)
c�g from (b), simulate an auxiliary network W̃g

by R runs of the M–H algorithm based on

P
(
Wg |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c � β̃c�Υ

(t−1))
= exp

(
V
(
Wg� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c � β̃uc�Υ

(t−1)))∑
W

exp
(
V
(
W� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c � β̃uc�Υ

(t−1)))
starting from Wg. See details in Step I, part (c). If the obtained auxiliary network
W̃g does not belong toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
(
β̃uc�β

(t−1)
uc

)
= min

{
G∏
g=1

( P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c � β̃uc�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t−1)

uc �Υ (t−1))
× P

(
W̃g|ξ(t−1)

uc�g � ξ
(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t−1)
uc �Υ (t−1))

P
(
W̃g |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c � β̃uc�Υ

(t−1))
)

× N2k(β̃uc|β0�B0I2k)

N2k
(
β(t−1)
uc |β0�B0I2k

) �1

}

= min

{
G∏
g=1

( f (ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ̃uc�g

)
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ

2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

) · f (̃ξuc�g)
f
(
ξ(t−1)
uc�g

)
× exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ̃uc�g�Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c � β̃uc�Υ

(t−1)))
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t−1)
uc �Υ (t−1)))
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× exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t−1)
uc �Υ (t−1)))

exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ̃uc�g�Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c � β̃uc�Υ

(t−1)))
)

× N2k(β̃uc|β0�B0I2k)

N2k
(
β(t−1)
uc |β0�B0I2k

) �1

}

set β(t)uc = β̃uc . Otherwise, set β(t)uc = β(t−1)
uc .

Step VII. Simulate β(t)c from P(βc|{Ÿ (t)c�g1}� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�λ(t)uc �λ(t)c �
β(t)uc �Υ

(t−1)) by the double M–H algorithm.

(a) Propose β̃c from a random walk proposal density q(βc|β(t−1)
c ).

(b) For g = 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations
ξ̃c�g1 = Ÿ (t)c�g1 − λ(t)c W12�gYc�g2 −Xg1β̃1�c − (W11�gXg1 +W12�gXg2)β̃2�c −Z(t)g1 ρ

(t−1)
1�c −

(W11�gZ
(t)
g1 + W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g and ξ̃c�g2 = (Img−mg1 − λ(t)c W22�g)Yc�g2 −

Xg2β̃1�c − (W21�gXg1 +W22�gXg2)β̃2�c −Z(t)g2 ρ
(t−1)
1�c − (W21�gZ

(t)
g1 +W22�gZ

(t)
g2 )ρ

(t−1)
2�c −

lg2α
(t−1)
c�g . Denote ξ̃c�g = (̃ξ′

c�g1� ξ̃
′
c�g2)

′. To make a distinction, ξ(t−1)
c�g = (ξ

(t−1)′
c�g1 �

ξ(t−1)′
c�g2 )′ is calculated based on β(t−1)

c . Also calculate ξ(t−1)
uc�g = (Img − λ(t)c Wg)Yuc�g −

Xgβ
(t)
1�uc −WgXgβ(t)2�uc −Z(t)g ρ(t−1)

1�uc −WgZ(t)g ρ(t−1)
2�uc − lmgα(t−1)

uc�g .

(c) For g = 1� 
 
 
 �G, given ξ̃c�g and ξ(t−1)
uc�g from (b), simulate an auxiliary network W̃g

by R runs of the M–H algorithm based on

P
(
Wg |̃ξc�g� ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc � β̃c�Υ

(t−1))
= exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc � β̃c�Υ

(t−1)))∑
W

exp
(
V
(
W� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc � β̃c�Υ

(t−1)))
See details in Step I. part (c). If the obtained auxiliary network W̃g does not belong
toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

α
(
β̃t�β

(t−1)
c

)
= min

{
G∏
g=1

( P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc � β̃t�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t−1)

c �Υ (t−1))
× P

(
W̃g|ξ(t−1)

uc�g � ξ
(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t−1)
c �Υ (t−1))

P
(
W̃g |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c �β

(t)
uc � β̃t�Υ

(t−1))
)

× N2k(β̃t |β0�B0I2k)

N2k
(
β(t−1)
c |β0�B0I2k

) �1

}
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= min

{
G∏
g=1

( f
(̃
ξc�g − σ(t−1)

ξucc�g

(
σ

2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ

2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
× exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc � β̃t�Υ

(t−1)))
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t−1)
c �Υ (t−1)))

× exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t−1)
c �Υ (t−1)))

exp
(
V
(
W̃g� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc � β̃t�Υ

(t−1)))
)

× N2k(β̃t |β0�B0I2k)

N2k
(
β(t−1)
c |β0�B0I2k

) �1

}

set β(t)c = β̃t . Otherwise, set β(t)c = β(t−1)
c .

