
 

Tutorial one: Bayesian computing with INLA: an introduction 

Speaker: Havard Rue, Norwegian University of Science and Technology 

Abstract:   

In these lectures, I will discuss approximate Bayesian inference for a class of models named `latent 
Gaussian models' (LGM). LGM's are perhaps the most commonly used class of models in statistical 
applications. It includes, among others, most of (generalised) linear models, (generalised) additive 
models, smoothing spline models, state space models, semiparametric regression, spatial and 
spatiotemporal models, log-Gaussian Cox processes and geostatistical and geoadditive models.  In this 
short course I will introduce the background for understanding LGM and INLA; why it works and why its 
fast. I will end these lectures illustrating INLA on some examples in R. Please visit www.r-inla.org to 
download the package and for further documentation. 

 

 

 

Tutorial two:  An overview of Gaussian processes: theory, applications and computations 

Speaker: Michael Stein, University of Chicago 

Abstract:  

TBA 
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Title: The screening effect in kriging: When it holds, when it doesn't, and why it matters 

Speaker:  Michael Stein, University of Chicago 

Abstract:  

The screening effect is the phenomenon in spatial interpolation in which the optimal linear predictor of 

a process at an unobserved location is largely determined by those observations closest to this location.  

I have been studying this phenomenon off and on for over 25 years because I believe it is key to 

understanding models for spatial covariance functions and their suitability for practical application.  This 

talk will discuss various mathematical formulations for the screening effect and conditions under which 

it does and does not hold.  I will also consider methods for approximating likelihoods for Gaussian 

random fields observed at a large number of locations and how these methods relate to the screening 

effect. 

 

 

Title: Multivariate max-stable spatial processes     

Speaker:  Huiyan Sang, Texas A&M University 

Abstract:  
 
Max-stable processes allow the spatial dependence of extremes to be modelled and quantified, so 
they are widely adopted in applications. For a better understanding of extremes, it may be useful to 
study several variables simultaneously. To this end, we study the maxima of independent replicates of 
multivariate processes, both in the Gaussian and Student-t cases. We define a Poisson process 
construction and introduce multivariate versions of the Smith Gaussian extreme-value, the Schlather 
extremal-Gaussian and extremal-t, and the Brown–Resnick models. We develop inference for the 
models based on composite likelihoods. We present results of Monte Carlo simulations and of an 
application to daily maximum wind speed and wind gust. 
 

 

 

 

 

  



Title: Bayesian modeling and inference for large geographically referenced data sets 

Speaker: Sudipto Banerjee, University of California-Los Angeles 

Abstract:  

With the growing capabilities of Geographical Information Systems (GIS) and user-friendly software, 

statisticians today routinely encounter geographically referenced data sets containing observations from 

a large number of spatial locations. Over the last decade, hierarchical spatial process models have 

become widely deployed statistical tools for researchers to better understanding the complex nature of 

spatial variability. However, fitting hierarchical spatial models often involves expensive matrix 

algorithms whose computational complexity increases in cubic order with the number of spatial 

locations. This renders such models unfeasible for large spatial data sets. In this talk, I will extend 

sparsity-inducing likelihood approximations to construct a Nearest-Neighbor Gaussian Process (NNGP) 

that can be exploited as a dimension-reducing prior embedded within a rich and flexible hierarchical 

modeling framework to deliver exact Bayesian inference. Both these approaches lead to Markov chain 

Monte Carlo algorithms with floating point operations (flops) that are linear in the number of spatial 

locations (per iteration). We evaluate these methods for finite sample inference and demonstrate its use 

in inferring on the spatial distribution of forest biomass from the US Forest Inventory database spanning 

the continental US.  

 

Title: Domain decomposition approach for fast Gaussian process regression of large spatial data sets 

Speaker: Chiwoo Park, Florida State University 

Abstract:  

Gaussian process regression is a flexible and powerful tool for machine learning, but the high 

computational complexity hinders its broader applications. In this paper, we propose a new approach for 

fast computation of Gaussian process regression with a focus on large spatial datasets. The approach 

decomposes the domain of a regression function into small subdomains and infers a local piece of the 

regression function for each subdomain. We explicitly address the mismatch problem of the local pieces 

on the boundaries of neighboring subdomains by imposing continuity constraints. The new approach has 

comparable or better computation complexity as other competing methods, but it is easier to be 

parallelized for faster computation. Moreover, the method can be adaptive to non-stationary features 

because of its local nature and, in particular, its use of different hyperparameters of the covariance 

function for different local regions. We illustrate application of the method and demonstrate its 

advantages over existing methods using two synthetic datasets and two real spatial datasets. 

