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Welcome to Nordstat 2021

On behalf of the Norwegian Statistical Association, we have the pleasure of welcoming you to
the 28th Nordic Conference in Mathematical Statistics in Tromsø. The Nordstat-conferences
have long traditions and we are honoured to keep up the traditions also during difficult times
seriously impacted by the covid-19 pandemic.

For the first time the conference is organized in a hybrid format. Despite a lot of uncertainty,
the interest in the conference has been very good and includes a total of 176 participants from
15 different countries. We are delighted and proud to present a broad scientific programme
composed of keynote talks, award winners (SJS and Sverdrup), invited sessions and 68 con-
tributed presentations. We know that many of you, especially from abroad, would have liked
to visit Tromsø in person but unfortunately this was not possible this time.

www.mostphotos.com

We are grateful to the Norwegian Research Council and the Department of Mathematics and
Statistics, UiT The Arctic University of Norway, for sponsoring the conference. At the end of
the week, we hope that all of you are more knowledgeable, have new ideas and are inspired to
develop the field of statistical theory, methodology and application. Enjoy!

Sigrunn Holbek Sørbye Ingelin Steinsland

Chair of the organizing committee Chair of the programme committee
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Programme committee

• Ingelin Steinsland (Norwegian University of Science and Technology)

• Anders Løland (Norwegian Computing Center)

• Sigrunn Holbek Sørbye (UiT The Arctic University of Norway)

• Sondre Hølleland (Institute of Marine Research, Bergen)

Organizing committee

• Sigrunn Holbek Sørbye (UiT The Arctic University of Norway)

• Elinor Ytterstad (UiT The Arctic University of Norway)

• Georg Elvebakk (UiT The Arctic University of Norway)

• Ingeborg Gullikstad Hem (Norwegian University of Science and Technology)

• Alf Harbitz (Institute of Marine Research, Tromsø)
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Programme overview

Monday, June 21
11:00 -> Registration

12:00 - 12:45 Lunch

12:45 - 13:00 Opening

13:00 - 13:45 Keynote lecture

Room 1 Tilmann Gneiting (Heidelberg Institute for Theoretical Studies, Germany)

13:45 - 14:30 Keynote lecture

Room 1 Ingrid van Keilegom (KU Leuven, Belgium)

14:30 - 15:00 Coffee break

15:00 - 16:00 Poster pitch session

16:00 - 17:00 Covid panel discussion

Room 1 Arnoldo Frigessi, Tom Britton, Solveig Engebretsen, Sharon
Kuhlmann-Berenzon, Tuija Leino and Lasse Leskelä

17:00 - 18:00 Welcome reception

18:00 - 19:00 Poster session continues with breakout rooms
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Tuesday, June 22
09:00 - 10:30 Invited and contributed sessions

Room 1 I2: Causal learning

Room 2 I5: Modeling spatial data: porous materials, proteins, and network

Room 3 C1: Statistical learning and semi- and non-parametric methods - applications
and theory

10:30 - 11:00 Coffee break

11:00 - 12:30 Invited and contributed sessions

Room 1 I3: Network analysis

Room 2 C8: Epidemiology and medical statistics

Room 3 C7: Spatial and spatio-temporal statistics I

12:30 - 13:30 Lunch

13:30 - 14:30 Invited and contributed sessions

Room 1 I1: Model evaluation

Room 2 I9: Opening the black box

Room 3 C2: Bayesian and computational statistics

14:30 - 15:00 Coffee break

15:00 - 16:00 Contributed sessions

Room 1 C3: Applications, models and methods for high-dimensional and complex data I

Room 2 C9: Statistical methods in ecology and natural resources I

Room 3 C6: Financial statistics

16:00 -> Årsmøte NSF

Evening Trip to Storsteinen 421 m above sea level (by cable car or walking)
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Wednesday, June 23
09:00 - 10:30 Sverdrup lecturs

Room 1 Award winner I: Young scientist with best research paper

Award winner II: Excellent representative of the field of statistics

10:30 - 11:00 Coffee break

11:00 - 12:30 Invited and contributed sessions

Room 1 I7: Teaching and communicating statistics

Room 2 I4: Biostatistics

Room 3 C10: Simulation-based inference

12:30 - 13:30 Lunch

13:30 - 14:30 Invited and contributed sessions

Room 1 I6: Statistics in forestry

Room 2 I8: Recent advances in causal inference

Room 3 C4: Statistics in art

14:30 - 15:00 Coffee break

15:00 - 16:00 Contributed sessions

Room 1 C7: Spatial and spatio-temporal statistics II

Room 2 C5: Biostatistics

Room 3 C9: Statistical methods in ecology and natural resources II

16:00 - 17:00 Contributed sessions

Room 1 C7: Spatial and spatio-temporal statistics II cont.

Room 2 C3: Applications, models and methods for high-dimensional and complex data II

Room 3 C11: New challenges for, and extensions of hidden Markov models and their
applications

20:00 Conference dinner at Clarion Hotel The Edge
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Thursday, June 24
9:00 - 9:45 Keynote lecture

Room 1 Anders Nielsen (Technical University of Denmark)

9:45 - 10:30 Keynote lecture

Room 1 Marta Blangiardo (on behalf of the RSS-Turing lab, UK)

10:30 - 11:00 Coffee break

11:00 - 11:45 SJS-lecture

Room 1 Yee Whye Teh (University of Oxford and DeepMind, UK)

11:45 - 12:00 Closing
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Detailed programme

(In-person presenters in yellow)

Monday, June 21
11:00 -> Registration

12:00 - 12:45 Lunch

12:45 - 13:00 Opening

13:00 - 13:45 Keynote lecture

Room 1 Chair: Ingelin Steinsland

Tilmann Gneiting (Heidelberg Institute for Theoretical Studies, Germany)

Isotonic Distributional Regression (IDR): Leveraging Monotonicity, Uniquely So!

13:45 - 14:30 Keynote lecture

Room 1 Chair: Ingrid Glad

Ingrid van Keilegom (KU Leuven, Belgium)

On a Semiparametric Estimation Method for AFT Mixture Cure Models

14:30 - 15:00 Coffee break

15:00 - 16:00 Poster pitch session

16:00 - 17:00 Covid panel discussion

Room 1 Arnoldo Frigessi, Tom Britton, Solveig Engebretsen, Sharon
Kuhlmann-Berenzon, Tuija Leino and Lasse Leskelä

The role of mathematics and statistics in the political and health political decisions
in the covid crises

17:00 - 18:00 Welcome reception at the conference venue

18:00 - 19:00 Poster session continues with breakout rooms
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Tuesday, June 22
9:00 - 10:30 I2: Causal learning

Room 1 Organizer and chair: Niels Richard Hansen.

Ingeborg Waernbaum (Uppsala University, Sweden)

Properties of calibration estimators of the average causal effect - a comparative
study of balancing approaches

Leonard Henckel (ETH Zurich, Switzerland)

Graphical tools for selecting efficient conditional instrumental sets

Lasse Petersen (University of Copenhagen, Denmark)

Combining the partial copula with quantile regression to test conditional indepen-
dence

9:00 - 10:30 I5: Modeling spatial data: porous materials, proteins, and network

Room 2 Organizer and chair: Aila Sarkka

Sandra Barman (Lund University, Sweden)

Porous materials: spatial models of 3D geometries with specific global connectivity
structures and new methods for capturing the connectivity

Louis Gammelgaard Jensen (Aarhus University, Denmark)

Semiparametric point process modeling of blinking artifacts in photoactivated lo-
calization microscopy

Mohammad Mehdi Moradi (Public University of Navarre, Spain)

Point patterns on linear networks: a focus on intensity estimation

9:00 - 10:30 C1: Statistical learning and semi- and non-parametric methods - ap-
plications and theory

Room 3 Chair: Steffen Grønneberg

Steffen Grønneberg (BI Norwegian Business School)

Non-parametric estimation of ordinal factor models

Riccardo De Bin (University of Oslo, Norway)

On the asymptotic behaviour of the variance estimator of a U-statistic

Øyvind Hoveid (Norwegian Institute of Bioeconomy Research)

Empirical analysis of average treatment effects: The minimum squared error IV-
estimator

Reinis Alksnis (University of Latvia)

Two-sample Empirical Likelihood for quantile inference of weakly dependent pro-
cesses

Janis Valeinis (University of Latvia)

A generalized smoothly trimmed mean estimator of location

10:30 - 11:00 Coffee break
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Tuesday, June 22
11:00 - 12:30 I3: Network analysis

Room 1 Organizer and chair: Lasse Leskelä

Maximilien Dreveton (Inria Sophia-Antipolis, France)

Estimation of static community memberships from multiplex and temporal net-
work data

Alex Jung (Aalto University, Finland)

Networked Federated Multi-Task Learning

Fanny Villers (Sorbonne Université, France)

Multiple testing of paired null hypotheses using a latent graph model

11:00 - 12:30 C8: Epidemiology and medical statistics

Room 2 Chair: Emil Aas Stoltenberg

Tom Britton (Stockholm University, Sweden)

Evaluating and optimizing COVID-19 vaccination policies: a case study of Swe-
den

Dongni Zhang (Stockholm University, Sweden)

Analysing the Effect of Test-and-Trace Strategy in an SIR Epidemic Model

Marcus Westerberg (Uppsala University, Sweden)

A discrete time filtered counting process model

Sören Möller (Odense University Hospital, Denmark)

Bland-Altman plots for more than two observers

Emil Aas Stoltenberg (BI Norwegian Business School)

Regression discontinuity and survival analysis

11:00 - 12:30 C7: Spatial and spatio-temporal statistics I

Room 3 Chair: Ingelin Steinsland

Umut Altay (Norwegian University of Science and Technology)

Accounting for Spatial Anonymization in Household Surveys

Silius M. Vandeskog (Norwegian University of Science and Technology)

Modelling extreme short-term precipitation with the blended extreme value distri-
bution

Margrethe Kvale Loe (Norwegian University of Science and Technology)

Ensemble updating of categorical state vectors

Martin Outzen Berild (Norwegian University of Science and Technology)

Flexible Spatial Covariance Structures for 3D Gaussian Random Fields

Ingelin Steinsland (Norwegian University of Science and Technology)

Geostatistical modelling combining point observations and nested areal observa-
tions - A case study of annual runoff predictions in the Voss area

12:30 - 13:30 Lunch
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Tuesday, June 22
13:30 - 14:30 I1: Model evaluation

Room 1 Organizer and chair: Thordis Thorarinsdottir

Claudio Heinrich (Norwegian Computing Center)

Proper scoring rules for point processes

Jonas Wallin (Lund University, Sweden)

Locally scale invariant proper scoring rules

13:30 - 14:30 I9: Opening the black box

Room 2 Organizer and chair: Martin Jullum

Martin Jullum (Norwegian Computing Center)

Efficient Shapley value explanation through feature groups

Kary Främling (Umeå University, Sweden)

Why explainable AI should move from influence to contextual importance and
utility

Homayun Afrabandpey (Nokia Technologies, Finland)

Model interpretability in Bayesian framework

13:30 - 14:30 C2: Bayesian and computational statistics

Room 3 Chair: Aliaksandr Hubin

The Tien Mai (University of Oslo, Norway)

Efficient Bayesian reduced rank regression using Langevin Monte Carlo approach

Janis Gredzens (University of Latvia)

Computational challenges of Empirical likelihood

Michail Spitieris (Norwegian University of Science and Technology)

Bayesian calibration of Arterial Windkessel model

Aliaksandr Hubin (University of Oslo, Norway)

Variational Bayes for inference on model and parameter uncertainty in Bayesian
neural networks

14:30 - 15:00 Coffee break
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Tuesday, June 22
15:00 - 16:00 C3: Applications, models and methods for high-dimensional and com-

plex data I

Room 1 Chair: Eirik Myrvoll-Nilsen

Yngvild Hamre (Norwegian University of Science and Technology)

Factor screening in non-regular two-level designs based on mean squared error

Riccardo Parviero (University of Oslo, Norway)

Adoption spreading on partially observed social graphs

Florian Beiser (SINTEF Digital, Norwegian University of Science and Technol-
ogy)

Comparison of Ensemble-Based Data Assimilation Methods for Drift Trajectory
Forecasting

Eirik Myrvoll-Nilsen (Potsdam Institute for Climate Impact Research, Ger-
many)

Quantification of the dating uncertainties in Greenland ice core records

15:00 - 16:00 C9: Statistical methods in ecology and natural resources I

Room 2 Chair: Sondre Hølleland

Kwaku Peprah Adjei (Norwegian University of Science and Technology)

A Probabilistic Generating Process of Citizen Science Data: Modeling and Esti-
mation of Parameters

Krzysztof Bartoszek (Linköping University, Sweden)

Central Limit Theorems for Ornstein–Uhlenbeck processes on Yule trees

Benoît Goze (Swedish University of Agricultural Sciences)

Model-based inference for abundance estimation using presence/absence data from
large-area forest inventories together with covariate data from remote sensing

Juho Kettunen (University of Eastern Finland)

Joint modelling of the peatland vegetation cover using non-stationary multivariate
Gaussian processes

15:00 - 16:00 C6: Financial statistics

Room 3 Chair: Anders Løland

Vilhelm Niklasson (Stockholm University, Sweden)

Market Sensitive Bayesian Portfolio Construction and Basel Backtesting using
VaR and CVaR

Stepan Mazur (Örebro University School of Business, Sweden)

Flexible Fat-tailed Vector Autoregression

16:00 -> Årsmøte NSF (Yearly meeting in the Norwegian Statistical Association)

Evening Trip to Storsteinen 421 m above sea level (by cable car or walking)
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Wednesday, June 23
9:00 - 10:30 Sverdrup prices awarded by the Norwegian statistical association

Room 1 Chair: Henning Omre

Award winner I: Young scientist with best research paper

Award winner II: Excellent representative of the field of statistics

10:30 - 11:00 Coffee break

11:00 - 12:30 I7: Teaching and communicating statistics

Room 1 Organizer and chair: Mette Langaas

Thea Bjørnland (Norwegian University of Science and Technology)

Developing an introductory statistics course for engineering students at NTNU

Sam Clifford (London School of Hygiene and Tropical Medicine, UK)

Project-based learning for statistics in practice – collaboration, computation, com-
munication

Mine Çetinkaya-Rundel (University of Edinburgh, UK)

The art and science of teaching data science

11:00 - 12:30 I4: Biostatistics

Room 2 Organizer and chair: Iain Johnston

Matti Pirinen (University of Helsinki, Finland)

Variable selection using summary statistics

Alvaro Köhn-Luque (University of Oslo, Norway)

Deconvolution of drug-response heterogeneity in cancer cell populations

Owen Thomas (University of Oslo, Norway)

LilleBror for misspecification-robust likelihood free inference in high dimensions

11:00 - 12:30 C10: Simulation-based inference

Room 3 Organizer and chair: Umberto Picchini

Samuel Wiqvist (Lund University, Sweden)

Sequential Neural Likelihood and Posterior Approximation: Inference for In-
tractable Probabilistic Models via Direct Density Estimation

Anna Wigren (Uppsala University, Sweden)

Parameter elimination in particle Gibbs sampling

Gilles Louppe (University of Liège, Belgium)

Neural Ratio Estimation for Simulation-Based Inference

Irene Tubikanec (Johannes Kepler University Linz, Austria)

Spectral density-based and measure-preserving ABC for partially observed diffu-
sion processes

Umberto Picchini (Chalmers University of Technology and University of
Gothenburg, Sweden)

Guided sequential schemes for intractable Bayesian models

12:30 - 13:30 Lunch

12

https://site.uit.no/nordstat2021/files/2021/06/I7.pdf
https://site.uit.no/nordstat2021/files/2021/06/I4.pdf
https://site.uit.no/nordstat2021/files/2021/06/C10.pdf


Wednesday, June 23
13:30 - 14:30 I6: Statistics in forestry

Room 1 Organizer and chair: Lauri Mehtätalo

Juha Lappi (University of Eastern Finland)

Between-group and within group effects and intra-class correlation

Mari Myllymäki (Natural Resources Institute Finland (Luke))

Nonparametric graphical tests of significance for the functional general linear
model with application to forestry data

Lauri Mehtätalo (Natural Resources Institute Finland (Luke))

Finding hidden trees in remote sensing of forests by using stochastic geometry,
sequential spatial point processes and the HT-like estimator

13:30 - 14:30 I8: Recent advances in causal inference

Room 2 Organizer and chair: Juha Karvanen

Tetiana Gorbach (Umeå University, Sweden)

Contrasting identification criteria of average causal effects: Asymptotic variances
and semiparametric estimators

Niklas Pfister (University of Copenhagen, Denmark)

Stabilizing variable selection and regression

Juha Karvanen (University of Jyväakylä, Finland)

Identifying causal effects via context-specific independence relations

13:30 - 14:30 C4: Statistics in art

Room 3 Chair: Nils Lid Hjort

Rolf Larsson (Uppsala University, Sweden)

Discrete Factor Analysis, with an example from Musicology

Kajsa Møllersen (UiT The Arctic University of Norway)

Numbers, tables and statistics

Nils Lid Hjort (University of Oslo, Norway)

In which order did Platon write Critias, Philebus, Politicus, Sophist, and
Timaeus?