Step VIII. Simulate ρ(t)uc from P(ρuc|{Ÿ (t)1g }� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�λ(t)uc �λ(t)c �
β(t)uc �β

(t)
c �Υ

(t−1)) by the double M–H algorithm.

(a) Propose ρ̃uc from a random walk proposal density q(ρuc|ρ(t−1)
uc ).

(b) For g= 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations,

ξ̃uc�g = (Img − λ(t)uc Wg)Yuc�g − Xgβ
(t)
1�uc − WgXgβ

(t)
2�uc − Z(t)g ρ̃1�uc − WgZ

(t)
g ρ̃2�uc −

lmgα
(t−1)
uc�g and ξ(t−1)

uc�g = (Img − λ(t)uc Wg)Yuc�g − Xgβ
(t)
1�uc − WgXgβ

(t)
2�uc − Z(t)g ρ

(t−1)
1�uc −

WgZ
(t)
g ρ

(t−1)
2�uc − lmgα(t−1)

uc�g . Also calculate ξ(t−1)
c�g1 = Ÿ

(t)
c�g1 − λ(t)c W12�gYc�g2 −Xg1β

(t)
1�c −

(W11�gXg1 + W12�gXg2)β
(t)
2�c − Z(t)g1 ρ

(t−1)
1�c − (W11�gZ

(t)
g1 + W12�gZ

(t)
g2 )ρ

(t−1)
2�c − lg1α

(t−1)
c�g

and ξ(t−1)
c�g2 = (Img−mg1 − λ

(t)
c W22�g)Yc�g2 − Xg2β

(t)
1�c − (W21�gXg1 + W22�gXg2)β

(t)
2�c −

Z
(t)
g2 ρ

(t−1)
1�c − (W21�gZ

(t)
g1 + W22�gZ

(t)
g2 )ρ

(t−1)
2�c − lg2α

(t−1)
c�g . Denote ξ

(t−1)
c�g = (ξ

(t−1)′
c�g1 �

ξ(t−1)′
c�g2 )′.

(c) For g= 1� 
 
 
 �G, given ξ̃uc�g and ξ(t−1)
c�g from (b), simulate an auxiliary network W̃g

by R runs of the M–H algorithm based on

P
(
Wg |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1))
= exp

(
V
(
Wg� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1)))∑
W

exp
(
V
(
W� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1)))

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

W̃g does not belong toΩn̄�g, reject it and rerun the simulation.
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(d) With the acceptance probability equal to

αMH
(
ρ̃uc�ρ

(t−1)
uc

)
= min

{
G∏
g=1

( P
(
Ÿ
(t)
c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c � ρ̃uc�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c �ρ(t−1)

uc �Υ (t−1))
× P

(
W̃g|ξ(t−1)

uc�g � ξ
(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t−1)
uc �Υ (t−1))

P
(
W̃g |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1))
)

× N2�(ρ̃uc|ρ0�R0I2�)

N2�
(
ρ(t−1)
uc |ρ0�R0I2�

) �1

}

= min

{
G∏
g=1

( f (ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ̃uc�g

)
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

) · f (̃ξuc�g)
f
(
ξ(t−1)
uc�g

)
× exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ̃uc�g�Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1)))
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t−1)
uc �Υ (t−1)))

× exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t−1)
uc �Υ (t−1)))

exp
(
V
(
W̃g�ξ

(t−1)
c�g � ξ̃uc�g�Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c � ρ̃uc�Υ

(t−1)))
)

× N2�(ρ̃uc|ρ0�R0I2�)

N2�
(
ρ(t−1)
uc |ρ0�R0I2�

) �1

}

set ρ(t)uc = ρ̃uc . Otherwise, set ρ(t)uc = ρ(t−1)
uc .

Step IX. Simulate ρ(t)c from P(ρc|{Ÿ (t)1g }� {Yc�g}� {Yuc�g}� {Wg}� {Z(t)g }�φ(t)�λ(t)uc �λ(t)c �β(t)uc �
β(t)c �ρ

(t)
uc �Υ

(t−1)) by the double M–H algorithm.

