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coef.pnam Extract the ML parameter estimates from pnam model fits
Description
This function extracts the Maximum Likelihood (ML) parameter estimates for the exogenous co-
variates from a pnam model fit.
Usage
## S3 method for class 'pnam'
coef(object, ...)
Arguments
object An object of class "pnam".
Additional arguments for other methods.
Value

The vector of estimated parameter values for the exogenous covariates.
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Examples

data("net1”, package = "netpanel”) #the first panel network
data(”simulated.data”, package = "netpanel”) #the simulated variables
#' a fixed effects panel network autocorrelation model
fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,

data = simulated.data, time = ~panel,

actor = ~unit, model = "fixed",

fixed.effect = "actor"”)
coef(fe.pnam) #the mle parameter values

fitted.pnam Fitted values from pnam model fits

Description

This function returns the model fitted values, ¢, for a fitted pnam model. The function returns two
types of fitted values to the user: linear regression fitted values and network regression fitted values.
The network regression fitted values are formulated as: § = (In7 — >_; piW*) " 1(X 3), where W
is the iih included network. In comparison, the linear regression fitted values are formulated as:

§=Xp.

Usage
## S3 method for class 'pnam'
fitted(object, ...)

Arguments
object An object of class pnam.

Additional arguments for other methods.

Value

A data. frame object that stores the fitted values from a pnam model fit, where the column "ols.fitted"
stores the linear regression fitted values and "network.fitted" stores the network regression fitted val-
ues (see above).

Examples

data("net1"”, package = "netpanel”) #the first panel network
data(”"simulated.data”, package = "netpanel”) #the simulated variables

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",
fixed.effect = "actor”)

fitted(fe.pnam) #the data.frame of fitted values
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loglLik.pnam Extract the estimated model log-likelihood from pnam model fits

Description

This function extracts the estimated model loglikelhood from a pnam model fit.

Usage
## S3 method for class 'pnam'
logLik(object, ..., REML = FALSE)
Arguments
object An object of class pnam.

Additional arguments for other methods.

REML From the generic loglLik function. Set to FALSE and does not need to changed
by the user.

Value

The estimated model log-likelihood.

Examples

data("net1"”, package = "netpanel”) #the first panel network
data("simulated.data”, package = "netpanel”) #the simulated variables

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",

fixed.effect = "actor”)
loglLik(fe.pnam) #the estimated model log-likelihood.

mlpnam Fit a Maximum Likelihood Panel Network Autocorrelation Model
(PNAM)

Description

A function that contains Maximum Likelihood estimation routines to fit panel network autocorrela-
tion models (MLPNAM). The function allows for (1) fixed and random actor-level effects, (2) the
inclusion of time lagged outcome and network terms, (3) multiple networks to construct the network
(spatial) filtering matrix, and (4) for the time-varying errors to exhibit network autocorrelation, that
is, for the model to become a network mixed effects model (i.e., error + lag model). Please see the
Details section for more information.



mlpnam

Usage

mlpnam(
reg.formula,
net.formula,

data,

time,

actor,

model = c("fixed"”, "random”, "dynamic"),

fixed.effect = c("actor”, "time", "two-way"),

dynamic.lag = c("network”, "outcome”, "network x outcome”),
errors = c("idiosyncratic”, "autocorrelated"),

autocorrelated.network = NULL,
optim.method = "L-BFGS-B",
optim.control = list(),

Arguments

reg.formula

net.formula

data

time

actor

model

A formula object that is the symbolic description of the network autocorrelation
model to be fitted. The dependent and exogenous regressors are extracted from
the data argument. This is the same argument found in 1m and glm.

A formula object that is the symbolic description of the network structure for
the network autocorrelation model, which allows multiple networks to be in-
cluded. The dependent variable should not be defined. Each of the included
covariates should be a list of length t (i.e., the number of time points/panels) and
each element should be an N x N matrix, where N is the number of actors/units
in the network. The included networks should be row-normalized. The networks
are extracted from the environment.