14:30 - 15:00 Coffee break
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Wednesday, June 23
15:00 - 16:30 C7: Spatial and spatio-temporal statistics II

Room 1 Chair: Anders Løland

Adil Yazigi (University of Eastern Finland)

Modelling Forest Tree Data Using Sequential Spatial Point Processes

Mikko Kuronen (Natural Resources Institute Finland)

Point process models for sweat gland activation observed with noise

Christian Hirsch (University of Groningen, the Netherlands)

Maximum likelihood calibration of stochastic multipath radio channel models

Susan Anyosa (Norwegian University of Science and Technology)

Methods for sampling designs based on the integrated Bernoulli variance gener-
alised of spatial presence/absence data

Haakon Bakka (University of Oslo, Norway)

A natural spatio-temporal extension of Gaussian Matèrn fields

15:00 - 16:00 C5: Biostatistics

Room 2 Chair: Ingrid Glad

Stephen Coleman (University of Cambridge, UK)

Consensus clustering for Bayesian mixture models

Erica Ponzi (University of Oslo, Norway)

Exploring variance contributions in multiple high-dimensional data sources

Pål Vegard Johnsen (Norwegian University of Science and Technology)

Genome-wide association studies with imbalanced binary responses

15:00 - 16:00 C9: Statistical methods in ecology and natural resources II

Room 3 Chair: Alf Harbitz

Magnus Ekström (Swedish University of Agricultural Sciences)

Estimating density from presence/absence data in clustered populations

Jorge Sicacha-Parada (Norwegian University of Science and Technology)

A modeling framework for integrating Citizen Science data and professional sur-
veys in ecology: A case study on risk of dead of birds caused by powerlines

Pedro Nicolau (UiT The Arctic University of Norway)

Population synchrony of gray-sided voles in northern Norway

Alf Harbitz (Institute of Marine Research, Norway)

Classification of cod stocks by image analysis of otoliths – a comparison of Fisher
discriminant analysis of contour features with a Deep Learning approach
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Wednesday, June 23
16:00 - 17:00 C3: Applications, models and methods for high-dimensional and com-

plex data II

Room 2 Chair: Sondre Hølleland

Øystein Sørensen (University of Oslo, Norway)

Generalized additive latent variable modeling

Dace Petersone (University of Latvia)

Empirical likelihood clustering for noisy data

Stanislav Anatolyev (CERGE-EI, Czech Republic)

Testing many restrictions under heteroskedasticity

Zhenyu Zhang (University of California, US)

Large-scale inference of correlation among mixed-type biological traits with Phy-
logenetic multivariate probit models

16:00 - 17:00 C11: New challenges for, and extensions of hidden Markov models and
their applications

Room 3 Organizer and chair: Gudmund Horn Hermansen

Gudmund Horn Hermansen (University of Oslo, Norway)

A Bayesian hidden Markov model for the intensity of violence in internal armed
conflicts

Xia Wang (University of Cincinnati, US)

Hidden Markov Model in Multiple Testing on Dependent Count Data

Jonathan P. Williams (North Carolina State University, US)

A Bayesian hidden Markov model framework for monitoring and diagnosing crit-
ically ill hospital patients

20:00 Conference dinner at Clarion Hotel The Edge
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Thursday, June 24
9:00 - 9:45 Keynote lecture

Room 1 Chair: Filippo M. Bianchi

Anders Nielsen (Technical University of Denmark)

Non-standard model building and model validation examplified by fish stock as-
sessment

9:45 - 10:30 Keynote lecture

Room 1 Chair: Filippo M. Bianchi

Marta Blangiardo (on behalf of the RSS-Turing lab, UK)

A Bayesian spatio-temporal model for integrating multiple sources of covid burden

10:30 - 11:00 Coffee break

11:00 - 11:45 SJS-lecture

Room 1 Chair: Hans Julius Skaug

Yee Whye Teh (University of Oxford and DeepMind, UK)

On the relationship between adaptive Monte Carlo and online learning

11:45 - 12:00 Closing
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Posters presented on June 21

Pitch session at 15:00, breakout rooms at 18:00

1. Hao Chi Kiang (Linköping University, Sweden)

Computing the fixed-point densities of phylogenetic tree balance indices

2. Haris Fawad (University of Oslo, Norway)

Cumulative Hasard estimators

3. Svetlana Aniskevich (University of Latvia)

Change point detection in environmental data using quantile regression

4. Aurora Hofman (Norwegian University of Science and Technology)

A shared parameter model for accounting for drop-out not at random in a predictive model
for hypertension using the HUNT study

5. Emilie Ødegård (University of Oslo, Norway)

Lower-dimensional Bayesian Mallows Model (lowBMM) for variable selection applied to
gene expression data

6. Emma S. Skarstein (Norwegian University of Science and Technology)

A joint Bayesian framework for measurement error and missing data

7. Fredrik Nevjen (Norwegian University of Science and Technology)

Issues that complicate the model selection process when determining neuronal tuning using
event count models

8. Janne Aspheim (Norwegian University of Science and Technology)

Marker-based estimation of additive genetic variance using dimension-reduction tech-
niques – adaptions from animal breeding adapted to wild study systems using a Bayesian
framework

9. Martin Bjerke (Norwegian University of Science and Technology)

A spline-based latent variable model, with applications to neural spike train data

10. Thomas Minotto (University of Oslo, Norway)

Detecting statistical interactions in immune receptor datasets

11. Yaolin Ge (Norwegian University of Science and Technology)

Autonomous Oceanographic Sampling Using Excursion Sets and Expected Integrated Bernoulli
Variance
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A Probabilistic Generating Process of Citizen Science
Data: Modeling and Estimation of Parameters

Kwaku Peprah Adjei1 and Jorge Sicacha-Parada2 and Bob O’Hara3

and Ingelin Steinsland4

1 Norwegian University of Science and Technology (NTNU), Norway, kwaku.p.adjei@ntnu.no
2Norwegian University of Science and Technology (NTNU), Norway, jorge.sicacha@ntnu.no
3Norwegian University of Science and Technology (NTNU), Norway, bob.ohara@ntnu.no

4Norwegian University of Science and Technology (NTNU), Norway,
ingelin.steinsland@ntnu.no

Citizen Science refers to the open engagement of the public in scientific activities. For
example, several biodiversity projects encourage regular citizens to report the species they
observe. Enabling citizens to feed databases enlarges the spatial coverage and the temporal
resolution of biodiversity data. However, it comes at the risk of having biased unstructured
sampling designs, information focused on more easily detectable species and misspecification of
the species observed, among others.

Given the inherent biases to Citizen Science data, making inference with them needs to
account for these biases. In order to do it, we propose a probabilistic generating process of
Citizen Science data. It starts by assuming that true occurrence of species is a Spatial Point
Pattern. Then, three typical sources of bias in Citizen Science are regarded as sources of
thinning for the true point pattern. These are: the sampling process of Citizen Scientists; the
detection probability which is characteristic of each species, and the misclassification of the
observed species.

Recently, Machine Learning has become a popular approach for Citizen Science in biodi-
versity. Another interesting feature of our research involves incorporating species classification
probabilities from Machine Learning algorithms into our statistical model framework. Using
a Bayesian approach, we aim to make inference of key parameters that explain the ecological
process of each species.

In this work, we will simulate a three-stage thinning procedure for the occurrences of a
given species and we will make use of the model we propose to estimate the true ecological
parameters.
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Model interpretability in Bayesian framework

Homayun Afrabandpey

Nokia Technologies, Finland, homayun.afrabandpey@nokia.come

A salient approach to obtain interpretability in the Bayesian framework is to restrict the
prior to favor interpretable models. This approach, however has shortcomings including diffi-
culties in formulating interpretability prior for certain classes of models such as neural networks
and obtaining good trade-offs between accuracy and interpretability. In this talk, I will explain
our recent approach towards interpreting Bayesian predictive models through a decision theo-
retic approach without constraining priors. We developed a two-step strategy to interpretability
in the Bayesian framework. In the first step, we fit a highly accurate Bayesian predictive model,
which we call reference model, to the training data without constraining it to be interpretable.
In the second phase, we construct an interpretable proxy model that best describes locally
and/or globally the behavior of the reference model. In our experiments, we show that for the
same level of interpretability, our approach finds better trade-off and generates more accurate
models than the earlier alternative of restricting the prior.

This is a joint work with Tomi Peltola, Juho Piironen, Aki Vehtari and Samuel Kaski,
available in https://link.springer.com/article/10.1007/s10994-020-05901-8.
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Two-sample Empirical Likelihood for quantile inference of
weakly dependent processes

Reinis Alksnis1 and Janis Valeinis2

1 University of Latvia, Latvia, reinis.alksnis@lu.lv
2 University of Latvia, Latvia, janis.valeinis@lu.lv

Keywords: Empirical Likelihood, weakly dependent processes, two-sample problems, smooth-
ing.

Statistical inference related to quantile estimation is ubiquitous in applied sciences with
various applications, such as risk management in finance, change-point analysis in anomaly
detection and group comparisons in biomedicine to name a few. The estimation of quantiles is
especially useful when underlying distributions tend to be skewed, which is often the case for
real world data. Also, depending on the sample generation process, it is often necessary to take
into account the associated dependence structure.

In a nonparametric context Chen and Wong [3] approached such problem by developing
the so called smoothed block Empirical Likelihood. Based on the Empirical Likelihood (EL)
method, introduced by Owen [1], it combines ideas of smoothing [2] and blocking [5] to reduce
the length of confidence intervals and at the same time to handle the dependence that is present
in the data [5].

We are interested to make an inference of the difference of two population quantiles in the
presence of some weak dependence and propose to use EL for this task. Analogously to [3], we
formulate the two-sample smoothed block EL to construct corresponding confidence intervals.
Moreover, we discuss other methods found in EL literature ([4], [5], [6]) that can be applied for
the same task. Finally, we carry out a simulation study to analyze the performance of proposed
methods.
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Household surveys are a key source of data for the estimation of demographic and health
indicators in low- and middle-income countries. These surveys consist of spatial data with
coordinates for observed household clusters. The coordinates of the household clusters have
been anonymised to protect privacy. Each coordinate has been randomly displaced according
to a known jittering distribution. In this talk, we describe a computationally fast approach to
account for the uncertainty in the measurement locations by combining the stochastic partial
differential equation (SPDE) approach for spatial modelling and the Template Model Builder
(TMB) method for inference. This allows us to investigate the effect of jittering on parameter
inference and prediction. Our main example is the Demographic and Health Surveys (DHS)
survey in Kenya from 2014. Through a simulation study designed based on this survey, we
quantify the effect of jittering on prediction for different magnitudes of jittering and discuss
how large jittering could be made before it has an adverse effect.
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In many models, one is willing to test hundreds or thousands of restrictions on regression
coefficients, for example, implied by the absence of a particular dimension of heterogeneity. The
present paper provides a tool to conduct a test of such hypotheses.

We propose a test that allows for many tested restrictions in a heteroskedastic linear
regression model. The test compares the conventional F statistic to a critical value that corrects
for many restrictions and conditional heteroskedasticity. The correction utilizes leave-one-out
estimation to correctly center the critical value, and a novel tool – leave-three-out estimation
– to appropriately scale the recentered critical value. Large sample properties of the test are
established in an asymptotic framework where the number of tested restrictions may be fixed
or may grow with the sample size and can even be proportional to the number of observations.

We show that the test is asymptotically valid and has non-trivial asymptotic power against
the same local alternatives as the exact F test when the latter is valid. Simulations corroborate
the relevance of these theoretical findings and suggest excellent size control in moderately small
samples also under strong heteroskedasticity.
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Nowadays with constantly increasing number of datasets the change point detection in
series is becoming an actual task. A change point – a time period when there is a change
in data distribution, could be of different nature: a change point that comes from a dataset
itself, e.g., pauses in a speech recording, or could arise from an external source. In environment
monitoring observations are a key source of information about processes, yet the subject to
external influence. Usually, such datasets are gathered from a network of stations, that might
be working for centuries and inevitably are influenced by various changes in the landscape,
measurement methods and instruments.

In order to detect a change in dataset there are a lot of methods: tests and routines [1],
and also there are some procedures that are specifically developed to identify such features in
climatic data [2]. In addition, in environmental applications, it is necessary not only to identify
a break point, but also to perform a data correction, so the data would be representative and
usable in any further analysis. Therefore, it was assumed that additional information on change
behaviour could be of use. For example, an observation station that is overgrown with time
would potentially show less high wind values, still the minimum values could be similar as
before. In order to characterize such heteroscedasticity, a quantile regression behaviour was
observed.

The quantile regression models with change points were used for simulated and applied
data [3],[4] before and in this study the historical wind speed data in Latvia was observed. As
environmental data usually are non-stationary due to various natural trends, it is also necessary
to perform a detrending, for example, by calculating observation differences from the closest
stations. Further it is possible to detect the changes by analysing regression coefficients or test
statistics.

In addition, environmental data usually are supplemented with metadata – historical
records of changes in observation stations. It was noted that some documented historical
changes are also identified by the change point detection method, pointing out that there is
a significant shift in the data, still some metadata records weren’t confirmed by the applied
method, and the other way around – it identified the change points, that weren’t mentioned
in metadata. Usually, bigger changes were identified in 0.25 and 0.75 quantiles, showing that
further corrections should have more focus on the tails. Further it is planned to examine also
other parameters, e.g. temperature.
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There has lately been growing interest in creating better habitat maps of the sea bottom
[2]. Improved understanding of for instance coral presence and absence distribution in space
can provide insightful information for environmental management planning. It is very costly
to explore the oceans, and the sampling designs of surveys must be planned wisely. This
information gathering can be performed by survey expeditions using several types of devices.
Of lately, particular focus has been on underwater vehicles of different levels of autonomy and
restrictions related to the duration of the survey. In any case, the vehicle data handling must
be scalable both for computational resources and for the high-resolution ocean mapping that
is desired. In this setting of survey paths planning and execution, elements from statistical
experimental designs can be useful.

In this work we propose methods for statistical sampling design that will aid in the mapping
of corals in selected regions. The scope is in this binary case of presence / absence of coral in
a spatial region to reduce the integrated Bernoulli variance (IBV) [1]. We develop sequential
sampling to cover unknown regions that contain rich new information about the ocean bottom
presence or absence of corals. We propose approximate closed form solutions for the IBV in the
setting of a spatial generalized linear model (GLM), and study their properties in simulation
studies.

We apply this method to batch sequential designs, which consider the use of floating devices
that can be dropped at determined locations and will follow different paths influenced by the
ocean currents. We present applications with simulated and real data.
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Our world is rapidly changing and it is of great interest to investigate the potential for
and speed of adaptive evolutionary change in a population. Adaptive evolutionary change
relies on additive genetic variance (VA), which we seek to estimate in a precise and effective
manner. In order to obtain a good estimate of VA, information on the relatedness structure in
the population is crucial. The relatedness can be either pedigree-based or from genomic data,
and it is encoded in a relatedness matrix. There are known advantages and disadvantages with
both methods [1]. We therefore want to utilize advances in animal breeding within a flexible
Bayesian framework with adaptions to the additional challenges of a wild study system.

Here we will investigate matrix reduction techniques such as singular value decomposition
[2]. To this end, marker-based regression will be performed with integrated nested Laplace
approximations (INLA), which we believe will aid on the challenges with relatedness matrixes,
as well as being more efficient with regard to computational efficiency. We also seek to answer
questions of practical relevance, such as how many genetic markers and principal components
are needed to achieve satisfactory estimates of VA, as well as suggestions for suitable priors.

The methods are developed and tested using data from a free-living house sparrow pop-
ulation in northern Norway [3], as well as with simulated data. We hope to provide useful
guidelines for estimating VA not only with the data available today, but also when the number
of genotyped individuals continue to increase. To make the results practically accessible, R
packages with ready-made functions will be made available.
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The Matérn family is the most well known family of covariance functions used for spatial
modelling. Often, this family is generalised to space-time through the use of a Kronecker
product, resulting in separable models, but recent literature argues against separability. We
follow the arguments in the original research by Whittle (1953 and 1964) to develop a natural
generalisation from space to space-time, from a physical point of view, that turns out to give
non-separable models.

The resulting spatio-temporal covariance function is further generalised to a family of
covariance functions, as a spatio-temporal analogue of the Matérn family. The new family has
both range parameters in space and in time, smoothness parameters in space and time, and an
extra separability parameter.