  



Title: Quantifying spatial aggregation error using weighted eigenfunctions 

Speaker:  Christopher Wikle, University of Missouri-Columbia 

Abstract: 

There are many instances in which spatial data are recorded over geographic regions (i.e., areal data). 

The modifiable areal unit problem (MAUP) is a long-standing type of uncertainty associated with areal 

data. Not all such areal units are created equal and it is of interest to choose areal units that minimize 

the MAUP.  Our interest is the case where one has spatial data with associated observational 

uncertainty, such as survey data collected over space, with associated survey errors. In particular, we 

address the choice of optimal areal units to mitigate the MAUP in the presence of 

observational/sampling uncertainty.  Our framework makes use of the Karhunen-Loeve expansion for 

multiscale spatial processes, the development of weighted eigenfunctions, and a useful spatial 

aggregation error criterion.  The methodology is demonstrated through applications involving 

environmental and federal survey data.  This is joint work with Jonathan Bradley and Scott Holan. 

 

 

Title:  Multi-resolution approximations for big spatial data 

Speaker:  Matthias Katzfuss, Texas A&M University 

Abstract: 

Automated sensing instruments on satellites and aircraft have enabled the collection of big spatial data 

over large and inhomogenous spatial domains. If these kinds of datasets can be efficiently exploited, 

they can provide new insights on a wide variety of issues. However, traditional spatial statistical 

techniques such as kriging are not computationally feasible for big datasets. We propose a multi-

resolution approximation (M-RA) of Gaussian processes observed at irregular (i.e., non-gridded) 

locations in space. The M-RA process is specified as a linear combination of basis functions at multiple 

levels of spatial resolution, which can capture inhomogenous spatial structure from very fine to very 

large scales. The basis functions are chosen to optimally approximate a given covariance function, and 

no restrictions on the covariance function are necessary. All computations involving the M-RA, including 

fully Bayesian parameter inference and prediction, are highly scalable for massive datasets. Crucially, 

the inference algorithms can also be parallelized to take full advantage of the many nodes available in 

modern computing environments.  



Title:  Policy optimization for dynamic spatiotemporal systems 

Speaker: Brian Reich, North Carolina State University 

Abstract:  

Interventions performed in space and time subject to resource constraints are common in ecology and 

many other fields.  For example, we consider intervention strategies to slow the spread of white nose 

syndrome (WNS) in hibernating bats.  WNS has dire consequences for both the bat population and 

agriculture production in affected areas.  A policy is required to determine where and when 

interventions such as cave closings should be implemented.  Finding an optimal policy in this case is 

challenging because data are sparse, disease dynamics are complex, and the state and action spaces are 

extremely high dimensional.  We propose a general framework for policy optimization in dynamic 

spatiotemporal systems.  The key features of our approach are that it ensures an interpretable policy, 

exploits scientific knowledge of the disease, adapts to changes in the system, properly accounts for 

many sources of uncertainty, and can be applied to high-dimensional problems.  In our analysis of WNS, 

we show that the proposed approach can lead to substantial improvements over competing methods. 

 

 

Title:  Correlating the largest map of the universe with HETDEX 

Speaker: Karl Gebhardt,   University of Texas - Austin  

Abstract:   

HETDEX (the Hobby-Eberly Telescope Dark Energy Experiment) will provide a unique and important 
window on the expansion of the universe at early times. The goal is to understand the physical nature of 
the dominant component within the universe, called dark energy. In order to enable this science, we use 
spatial correlations of how galaxies are clustered. The data consists of about 10,000 observations spread 
over the sky taken over five years, thus we have to control any systematic effects extremely well. 