(a) Propose ρ̃c from a random walk proposal density q(ρc|ρ(t−1)
c ).

(b) For g= 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations,
ξ̃c�g1 = Ÿ (t)c�g1 − λ(t)c W12�gYc�g2 − Xg1β

(t)
1�c − (W11�gXg1 + W12�gXg2)β

(t)
2�c − Z(t)g1 ρ̃1�c −

(W11�gZ
(t)
g1 + W12�gZ

(t)
g2 )ρ̃2�c − lg1α

(t−1)
c�g and ξ̃c�g2 = (Img−mg1 − λ(t)c W22�g)Yc�g2 −

Xg2β
(t)
1�c − (W21�gXg1 + W22�gXg2)β

(t)
2�c − Z(t)g2 ρ̃1�c − (W21�gZ

(t)
g1 + W22�gZ

(t)
g2 )ρ̃2�c −

lg2α
(t−1)
c�g . Denote ξ̃c�g = (̃ξ′

c�g1� ξ̃
′
c�g2)

′. To make a distinction, ξ(t−1)
c�g = (ξ

(t−1)′
c�g1 �

ξ(t−1)′
c�g2 )′ is calculated based on β(t−1)

c . Also calculate ξ(t−1)
uc�g = (Img − λ(t)uc Wg)Yuc�g −

Xgβ
(t)
1�uc −WgXgβ(t)2�uc −Z(t)g ρ(t)1�uc −WgZ(t)g ρ(t)2�uc − lmgα(t−1)

uc�g .

(c) For g = 1� 
 
 
 �G, given ξ̃c�g and ξ(t−1)
uc�g from (b), simulate an auxiliary network W̃g

by R runs of the M–H algorithm based on

P
(
Wg |̃ξc�g� ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1))
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= exp
(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1)))∑
W

exp
(
V
(
W� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1)))

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

toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
(
ρ̃c� ρ

(t−1)
c

)
= min

{
G∏
g=1

( P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c �ρ(t)uc � ρ̃c�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c �ρ(t)uc �ρ(t−1)

c �Υ (t−1))
× P

(
W̃g|ξ(t−1)

uc�g � ξ
(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t−1)
c �Υ (t−1))

P
(
W̃g |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1))
)

× N2�(ρ̃c|ρ0�R0I2�)

N2�
(
ρ(t−1)
c |ρ0�R0I2�

) �1

}

= min

{
G∏
g=1

( f
(̃
ξc�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g

)
× exp

(
V
(
Wg� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1)))
exp

(
V
(
Wg�ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t−1)
c �Υ (t−1)))

× exp
(
V
(
W̃g� ξ

(t−1)
c�g � ξ(t−1)

uc�g �Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t−1)
c �Υ (t−1)))

exp
(
V
(
W̃g� ξ̃c�g� ξ

(t−1)
uc�g �Z

(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc � ρ̃c�Υ

(t−1)))
)

× N2�(ρ̃c|ρ0�R0I2�)

N2�
(
ρ(t−1)
c |ρ0�R0I2�

) �1

}

set ρ(t)c = ρ̃c . Otherwise, set ρ(t)c = ρ(t−1)
c .

Step X. For g= 1� 
 
 
 �G, simulate σ(t)g from

P(σg|Ÿ (t)1g �Yc�g�Yuc�g�Wg�Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t)
c �Υ

(t−1)) by the stan-

dard M–H algorithm.

(a) Propose σ̃g from a random walk proposal density q(σg|σ(t−1)
g ).

(b) Calculate the implied residual from activity intensity equations, ξ(t−1)
c�g1 = Ÿ (t)c�g1 −

λ(t)c W12�gYc�g2 − Xg1β
(t)
1�c − (W11�gXg1 + W12�gXg2)β

(t)
2�c − Z(t)g1 ρ

(t)
1�c − (W11�gZ

(t)
g1 +

W12�gZ
(t)
g2 )ρ

(t)
2�c − lg1α

(t−1)
c�g and ξ

(t−1)
c�g2 = (Img−mg1 − λ

(t)
c W22�g)Yc�g2 − Xg2β

(t)
1�c −

(W21�gXg1 + W22�gXg2)β
(t)
2�c − Z(t)g2 ρ

(t)
1�c − (W21�gZ

(t)
g1 + W22�gZ

(t)
g2 )ρ

(t)
2�c − lg2α

(t−1)
c�g .