This contribution defines the new family, discusses marginal behaviour, interprets all pa-
rameters, and recommends default priors for Bayesian analysis. The family includes both
separable and non-separable models. Further, we detail a computationally efficient representa-
tion that can be included in software for hierarchical modelling, and we provide a ready to use
implementation in the R-INLA software as a random effect in latent Gaussian or generalised
additive models.

The end goal of this research is to replace the most commonly used model for the spatio-
temporal random effect with a new default recommendation.
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Porous materials are widely used in industry, e.g., as packaging materials; in hygiene
products; for pharmaceutical applications such as controlled drug release; and as electrodes
controlling electrochemical processes in fuel cells and re-chargeable batteries. The properties
of these materials (flow, diffusion and/or electrical conductivity) are determined by the 3D
geometry of the pores. It is becoming more and more common to use 3D microscopy data of
the material and models informed by that data when developing new materials. With this data,
there is a need for new spatial statistical models that capture the features of the 3D geometry
that are most relevant for the materials properties.

In this talk I will show new methods for capturing the global connectivity of a porous
material which are based on computing shortest (geodesic) paths through the 3D geometry.
This type of global connectivity is highly correlated with the materials properties. An example
is poor connectivity in battery electrodes, caused by pore heterogeneity, which can lead to quick
degradation and even battery failure. Methods for capturing global connectivity, geodesic
tortuosity and geodesic channels, have been implemented in a freely available software Mist
which will soon be available to download from https://mist.math.chalmers.se

I will also show a new method of constructing spatial statistical models with specific global
connectivity properties. The method is based on constructing a pore network representation
of the 3D geometry and thinning the network by removing links based on a resistance network
simulation of diffusion/electrical conductivity. Links in the network are removed iteratively
based on how much of the simulated mass transport (diffusion) that goes through the link.
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The field of phylogenetic comparative methods, the study of traits on the between species
level, that takes into account shared evolutionary history, can be viewed as a biological applica-
tion of branching Markov processes. The Ornstein–Uhlenbeck process is the current workhorse
of the continuous–time–continuous–trait modelling setup. A key question is then its asymptotic
behaviour. Central Limit Theorems (CLTs) for the sample average have been found in general
situation [1, 5].

Alternatively, if one specializes on the pure birth tree model for the phylogeny one can
find such CLTs through careful consideration of the coalescent times [2, 4]. The key property
used when finding these CLTs is that conditional on knowing the phylogeny, the observations
are jointly Gaussian. Hence, an application of Stein’s method to this setting would provide
the CLTs alongside rates of convergence. We find, based on Stein’s method, general bounds
in the Kolmogorov and Wasserstein distances between mixtures of normal distributions and
a limiting normal approximations that are expressed as functions of the first two conditional
moments [3]. We apply these to Ornstein–Uhlenbeck processes evolving on pure–birth trees.
Not only do these bounds confirm previous weak convergence results, but they also provide
rates of convergence to the limiting distribution.

KB’s research is supported by the Swedish Research Council (Vetenskapsrådet) grant no.
2017–04951.
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Short-term prediction of drift trajectories is essential for several oceanic applications. In
search-and-rescue operations at sea, for instance, it is crucial to efficiently define search areas
that reflect both the forecasted trajectory and the associated uncertainties. To this end, we
consider large ensembles of simplified ocean models consisting of non-linear shallow water equa-
tions that capture the relevant short-term physics. To reduce the uncertainty, we assimilate in
situ buoy observations, which are typically very sparse compared to the high-dimensional state
space.

We compare two state-of-the-art ensemble-based data assimilation methods for applications
such as forecasting of drift trajectories.

The first method is a version of the ensemble-transform Kalman filter (ETKF), which
is herein modified to be efficient for sparse point observations. The ETKF is very popular
in numerical weather prediction, but is prone to introduce spurious correlations which are
undesired from the statistical as well as physical perspective [1]. Therefore, we present a
localisation scheme for the ETKF that centers low-dimensional analyses around the observation
sites, making this a well-suited method for buoy observations in simplified ocean models.

The second method is the implicit equal-weights particle filter (IEWPF), a recently pro-
posed method for non-linear filtering. Particle filters have traditionally been considered infea-
sible for geophysical applications due to the curse of dimensionality. This method, however,
uses an implicit proposal density that avoids filter degeneracy, and has earlier been shown to
be efficient for the relevant application [2].

We provide a comparison of the two data assimilation methods applied to a simplified
ocean model, where we oppose the statistical properties of the state estimation and of the drift
trajectory forecasts.
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Numerical solutions for complex dynamical systems such as the oceans are computationally
demanding and the computed forecasts will not be an exact match for the future. However,
we can use the numerical solution to construct a statistical model that matches some of the
properties observed in the numerical solution. We will use a spatial model consisting of a
spatially varying mean together with a 3D Gaussian random field (GRF). The spatial model
can then be updated at a given time point based on local measurements, for example, from an
autonomous underwater vehicle (AUV).

We use the stochastic partial differential equation (SPDE) approach to achieve a computa-
tionally efficient description of the GRFs through sparse matrices. The SPDE approach makes
it easy to introduce non-stationarity in the dependence structure in such a way that positive-
definite precision matrices are guarenteed. Furthermore, the spatially varying anisotropy can
be intuitively specified through a vector field controlled by parameters.

The approach is applied to model the ocean mass outside of Trondheim, where the param-
eters are found by fitting the model to simulated data from a complex ocean model (SINMOD).
Then an evaluation of the predictive power of the model is obtained by strictly proper scoring
rules on collected data from underwater vehicles from the same water mass.
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Recent advances in neural data recording have given researchers the ability to monitor a
multitude of neurons simultaneously, resulting in an increasing demand for models that can
handle large neural populations, while also being able to extract important, unobservable fea-
tures. We propose a new model in the family of Latent Variable Models, utilizing a parametric
B-Spline to model the profile of the single-neuron response function. This allows for the incor-
poration of known structures related to neural tuning. As an example, we demonstrate how
sharing features across neurons results in improved inference of single-neuron response functions
and the latent trajectory, while also enabling more informed initializations and efficient latent
variable discovery.
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Recently, the Norwegian University of Science and Technology (NTNU) merged with three
Norwegian colleges. As a consequence, the statistics group at the Department of Mathematical
Sciences is now offering a new undergraduate statistics course for 900 engineering students in
11 different disciplines, spread across three cities. Our aim is to develop a statistics course that
is relevant for all students and tailored to meet the needs of the various engineering programs.
This includes statistical analysis and computations in Python, using Jupyter Notebooks as a
tool to activate and guide students through coding and statistics in Python. We intent to
develop an integrated curriculum as well as contextualized learning activities, resources and
assessment. In this talk I will discuss experiences from our first semester of teaching this course
(digitally under Covid-19 restrictions), what we have learned from reaching out to engineering
programs, and our plans for further developments and hybrid teaching.
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COVID-19 tests are commonly used to provide an estimate of the progress of the pandemic.
However, community testing programs are typically biased due to the differential uptake across
the population, for instance by symptoms or occupation. We propose an integra- tive framework
to provide an estimate of the burden of COVID-19 at high spatio-temporal resolution. Anchored
in a Bayesian hierarchical modelling perspective, our modular frame- work allows, if appropriate,
to incorporate different sub-models for each data source and to include spatial and temporal
dependencies as well as adjusting for covariate effect. At the same time the joint formulation
means that uncertainty is propagated throughout the model. We apply our framework to
integrate two different type of information on the daily number of cases at the lower tier
local authority level in England: direct estimates coming from randomized surveys and testing
programs and indirect estimates coming from hospital admission numbers. We show how this
integrated framework is able to estimate metrics of disease progression such as incidence or
prevalence, and how favorably our estimates compare to those based on unadjusted test counts
only.
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We evaluate the efficiency of vaccination scenarios for COVID-19 by analysing a data-
driven mathematical model. Healthcare demand and incidence are investigated for different
scenarios of transmission and vaccination-schemes. Our results suggest that reducing the
transmission rate affected by invading virus strains, seasonality and the level of prevention,
is most important. Second to this is timely vaccine deliveries and expeditious vaccination
management. Postponing vaccination of antibody-positive individuals reduces also the dis-
ease burden, and once risk groups have been vaccinated, it is best to continue vaccinating
in a descending age order. (Joint work with Henrik Sjödin and Joacim Rocklöv, MedRxiv,
https://doi.org/10.1101/2020.04.15.20066050).

34



The art and science of teaching data science

Mine Çetinkaya-Rundel

University of Edinburgh, UK, mine.cetinkaya-rundel@ed.ac.uk

Modern statistics is fundamentally a computational discipline, but too often this fact is not
reflected in our statistics curricula. With the rise of data science it has become increasingly clear
that students want, expect, and need explicit training in this area of the discipline. Additionally,
recent curricular guidelines clearly state that working with data requires extensive computing
skills and that statistics students should be fluent in accessing, manipulating, analyzing, and
modeling with professional statistical analysis software. In this talk, we introduce the design
philosophy behind an introductory data science course, discuss in progress and future research
on student learning as well as new directions in assessment and tooling as we scale up the
course.

About the speaker: Mine Çetinkaya-Rundel is Senior Lecturer in Statistics and Data
Science, University of Edinburgh, School of Mathematics, and Data Scientist & Professional
Educator, RStudio, and Associate Professor of the Practice, Duke University
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Project-based learning provides an opportunity for students to experience group work
that mimics professional practice but tasks must be authentic, provide a sense of ownership,
and be structured appropriately [1]. Here we describe a constructivist approach to learning
statistics and statistical practice [2] implemented in a compulsory unit in the first year of an
undergraduate BSc [3] and a second term unit in a year-long MSc of Health Data Science
(conducted remotely). Students were asked to self-organise into groups, choose a topic where
data was readily available, and collaboratively write a scientific report using the R software for
all data preparation, statistical modelling and visualisation tasks.

Problem solving task assessments in the BSc unit were structured to prepare students for
the group project, gradually giving students responsibility for identifying which aspects of the
problem and solution require discussion.

MSc students undertook a work-integrated learning project on behalf of an industry client.
The students were required to meet with their client to scope out the project, identify key
questions and methods, and plan and execute the work under the supervision of a faculty
member. Students provided their client with a written report, executive summary, and code, as
well as performing a 15 minute presentation to the client, teaching team, and all other students
in the unit.

Both units required students to fill in a self- and peer-assessment survey. MSc students
additionally completed a reflective essay inviting them to reflect on their prior experience and
what they had learned about themselves and professional work during the unit. Students
reported high levels of satisfaction with the project task and the structured team environment.
Clients for the MSc unit rated the students’ work and client engagement skills very highly.
Higher scoring reflective essays indicated students’ growing awareness of their own skill set and
how they can contribute to a team while also learning new skills.
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Cluster analysis is an integral part of precision medicine and systems biology, used to
define groups of patients or biomolecules. However, problems such as choosing the number of
clusters and issues with high dimensional data arise consistently. An ensemble approach, such
as consensus clustering, can overcome some of the difficulties associated with high dimensional
data, frequently exploring more relevant clustering solutions than individual models. Another
tool for cluster analysis, Bayesian mixture modelling, has alternative advantages, including the
ability to infer the number of clusters present and extensibility. However, inference of these
models is often performed using Markov-chain Monte Carlo (MCMC) methods which can suffer
from problems such as poor exploration of the posterior distribution and long runtimes. This
makes applying Bayesian mixture models and their extensions to ’omics data challenging. We
apply consensus clustering [1] to Bayesian mixture models to address these problems.

Consensus clustering of Bayesian mixture models successfully finds the generating structure
in our simulation study and captures multiple modes in the likelihood surface. This approach
also offers significant reductions in runtime compared to traditional Bayesian inference when
a parallel environment is available. We propose a heuristic to decide upon ensemble size and
then apply consensus clustering to Multiple Dataset Integration [2], an extension of Bayesian
mixture models for integrative analyses, showing consensus clustering can be applied to any
MCMC-based clustering method, not just mixture models. We from an integrative analysis
of three ’omics datasets for budding yeast and find clusters of co-expressed genes with shared
regulatory proteins. We validate these clusters using data external to the analysis. These
clusters can help assign likely function to understudied genes, for example GAS3 clusters with
histones active in S-phase, suggesting a role in DNA replication.
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In supervised learning, including supervised classification as an important special case,
the prediction error is often estimated by means of resampling-based procedures such as cross-
validation. In methodological studies, the prediction error is used to contrast the performances
of several prediction algorithms. A crucial but challenging question is whether the observed
differences between the estimates are statistically significant or not, i.e., whether they are
compatible with the null-hypothesis of no true difference. To answer this question, a good
understanding of the error estimates’ distribution is required. In the case of resampling-based
procedures, however, the estimation of the variance is difficult: the learning and test sets
considered in the successive resampling iterations overlap and, therefore, the iteration-specific
error estimates computed in the resampling iterations are dependent. Their covariance structure
is complex, thus making the estimation of the variance of their average very arduous in general.
An unbiased variance estimator, suggested in the literature, can be recast as a U-statistics
variance. However, its kernel size depends on the sample size, preventing asymptotic statements.
Here, we solve this issue by decomposing the variance estimator into a linear combination of
U-statistics with fixed kernel size, and consequently obtaining the desired asymptotic. We show
that it is possible to construct a confidence interval for the true error and derive a statistical test
which compares the error estimates of two classification algorithms. The confidence interval’s
coverage probability and the test are illustrated by means of both a simulation study and real
data application.
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Data sets in many application domains consist of pairwise interactions observed over time.
Pair interactions are often characterized by the type of interacting objects, and a set of objects
with a common type is called a community. Community recovery or clustering is the unsuper-
vised task of inferring the community memberships from the observed pair interactions.

As an information-theoretic benchmark, we study data sets generated by a homogeneous
block model where the pairwise interactions take values in a measurable space S. The interac-
tions within a block are distributed according to fin, and interactions between blocks according
to fout. We derive a lower bound on the expected number of misclassified nodes made by any
clustering algorithm. This naturally extends the recent results of [3] to a non-asymptotic setting
which makes no regularity assumptions on fin, fout nor on the underlying space S of interaction
types. In particular, we can consider a multiplex (dynamic) network where the number of layers
(snapshots) grows with the number of nodes N . Then, we show that this bound is achieved by
an ad-hoc algorithm.

If we denote byD the Rényi-divergence between and fin and fout, then for same-size clusters
almost exact recovery (the expected proportion of misclassified nodes going to zero) is possible
if ND � 1, and is impossible otherwise. This provides a natural extension to known results in
block models [4]. We later apply those results to dynamic networks where the interaction kernel
has a Markov structure, generalizing the results of [2] on a multiplex SBM with independent
layers.

In the second part, we propose several clustering algorithms, both offline and online, which
fully utilize the temporal nature of the observed data.

For further details and proofs, we refer to our preprint [1].
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ABSTRACT:

1. Inventories of plant populations are fundamental in ecological research and monitoring,
but such surveys are often prone to field assessment errors. Presence/ absence (P/A)
sampling may have advantages over plant cover assessments for reducing such errors.
However, the linking between P/A data and plant density depends on model assumptions
for plant spatial distributions. Previous studies have shown, for example, how that plant
density can be estimated under Poisson model assumptions on the plant locations. In this
study, new methods are developed and evaluated for linking P/A data with plant density
assuming that plants occur in clustered spatial patterns.

2. New theory was derived for estimating plant density under Neyman–Scott-type cluster
models such as the Matérn and Thomas cluster processes. Suggested estimators, cor-
responding confidence intervals and a proposed goodness-of-fit test were evaluated in a
Monte Carlo simulation study assuming a Matérn cluster process. Furthermore, the esti-
mators were applied to plant data from environmental monitoring in Sweden to demon-
strate their empirical application.

3. The simulation study showed that our methods work well for large enough sample sizes.
The judgment of what is ’large enough’ is often difficult, but simulations indicate that a
sample size is large enough when the sampling distributions of the parameter estimators
are symmetric or mildly skewed. Bootstrap may be used to check whether this is true.
The empirical results suggest that the derived methodology may be useful for estimating
density of plants such as Leucanthemum vulgare and Scorzonera humilis.

4. By developing estimators of plant density from P/A data under realistic model assump-
tions about plants’ spatial distributions, P/A sampling will become a more useful tool for
inventories of plant populations. Our new theory is an important step in this direction.
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The goal of causal inference in survival analysis is to estimate the effect of an intervention,
such treatment, on patient survival. Using the framework of counting processes, interventions
can be modelled as changes to the intensity processes. In practical terms, this leads to a weighted
population of the observational data at hand, which represents data that would have been
recorded had the intervention been implemented. To estimate relevant outcome measures such
as survival, we can transform estimates of the cumulative hasard [1]. A consistent estimator for
the cumulative hasard in a weighted population is the weighted Nelson-Aalen estimator, which
is given as
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records the event of interest (death), and Z
(n)
t :=

∑n
i R

i,(n)
t− Y it , where Y it denotes the at-risk

indicator function.
We have considered two alternative estimators for the cumulative hasard, which are given

by
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where H(n)
t =

∫ t
0
β
(n)
s ds are estimated coefficients of an additive regression model such as

αt = YtX
>
t−βt, where αt denotes the hasard rate of the event of interest (death).