An object of class data. frame that contains the variables from the reg. formula,
time, and actor arguments. The data.frame should be stacked by time, and

ordered within time with respect to their position in the network adjacency ma-

trices. If you are unsure how the stacking of observations should be constructed,

please see the structure of the simulated.data netpanel data object.

A formula object where the variable that represents the time index of the ob-
servation is on the right hand side of ~. The variable is extracted from the data
argument.

A formula object where the variable that represents the actor/unit index of the
observation is on the right hand side of ~. The variable is extracted from the
data argument.

The type of panel network autocorrelation model to be estimated (see the Details
section). "fixed" indicates that a within-estimator fixed effects model should be
estimated. The demeaning of the data structure is based upon the fixed.effect
argument. "random" indicates that a random-intercept model should be esti-
mated with random effects with respect to the actors/units. "dynamic" indicates
that a lagged model will be estimated, and the specific lag structure is based
upon the dynamic. lag argument.
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fixed.effect optional. When model is set to "fixed", how should the data structure be de-
meaned? "actor” indicates the data will be demeaned by the unit-specific aver-
age. "time" indicates that the data will be time demeaned (i.e., the x;1; value at
time ¢ will be subtracted by the mean of x4, which is the vector of x; values
for all units at time t). "two-way" indicates that two-way fixed effects will be
included (i.e., time and unit fixed effects).

dynamic.lag optional. When model is set to "dynamic", what lag structure should be in-
cluded? The option "network" will add the time lag for each included network
structure in the net.formula argument. The option "outcome" will add the
time lag for the outcome variable (Y) based on the reg. formula argument. The
"network x outcome" option will add the time lags for the outcome and network
variables.

errors What is the assumed structure of time-varying errors? "idiosyncratic" indicates
that the time-varying errors are assumed to be drawn from the following distri-
bution: N(0,02), where o2 is the variance. "autocorrelated" assumes that the
time-varying errors exhibit network autocorrelation and the model will become
a network mixed effects model. See the Details section.

autocorrelated.network
optional. When errors is set to "autocorrelated”, a 1ist object with length t,
where each element is an N x N matrix and represents the network to be used in
the network error model. See the Details section.

optim.method optional. The numeric optimization procedure to be employed by optim. De-
faults to "L-BFGS-B" and, in general, should not be changed.

optim.control optional. A list control options for the optim function. Please see the optim
function for the set of options.

Additional arguments.

Details

This function fits a panel network autocorrelation model with time-varying social adjacency matri-
ces via Maximum Likelihood Estimation. The estimated model takes the form:

Yt:PIWfYt++Ple§Kt+XtB+Ut7 t:1727 7T

Ut = UN + €, t:1;27"'3T

where Y; is the outcome vector for N actors at time ¢, pj W,ﬁYt is the network autocorrelation
term for the k'™ social network at time ¢ (taken from the net.formula argument), X; are the
set of exogenous time-varying (and invariant) regressors (taken from the reg.formula argument).
Additionally, v; is the time-varying error term that is the sum of the time-invariant unit-specific
unobserved factors, i, thought to explain Y; and e; are the time- and unit-varying unobserved
factors. Dependent upon the model argument, the function will (1) estimate a fixed-effects network
regression, where the within estimator demeans the data by time, actor, or both, (2) estimate a
random effects network regression, or (3) estimate a dynamic panel network autocorrelation where
the time lags of the outcome and network variables are added to the set of exogenous covariates.
Please see the set of references below for more information of network (spatial) cross-sectional and
panel models and their respective estimation strategies (e.g., fixed effects).
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Moreover, the model can also estimate the network mixed effects model, where the estimated for-
mula is:
)/t :PIWfK++PkW1§§/I‘+Xtﬂ+Ufa t= 1727"' aT
(%7 :MN+€ta t= 1527"' 7T
€t = )\ert + €, t= 1,2,"' 7T‘
where ) is the error autocorrelation parameter, W, is the error social adjacency matrix (if appli-

cable, the network included in the autocorrelated.network argument), and ¢; are a set of i.i.d
normal errors at time ¢.