Denote ξ
(t−1)
c�g = (ξ

(t−1)′
c�g1 � ξ

(t−1)′
c�g2 )′. Also calculate ξ

(t−1)
uc�g = (Img − λ

(t)
ucWg)Yuc�g −

Xgβ
(t)
1�uc −WgXgβ(t)2�uc −Z(t)g ρ(t)1�uc −WgZ(t)g ρ(t)2�uc − lmgα(t−1)

uc�g .
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(c) With the acceptance probability equal to

αMH
(
σ̃g|σ(t−1)

g

)
= min

{( P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c �ρ(t)uc �ρ(t)c � σ̃g�Υ (t−1))

P
(
Ÿ (t)c�g1�Yc�g�Yuc�g�Wg|Z(t)g �φ(t)�λ(t)uc �λ(t)c �β(t)uc �β(t)c �ρ(t)uc �ρ(t)c �σ(t−1)

g �Υ (t−1))
)

× N3(σ̃g|σ0�Σ0)

N3
(
σ(t−1)
g |σ0�Σ0

) · I(σ̃g ∈ Tg)
I
(
σ(t−1)
g ∈ Tg

) �1
}

= min
{(

f
(
ξ(t−1)
c�g − σ̃ξucc�g

(
σ̃2
ξc

)−1
ξ(t−1)
uc�g ; σ̃)

f
(
ξ(t−1)
c�g − σ(t−1)

ξucc�g

(
σ2(t−1)
ξc�g

)−1
ξ(t−1)
uc�g ;σ(t−1)) · f

(
ξ(t−1)
uc�g ; σ̃)

f
(
ξ(t−1)
uc�g ;σ(t−1))

)

× N3(σ̃g|σ0�Σ0)

N3
(
σ(t−1)
g |σ0�Σ0

) · I(σ̃ ∈ Tg)
I
(
σ(t−1) ∈ Tg

) �1
}
�

set σ(t)g = σ̃g. Otherwise, set σ(t)g = σ(t−1)
g .

Step XI. For g= 1� 
 
 
 �G, simulate α(t)uc�g from

P(αuc�g|Ÿ (t)1g �Yc�g�Yuc�g�Wg�Z
(t)
g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t)
c �σ

(t)
g �α

(t−1)
c�g ) by the

double M–H algorithm.

(a) Propose α̃uc�g from a random walk proposal density q(αuc�g|α(t−1)
uc�g ).

(b) Calculate the implied residuals from activity intensity equations, ξ̃uc�g = (Img −
λ
(t)
ucWg)Yuc�g − Xgβ

(t)
1�uc − WgXgβ

(t)
2�uc − Z

(t)
g ρ

(t)
1�uc − WgZ

(t)
g ρ

(t)
2�uc − lmg α̃uc�g and

ξ
(t−1)
uc�g = (Img − λ

(t)
uc Wg)Yuc�g − Xgβ

(t)
1�uc − WgXgβ

(t)
2�uc − Z

(t)
g ρ

(t)
1�uc − WgZ

(t)
g ρ

(t)
2�uc −

lmgα
(t−1)
uc�g . Also calculate ξ(t−1)

c�g1 = Ÿ (t)c�g1 − λ(t)c W12�gYc�g2 − Xg1β
(t)
1�c − (W11�gXg1 +

W12�gXg2)β
(t)
2�c − Z(t)g1 ρ

(t)
1�c − (W11�gZ

(t)
g1 + W12�gZ

(t)
g2 )ρ

(t)
2�c − lg1α

(t−1)
c�g and ξ(t−1)

c�g2 =
(Img−mg1 − λ(t)c W22�g)Yc�g2 − Xg2β

(t)
1�c − (W21�gXg1 + W22�gXg2)β

(t)
2�c − Z(t)g2 ρ

(t)
1�c −

(W21�gZ
(t)
g1 +W22�gZ

(t)
g2 )ρ

(t)
2�c − lg2α

(t−1)
c�g Denote ξ(t−1)

c�g = (ξ(t−1)′
c�g1 � ξ

(t−1)′
c�g2 )′.