Based on a simulation study, the recursive estimator (Ã) and the regression estimator (Ā)
seem to behave similarly to the Nelson-Aalen estimator (Â). Intuitively, both the recursive
estimator and the regression estimator utilise more information from the data compared to the
Nelson-Aalen estimator. Yet, all three estimators display the same level of efficiency; they all
have similar point-wise confidence intervals (bootstrapped).
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Contextual Importance and Utility (CIU) is a method originally developed by Kary Främ-
ling in his PhD thesis [1]. CIU’s objective was to enable similar explanation concepts for all
possible decision support models, ranging from linear models such as the weighted sum, to rule-
based systems, decision trees, fuzzy systems, neural networks and any machine learning-based
models.

CIU arithmetic is defined using utility functions, which are a cornerstone in Decision The-
ory and notably in Multi-Attribute Utility Theory. Both Contextual Importance (CI) and
Contextual Utility (CU) values are in the range [0, 1] and have absolute (i.e. not relative) inter-
pretations. CI = 0 signifies that the studied input feature (or set of features i) cannot change
the output value (or its utility, in practice), no matter how much the value of the input feature
changes. CI = 1 again signifies that the output value can change totally within the possible
value range. CU = 0 signifies that the current value of the input feature(s) is the worst possible
for the output value, whereas CU = 1 signifies that it’s the best possible value.

Most current outcome explanation methods belong to the family of additive feature attri-
bution methods, which in practice produce what we call an influence value φ. Contrary to CI
and CU, φ is a relative value that is more difficult to define and interpret. Furthermore, it can
be shown that influence only is incapable of producing any explanation even in simple settings.
The presentation shows why CIU should be the method of choice for producing model-agnostic
explanations of black-box outcomes. CIU is also defined for so-called intermediate concepts,
which makes it possible to structure explanations in a hierarchical way that influence-based
methods might not be able to provide.
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To understand complex spatio-temporal phenomena in our ocean, there have recently been
increased efforts in using numerical process modeling, methods for data assimilation, novel
computing and sensor technology. In particular, autonomous robots with onboard computing
resources provide rich opportunities for oceanographic sampling. Ideas from statistical design
are highly useful in this field, because they can help guide the robot to informative locations.
In our case, we are focusing on an application to river plumes, where the goal is to use the au-
tonomous underwater vehicle (AUV) to explore the boundary between fresh water and the saline
ocean water. We construct statistical methods and algorithms for sampling design strategies
that are embedded onboard the AUV. With the AUVs limiting computing resources, a Gaussian
random field (GRF) model serves as a statistical proxy models for the spatial salinity field X(s)
at locations s ∈ R3 (north, east, depth). This GRF model is fast to update onboard the AUV
and in our case it also helps in efficient planning of sampling designs.

The main contribution of this work is a 3D full-scale adaptive (myopic) sampling strategy.
The main computational tasks onboard the AUV are associated with the evaluation of design
criteria which over survey time instructs the AUV engines to move in promising directions
and azimuths, based on the currently available data which is integrated in the onboard GRF
model for salinity. We use a criterion based on the excursion set (ES) of high salinity which
separates the fjord water from the river. This ES is defined by {s : X(s) > t} for a given salinity
threshold t. We show closed form expressions for the Expected Integrated Bernoulli Variance
(EIBV) associated with the ES for several sampling designs at each adaptation point [1]. The
EIBV is then used as a criterion for improved mapping of the ES in the sense that it pulls the
probabilities in the ES towards 0 or 1, and in this way reduces the uncertainty.

Via simulation studies and real data from the Nidelva river plume in Trondheim, we study
the properties of the EIBV sampling plans in the 3D domain. There is added value of having
intelligence and autonomy in the AUV path planning compared with pre-scripted lawn-mower
designs and yoyo patterns. We also discover challenges associated with the myopic strategy
that was applied in our work.
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There is an emerging consensus in the transdisciplinary literature that the ultimate goal
of regression analysis is to model the conditional distribution of an outcome, given a set of ex-
planatory variables or covariates. This new approach is called “distributional regression", and
marks a clear break from the classical view of regression, which has focused on estimating a
conditional mean or quantile only. Isotonic Distributional Regression (IDR) learns conditional
distributions that are simultaneously optimal relative to comprehensive classes of relevant loss
functions, subject to monotonicity constraints in terms of a partial order on the covariate space.
This IDR solution is exactly computable and does not require approximations nor implemen-
tation choices, except for the selection of the partial order. Despite being an entirely generic
technique, IDR is strongly competitive with state-of-the-art methods in a case study on prob-
abilistic precipitation forecasts from a leading numerical weather prediction model.

Joint work with Alexander Henzi and Johanna F. Ziegel;
preprint available at https://arxiv.org/abs/1909.03725
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Pre-treatment covariates are commonly used to estimate an average causal effect from
observational data under the back-door identification of the effect. The effect can also be
estimated using mediators only or mediators and pre-treatment covariates under the front-
door or the so-called two-door identification, respectively. When several of these identification
assumptions are fulfilled, the choice of the estimation strategy may be based, among others, on
estimation efficiency.

In this talk we provide the semiparametric efficiency bounds for regular estimators of the
average causal effect under the front-door and the two-door identification assumptions specified
using the potential outcome framework. We also derive the efficiency bounds when at least
two of the identification assumptions are fulfilled simultaneously. We compare the bounds and
show that neither the back-door, the front-door, nor the two-door identification assumptions
yield the lowest bound irrespective of the data distribution. We, however, provide sufficient
conditions for the variance bound of the estimation using information on the mediators and
the pre-treatment covariates to be lower (or higher) than the bound of the estimation using
information on the pre-treatment covariates only. Estimators reaching the different bounds are
also proposed and studied.
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In this paper, we investigate methods to estimate plant population size and intensity with
help from presence/absence data. Presence/absence sampling is a useful and relatively sim-
ple method for monitoring state and change of plant species communities. Moreover, it has
advantages compared to traditional plant cover assessment, the latter being more prone to sur-
veyor judgement error. We use inhomogeneous Poisson point process models concerning plant
locations, and generalised linear models (GLM) with a complementary log-log link function for
linking presence/absence data to plant intensity. In these models, auxiliary covariate informa-
tion coming from remote sensing (i.e. wall-to-wall data) are used. We estimate plant intensity
for a selection of forest plants, as well as plot probabilities of presence of these species for parts
of Sweden. The estimations of plant population sizes and intensities are made not only locally
but also for larger regions. An estimator of the variance of the estimator of the expected num-
ber of plants in an area of interest is also proposed. For evaluating the estimators, we use both
Monte-Carlo simulations, where we create artificial plant populations, and empirical data from
the Swedish National Forest Inventory (NFI). We also develop a test for our models, to check
the underlying Poisson point process model assumption and protect inference against model
misspecification. The suggested hypothesis test is evaluated through Monte-Carlo simulations
and shows good power properties.
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The emmpirical likelihood (EL) method is a well-known and established nonparametric
method inroduced in 1988 by Owen [1]. During a few last decades new nonparametric EL-
based methods have appeared as the alternatives to many classical statistical methods. This
work is devoted to computational issues dealing with the EL versions based on the smoothed
and non-smoothed estimating equations.

The smoohted version of EL first was introduced in 1993 by Chen and Hall [2] in the
one-sample quantile setting. They discovered that by appropriate smoothing the coverage
accuracy can be improved by n−1/2 to order n−1. Moreover, it can be further improved by
Bartlett correction from order n−1 to n−2. Since their foundings many scientists have used the
smoothing principle especially for the inference of quantile differences, ROC curves, probability-
probability and quantile-quantile plots (many two-sample problems based on smoothed EL have
been implemented in the R package “EL” [3]).

The EL version based on non-smooth estimating equations was introduced by Molanes
Lopez, Keilegom and Veraverbeke in 2009 [4]. They provided some simulation study regarding
copulas and described the computational aspects of their work.

Our goal is to discuss the computational aspects of both methods, implement them and
show an extensive simulation study and some applications to real datasets.
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Factor models were originally developed for continuous data, and later extended to ordinal
data through adding a discretization process to the model. With continuous data, factor models
can be estimated without strong distributional assumptions such as normality. This is not
the case for ordinal models, and a normality assumption is usually made for the underlying
continuous variable. Tests of underlying normality indicate that the normality assumption
is rarely fulfilled, yet is assumed in the much used standard methodology even though this
methodology is not robust towards non-normality. In the talk, I will introduce an estimator
that works under non-parametric assumptions, as introduced in the recent paper Foldnes &
Grønneberg (2021, Psych Methods).
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In this talk we would like to introduce a simple, yet efficient method for finding candidate
sets when screening for active factors in non-regular two-level designs. In the first stage of an
experiment, a large number of factors may have to be considered as potentially active. At that
point, the main goal is to identify the ones that really influence the response. In most cases,
the subspace of active factors is considerably smaller than the space of all factors. Factors not
identified to have an impact on the response are normally not considered afterwards. Good and
reliable methods for determining which factors are influential are therefore crucial.

The traditional choice of screening design has been two-level fractional factorial, also called
regular designs. They have orthogonal columns and exist for 1

2p , p = 1, 2, ...k − 1 fractions of
2k factorial designs, where k is the number of factors included in the design. The drawback
of these designs is that effects may be fully aliased, making it difficult to separate the active
effects from the rest. Non-regular two-level designs have therefore become increasingly popular.
They project well onto lower dimensions and are far more flexible with regards to run sizes than
regular designs. The alias structure may be complex, but the aliasing is often partial, making it
possible to separate effects from each other. However, the partial aliasing between effects make
traditional analysis methods fall short, as they usually rely on the ability to totally separate
contrasts from each other. Thus there is a need for other methods for factor screening when
using non-regular designs.

The method introduced in this talk starts by fitting the full projection models for all sub-
sets of factors of a given size. Then the terms corresponding to the smallest coefficients are
eliminated, and the reduced models with the remaining terms are fitted. Finally, the factors
corresponding to the resulting models with the lowest mean squared errors (MSE) are chosen
as the new candidates. This method allows for testing a wide range of designs and models. The
main focus will be results found for 12- and 16-run non-regular designs with good projection
properties for 3 and 4 active factors. The method is demonstrated by applying it on simulated
models with varying characteristics and levels of noise. The number of candidate subsets of
active factors is shown to be drastically reduced, while often preserving at least a 95% chance
that the active factors are found among the remaining candidates. The performance when
trying to identify 4 active factors is particularly interesting, as identifying 4 factors in 12 or 16
runs is considered challenging. The amount of noise that can be added before the performance
decreases is also interesting. If the practitioner has an idea about the level of noise present in
the investigated process, the results may yield an idea of which design should be used.
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Fisher’s linear discriminant based on elliptical Fourier coefficients (EFDs) of closed cod
otolith contours has proven to be an efficient tool to discriminate between the vulnerable Nor-
wegian Coastal Cod (CC) and the much more abundant North-East Arctic cod (NEAC), with
about 90% classification score for each stock [1]. The published results were based on segmen-
tation of the otolith contour from original grey tone images with a dark otolith on a bright
background, with the contour characterized by an oval gross shape superimposed by many
high-frequent ripples. An alternative parameter-sparse approach is examined with good results
based on 1D Fourier coefficients of lasso (smallest convex) contours ([2], [3]). To compensate
for the removal of ripple information, the ratio of the contour perimeter including the ripples
divided by the convex perimeter was added as an additional feature to the Fourier coefficients,
as this ratio was shown to be significantly different for the two stocks. The same image material
(367 CC and 243 NEAC otolith images) has also been analyzed by deep learning. Deep learning
and Convolutional Neural Networks are known to produce good results in image classification
tasks by producing probabilistic estimates of class belongings. An experiment on both unpro-
cessed and standardized otolith images resulted in good accuracy scores. The test scores for
the model were validated using k ∗ l-fold cross-validation with the data being split in different
training, validation and test sets by proportionate allocation stratification. A semi-supervised
model using self-training with predicted labels were also compared with the supervised model.
Interpretability is an important aspect of Deep Learning algorithms, and heatmaps are gen-
erated on images, to determine the features which are emphasized by the model. A deeper
insight into differences and similiarities between which shape features are drivers behind the
stock decision made by the deep learning and Fourier coefficient approach can be obtained by
comparing average heatmaps for the two stocks with the corresponding average contours based
on the Fourier coefficients. Further details of the methodology and the final results will be
presented at the conference.
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Probabilistic predictions of the occurrence of events in space or space-time take the form
of point processes. Examples include the prediction of earthquakes, crimes or distribution of
species. While there is a wide variety of diagnostic tools available to assess the fit of point
process models to observed data, it can be very challenging to rank competing point process
models according to their predictive performance. The main reason for this is that many
point process models are defined iteratively and their density is only known up to a constant,
obstructing the use of the log-likelihood score. We present a class of proper scoring rules that
overcomes this issue and can be evaluated from simulated draws of a point process model.
The class of scores we consider is flexible and can target different properties of the prediction,
such as homogeneity or point interaction. The principle we use for constructing these scores
is not restricted to point processes and is useful for constructing scoring rules whenever the
observation space is involved.
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The two-stage least squares (2SLS) estimator is a popular tool for total causal effect esti-
mation in the presence of unmeasured or latent confounding. It is well known that the 2SLS
estimator is only consistent if the covariates used to compute it are appropriately chosen, in
which case we refer to them as a conditional instrumental set. The choice of conditional instru-
mental set also impacts the estimator’s asymptotic variance.

In this talk we consider the problem of how to choose conditional instrumental sets to
obtain a 2SLS estimator that is not just consistent but also efficient. We do so in the setting of
a Gaussian causal linear model described by a known acyclic directed mixed graph. We derive a
graphical criterion that allows for qualitative asymptotic variance comparisons between certain
pairs of conditional instrumental sets and gives interesting insights. Building on this we pro-
vide two easy to use graphical tools for efficient conditional instrumental set selection. First, a
greedy asymptotic variance decreasing growth procedure that can be applied to any conditional
instrumental set and relies only on validity checks. Second, we show that a graphically iden-
tifiable asymptotically optimal set does not exist in general. Instead we provide a conditional
instrumental set guaranteed to be as close to optimal as it possible with graphical information
alone; a property we refer to as graphical optimality. In particular this set is asymptotically
optimal whenever a graphically identifiable asymptotically optimal set exists.
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A Bayesian hidden Markov model for the intensity of
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Why (and when) do small conflicts become big wars? We develop and explore a Bayesian
hidden Markov modeling framework for the intensity and dynamics of violence in civil wars.
Using event-level data for all civil wars from 1989 to the present, this framework allows us to
study transitions in the latent intensity, e.g. from stabile to escalatory and/or de-escalatory, in
these conflicts. In particular, we examine the effect of UN Peacekeeping Operations (PKOs)
and ceasefire agreements on this underlying intensity seen in civil wars.
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When transmitting data via a wireless channel, a signal undergoes a series of reflections, so
that a receiver perceives a distorted version resulting from the superposition of multiple signal
paths. More concisely, the received signal y(·) is related to the transmitted signal x(·) via

y(τ) =
∑
k≥1

αkx(τ − τk) +W (τ),

where the collection {(τk, αk)}k≥1 contains both the delays {τk}k≥1 and the amplitude losses
{αk}k≥1 along the paths. The term W (τ) denotes thermal noise. Hence, the choice of a
suitable model for the marked point process {(τk, αk)}k≥1 precedes any further analysis of
detailed channel properties via extensive simulations. In the Turin model, the delays form a
homogeneous Poisson point process and the marks are independent Rayleigh random variables
with a mean decaying exponentially in τk. However, for indoor environments the simple Turin
model is inappropriate and it has been suggested to use an inhomogeneous intensity.

In this talk, I will present Monte Carlo maximum likelihood estimation as a novel approach
in the context of calibration and selection of stochastic channel models in signal processing of
wireless networks. First, considering a Turin channel model with an inhomogeneous arrival rate
as a prototypical example, I will explain how the general statistical methodology is adapted
and refined for the specific requirements and challenges of stochastic multipath channel models.
Then, I will illustrate the advantages and pitfalls of the method on the basis of simulated data
and apply the calibration method to wideband signal data from indoor channels.

Finally, I will outline possible extensions to Bayesian inference and clustered arrival models.
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In which order did Platon write Critias, Philebus,
Politicus, Sophist, and Timaeus?
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Perhaps you, like Plato, or Platon, for stylistic or rhetorical reasons, are very careful with
your sentence endings. In this case your clausula, the five last syllables, is an instance of L
S L S L. There are 25 = 32 variations, of ‘light’ and ‘stress’. Corpora can be carefully read
and analysed, with the different types of clausulae tabulated and compared. In probability
modelling language, we then get estimates of each work’s 32-dimensional clausula probability
vector, say p = (p1, . . . , p32).