 

 
  



Title:  Penalising model component complexity: A principled practical approach to constructing priors 

Speaker:  Havard Rue, Norwegian University of Science and Technology 

Abstract:  

Setting prior distributions on model parameters is the act of characterising the nature of our uncertainty 

and has proven a critical issue in applied Bayesian statistics. Although the prior distribution should 

ideally encode the users' uncertainty about     the parameters, this level of knowledge transfer seems to 

be unattainable in practice and applied statisticians are forced to search for a ``default'' prior.  Despite 

the development of objective priors, which are only available explicitly for a small number of highly 

restricted model classes, the applied statistician has few practical guidelines to follow when choosing 

the priors. An easy way out of this dilemma is to re-use prior choices of others, with an appropriate 

reference. 

In this talk, I will introduce a new concept for constructing prior distributions. We exploit the natural 

nested structure inherent to many model components, which defines the model component to be a 

flexible extension of a base model.  Proper  priors are defined to penalise the complexity induced by 

deviating  from the simpler base model and are formulated after the input of a user-defined scaling 

parameter for that model component,   both in the univariate and the multivariate case. These priors 

are invariant to reparameterisations, have a natural connection to Jeffreys' priors, are designed to 

support Occam's razor and seem to have excellent robustness properties, all which are highly desirable 

and allow us to use this approach to define default prior distributions. Through examples and theoretical 

results, we  demonstrate the appropriateness of this approach and how it can be applied in various 

situations, like random effect models, spline smoothing, disease mapping, Cox proportional hazard 

models with time-varying frailty, spatial Gaussian fields and multivariate probit models. Further, we 

show how to control the overall variance arising from many model components in hierarchical models. 

This joint work with Daniel P. Simpson, Thiago G.  Martins, Andrea Riebler, Geir-Arne Fuglstad (NTNU) 
and Sigrunn H. Sorbye (Univ.  of Tromso). 
 

Title: Hierarchical Poisson models for geostatistical count data: Properties, fitting and model checking 
 
Speaker: Victor De Oliveira, University of Texas-San Antonio 
 
Abstract:  
 
In this talk I describe a class of hierarchical models for the analysis of geostatistical count data, Bayesian 
methods to fit them, and explore a method to assess goodness-of-fit. Implementations of current 
MCMC algorithms to fit the Poisson–Lognormal model, a member of  the aforementioned class, have 
encountered serious convergence problems for some datasets, an issue expect to also hold for the other 
models in the class. Some of these are reviewed. I also explore the viability and effectiveness of a 
Bayesian goodness-of-fit method that is based on pivotal quantities, to assess model adequacy within 
this class of models. 
  

http://www.ntnu.no/


Title:  Dynamic spatial evaluation of deterministic air quality models using monitoring station 

observations 

Speaker:  Elizabeth Mannshardt, North Carolina State University 

Abstract:  

The Air Quality System (AQS) network of monitoring stations provides a rich source of information about 

air pollution. However, station observations do not allow consideration of different emission and 

meteorological scenarios. Air quality models can be used to predict changes in air quality due to changes 

in emissions or meteorology. The Community Multiscale Air Quality System (CMAQ) allows for 

estimations under different climate scenarios, but is not as accurate as network sensors. Of interest is 

the comparison of modeled ozone output to observed ozone, as well as how ozone changes in response 

to emissions and meteorology. We consider ozone observations from AQS monitoring stations to 

evaluate CMAQ ozone estimates. We construct spatial quantile functions for observed ozone versus 

modeled ozone, considering the quantile of each metric that corresponds to the EPA standard for ozone 

emissions. A dynamic evaluation approach explicitly focuses on predicted pollutant responses due to 

changes in emissions or meteorology. Findings from such dynamic evaluation studies can be directly 

relevant in regulatory decisions. 

 

 

Title: Inference for differential equation models with spatio-temporal discretization uncertainty 

Speaker:  Oksana Chkrebtii, Ohio State University 

Abstract:  

Differential equation models provide an elegant framework for describing dynamical systems that 

evolve over space and time. Exact inference for differential equation models requires the ability to 

evaluate states explicitly for given parameter values. However, model solutions are rarely available in 

closed form and many existing inferential tools therefore rely on time discretization and the resulting 

approximate likelihood. In this talk I will introduce a new formalism for modelling and propagating this 

uncertainty through the Bayesian inferential framework, allowing exact inference and uncertainty 

quantification for discretized differential equation models. 

 