(c) Given ξ̃uc�g and ξ(t−1)
c�g from (b), simulate an auxiliary network W̃g by R runs of the

M–H algorithm based on

P
(
Wg |̃ξuc�g� ξ(t−1)

c�g �Z(t)g �φ
(t)�λ(t)uc �λ

(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t)
c �σ

(t)
g � α̃uc�g�α

(t−1)
c�g

)
= exp

(
V
(
Wg� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t)
c �σ

(t)
g � α̃uc�g�α

(t−1)
c�g

))∑
W

exp
(
V
(
W� ξ̃uc�g� ξ

(t−1)
c�g �Z(t)g �φ

(t)�λ(t)uc �λ
(t)
c �β

(t)
uc �β

(t)
c �ρ

(t)
uc �ρ

(t)
c �σ

(t)
g � α̃uc�g�α

(t−1)
c�g

))

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

toΩn̄�g, reject it and rerun the simulation.
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(d) With the acceptance probability equal to
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set α(t)uc�g = α̃uc�g. Otherwise, set α(t)uc�g = α(t−1)
uc�g .

Step XII. For g= 1� 
 
 
 �G, simulate α(t)c�g from
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the double M–H algorithm.

(a) Propose α̃c�g from a random walk proposal density q(αc�g|α(t−1)
c�g ).

(b) For g= 1� 
 
 
 �G, calculate the implied residuals from activity intensity equations,
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See details in Step I, part (c). If the obtained auxiliary network W̃g does not belong
toΩn̄�g, reject it and rerun the simulation.

(d) With the acceptance probability equal to

αMH
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set α(t)c�g with α̃c�g. Otherwise, set α(t)c�g = α(t−1)
c�g .

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 N (0�4). The group fixed effects are generated from N (3�1) for
the uncensored case and N (−1
5�1) for the censored case. The disturbance term ξ is
generated from N (0�0
5). The latent variable Z is specified as one-dimensional and
generated from N (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 cij that is generated as follows: first, we draw two uniform random
variables from U(0�1), denoted as U1 and U2. If U1 and U2 are both larger than 0
7 or
less than 0
3, then we set cij to one. Otherwise, we set cij to zero. We also include the
distance of latent variables |zi−zj| 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 F.1 and F.2.

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).1 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 asφ0 = 0;�0 = 10; β0 = 0; B0 = 10;
ρ0 = 0; R0 = 10; σ0 = 0; Σ0 = 10; α0 = 0;A0 = 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

1The out-degree for individual i in group g is calculated by
∑
j wij�g . The average out-degree is∑

i

∑
j �=i wij�g/mg . The network density is obtained by further dividing the average degree by (mg − 1). The

clustering coefficient is calculated as the total fraction of transitive triples in the network, that is,

C(Wg)=

∑
i;j �=i;k �=i�j

wij�gwjk�gwik�g∑
i;j �=i;k �=i�j

wij�gwjk�g
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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 F.1 and F.2. 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 (λ) in equation (9) and some of the global network
effects (e.g., η1, η2, and η5) in equation (10), and there is a significant downward bias on
the incentive effect (δ) 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 (δ), 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 (λ) 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 (λ) 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 (λ) 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 (λ) and the incentive
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effect (δ)—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 F.1 and Figure F.2.
To interpret these trace plots, we take the endogenous peer effect λ in Figure F.1 as an
example. The true value of λ in the simulation is set at 0
05 (see Table F.1). 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 λ in
each chain. The plots in Figure F.1 show that regardless of the different initial values, the
draws of λ converge and stabilize swiftly near the true value. We also find a similar pat-
tern in the other figures for λ in the censored outcome and for δ in both the censored
and uncensored outcomes; this occurs despite the convergence of δ requiring slightly
more draws than λ.2 Similar findings are found in the plots for the censored activity case
in Figures F.3 and F.4.

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 F.5, we show the computation cost, measured by the average CPU time (in
seconds) of one MCMC iteration for the five studied models (in Table F.1); 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 λ and δ 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 F.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