Internally, the function follows the two-step computation strategy discussed in Millo and Piras
(2012). In the first step, the set of parameter estimates for p, A, and 6 are found via numerical
optimization routines. Importantly, within each search, the values for 8 and o2 are updated via their
GLS estimators. In the second step, once the ML parameter estimates for p, A, and 6 are found,
the final GLS estimates for 3 and % are computed. The asymptotic variance-covariance matrix for
p, A, and 0 are the inverse of the negative Hessian matrix and the variance-covariance matrix for 3
is found via the standard GLS variance estimator. For sake of brevity, please see the below listed
references for more information on these estimators.

Value
An object of class pnam as a 1ist containing the following elements:

* N - The number of unique units in the panel network dataset.
* t - The number of panels (time periods) in the panel network dataset.
* type - The type of model estimated per the model argument.

e error.structure - The assumed structure for the time-varying errors per the errors argu-
ment.

* fe.type - If a fixed effects model is estimated, the type of fixed effects demeaning per the
fixed.effect argument.

* lag.type - If a dynamic model is estimated, the type of lag structure included in the model
per the dynamic. lag argument

* max.eigen - The maximum absolute eigenvalue of the tho*W matrix.

* lambda - If the time-varying errors are assumed to be autocorrelated, the estimated value for
lambda.

* rho - The vector of estimated maximum likelihood rho parameters.

* vcov.rho - The asymptotic variance-covariance of the estimated rho parameters.
* coefficients - The vector of estimated exogenous ML parameters.

* vcov - The asymptotic variance-covariance of the exogenous ML parameters.

* sigma?2 - The estimated variance of the time-varying residual.

* residuals - The residuals of the fitted model.

» fitted.values - The fitted values from the estimated model.

* loglLik - The estimated model log-likelihood.

» convergence - The converge value returned from the optim function. 0 indicates successful
convergence.
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* netfilter - The filtering matrix of the estimated model (/7 — {ZJ rhoj x W7}), where
W7 is the jth network from the net . formula argument.

* k - The total number of estimated parameters.

¢ df - The model degrees of freedom.

e AIC - The AIC of the estimated PNAM.

* BIC - The BIC of the estimated PNAM.

¢ response - The outcome vector (Y).

e covariates - The covariate matrix (X).

e optim.information - The returned list from the optim function.

e error.dis - If a random effects model is estimated, a list that contains the residual variances
for the time-varying residuals (idiosyncratic), the unit-/actor-specific residual variances (unit),
and the estimated ratio of the variances (theta).

e theta - If a random effects model is estimated, the estimated value for theta (the ratio of the
unit and idiosyncratic variances.)

* vcov.theta - If a random effects model is estimated, the asymptotic variance of the estimated
theta value.
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See Also

coef.pnam, vcov.pnam, logLik.pnam, AIC, residuals.pnam, fitted.pnam, netimpacts.

Examples

data("net1"”, package = "netpanel”) #the first panel network
data("net2”, package = "netpanel”) #the second panel network
data(”"net3”, package = "netpanel”) #the third panel network
data("simulated.data”, package = "netpanel”) #the simulated variables

# a random effects panel network autocorrelation model

re.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "random™)

summary (re.pnam)

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl + net2,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",

fixed.effect = "actor”)
summary (fe.pnam)

# a dynamic panel network autocorrelation model with autocorrelated errors
dyn.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl + net2,

data = simulated.data, time = ~panel,
actor = ~unit, model = "dynamic”,
dynamic.lag = "outcome")

summary (dyn.pnam)

# a fixed effects panel network autocorrelation model with autocorrelated errors
fe.pnam.error <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,

data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",
errors = "autocorrelated”,

autocorrelated.network = net3)
summary (fe.pnam.error)
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netl A list of simulated panel social networks (1)

Description

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W ;; entry denotes a directed relationship from i to j at time ¢.