For the case of Platon (c. 424-347 B.C.), scholars agree that A = Republic is from his
middle period, and B = Laws among his last works; these give rise to firmly different proba-
bility vectors pA and pB . Experts do not know in which order the Socratic dialogues Critias,
Philebus, Politicus, Sophist, Timaeus were written, however. I shall attempt to order these five,
inside the time window from A to B, via modelling and estimating the five probability vectors
pI, pII, pIII, pIV, pV on a bridge, in the world of 32-dimensional probability vectors, from pA to
pB .

Cox and Brandwood (JRSS B, 1959) analysed such data, with a similar aim, but I shall
use modern model selection methods, from Claeskens and Hjort (Model Selection and Model
Averaging, Cambridge, 2008) to build more sophisticated models and methods.
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This work proposes and evaluates a shared parameter model (SPM) to account for data
being missing not at random(MNAR). The method is evaluated on a large cohort using data
from the Nord-Trøndelag Health Study (HUNT) for a predictive model of systolic blood pressure
ten years ahead based on current observations.

The proposed SPM consists of a linear model for the systolic blood pressure and a logistic
model for the drop-out process connected through a shared random effect. Both models use
the current systolic blood pressure, age, sex, and body mass index as explanatory variables.
In the logistic model age is included as a smooth effect, while the other effects are assumed to
be linear. This is a Bayesian latent Gaussian model and hence it is suitable for the integrated
nested Laplace approximation (INLA) methodology for approximate Bayesian inference. This
is done using R-INLA.

To evaluate the SPM we compare the parameter estimates and predictions of the SPM with
a naive linear Bayesian model using the same explanatory variables while ignoring the drop-out
process. This corresponds to assuming data to be missing at random (MAR). Both models are
trained on data from HUNT1 (1984-86) and HUNT2 (1995-97) where the explanatory variables
are from HUNT1 and the response is from HUNT2.

In addition, two simulation studies are performed in which the naive model and the SPM
are tested on data with known parameters when missingness is assumed to be both MNAR and
MAR.

Fitting the SPM and the naive model to HUNT data results in different parameter es-
timates. The SPM indicates that participants with high systolic blood pressure at HUNT2
have a higher probability of dropping out, suggesting that the data are MNAR. This effect is
supported by the simulation studies.
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In the absence of randomised experiments can average treatment effects of some x on some
y in general not be uncovered with regression due to the problem of confounding. Unobserved
variables may affect both x and y and the regression coefficient turns biased. Theoretical causal
analysis (Pearl, 2009) points to solutions based heavily on the directed acyclic graph (DAG) over
observed and unobserved variables. Sometimes an observed instrument z and the IV-estimator
solves the problem as if a randomised experiment had been conducted. Necessary and sufficient
algebraic conditions for the consistency of the IV-estimator are proved. The empirical catch
is that these conditions are non-testable and need be established with subject matter insights
(Angrist, Imbens & Rubin, 1996). Moreover, at least in social sciences, it is most often unclear
which graph the observed and unobserved variables stem from. These problems make valid
instruments rare.

For a wider scope of empirical causal analysis, the minimum square error IV-estimator
(MSEIV) is introduced. It does not guarantee consistency in the usual interpretation, but
subject matter insight is less demanding.

The estimator relies on x|v as instrument where v is a block of observed possibly confound-
ing variables. Widening the block v may gradually reduce the confounding effect. In this sense
will estimates be informative. It is proved that using all available v ensures a least bias of the
IV-estimator.

The MSEIV-estimator is in turn the result of a model selection procedure where columns
of v bringing more variance than reduction of squared bias are removed. Effectively, the least
important confounding variables are detected and removed. It is recognised that selection takes
place according to a certain focused information criterion (FIC) (Claeskens & Hiort, 2003) for
the regression model y|x, v. The IV-interpretation is nevertheless preferred here as it points
directly to the relevant focus.

The subject matter insights are related to a DAG over nodes (u, v, x, y) with u being the
unobserved and v the observed confounding variables. In the current case it need be decided
whether a certain observed variable is a possible confounder of x and y or not. In the world of
Pearl (2009) where graphs are facts, u and v should be parents of both x and y and x should
be a parent of y. In a social science context where few criteria for giving an edge a direction
exists beyond separation in time, graphs are merely hypotheses of the data generating process,
can weaker requirements be stated: u or v should not be descendants of x nor y, and x should
not be descendant of y. After all, even with simultaneous variables it make sense to ask how y
is changed with x, keeping "everything else" fixed.

The MSEIV-estimator is illustrated with estimation of the effect of income on farmer labour
in a cross-section of data.
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Bayesian neural networks (BNNs) have recently regained a significant amount of attention
in the deep learning community due to the development of scalable approximate Bayesian
inference techniques [1]. There are several advantages of using a Bayesian approach: Parameter
and prediction uncertainties become easily available, facilitating rigorous statistical analysis.
Furthermore, prior knowledge can be incorporated. However so far there have been no scalable
techniques capable of combining both model (structural) and parameter uncertainty. In the
presented piece of research [2] we introduce the concept of model uncertainty in BNNs and
hence make inference in the joint space of models and parameters. Moreover, we suggest
an adaptation of a scalable variational inference approach with reparametrization of marginal
inclusion probabilities to incorporate the model space constraints. Experimental results on
a range of benchmark data sets show that we obtain comparable accuracy results with the
competing models, but based on methods that are much more sparse than ordinary BNNs.
This is particularly the case in model selection settings, but also within a Bayesian model
averaging setting a considerable sparsification is achieved. As expected, model uncertainties
give higher, but more reliable uncertainty measures.

References
[1] Blundell, C., Cornebise, J., Kavukcuoglu, K., and Wierstra, D. (2015). Weight uncertainty

in neural networks. International Conference on Machine Learning, 1613 – 1622.

[2] Hubin, A., Storvik, G. (2019). Combining model and parameter uncertainty in Bayesian
neural networks, arXiv preprint arXiv:1903.07594.

58



Semiparametric point process modeling of blinking
artifacts in photoactivated localization microscopy
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Photoactivated localization microscopy (PALM) is a powerful imaging technique for charac-
terization of protein organization in biological cells. Due to the stochastic blinking of fluorescent
probes, and camera discretization effects, each protein gives rise to a cluster of artificial obser-
vations. These blinking artifacts are an obstacle for quantitative analysis of PALM data, and
tools for their correction are in high demand. We develop the Independent Blinking Cluster
point process (IBCpp) family of models, and present results on the mark correlation function.
We then construct the semiparametric PALM-IBCpp model for PALM data, and describe a pro-
cedure for estimation of blinking cluster parameters. We apply the model to real PALM data,
and on simulated data, and consider the performance of the estimation procedures. Porous
materials are widely used in industry, e.g., as packaging materials; in hygiene products; for
pharmaceutical applications such as controlled drug release; and as electrodes controlling elec-
trochemical processes in fuel cells and re-chargeable batteries. The properties of these materials
(flow, diffusion and/or electrical conductivity) are determined by the 3D geometry of the pores.
It is becoming more and more common to use 3D microscopy data of the material and models
informed by that data when developing new materials. With this data, there is a need for new
spatial statistical models that capture the features of the 3D geometry that are most relevant
for the materials properties.
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In genome-wide association studies, one is searching for associations between specific ge-
netic markers (SNPs) and for instance a disease. An association is screened for multiple genetic
markers via a logistic regression model and by using the score test statistic. The score test
statistic can be shown to follow an asymptotic normal distribution under the null hypothesis.
However, practically this approximation is not sufficiently accurate under certain conditions
when using binary responses. An improvement is proposed in [1] using saddlepoint approxima-
tion theory.

Saddlepoint approximation theory is a large domain within Statistics with many applica-
tions. In this work we will analyse different approaches on how to estimate the score statistic
in GWAS using saddlepoint approximation theory, and how one should evaluate the accuracy
in each approach. New features about the distribution of the score test statistic under the
null hypothesis is revealed, and based on this we will conclude with what is the most robust
saddlepoint approximation approach for GWAS with binary phenotypes. We will apply our
methods on GWAS data from UK Biobank.
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Shapley values has established itself as one of the most appropriate and theoretically sound
frameworks for explaining predictions from complex regression/machine learning models. The
popularity of Shapley values in the explanation setting is probably due to its unique theoretical
properties. The main drawback with Shapley values, however, is that its computational com-
plexity grows exponentially in the number of input features (covariates), making it unfeasible
in many real world situations where there could be hundreds or thousands of features. Further-
more, with many (dependent) features, presenting/visualizing and interpreting the computed
Shapley values also becomes challenging, see e.g. [1].

I hereby present groupShapley : a conceptually simple approach for dealing with the afore-
mentioned bottlenecks. The idea is to group the features, for example by type or dependence,
and then compute and present Shapley values for these groups instead of for all individual
features. Reducing hundreds or thousands of features to half a dozen or so, makes precise com-
putations practically feasible and the presentation and knowledge extraction greatly simplified.

It may be shown that under certain conditions, groupShapley is equivalent to summing
the feature-wise Shapley values within each feature group, but simulations indicate that they
may differ significantly outside the conditions. The groupShapley method is implemented in a
development version of the R-package shapr [2].

I will introduce the method, and talk about it from both theoretical and practical sides.
The practical simplifications will be showcased through a real world car insurance example.
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Many important application domains generate distributed collections of heterogeneous lo-
cal datasets. These local datasets are often related via an intrinsic network structure that arises
from domain-specific notions of similarity between local datasets. Different notions of similarity
are induced by spatio-temporal proximity, statistical dependencies or functional relations. We
use this network structure to adaptively pool similar local datasets into nearly homogenous
training sets for learning tailored models. Our main conceptual contribution is to formulate
networked federated learning using the concept of generalized total variation (GTV) minimiza-
tion as a regularizer. This formulation is highly flexible and can be combined with almost any
parametric model including Lasso or deep neural networks. We unify and considerably extend
some well-known approaches to federated multi-task learning. Our main algorithmic contri-
bution is a novel federated learning algorithm which is well suited for distributed computing
environments such as edge computing over wireless networks. This algorithm is robust against
model misspecification and numerical errors arising from limited computational resources in-
cluding processing time or wireless channel bandwidth. As our main technical contribution, we
offer precise conditions on the local models as well on their network structure such that our
algorithm learns nearly optimal local models. Our analysis reveals an interesting interplay be-
tween the (information-) geometry of local models and the (cluster-) geometry of their network.
For further details, we refer to our preprint [1].
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Graphical models are an important aspect of causal inference. In a typical setting of causal
effect identification, the causal model is represented by a directed acyclic graph (DAG) which
completely characterizes the conditional independence properties exhibited by the available
data via d-separation. However, a more general type of independence known as context-specific
independence (CSI) cannot be represented via DAGs. In the simplest case, CSI means that X
and Y are independent given Z = 0 but dependent given Z = 1. In other words, X and Y are
independent in the context Z = 0. More generally, context refers to a set of variables that have
been assigned to some values.

In this talk, we use a graphical model known as labeled directed acyclic graph (LDAG)
for taking CSI relations into account and show that deciding causal effect non-identifiability
is NP-hard in the presence of CSI relations. We present a calculus similar to standard do-
calculus for causal effect identification in LDAGs and a search procedure over the rules of the
calculus [1]. The search procedure has been implement a as a part of R package dosearch
[2]. With the approach we can obtain identifying formulas that were unobtainable previously.
We demonstrate that a small number of CSI-relations may be sufficient to turn a previously
non-identifiable instance to identifiable.
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When studying survival data in the presence of right censoring, it often happens that a
certain proportion of the individuals under study do not experience the event of interest and are
considered as cured. The mixture cure model is one of the common models that take this feature
into account. It depends on a model for the conditional probability of being cured (called the
incidence) and a model for the conditional survival function of the uncured individuals (called
the latency).

This work considers a logistic model for the incidence and a semiparametric accelerated
failure time model for the latency part. The estimation of this model is obtained via the max-
imization of the semiparametric likelihood, in which the unknown error density is replaced by
a kernel estimator based on the Kaplan-Meier estimator of the error distribution. Asymp-
totic theory for consistency and asymptotic normality of the parameter estimators is provided.
Moreover, the proposed estimation method is compared with a method proposed by Lu (2010),
which uses a kernel approach based on the EM algorithm to estimate the model parameters.
Finally, the new method is applied to data coming from a cancer clinical trial.
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Knowledge of the amount and structure of the vegetation are often needed inputs for
modeling e.g. the greenhouse gas exchange and for ecosystem models in general. Collecting
vegetation cover data through ground inventory surveys is time consuming and identifying
species requires specific expertize from the field crew. Therefore, the sample plots are typi-
cally small and sampling fraction is low. However, based on such data, one should be able to
produce maps on distributions of species, estimate species total abundance as well as provide
uncertainty estimates. We propose a novel Gaussian process-based Bayesian hierarchical joint
species distribution model to estimate areal vegetation percentage cover of sphagnum mosses
and vascular plants on peatland. The proposed model improves the state-of-the-art join species
distribution models [2, 1] in three ways. 1) We use the Dirichlet-Multinomial distributions
to model interspecific exclusion between competing species as well as the uncertainty in ob-
servation process; 2) we use non-stationary multivariate Gaussian process to describe species
specific niche preference over the study area; and 3) we propose novel approaches to validate
and compare the predictive performance of joint species distribution models. We demonstrate
the model by analysing the vegetation cover of an extensively studied boreal minerotrophic fen,
which is part of Siikaneva peatland study site in Southern Finland. The area is part of Inte-
grated Carbon Observation System (ICOS) network. Our results improve the total vegetation
cover estimates compared to the existing species distribution models and provide quantitative
uncertainty estimates for them for the first time. Our novel methods allow us to infer also the
species interactions. We present maps of the species covarage and show that our new method
performs better than the existing species distribution models that are commonly used in similar
tasks.
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One way of detecting evolutionary pressure is to test whether a rooted phylogenetic tree
G were drawn from the Yule model.[1] A convenient way to test such hypothesis is to use the
distribution of some summary statistics T (G) of the observed tree G, and reject the hypothesis
if T (G) is too extreme if G were Yule. For instance, when T (G) is the sum of the number of
edges between each leaf and the root, it is the widely-used Sackin’s index [2]; and Colless’ index
[3] and the cophenetic index [4] are similarly defined statistics which involves summing up the
edges in different ways. These indices, all of which designed to capture the ‘balance’ of the
tree, shares a very interesting property: letting n be the number of tips in the random Yule
tree Gn, when n→∞, the distribution Fn of n−k[T (Gn)− ET (Gn)], for some k dependent on
which index T is, converges weakly to the fixed point F ∗ of a contraction mapping S in the
Wasserstein metric space of probability distributions. Furthermore, denoting by L(Y ) the law
of any r.v. Y , the contraction S can be written as

S(F ) = L

[
M∑
i=1

gi (τ)Xi + C(τ)

]
,

where (Xi)
M
i=1 are i.i.d. with distribution F , the r.v. τ is Unif(0,1)-distributed independent of

any of Xi, and (gi)
M
i=1, C are some 1-dimensional functions.

My work concerns the problem of accurately computing the tail of the density of F ∗, which
can be used for large-sample hypothesis testing. In particular, I presented a new iterative algo-
rithm that approximates the fixed point density directly via successive numerical integrations,
reviewed some other existing methods including approximate simulation, as well as attempted
to speed up a very slow rejection algorithm. Numerical results show that the new algorithm
converges well in Wasserstein distance.
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Ex vivo drug-sensitivity assays are a basic component of biomedical research. Typically,
cells are treated with varying drug concentrations and viable cells are measured at one or more
time points. Viability curves, and their characteristics (e.g. IC50), allow to compare drug
sensitivity across multiple drugs and cell samples. However, the interpretation of those curves
is confounded by the presence of cellular heterogeneity in each sample. The presence of several
subclones with different drug sensitivities results in an aggregated drug sensitivity profile that
does not represent the cell population complexity, and thus hinders the design of precise treat-
ment strategies.

In this talk I will show how to infer on the presence of cellular subclones with differential
drug response, using standard cell viability data at the total population level. We build cell
population dynamic models of the evolution of individual subclones over time and dose. We
estimate the number of subclones, their proportion and drug-response profiles. We validate
the methodology on viability data from admixtures of synthetic and actual cancer cell lines at
various known frequencies. Finally, we explore the clinical usefulness of the method by decon-
volving drug-response heterogeneity in multiple myeloma patient samples.