λ 0
0500 0
0500 0
0073 0
0679 0
0091 0
0167 0
0052 0
0595 0
0091 0
0846 0
0073
β1 0
3000 0
2817 0
0280 0
2986 0
0283 0
2992 0
0299 0
3038 0
0271 0
2965 0
0281
β2 0
1000 0
0927 0
0099 0
1036 0
0196 0
1084 0
0116 0
1317 0
0185 0
1243 0
0214
ρ1 0
3000 0
2838 0
0605 – – 0
2359 0
0689 0
2713 0
0923 – –
ρ2 0
1000 0
0946 0
0248 – – 0
0696 0
0316 0
0864 0
0685 – –
γ0 −0
5000 −0
5262 0
0655 −1
9885 0
1387 −1
4266 0
0617 −1
0418 0
0362 – –
γ3 0
3000 0
3106 0
0505 0
2733 0
0538 0
3519 0
0723 0
3620 0
0611 – –
γ4 −1
0000 −1
1367 0
0715 – – −1
1137 0
0784 −1
0580 0
0514 – –
η1 0
3000 0
2959 0
0405 0
4401 0
0499 – – – – – –
η2 0
2000 0
2172 0
0475 0
3101 0
0602 – – – – – –
η3 −0
1000 −0
1003 0
0084 −0
1098 0
0100 – – – – – –
η4 0
0400 0
0418 0
0036 0
0325 0
0042 – – – – – –
η5 0
3000 0
3023 0
0241 0
4015 0
0285 – – – – – –
η6 −0
2000 −0
1976 0
0216 −0
1777 0
0273 – – – – – –
δ 0
3000 0
3000 0
0259 0
2094 0
0569 1
0049 0
1001 – – – –
σ2
ξ 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 λ, β1 , and β2 capture, respectively, endogenous, own, and
contextual peer effects in equation (9). The parameters γ0 , γ3 , and γ4 capture local network effects specified in equation (8).
The parameters η1 to η6 capture global network effects specified in equation (10). The parameter δ captures the incentive
effect specified in equation (6). The parameter σ2

ξ is the variance of error term ξ 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.

Figure F.1. Trace plot of MCMC draws for the parameter λ at different initial values (for the
uncensored outcome). The true value of λ in the simulation is 0
05.
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Figure F.2. Trace plot of MCMC draws for the parameter δ at different initial values (for the
uncensored outcome). The true value of δ in the simulation is 0
3.

Table F.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

λ 0
0500 0
0492 0
0131 0
0890 0
0157 0
0242 0
0121 0
0568 0
0131 0
1187 0
0147
β1 0
3000 0
2695 0
0169 0
2798 0
0130 0
2726 0
0153 0
2779 0
0122 0
2761 0
0123
β2 0
1000 0
0820 0
0091 0
0880 0
0060 0
0685 0
0085 0
1094 0
0058 0
0935 0
0065
ρ1 0
3000 0
2464 0
0320 – – 0
2567 0
0615 0
2496 0
0478 – –
ρ2 0
1000 0
0972 0
0228 – – 0
1145 0
0249 0
1073 0
0401 – –
γ0 −1
7000 −1
6505 0
1155 −2
7295 0
1327 −1
9584 0
0895 −1
7348 0
0502 – –
γ3 0
3000 0
3022 0
0426 0
2673 0
0474 0
3211 0
0556 0
3265 0
0530 – –
γ4 −1
0000 −1
0715 0
0848 – – −1
0638 0
1144 −1
1122 0
0692 – –
η1 0
3000 0
2873 0
0392 0
4504 0
0520 – – – – – –
η2 0
2000 0
2085 0
0487 0
2107 0
0684 – – – – – –
η3 −0
1000 −0
0998 0
0099 −0
0975 0
0129 – – – – – –
η4 0
0400 0
0391 0
0041 0
0352 0
0044 – – – – – –
η5 0
3000 0
2802 0
0325 0
4073 0
0370 – – – – – –
η6 −0
2000 −0
2062 0
0252 −0
1609 0
0312 – – – – – –
δ 0
3000 0
3166 0
0117 0
1885 0
0521 0
4211 0
1242 – – – –
σ2
ξ 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 λ, β1 , and β2 capture, respectively, endogenous, own, and
contextual peer effects in equation (9). The parameters γ0 , γ3 , and γ4 capture local network effects specified in equation (8).
The parameters η1 to η6 capture global network effects specified in equation (10). The parameter δ captures the incentive
effect specified in equation (6). The parameter σ2

ξ is the variance of error term ξ 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 F.3. Traceplot of MCMC draws for the parameter λ at different initial values (for cen-
sored outcome). The true value of λ in the simulation is 0
05.

Figure F.4. Traceplot of MCMC draws for the parameter δ at different initial values (for cen-
sored outcome). The true value of δ in the simulation is 0
3.
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Figure F.5. The average computation time (in seconds) for a single MCMC iteration. The scale
of the vertical axis is logarithmic.

Figure 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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