Usage

data(net1)

Format

netl:

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W;;; entry denotes a directed relationship from ¢ to j at time ¢.

net2 A list of simulated panel social networks (2)

Description

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W;;; entry denotes a directed relationship from ¢ to j at time ¢.

Usage

data(net2)

Format

net2:

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W;;; entry denotes a directed relationship from ¢ to j at time ¢.
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net3 A list of simulated panel social networks (3)

Description

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W;;; entry denotes a directed relationship from ¢ to j at time ¢.

Usage

data(net3)

Format

net3:

A list of length 10 where each element is an simulated row-normalized 50 x 50 social adjacency
matrix, where a non-zero W ;; entry denotes a directed relationship from i to j at time ¢.

netimpacts Compute the direct, indirect, and total impacts from a fitted pnam ob-
Jject

Description

This function returns the estimated average direct, indirect, and total impacts from a fitted panel
network autocorrelation model.

Usage

netimpacts(object, return.impact.matrix = FALSE, digits = 5)

Arguments

object An object of class pnam.

return.impact.matrix
TRUE/FALSE. If TRUE, the function will also return the estimated impact ma-
trix for each estimated covariate. Set to FALSE by default.

digits The number of digits to round the estimates after the decimal point.
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Details

In classical linear regression, the marginal effect of a regressor, 1, on the outcome, Y, is ﬁl. In
panel network (and spatial) effects models, the marginal effect is:

o _ (Int =Y AW*) 6

ox
1 &

The direct impact is the average of the diagonal value of the above matrix, the indirect impact is
the average of the row sum of the off-diagonal values, and the total impact is sum of both. The
function will also return the impact matrix for each estimated effect if return.impact.matrix is
set to TRUE.

Value

A data.frame object that stores the direct, indirect, and total impact for each estimated effect in
the fitted pnam model.

Examples

data("net1"”, package = "netpanel”) #the first panel network
data(”"simulated.data”, package = "netpanel”) #the simulated variables

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",
fixed.effect = "actor”)

netimpacts(fe.pnam) #compute the impact values

netpanel Maximum Likelihood Estimation Routines for Panel Network Autocor-
relation Models

Description

The netpanel package contains maximum likelihood estimation routines to fit panel network au-
tocorrelation models (PNAMs) with time-varying social adjacency matrices. The package contains
functionality for (1) fixed and random effects PNAMsS, (2) dynamic PNAMs that include time lags
of the outcome and networks, and (3) the estimation of network mixed effects models where, in
addition to the lag of the outcome, the time-varying residuals are assumed to exhibit network auto-
correlation. Importantly, the package allows for multiple network lags to be fitted simultaneously.
Please see the list of below references for more information on panel network (spatial) autocorrela-
tion models.
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Details

The netpanel package primarily works through the wrapper function mlpnam. The mlpnam function
returns an S3 object of class pnam that stores the relevant results of the fitted PNAM. The full set of
functions (including user-helper S3 methods) are:

* mlpnam: fits a panel network autocorrelation model to an empirical panel network dataset via
Maximum Likelihood Estimation.

* netimpacts: computes the direct, indirect, and total network impacts for each included re-
gressor from a fitted pnam S3 object.

» coef.pnam: extracts the vector of ML parameter estimates from a fitted pnam S3 object.

e vcov.pnam: extracts the asymptotic variance-covariance matrix from a fitted pnam S3 object.
* loglLik.pnam: extracts the estimated log-likelihood from a fitted pnam S3 object.

* residuals.pnam: extracts the model residuals from a fitted pnam S3 object.

e fitted.pnam: extracts the linear and network regression fitted values from a fitted pnam S3

object.

Additionally, the netpanel package includes a set of simulated pseudo data objects for users to
start fitting panel network autocorrelation models. Please see the simulated.data netpanel help
page for more information on the simulated dataset and respective networks.