This is joint, ongoing work with Jasmine Foo, Kevin Leder and Jasmine Noory (University
of Minnesota); Arnoldo Frigessi and Even M. Myklebust (University of Oslo); Shannon M.
Mumenthaler (University of Southern California); Dagim. S. Tadele (Cleveland Clinic and
Oslo University Hospital), Mariaserena Giliberto, Fredrik Schjesvold, Jorrit Enserink and Kjetil
Tasken (Oslo University Hospital).
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The aim of this work is to construct spatial models for the activation of sweat glands for
healthy subjects and subjects suffering from peripheral neuropathy by using videos of sweating
recorded from the subjects. Several image analysis steps are needed to extract the point patterns
from the videos and some incorrectly identified sweat gland locations may be present in the
data. We regard the resulting sweat patterns as realizations of spatial point processes, and
propose ways to take into account the errors. In our first model we included an error term in
the point process model. In the second model we used an estimation procedure that is robust
with respect to the errors.
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Between-group and within group effects and intra-class
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Two aspects of between-group and within group effects in grouped data are discussed,
when a constant intra-class correlation of the residual errors is assumed in a linear model. A
positive intra-class correlation can be desribed with a random effects model. First, it is shown
how the dependency of variances of GLS estimates on the values of the regressor variables can
be described in terms of the intra-class correlations of the regressor variables. The effect of an
regressor x in the diagonal of moment matrix can be decribed as

X′WXxx =

K∑
i=1

n∑
j=1

[
(1 (n− 1) ρe) (xij − x̄i)2 + (1− ρe) (x̄i − x̄)

2
]

That is, the deviation of deviation of x from the group mean gets different weight than the
group mean. When the intra-class correlation ρ of the residuals is large, then xij − x̄i has large
weight. Large intra-class correlation of x indicates small variation of xij − x̄i. Thus, when both
correlations are large, then also the variance of the the GLS estimator is large. Derivations in
terms of xij − x̄iand x̄i explains nicely the relations between OLSE, GLSE and BLUE. In the
case of singular covariance matrix of residual errors, this presentation also leads to a derivation
a new BLUE which combines OLS and GLS estimation principles in the same estimator.

Using regressor x in a linear model assumes that xij − x̄i and x̄i have the same coefficient.
When xij − x̄i and x̄i are used as different regressors, the estimation of the model has special
features. For instance, adding xij − x̄i to the model increases the estimated variance of the
group effect of the residual error. It is natural to assume that the whole group mean of x
and the deviation from the whole group mean have an effect. When the whole group is not
measured, this leads to bias problems as in other cases where regressors are measured with
error. The bias is corrected in [1] using a random effects assuptions also for x. This topic is
discussed there in a greater detail. It is suggested that negative intra-class correlations should
be given more attention.
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Discrete Factor Analysis, with an example from
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In this talk, we present the discrete factor analysis method of [2], and apply it to a data
example from Musicology, see [3].

The method of [2] extends the dependent Poisson model of [1] to construct a discrete factor
analysis model. The model parameters are estimated by maximum likelihood. The model with
the lowest AIC is searched for by employing a forward selection procedure. The probability to
find the correct model is investigated in a simulation study.

To be able to properly analyze the Musicology data, we must take over dispersion into
account. This we do by replacing the Poisson distribution with the Negative Binomial.
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Ensemble filtering methods represent a class of approximate, Monte Carlo-based algorithms
for solving the stochastic filtering problem. Instead of computing the sequence of forecast and
filtering distributions explicitly, ensemble filtering methods use a set of samples, an ensemble, to
represent them empirically. The main challenge in ensemble filtering methods is the updating of
a prior (forecast) ensemble to a posterior ensemble. This needs to be done every time new data
become available. Generally, the updating of the ensemble cannot be carried out exactly, and
approximations are required. In the present study, we consider one such approximate updating
method appropriate for state vectors whose elements are categorical variables. The method is
based on a Bayesian and generalised view of the well-known ensemble Kalman filter (EnKF). In
the EnKF, Gaussian approximations to the forecast and filtering distributions are introduced,
and the forecast ensemble is updated with a linear shift. Given that the Gaussian approxima-
tion to the forecast distribution is correct, the EnKF linear update corresponds to conditional
simulation from a Gaussian distribution with mean and covariance such that the posterior
samples marginally are distributed according to the Gaussian approximation to the filtering
distribution. In the proposed approach for categorical vectors, the Gaussian approximation to
the forecast distribution is replaced with a Markov chain model, and instead of a linear update,
we characterise, for each forecast ensemble member, a class of decomposable graphical models
for simulating a corresponding posterior ensemble member. To make the update robust against
the assumptions of the assumed forecast and filtering distributions, an optimality criterion is
formulated. The proposed framework is Bayesian in the sense that the parameters of the as-
sumed forecast distribution are treated as random. Results from a simulation example where
each variable of the state vector can take three different values are presented.
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Neural Ratio Estimation for Simulation-Based Inference
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Posterior inference with an intractable likelihood is becoming an increasingly common task
in scientific domains which rely on sophisticated computer simulations. Typically, these forward
models do not admit tractable densities forcing practitioners to make use of approximations.
This work introduces a novel approach to address the intractability of the likelihood and the
marginal model. We achieve this by learning a flexible amortized estimator which approximates
the likelihood-to-evidence ratio. We demonstrate that the learned ratio estimator can be em-
bedded in MCMC samplers to approximate likelihood-ratios between consecutive states in the
Markov chain, allowing us to draw samples from the intractable posterior. Techniques are pre-
sented to improve the numerical stability and to measure the quality of an approximation. The
accuracy of our approach is demonstrated on a variety of benchmarks against well-established
techniques. Scientific applications in physics show its applicability.
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The problem of Bayesian reduced rank regression is considered in this paper. We propose,
for the first time, to use Langevin Monte Carlo method in this problem. A spectral scaled
Student prior distrbution is used to exploit the underlying low-rank structure of the coefficient
matrix. We show that our algorithms are significantly faster than the Gibbs sampler in high-
dimensional setting. Simulation results show that our proposed algorithms for Bayesian reduced
rank regression are comparable to the state-of-the-art method where the rank is chosen by cross
validation.
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We propose a general class of multivariate fat-tailed distributions which includes the nor-
mal, t and Laplace distributions as special cases as well as their mixture. Full conditional
posterior distributions for the Bayesian VAR-model are derived and used to construct a MCMC-
sampler for the joint posterior distribution. The framework allows for selection of a specific
special case as the distribution for the error terms in the VAR if the evidence in the data is
strong while at the same time allowing for considerable flexibility and more general distribu-
tions than offered by any of the special cases. As fat tails can also be a sign of conditional
heteroskedasticity we also extend the model to allow for stochastic volatility. The performance
is evaluated using simulated data and the utility of the general model specification is demon-
strated in applications to macroeconomics and finance.
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The last decade witnessed an extraordinary increase in scientific interest in the analysis
of network-related spatial point patterns, which is partly caused by their strongly expanded
availability. Examples of such data may include the locations of traffic accidents or street
crimes that only happen on/along a network of lines and their spatial distribution greatly
depends on the inhomogeneous structure of the underlying network. Hence, there is a need of
restricting the support of the underlying point process over the corresponding network structure
to set and define a more realistic scenario. However, the analysis of point processes on linear
networks has been extremely challenging due to the geometrical complexities of the network.
In this talk, after highlighting some related common mathematical/computational challenges,
a review of different (non)adaptive and non-parametric intensity estimators for point processes
on linear networks, together with their benefits and drawbacks, will be presented. We finally
demonstrate applications to traffic accident and criminology.
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Remote sensing is increasingly used in collecting data for forest inventories. Especially,
aerial and terrestrial laser scanners are used to collect three-dimensional information about the
forest. In aerial laser scanning, a laser scanner is installed to airplane or a drone and the device
is used to collect information about the forest canopy below. Individual tree detection can
further be done using the laser point cloud to extract individual tree crowns and estimate the
tree heights and tree crown size and shape. In terrestrial laser scanning, a scanner is placed on
a tripod and the surrounding forest is scanned for measurements of tree stems. Individual tree
stems can be detected from the point cloud and used for estimation of tree DBH and other tree
characteristics.

In both abovementioned cases, the detected trees can be ordered according to their shortest
distance to the sensor. Because of this hierarchical ordering of trees, trees that are “earlier”
in the hierarchy can cause “latter” trees to remain undetected because they are located in the
hidden area or sector formed by the earlier trees. These undetected trees cause problems in
inventories where the population totals per area-unit are of interest. We discuss a recently
introduced Horvitz-Thompson-like estimator for the population totals in this setting, which
is unbiased in certain conditions if the tree locations follow the complete spatial randomness
[1, 2]. We also present approaches to take into account the spatial pattern of tree locations in
the approach by using a ordered spatial point process model [3].
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Detecting statistical interactions in immune receptor
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Recent progresses in the understanding of immune receptors have suggested that complex
interactions between the amino acids are at work in the process of binding to antigens. However,
current methods focus mostly on constructing good predictors for the data with complex models,
and less on the understanding of the underlying processes. In this work, we study how it is
possible to retrieve high-order statistical interactions in immune receptor data, with different
methods and for different types of interactions. We test methods based on constructing models
with interactions in mind [1], [2], [3], [4], and methods that retrieve interactions from a complex
model [5], [6]. We focus on two-way to four-way interactions, implemented through various
functions of the covariates in simulated immune-like data. We compare methods’ performances
at retrieving them, and investigate which type of interaction is easier to detect.
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Permutation methods are commonly used to test significance of regressors of interest in
general linear models (GLMs) for functional data sets, as they rely on mild assumptions. Per-
mutation inference for GLMs typically consists of three steps: choosing a relevant test statistic,
computing pointwise permutation tests and applying a multiple testing correction. In this talk,
I will present test statistics that together with the global envelope tests applied as the multiple
testing correction allow for useful graphical interpretation of the test results [1, 2, 3]. As such,
the tests are able to find not only if the factor of interest is significant but also which functional
domain is responsible for the potential rejection, and between which groups of a categorical fac-
tor the differences occur. I will discuss the use of the graphical tests for examining the influence
of species and other forest stand attributes on the vertical distribution of aerial light detection
and ranging (LiDAR) returns [4]: Tree species have different shapes and forest stand dynamics.
LiDAR is a technique that can measure the three dimensional position of reflective material by
sending laser pulses through the canopy. We examined the influence of species, crown closure,
and age on the vertical distribution of aerial LiDAR returns of regular, even-aged forest stands
in Quebec, Canada.
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core records

Eirik Myrvoll-Nilsen1, Niklas Boers1, Keno Riechers1 and Martin
Rypdal2

1 Potsdam Institute for Climate Impact Research, Germany, myrvoll@pik-potsdam.de
2 The University of Tromsø - The Arctic University of Norway, Norway

Most layer-counting based paleoclimate proxy records have non-negligible uncertainties
that arise from both the proxy measurement and the dating processes. Proper knowledge of
the dating uncertainties in paleoclimatic ice core records is important for a rigorous propagation
to further analyses; for example for identification and dating of stadial-interstadial transitions
during glacial intervals, for model-data comparisons in general, or to provide a complete uncer-
tainty quantification of early warning signals. We develop a statistical model that incorporates
the dating uncertainties of the Greenland Ice Core Chronology 2005 (GICC05), which includes
the uncertainty associated with layer counting. We express the number of layers per depth in-
terval as the sum of a structural component that represents both underlying physical processes
and biases in layer counting, described by a linear regression model, and a noise component that
represents the internal variation of the underlying physical processes, as well as residual count-
ing errors. We find that the dating uncertainties can be described by a multivariate Gaussian
process that exhibits the Markov property, which grants a substantial gain in computational
efficiency. Moreover, we investigate how tie-points from other proxy records can be used to
match the GICC05 time scale to other chronologies and how this affects the dating uncertainty
of Greenland interstadial transitions.
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In clinical agreement studies the Bland-Altman plot [1] is a common tool to visualize and
assess agreement between two methods or two observers of numerical measurements, and the
plot will often be reported in the resulting scientific papers.

To increase power and extern validity of studies, one would in most cases recommend
carrying out agreement studies with more than two distinct observers, preferably at least 3-5.
This works quite well in the mixed effects models that most often will be used to numerically
analyse the study, but challenges the applicability of Bland-Altman plots for visualization; the
latter is especially of concern as Bland-Altmann plots typically are quite familiar for clinicians
who have to translate results of agreement studies to clinical practice. In the literature [2] a
suggestion in this situation often is to report multiple pairwise Bland-Altman plots and to add
lines or varying symbols to the plot, but this gets quickly unhandy.

We propose a generalization of the classical Bland-Altman plot to an arbitrary number
of observers by replacing the pairwise differences in the classical plot by the observed intra-
individual standard deviation, plotting the points

(x̄i, si) =

 1

m

m∑
j=1

xij ,

√√√√ 1

m− 1

m∑
j=1

(xij − x̄i)2
 .

based on the measurements xij of n individuals by m observers.
By distribution considerations we suggest that the 95% limit of agreement line be placed

at

Quantileχ(m−1)(0.95)
1√
m− 1

s

with s = n−1
∑n
i si. We examined by means of a simulation study that this choice is reasonable

also in the finite sample case.
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Numbers, tables and statistics
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The old “Lofoten Post” building sits at the end of the dock in Svolvær as an empty shell,
ready for the winter storms to seal its destiny. Everything that reminds of newspaper production
is stripped from the building, only dents from the editor’s desk can still be seen on the floor.
Wait! A stack of newspapers, filled with tables of fishery, trade, crimes, and everything else
that transforms small coastal societies from January to April every year, when the Atlantic
Cod comes to spawn in Lofoten. Numbers and tables, tables and numbers.

The stack is not left over from the glory days of Lofotposten, but a fresh newspaper printed
as part of Lofoten International Art Festival (LIAF) 2019, and the whole building is filled with
contemporary art. I have been invited to participate with a talk for the session “Maths, matter &
body”, followed by a conversation with Toril Johannessen, one of the artists. Her contribution
to the main exhibition is works from “Words and Years” (2010-16), a series of graphs based
on data from scientific journals and news magazines [1]. The graphs are lovely to look at,
their colours are pleasing, the paper they are printed on is thick, almost like cardboard. The
information they provide is funny, sometimes sad, and surprisingly interesting. My thoughts
go to Florence Nightingale - nurse-statistician with beautiful graphs.

My contribution to LIAF is not numbers and tables or coloured graphs - but the most
beautiful part of statistics; mathematics. In my position at the Faculty of health sciences, I do
a lot of teaching to students that have weak mathematical background, and have a sincere and
deep fear for both proper and complex fractions. I teach statistics without mathematics, not to
loose my students into despair and hopelessness. At LIAF, I’m hoping to meet an audience that
are curious and comfortable with what they don’t understand, and with a sense of aesthetics
in general that can open the door into mathematical beauty.

I open my talk with a picture of a Mandelbrot set, all beautiful like a distant galaxy of
stars. I quickly let the screen go black, and start talking about Euler’s identity. Then the
number 0. I slowly build up the proof for

√
2 being irrational, and the talk climaxes with

completion of the proof, and I can hear the audience draw a sigh of relief.
Later, when we all just hang around drinking beer - not unlike a small, scientific conference

- an artist walks up to me and says “All these tables and numbers - and then statistics was
something completely different all along”. I feel as if he has understood more about statistics
than many of my students will ever do.
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All models are wrong, but maybe we should be more specific. Event count models such
as the Poisson generalized linear model are often used to study the role of singular neurons
in the brain, which in certain cases exhibit increased activity as a function of one or few
external covariates. However, the selection of time scale and model components, imbalance
in tracked covariates, and improper division of data into training and validation sets are all
issues that can lead to misleading results that the scientific community can mistake for truth.
Identifying, disclosing, and resolving the potential statistical issues in neural data is crucial for
the advancement of neuroscience. Our overarching goal is to develop robust methods for model
selection in this setting, thus requiring these issues to be thoroughly sorted out.
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The climate and day-length patterns of the globe’s northern regions create unique ecolog-
ical patterns. For the sub-Arctic forests and tundra, this is reflected in very marked seasonal
differences and multi-annual cycles for several animal populations. Small rodents are a keystone
group of these ecosystems, with close food web interactions with most arctic species, and are
important predictors and bio-indicators of the full system [1]. Among rodents, the gray-sided
vole constitutes one of the most abundant species which has attracted a lot of attention over
past decades. This species shows cyclic fluctuations which are often well described by second-
order autoregressive processes (AR(2)) and shows spatial population synchrony [2]. Animal
population synchrony is a consequence of how the environment interacts with a given species,
whether it be through the weather, inter-species interactions such as predation, or intra-species
dynamics such as dispersal. Studying the spatial synchrony can thus be fundamental to under-
stand what forces drive population change and, in the case of the voles, what could be the key
drivers/predictors of the ecosystem. We present a case study using a time series of 21 years from
gray-sided vole capture-recapture data from northern Norway, collected in both spring and fall.
We investigate different sources of synchrony by fitting yearly and seasonal models, reflecting
the local variations in the species dynamics, as well as estimating the strength and scale of
population synchrony. We further correlate synchrony with available environmental variables
to identify some of the main drivers behind it. In addition to the case-study conclusions, we
further assess the importance of addressing seasonality in related synchrony studies.
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Researchers in many scientific disciplines sometimes need to express statistical models
that are incompatible with the formula interfaces found in standard statistical packages. Such
models could for instance contain: non-trivial non-linearities, complex covariance structures,
complicated couplings between fixed and random effects, or different sources of observations
needing different likelihood types.

