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1. Introduction

Economic theory frequently suggests connections between individual units of obser-
vation. Connectivity and the resulting spillover effects between units lie at the heart
of pressing research questions in microeconomics (Ambrus et al., 2014; Chyn and
Katz, 2021; Ioannides and Datcher Loury, 2004; Weidmann and Deming, 2021) and
macroeconomics (Acemoglu et al., 2016; Crespo Cuaresma et al., 2019; Gofman, 2017;
Rose, 2004). Good answers to these questions and deeper insights can be important
for education policy (Board and Meyer-ter Vehn, 2021; Lin, 2010; Mele, 2020), labor
market outcomes (Beaman, 2012; Hensvik and Skans, 2016; Munshi, 2003), supply
chain management (Acemoglu et al., 2012; Atalay et al., 2014, 2011; Kranton and
Minehart, 2001), innovation (Bloom et al., 2013; Ductor et al., 2014; König et al., 2019;
Newman, 2001). However, empirical studies of spillover effects abstract from the nature
of connections and modelling approaches are limited. Current econometric methods for
analyzing spillover effects generally rely on holding the structure of connectivity fixed,
thus obscuring uncertainties and potentially distorting results.

This paper introduces an integrated model to jointly analyze both the structure and
consequences of connectivity between units. I propose a Bayesian hierarchical approach
to comprehensively address both issues. Suitable shrinkage priors allow for more
nuanced assumptions; prior information is flexibly imposed where available and needed,
while important aspects of the model are freed up and learned from the data. The
resulting model facilitates the explicit treatment of connectivity structures and spillovers
in a layered framework. As I demonstrate with an application to deforestation spillovers
from croplands in the Brazilian Amazon, this model avoids bias from misspecified
connectivities, better reflecting reality and the surrounding uncertainties.

The main contribution of this paper is a framework for jointly estimating spillover/peer
effects and connectivity structures, i.e., spatial weight or adjacency matrices. A number
of earlier studies pursue similar goals in the spatial econometric (Debarsy and LeSage,
2020; Lam and Souza, 2020; Qu and Lee, 2015; Zhang and Yu, 2018) and the network
econometric (Goldsmith-Pinkham and Imbens, 2013; Hsieh and Lee, 2016; Johnsson
and Moon, 2021) literature. These studies generally adopt model averaging approaches,
and are limited to few discrete candidates for the connectivity structure. The hierarchical
setup that I propose in this paper eliminates this constraint. It provides a flexible and
nuanced way of modelling and estimating more general forms of connectivity, conveying
a more comprehensive picture of spillover effects. For this approach to work in practice,
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there are three main obstacles to overcome.
The first challenge lies in the forms of the connectivity structure themselves. Here, I

provide a unified framework for common forms of connectivity used in both the spatial
and network econometric literatures. I characterize connectivity as a weighted digraph,
and develop a functional approximation that nests many common connectivity structures.
This approximation places individual units in a metric space, augmented with a notion
of potential, and highlights the strong simplifying assumptions made in the literature.
Lastly, I derive conclusive bounds for the autoregressive parameter of overall connectivity
strength, ensuring non-singularity and stationarity of the model. This allows for more
flexible models that don’t impose a row-stochastic form a priori, and, as I demonstrate,
avoid bias from this potential misspecification of connectivity.

The second challenge is related to the curse of dimensionality. I address these using
suitable prior distributions that can induce regularization. With few exceptions (e.g. Lam
and Souza, 2020), the notion of regularization is arguably neglected in the literature,
and Uniform priors are most commonly used (e.g. Debarsy and LeSage, 2020). I show
how established priors are limited in their flexibility, impose strong information in unsus-
pected dimensions, and often cannot accommodate the nuanced prior information that
is available. I introduce priors that can reflect this prior information, e.g., location-based
priors for the structural parameters in the connectivity function. For the autoregressive
parameter of overall connectivity strength, I propose a Beta-Gamma mixture prior that
can accommodate flexible shapes and provides sensible regularization without distorting
estimates. These priors facilitate the efficient estimation of connectivity parameters that
have previously been fixed.

The third challenge is of a technical nature and concerns estimation of the model,
and the computations involved. Posterior inference relies on Markov chain Monte Carlo
(MCMC) sampling or variational methods, and the interdependence that results from
connectivity can make even simple models computationally prohibitive. Models with an
autoregressive term, in particular, rely on the evaluation of a costly Jacobian determi-
nant. In this paper, I focus on full posterior inference, and develop efficient sampling
schemes for the hierarchical and structural parameters, which facilitate the straight-
forward estimation of extensible models. For such models, the Jacobian determinant
features at least one additional dimension, making established procedures obsolete. In
order to still allow for rapid and accurate estimation, I develop an adaptive Gaussian
process approximation. These optimizations allow for full Bayesian inference in spatial
econometric models that can be extended with little overhead.
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