Author(s)

Kevin A. Carson kacarson@arizona.edu
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See Also

Useful links:

* https://github.com/kevinCarson/netpanel

* Report bugs at https://github.com/kevinCarson/netpanel/issues

print.pnam Print Method for pnam model objects.

Description

Print Method for pnam model objects.

Usage
## S3 method for class 'pnam'
print(x, digits =5, ...)
Arguments
X An object of class pnam.
digits The number of digits to print after the decimal point.

Additional arguments (currently unused).

Value

No return value. Prints out the main results of a pnam object.


https://github.com/kevinCarson/netpanel
https://github.com/kevinCarson/netpanel/issues

print.summary.pnam

print.summary.pnam Print Method for summary.pnam Panel Network Autocorrelation
Model Summary

Description

Print Method for summary . pnam Panel Network Autocorrelation Model Summary

Usage
## S3 method for class 'summary.pnam'
print(x, digits =5, ...)
Arguments
X An object of class summary . pnam.
digits The number of digits to print after the decimal point.

Additional arguments (currently unused).

Value

No return value. Prints out the summary of a pnam object.

residuals.pnam Residuals for pnam model fits

Description

This function returns the model residuals for a pnam model fit.

Usage
## S3 method for class 'pnam'
residuals(object, ...)

Arguments
object An object of class pnam.

Additional arguments for other methods.

Value

The vector of pnam model fit residuals.
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Examples

data("net1"”, package = "netpanel”) #the first panel network
data(”"simulated.data”, package = "netpanel”) #the simulated variables

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",
fixed.effect = "actor”)

residuals(fe.pnam) #the vector of model residuals

simulated.data Simulated panel network dataset

Description

A simulated panel network dataset that contains a response variable (Y) and three exogenous re-
gressors (21, x2, and x3). The exogenous regresors x; and x3 vectors are drawn from standard
normal distribution, and x5 is a vector of random bernoulli variables. The panel variable repre-
sents the time of data collection and the unit variable indexes the unique actors across the panels.
The outcome is generated from the following deterministic equation:

Yy = pi W'Y, 4 poWYYy + Bo + frayl + Boai2 + Bsm3 + vy, t=1,2,---,10
Ut :Nt+et7 t = 1,2,"' ,10
er = \W?e + e, t=1,2,---,10
where W1 is the net1 netpanel data object, W2 is the net2 netpanel data object, and W3 is the
net3 netpanel data object.

Usage

data(simulated.data)

Format

simulated.data:

A simulated panel network dataset with size 500 x 5 the following variables: Y, x1, x3, x3, panel,
and unit.
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summary.pnam Summary Method for pnam Objects

Description

Summarizes the results of a fitted pnam model object.

Usage
## S3 method for class 'pnam'
summary(object, digits =5, ...)
Arguments
object An object of class pnam.
digits The number of digits to print after the decimal point.

Additional arguments (currently unused).

Value

A list of summary statistics for the panel network autocorrelation model, such as the estimated
log-likelihood and the estimated parameters.

VCoV.pnam Extract the asymptotic variance-covariance matrix from pnam model

fits

Description

This function extracts the asymptotic variance-covariance matrix from pnam model fits for the ex-
ogenous covariates. For the endogenous variance matrices (such as the variance-covariance matrix
for p), please extract those from the model fit. For example, the variance matrix for p can be
extracted as model$vcov.rho, where model is the pnam object name.

Usage
## S3 method for class 'pnam'
vcov(object, ...)

Arguments
object An object of class pnam.

Additional arguments for other methods.
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Value

The asymptotic variance-covariance matrix for the exogenous covariates.

Examples

data("net1"”, package = "netpanel”) #the first panel network
data("simulated.data”, package = "netpanel”) #the simulated variables

# a fixed effects panel network autocorrelation model

fe.pnam <- mlpnam(Y~x1+x2+x3, net.formula = ~ netl,
data = simulated.data, time = ~panel,
actor = ~unit, model = "fixed",

fixed.effect = "actor"”)
vcov(fe.pnam) #the asymptotic variance-covariance matrix
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