Fish stock assessment (the science of “counting fish”) is a field where the combination of
large non-linear mixed models and the need to provide answers has always forced the model
developers to push the limits of existing statistical methods and to develop new ones.

Fish stock assessment will motivate the presentation of efficient tools to draw inference from
such non-standard models. Many non-standard models can be estimated by a combination of
automatic differentiation and Laplace approximation.

Model validation is especially important, but also difficult, in complex non-standard mod-
els. Naive Pearson residuals can be misleading. Useful alternatives will be presented and
demonstrated in the context of a full fish stock assessment model.
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In this talk, a new way to integrate market information when constructing Bayesian mean-
VaR and mean-CVaR efficient portfolios is suggested. The new method makes it possible to
quickly adapt to changing market conditions, especially changes in volatility. This constitutes
a great advantage in comparison to standard Bayesian portfolio selection methods. We also
show how to perform backtesting of VaR and CVaR in the Bayesian framework according
to the Basel recommendations. In an empirical study, we illustrate that the new portfolio
construction method outperforms other well-known methods when using the Basel backtesting
procedure for daily stock returns.
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Early prediction of the long-term behaviour of the adoption process of a new product in a
market has important economic implications. Adoption processes can be driven by peer-to-peer
(viral) influence mechanisms or by external factors, such as marketing campaigns. We propose
an individual based method that is able to disentangle between these two sources of adoption
pressure for customers whose relations can be described by a social graph.

When the true social graph is observed, our method provides an understanding on the
relative importance of the forces driving the adoption process. The method estimates two sets
of parameters α, associated to viral sources, and β, associated to external ones.

When the true social graph is only partially observed, the presence of estimation error in
α̂ and β̂ is inevitable. We investigate the situation in which not every interaction between
consumers is observable, and provide bounds for α̂ and β̂. Studying how these bounds behave
also gives important insights on the portion of the true social graph that must be observed in
order to have reliable estimates in this framework.
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Conditional independence testing lies at the heart of causal graphical structure learning due
to its use in constraint-based structure learning algorithms such as the PC and FCI algorithms.
One of the most common ways of testing conditional independence of X and Y given Z is by
testing for vanishing partial correlation, where the partial correlation can be computed as the
correlation between residuals after performing conditional mean regression.

In this talk we consider testing conditional independence by using a different residualization
approach. More specifically, we residualize by transforming the variables by their conditional
distribution functions, U1 = F (X | Z) and U2 = F (Y | Z), and then test for independence
between U1 and U2 using a generalized correlation measure. Carrying out the test in practice
requires estimation of the conditional distribution functions, and we present an estimator of F
based on conditional quantile regression for which we can quantify the consistency rate. Fur-
thermore, we show how the consistency rate of the conditional distribution function estimator
can be transferred to level and power properties of the conditional independence test.

Lastly, we discuss the benefits of using this residualization approach over conventional
residuals, and we present simulations which demonstrates that our test has superior power in
cases with conditional variance heterogeneity.
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Empirical likelihood clustering for noisy data
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Clustering methods are extensively applied in various fields including finance, medicine,
biology etc. Presence of noise in data is inevitable in real life applications, it can be introduced
from several sources like sensor or measurement tool error or by human mistake. In general, clus-
tering techniques can be split into five groups: hierarchical, centroids-based, distribution-based,
density-based and fuzzy clustering. Common assumption of widely used clustering algorithms
is noise - free input and violation of this assumption can make it hard for the algorithm to
create reliable results. We use empirical likelihood ratio based clustering approach introduced
in [1] to assess its performance on real-life and generated noisy data and compare it with most
popular cluster analysis methods.
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Stabilizing variable selection and regression
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A common setup in many data-driven scientific fields is to observe data across several
different experiments or environments. Often these experiments are explicitly constructed to
ensure that parts of the data generating mechanism change – the hope being that correlation
structures that are detectable across multiple different settings are more likely to be causal.
In this talk, we will introduce a formal framework for this type of analysis by considering a
multi-environment regression setting in which a response Y is regressed on a set of predictors
X. We will show that we can gain additional insights into the causal structure between Y and
X by distinguishing between stable and unstable predictors (i.e., predictors which have a fixed
or a changing functional dependence on the response, respectively). We apply these ideas to
hypothesis generation in multiomic data.

This talk is based on joint work with Evan G. Williams, Jonas Peters, Ruedi Aebersold
and Peter Bühlmann [1].
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Sequential sampling schemes such as sequential importance sampling (SIS) and especially
sequential Monte Carlo (SMC) have proved fundamental for Bayesian inference in models not
admitting a readily available likelihood function. For approximate Bayesian computation (ABC)
sequential Monte Carlo ABC is the state-of-art sampler, however it usually comes at a non-
negligible computational cost due to the accept-reject steps applied to possibly many samples
from the generative model (particles). We contribute to the ABC modeller’s toolbox by pro-
viding proposal samplers that are conditional to summary statistics of the data. In a sense, the
proposed particles are “guided” to reach regions of the posterior surface that is compatible with
observed data. This improves the acceptance rates of these sequential samplers, thus reducing
the computational effort, and we studied how to preserve the accuracy in the inference. We pro-
vide guided samplers for both SIS-ABC and SMC-ABC. In particular, our guided samplers are
competitive in a case-study involving cell movements with high-dimensional summary statistics
(dimension 145 to over 400).
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With increasing capabilities to measure a massive number of variables, efficient variable
selection methods are needed to improve our understanding of the underlying data generating
processes. This is evident, for example, in human genomics, where genomic regions showing
association to a disease may contain thousands of highly correlated variants, while we expect
that only a small number of them are truly involved in the disease process.

I discuss ideas that have made variable selection practical in human genomics and demon-
strate them through our experiences with the FINEMAP algorithm.

(1) Compressing data to light-weight summaries to avoid logistics and privacy concerns re-
lated to complete data sharing and to minimize the computational overhead.

(2) Efficient implementation of sparsity assumptions.

(3) Efficient search algorithms.

(4) Use of public reference databases to complement the available summary statistics.
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The simultaneous analysis of multiple sources of high-dimensional data is nowadays a
major challenge in several research areas. In cancer genomics, data collected on several omic
platforms provide information both in form of individual patterns within each data source and
of joint patterns that are shared among the different sources. Capturing these two components
of variation can help provide a broader understanding of cancer genetics.

Several methods have been proposed to separate common and distinct components of
variation in multiple data sources, based on different algorithms and frameworks. For instance,
Joint and Individual Variation Explained (JIVE) [1] is based on an iterative algorithm to
factorize the data matrix into low rank approximations that capture variation across and within
data types. It has been widely used in integrative genomics, and several generalizations and
improvements have been developed, such as the angle based JIVE (aJIVE) [2]. On the other
hand, integrated PCA (iPCA) [3] is a model based generalization of principal components
analysis that can be used in similar applications.

In this work, we compare these three methods and describe their application to a lung
cancer case control study nested in the Norwegian Woman and Cancer (NOWAC) cohort study
[4]. JIVE, aJIVE and iPCA are used to separate the joint and individual contributions of DNA
methylation, miRNA and mRNA expression and to evaluate how this decomposition can be
useful to predict the occurrence of lung cancer.
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The variety of data sources in biodiversity related to the spatial distribution of species and
events related to them is wide. Unfortunately, not all the sources of information we have access
to are collected in standard ways. Hence, proposing models that make use of them simultane-
ously becomes a challenge that needs to be addressed carefully.
The goal of our case study is to find hotspots of dead of birds caused by powerlines in Trøn-
delag, Norway. There are two types of information available: professional surveys collected by
expert scientists and opportunistic records of Citizen Scientists across the region. We propose
a modeling framework that integrates both sources of information considering their different
properties. This framework assumes that the different types of information available have a
common underlying process, represented as a Gaussian Random Field. The framework also
accounts for the spatial and systematic biases characteristic of Citizen Science data by model-
ing the observed point pattern as a thinned version of the true point pattern. Our modeling
framework lies within the group of Latent Gaussian Models. Hence it can be easily fitted using
the INLA-SPDE approach. We test the models we propose through simulations and comparison
criteria against simpler models.
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Despite measurement error and missing data being a common problem for most applied
scientists, and despite a number of resources (see for instance, [1], [2] and [3]), many researchers
are still not routinely accounting for varying types of measurement error in their data. We
aim to develop and make easily available new techniques of dealing with measurement error
in covariates, that have previously been less explored. We aim to develop a method for view-
ing missing data as a limiting case of measurement error, allowing scientists to account for all
their measurement errors in the same framework, as well as developing methods for dealing
with measurement error in categorical covariates. A Bayesian hierarchical structure provides a
flexible and convenient framework that also allows us to incorporate prior knowledge we may
have about the nature of the measurement error. The methods can then be efficiently imple-
mented for potentially complex models via integrated nested Laplace approximations (INLA).
In addition to developing these methods, we will examine in depth in which way and to what
extent different types of measurement error affect inferences, by studying examples in published
research, and suggest ways of dealing with this.
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This work is motivated by personalized digital twins based on observations and physical
models for treatment and prevention of Hypertension. The models we consider are the two
and three parameters Windkessel models [1] (WK2 and WK3). These models simulate the
blood pressure waveform given the blood inflow and a set of physically interpretable calibration
parameters. The third parameter in WK3 function as a tuning parameter to better match
observations. We focus on the inverse problem, i.e. to estimate the physical parameters given
observations. The models are simplification of the real process and to account for model dis-
crepancy we set up the estimation problem in a Bayesian calibration framework [2, 3]. This
naturally solves the inverse problem accounting for uncertainty in the model formulation, in
the parameter estimates and predictions.

The WK2 model offers physical interpretable parameters and therefore we adopt it as a
computer model choice in a Bayesian calibration formulation. In a synthetic simulation study,
we simulate noisy data from the WK3 model. We estimate the model parameters using conven-
tional methods, i.e. least squares optimization and through the Bayesian calibration framework.
It is demonstrated that our formulation can reconstruct the blood pressure waveform of the
complex model, but most importantly can learn the parameters according to known mathe-
matical connections between the two models. We also apply this formulation to a real case
study, where data was obtained from a pilot randomized controlled trial study. Our approach
is successful for both the simulation study and the real cases.
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In this study, annual runoff is estimated by using a Bayesian geostatistical model for
interpolation of hydrological data of different spatial support. That is, streamflow observations
from catchments (areal data), and precipitation and evaporation data (point data). The model
contains one climatic spatial effect that is common for all years under study, and one year specific
spatial effect. Hence, the framework enables a quantification of the spatial variability that is due
to long-term weather patterns and processes. This can contribute to a better understanding
of biases and uncertainties in environmental modeling. By using integrated nested Laplace
approximations (INLA) and the stochastic partial differential equation approach (SPDE) to
spatial modeling, the two field model is computationally feasible and fast. The suggested
model is tested by predicting 10 years of annual runoff around Voss in Norway and through
a simulation study. We find that on average we benefit from combining point and areal data
compared to using only one of the data types, and that the interaction between nested areal
data and point data gives a spatial model that takes us beyond smoothing. Another finding is
that when climatic effects dominate over annual effects, systematic under- and overestimation
of runoff over time can be expected. On the other hand, a dominating climatic spatial effect
implies that short records of runoff from an otherwise ungauged catchment can lead to large
improvements in the predictability of runoff.
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In this talk I present work on the regression discontinuity design when applied to right-
censored survival data. The regression discontinuity design is a design used to evaluate the
effect of treatment (a 0-1 random variable) on some outcome, when the data are observational.
Assignment to the treatment group is determined by the value of an observable covariate lying
on either side of a fixed threshold. The idea is that the individuals whose value of this covariate
is in a small interval around the threshold are alike, so that by basing inference on these
individuals one is controlling for unobserved confounders.
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Generalized linear mixed models (GLMMs) are an essential tool when analyzing clustered
data. However, both GLMMs and their nonlinear extensions require the parametric form of
nonlinear effects to be specified a priori, and this is often not practical. For example, cognitive
abilities across various domains follow distinctive trajectories across the lifespan, which are not
easily parametrized. Generalized additive mixed models (GAMMs) are an excellent alternative
in these cases, able to flexibly adapt to the underlying nonlinear shape. With multivariate
response data, however, GLMMs and GAMMs are not able to project the responses onto a
lower-dimensional space of latent variables. Structural equation models are ideal for this type
of modeling, but also have important limitations in terms of incorporating explanatory variables,
modeling multilevel data, and analyzing repeated measures data with irregular time intervals.
Generalized linear latent and mixed models (GLLAMMs)[2] combine the best of both worlds
by allowing latent variable modeling combined with the flexibility GLMMs. While GLLAMMs
allow nonlinear effects in the explanatory variables, they also require the parametric form of
the relationships to be explicitly formulated. We have therefore developed generalized additive
latent and mixed models (GALAMMs), an extension of GLLAMMs in which both the linear
predictor and latent variables may depend smoothly on observed explanatory variables, as in
GAMMs. Utilizing the mixed model view of smoothing, we show that any GALAMM can
be represented as a GLLAMM, with smoothing parameters estimated by maximum likelihood.
This allows fitting GALAMMs using a profile likelihood approach developed for GLLAMMs[1].
We further show how standard errors and confidence bands of the estimated smooth functions
can be computed, extending upon existing methods for GAMMs. The application motivating
the development concerns how level and change of human cognitive function is correlated across
cognitive domains, and how environmental and genetic factors affect the lifespan trajectories,
and we show results of analyses using GALAMMs on a dataset with repeated high-dimensional
measures relating to various cognitive domains in a dataset with 1850 participants between 6
and 93 years. The methods are implemented in the R package ’galamm’, which will also briefly
be demonstrated.
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Monte Carlo sampling underpins a large range of statistical analysis, but can be compu-
tationally costly. Adaptive methods aim to improve computational efficiency of Monte Carlo
sampling procedures, by using previous samples to gain insights about the target distribution
and adapt the procedures based on these insights. However, adaptation can also lead to biased
inferences, e.g. where the stationary distribution deviates from the desired target. This pro-
cess of sequentially learning about a target distribution and adapting the sampling procedure
is reminiscent of online learning, where the community has developed a rich set of methods
to develop online learning algorithms and theoretical tools to analyse the convergence of the
algorithms.

In this talk I will describe an initial step on this path. Specifically, we propose and study
a partition-based adaptive importance sampling (AIS) procedure called Daisee as an online
learning problem. Borrowing ideas from the online learning community, we argue for the im-
portance of the trade-off between exploration and exploitation in this adaptation, and show a
T−1/2 convergence rate. We then extend Daisee to adaptively learn a hierarchical partitioning
of the sample space for more efficient sampling and confirm the performance of both algorithms
empirically.

This is joint work with Xiaoyu Lu.
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Likelihood-free inference for simulator-based statistical models has recently grown rapidly
from its infancy to a useful tool for practitioners. However, models with more than a very
small number of parameters as the target of inference have remained an enigma, in particular
for the approximate Bayesian computation (ABC) community. To advance the possibilities for
performing likelihood-free inference in high-dimensional parameter spaces, here we introduce
an extension of the popular Bayesian optimisation based approach to approximate discrepancy
functions in a probabilistic manner which lends itself to an efficient exploration of the parameter
space. Our method achieves computational scalability by using separate acquisition procedures
for the discrepancies defined for different parameters. These efficient high-dimensional simula-
tion acquisitions are combined with exponentiated loss-likelihoods to provide a misspecification-
robust characterisation of the marginal posterior distribution for all model parameters. The
method successfully performs computationally efficient inference in a 100-dimensional space on
canonical examples and compares favourably to existing Copula-ABC methods. We further
illustrate the potential of this approach by fitting a bacterial transmission dynamics model to
daycare centre data, which provides biologically coherent results on the strain competition in
a 30-dimensional parameter space.
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Approximate Bayesian computation (ABC) has become one of the major tools of likelihood-
free statistical inference in complex mathematical models. Simultaneously, stochastic differen-
tial equations (SDEs) have developed to an established tool for modelling time-dependent, real-
world phenomena with underlying random effects. When applying ABC to stochastic models,
two major difficulties arise. First, the derivation of effective summary statistics and proper
distances is particularly challenging, since simulations from the stochastic process under the
same parameter configuration result in different trajectories. Second, exact simulation schemes
to generate trajectories from the stochastic model are rarely available, requiring the derivation
of suitable numerical methods for the synthetic data generation. To obtain summaries that are
less sensitive to the intrinsic stochasticity of the model, we propose to build up the statistical
method (e.g. the choice of the summary statistics) on the underlying structural properties of
the model. Here, we focus on the existence of an invariant measure and we map the data to
their estimated invariant density and invariant spectral density. Then, to ensure that these
model properties are kept in the synthetic data generation, we adopt measure-preserving nu-
merical splitting schemes. The derived property-based and measure-preserving ABC method is
illustrated on the broad class of partially observed Hamiltonian type SDEs, both with simulated
data and with real electroencephalography data. The derived summaries are particularly robust
to the model simulation, and this fact, combined with the proposed reliable numerical scheme,
yields accurate ABC inference. In contrast, the inference returned using standard numerical
methods (Euler-–Maruyama discretisation) fails. The proposed ingredients can be incorporated
into any type of ABC algorithm and directly applied to all SDEs that are characterised by an
invariant distribution and for which a measure-preserving numerical method can be derived.
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The median, the trimmed mean and the Winsorized mean are the classical L-estimators
used for the robust inference of the central tendency. The origins of the trimmed and the
Winsorized mean can be traced back to 1962, when they were introduced by John W. Tukey and
Donald H. McLaughlin. Although the trimmed mean is still a commonly used and very popular
robust location estimator, Stigler showed in 1973 [1] that it has a significant disadvantage – the
limiting distribution of the trimmed mean may not be asymptotically normal if the data have
a discrete or continuous distribution with gaps.

Although the smoothly trimmed mean has been mentioned in the literature since 1967 [2],
it has been very little studied. One of the reasons for it could be the difficulty to find its variance
and the optimal size of trimming. In the case of smoothly trimmed mean, only the triangular
and trapezoidal weight functions have been considered. We introduce a new estimator which
is a more general version of the smoothly trimmed mean. It covers both versions of smoothly
trimmed means mentioned before and also some classical estimators as the limiting cases.

Until now, the jackknifing has been used to estimate the variance of smoothly trimmed
mean [3]. Although the technique is effective and simple, it is time-consuming in computational
terms, so we establish the asymptotic variance and its estimator using the influence function.
Moreover, based on Qin and Tsao results [4] the empirical likelihood method is established and
implemented for the new version of smoothly trimmed mean. Finally, the simulation study has
been provided confirming the theoretical results.
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Short-term extreme precipitation can cause flash floods, large economic losses and im-
mense damage to infrastructure. In order to prepare for future extreme precipitation, a spatial
Bayesian hierarchical model is applied for estimating large return levels of short-term precipi-
tation in Norway.

A modified version of the generalised extreme value (GEV) distribution, called the blended
GEV (bGEV) distribution, is used as a model for the yearly maxima of short-term precipitation.
Inference with the GEV distribution is known to be difficult, partially because its support
depends on its parameters. This is not a problem with the bGEV distribution, which has the
right tail of a Fréchet distribution and the left tail of a Gumbel distribution, resulting in a
constant support that allows for simpler inference. Fast inference is performed using integrated
nested Laplace approximations (INLA).

We propose a new model for block maxima that borrows strength from the peaks over
threshold methodology by linking the scale parameter of the bGEV distribution to the standard
deviation of observations larger than some threshold. The new model is found to outperform
the standard block maxima model when fitted to the yearly maxima of short-term precipita-
tion in Norway. Model fit is evaluated using the scaled threshold weighted continuous ranked
probability score (StwCRPS), with a weight function that only focuses on large quantiles.
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We consider pairwise measures between n entities of interest and we want to decide which
pairs of entities are significantly related. This multiple testing problem can also be seen as
follows : interactions between entities are described via noisy information, resulting in a dense
graph with valued edges. Remove noise to detect significant relationships corresponds to esti-
mate an unobserved underlying binary network.

To this end, we develop a multiple testing procedure that incorporates the graph topology :
the interaction structure of the underlying graph is learned with a Noisy version of the Stochastic
Block Model. Parameter estimates and a node clustering is then provided via a variational
expectation-maximization algorithm. It can be shown that our procedure asymptotically mimics
the oracle procedure that controls the false discovery rate (FDR, average proportion of errors
among the detected edges) while maximizing the true discovery rate (TDR, average proportion
of recovered true edges). Numerical experiments illustrate the performance of our test procedure
and show that it outperforms classical methods.
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Causal analyses with observational data require adjustment for confounding variables.
Properties of semi-parametric estimators using fitted propensity scores, conditional outcomes
and a combination thereof with different degrees of flexibility of parametric models have been
in focus in the causal literature in recent years. Early guidance to model selection suggested
that model specification, fitting and balance checking could be performed in an iterative proce-
dure. This was followed by proposals of, now standard, doubly robust AIPW estimators that
fit parametric models for the propensity score and conditional outcomes given covariates.

More recently, a class of weighting estimators have been proposed that directly aim at
incorporating covariate balance in the estimation process through calibration/entropy maxi-
mization.

Since covariate balance is not a sufficient condition for identification of the true propensity
score the general calibration estimator, using finite constraints, has an asymptotic error which
depends on the covariance of the error of an implicit propensity score fit and the conditional
outcomes. Although here, as for the AIPW estimators, robustness properties are implicit in
the estimation procedure.

In this talk we describe weighting estimators within the more recent calibration/entropy
balancing proposals (Tan, 2020, Chan et al. 2016) and other alternatives to propensity score
estimation such as RKHS (Wong and Chan, 2018) and CBPS (Imai and Ratkovic 2014, Fan et
al. 2018). We describe and compare asymptotic properties for calibration/entropy balancing
estimators using Kullback-Leibler and quadratic Rényi divergence (Källberg and Waernbaum,
2020) with the related calibration estimator proposed by Tan and the CBPS estimator.

The estimators are applied to data from the Swedish Childhood Diabetes Register in a
study of the effect of school achievements on complications Type 1 Diabetes Mellitus. The
finite-sample properties of the estimators are investigated in a simulation study also including
an evaluation of proposed variance estimators.

Joint with David Källberg and Emma Persson, Umeå University.
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Averages of proper scoring rules are often used to rank probabilistic forecasts. In many
cases, the variance of the individual observations and their predictive distributions vary in these
averages. We show that some of the most popular proper scoring rules, such as the continuous
ranked probability score (CRPS) which is the go-to score for continuous observation ensemble
forecasts, up-weight observations with large uncertainty which can lead to unintuitive rankings.
To describe this issue, we define the concept of local scale invariance for scoring rules. A new
class of generalized proper kernel scoring rules is derived, and as a member of this class, we
propose the scaled CRPS (SCRPS). This new proper scoring rule is locally scale-invariant and
therefore works in the case of varying uncertainty. Like CRPS it is computationally available
for output from ensemble forecasts and does not require the ability to evaluate the density of
the forecast. The theoretical findings are illustrated in a few different applications, where we
in particular focus on models in spatial statistics.
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Hidden Markov Model in Multiple Testing on Dependent
Count Data
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Multiple testing on dependent count data faces two basic modeling elements: the choice
of distributions under the null and the non-null states and the modeling of the dependence
structure across observations. A Bayesian hidden Markov model is constructed for Poisson
count data to handle these two issues. The proposed Bayesian method is based on the posterior
probability of the null state and exhibits the property of an optimal test procedure, which has
the lowest false negative rate with the false discovery rate under control. Furthermore, the
model has either single or mixture of Poisson distributions used under the non-null state. The
extension to Poisson regression models is also discussed. Model selection methods are employed
here to decide the number of components in the mixture. Different approaches of calculating
marginal likelihood are discussed. Extensive simulation studies and a case study are employed
to examine and compare a collection of commonly used testing procedures and model selection
criteria.
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Counting process models are often used for describing longitudinal events and failure time
data, typically by defining states that determine the possible transitions and their hazards.
In medical applications, the events can be diseased, receiving treatment, death due to disease
or death due to other causes, and no event (e.g. staying alive). We consider a multivariate
counting process in discrete time, counting mutually exclusive discrete events, that may depend
arbitrarily on the entire history of the process. A multi-state model can be imposed on it, if
desired, where the current state is a function of the history of the counting process. For example,
the current state can be identified with the last event occurred, possibly excluding no event,
and else simply alive.

Occasionally, in particular in retrospective register based studies, some of the events may
be observed or registered only at a subset of points in time, for example biomarkers that
are sampled at regular intervals, or hospital visits triggered by symptomatic signs of disease
progression, or because data collection on some types of events only occur during parts of the
study period due to external reasons. Therefore, we allow events of non-absorbing type may
be filtered, meaning that they might not be observed, at random or deterministic times, while
absorbing events are only not observed due to right censoring (e.g dropout, end of study) or
because of prior absorption.

We compare methods for estimating model parameters within the maximum likelihood
framework, including direct maximization of the latent likelihood and Monte Carlo Expectation
Maximisation. The performance of the estimators, including bias and coverage probabilities of
confidence intervals, are compared in a series of simulations studies.
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Bayesian joint parameter and state inference in non-linear state-space models is a difficult
problem due to the often high-dimensional state sequence. Particle Gibbs (PG) and its ex-
tension particle Gibbs with ancestor sampling (PGAS), both in the particle MCMC family of
methods [1], are well-suited for solving this type of inference problem. However, due to their
construction, all Gibbs-type methods produce correlated samples. We suggest to reduce the
correlation by marginalizing out one or more parameters from the state update. This results
in a non-Markovian model, which is intractable in the general case. We show that for models
with conjugacy relations between the parameter prior and the complete data likelihood, it is
possible to derive marginalized versions of PG and PGAS that scale linearly with the number
of observations [2].

It turns out that deriving the marginalized conjugacy relations is quite cumbersome, but we
can employ probabilistic programming to do automatic marginalization. The methods presented
can provide a performance improvement also when only some of the parameters have a conjugacy
relationship, something that greatly increases the applicability in practice.

We will also discuss how the marginalization framework presented above can be extended to
hierarchical models. Consider the case when there are several datasets available from processes
with the same model structure, but where only a subset of the parameters are shared between
the datasets. One example is the spread of a disease in different locations, where parameters
like the incubation time are shared, but parameters like the rate of infection may differ across
locations. Joint identification for these models with shared parameters can be beneficial, in
particular if the individual datasets are small.
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The impact of this research is to push the capabilities of data-driven methodologies and
tools to the edge of what is possible for the application of monitoring and diagnosing critically ill
hospital patients. HMMs are an ideal tool, providing a very flexible, unique, and interpretable
framework for statistical inference in that they allow for the quantification and interpretation of
unobservable state spaces. Such state spaces often naturally align with domain expert intuition
for the progression of biological processes. Namely, it is readily understood by clinicians that
the health of a patient, at any point in time, is characterized by the presence and progression of
particular conditions, and the job of the clinician is to infer the mostly likely condition(s) of the
patient from exhibited symptoms and data. An HMM will precisely define such conditions as
latent states, and quantify the progression of the conditions with rates of transitions between the
latent states. Moreover, we demonstrate that in contrast to the current status quo of “black-
box” machine learning and artificial intelligence approaches, estimation of an HMM can be
understood as a transparent learning algorithm. Important domain knowledge can be accounted
for via prior distributions within a Bayesian framework, and uncertainty quantification of the
HMM parameters is conveniently provided by credible regions.
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We introduce the sequential neural posterior and likelihood approximation (SNPLA) algo-
rithm [1]. SNPLA produces Bayesian inference in implicit models and utilizes direct density
estimation schemes to simultaneously learn both the posterior and the likelihood function of the
model. An implicit model is one such that the likelihood is unknown in closed-form, but can be
learned via computer-assisted simulations. Therefore SNPLA is an example of simulation-based
inference methodology, a field that has gained much traction in recent years. Specifically, our
work uses deep learning architectures, such as normalizing flows. We will discuss how SNPLA
connects with some recent developments in the field of machine-learning-based inference for
implicit models. Over several examples, we show that SNPLA obtains inference results that
are similar to its competitors, while utilizing the same computational resources, even though
the inference problem for SNPLA is particularly complex, since its goal is not only to produce
posterior draws for the parameters of interest, but simultaneously to learn an approximation
to the likelihood function.
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Spatial structure of a forest stand is naturally modeled by spatial point process models.
Motivated by aerial forest inventories and forest dynamics in general, we propose a sequential
spatial modeling approach to forest data. It is better justified than a static point process
model for describing the long-term dependence among the spatial location of trees in forest,
and the locations of detected trees in aerial forest inventories. Tree size can be used as a natural
measured surrogate of the unknown tree age to determine the order in which trees have emerged,
or are observed on an aerial image. The sequential spatial point processes differ from spatial
point processes in the sense that the realizations are ordered sequences of spatial locations,
which allows us to approximate the spatial dynamics of the phenomena. This feature shall be
useful to interpret the long-term dependence and the history formed by the spatial locations of
trees. For the application, we use forest data set collected from the Kiihtelysvaara forest region
in Eastern Finland.
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An important reason for modelling the spread of infectious disease lies in better understand-
ing the effect of various preventive measures. One such preventive measure which has received
a lot of attention during the ongoing Covid-19 pandemic is the so-called Test-and-Trace strat-
egy. By this we mean that testing (of suspected cases and/or randomly chosen individuals) is
increased with the hope that finding infected individuals quicker will reduce transmission. The
tracing part of this strategy is that individuals who are tested positive, are quickly asked for
their recent contacts, and such contacts are then localized and also tested. Those contacted
who give positive test results are then contact traced and so on.

Here we consider a Markovian SIR epidemic model with the rate of infectious contacts λ and
the rate γ at which infectious individuals naturally recover. To this model we add a Test-and-
Trace (TT) strategy, where individuals are tested at rate δ and once tested positive (diagnosed)
each of their contacts are immediately traced independently with some fixed probability p. If
such a traced individual is infected, the contact tracing is iterated.

This model is analysed using large population approximations, both for the early stage
of the epidemic, where it behaves like a certain branching process of the to-be-traced compo-
nents, and for the main phase of the epidemic where the process of to-be-traced components
converges to a deterministic process defined by a system of differential equations. Then, we use
these approximations to quantify the effect of testing and of contact tracing on the effective
reproduction numbers, the probability of a major outbreak and the final fraction of infected
individuals. In particular, the branching process approximation is derived not for the true in-
dividuals but by treating the to-be-traced components as "macro" individuals. So, we first find
the component reproduction number, namely the average number of new components generated
by one component before diagnosed, and then we derive the reproduction number for individu-
als from this component reproduction number. The main conclusions are that the reproduction
number for the to-be-traced components is not monotonically decreasing with the reporting
fraction δ/(δ+γ) and tracing probability p, however the individual reproduction number which
is derived from the component reproduction number, turns out to be monotonically decreas-
ing with the reporting fraction and tracing probability, and especially the reporting fraction
appears to play a bigger role in reducing the individual reproduction number.
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Inferring concerted changes among biological traits along an evolutionary history remains
an important yet challenging problem. Besides adjusting for spurious correlation induced from
the shared history, the task also requires sufficient flexibility and computational efficiency to
incorporate multiple continuous and discrete traits as data size increases. To accomplish this,
we jointly model mixed-type traits by assuming latent parameters for binary outcome dimen-
sions at the tips of an unknown tree informed by molecular sequences. This gives rise to a
phylogenetic multivariate probit model. With large sample sizes, posterior computation under
this model is problematic, as it requires repeated sampling from a high-dimensional truncated
normal distribution. Current best practices employ multiple-try rejection sampling that suffers
from slow-mixing and a computational cost that scales quadratically in sample size. We develop
a new inference approach that exploits 1) the bouncy particle sampler (BPS) based on piecewise
deterministic Markov processes to simultaneously sample all truncated normal dimensions, and
2) novel dynamic programming that reduces the cost of likelihood and gradient evaluations for
BPS to linear in sample size. In an application with 535 HIV viruses and 24 traits that ne-
cessitates sampling from a 12,840-dimensional truncated normal, our method makes it possible
to estimate the across-trait correlation and detect factors that affect the pathogen’s capacity
to cause disease. This inference framework is also applicable to a broader class of covariance
structures beyond comparative biology.
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Variable selection is crucial in statistical genomics since in high-dimensional omics-based
analyses it is biologically reasonable to assume that only a small piece of information is relevant
for prediction or subtyping. However, a priori ad hoc selection of genes according to in-sample
statistics or outer literature information is still a quite common practice, which heavily affects
the solidity and reproducibility of the results. Rank-based methods, making use of the order-
ing of data points instead of the actual continuous measurements, increase the robustness of
conclusions when compared to classical statistical methods. We develop a novel extension of
the Bayesian Mallows model for variable selection that allows for a full probabilistic analysis,
leading to coherent quantifications of uncertainties. We test our approach on simulated data us-
ing several data generating procedures, demonstrating the method’s versatility and robustness
under different scenarios. Specifically, we run our method on gene expression data from ovarian
cancer samples and verify our findings with a gene set enrichment analysis showing its useful-
ness in the context of signature discovery for cancer genomics, with uncertainty quantification
playing a key role for subsequent biological investigation.
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