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Spatial and spatio-temporal cluster point processes have been extensively studied,
with much of the literature assuming Poisson structures for parent, child, or both
processes due to their straightforward probability density functions. Frequentist and
Bayesian approaches have been developed to infer such models. However, in practice,
assuming a Poisson parent process often results in an overabundance of clusters, while
assuming a Poisson child process may not adequately capture real-world complexities,
as illustrated by the arson fire data example. In this paper, we propose a two-step
Bayesian inference framework for independent cluster point processes that are not
restricted by Poisson assumptions. Specifically for the fire data, we introduce a model
incorporating a repulsive prior and a shifted-Poisson Gaussian child. We develop
a Markov chain Monte Carlo method to estimate cluster states given fixed model
parameters and a Monte Carlo Expectation-maximization method to estimate the
model parameters themselves. We show the convergence of the proposed approach
and validate its effectiveness through a simulation study and the application to the
real fire data. The Bayesian framework we present is flexible and can accommodate
a variety of parent and child processes provided that their probability functions have
an analytical form. Furthermore, from a practical perspective, our approach enables
to predict the probability of being-forming clusters in a spatio-temporal manner.
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In order to characterise galactic patterns, new models and inference procedures for
point processes with interaction were introduced in [1, 2]. In this talk, we will present
some further developments of this work.

Here, we concentrate on the special case where the process takes place on the bounded
region W = AU B but it can be observed only in the region A. In this situation, the
likelihood of the considered point process cannot be derived from the available obser-
vations, unless simulated data is produced via Markov Chain Monte Carlo (MCMC)
procedures in the region B, where direct observations are not available. This oper-
ation increases the general computational cost while the convexity of the likelihood
can not be guaranteed.

In order to overcome this drawback, we propose to use an Approximate Bayesian
Computation (ABC) framework in order to deal with this problem.

The ABC framework we propose allows a theoretical construction of Metropolis-
Hastings dynamics that samples from the joint distribution of the un-observed pattern
and the parameter of interest, conditionally on the observed data. The theoretical
properties of the proposed dynamics enable the construction of different approximate
algorithms that exhibit convergence properties. The proposed method is applied to
simulated and real data. Conclusions and perspectives are depicted.

For a review of MCMC and ABC inference methods for spatial patterns character-

isation through Gibbs point processes with interactions, and references, we recom-
mend [3].
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There are few inference methods available to accommodate covariate-dependent aniso-
tropy in point processes. To address this, we propose an extended Bayesian MCMC
approach for Neyman-Scott cluster processes. We focus on anisotropy and inhomo-
geneity in the offspring distribution. Our approach provides parameter estimates as
well as significance tests for the covariates and anisotropy through credible intervals
which come with the posterior distributions. Additionally, it is possible to check
the assumption of constant direction of clusters or constant elongation of the ellipse.
We demonstrate the effectiveness of this approach through a simulation study for a
Thomas process and an application to real-world data.
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Over the last decade, opportunistic data collected through citizen science (CS) pro-
grams have proven to be a valuable and cost-effective resource for monitoring wildlife
populations. However, the absence of standardized sampling protocols in these ini-
tiatives introduces analytical challenges, as data collection is often influenced by ob-
server preferences, accessibility, and areas of public interest. In contrast, standardized
surveys are carefully structured to minimize these biases but provide much lower spa-
tiotemporal coverage. Integrating these two valuable data sources could enhance the
accuracy and quality of species distribution predictions. Yet, reliably combining them
remains challenging due to differences in study design, spatial and temporal cover-
age, and potential sampling biases. In this work, we introduce a new approach to
integrating opportunistic citizen science (CS) observations with data from planned
surveys while accounting for observational errors inherent in both sources. The pro-
posed integrated model is fitted using the INLA framework to jointly analyse the
geographical locations where a species has been reported by participating volunteers
and the detection/non-detection data from robust designed surveys. By integrating
CS data with survey data using robust modelling techniques, we can enhance our
understanding of species distributions.
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Data on the movement of animals in space and time are collected in a number of
contexts, including ecological research, animal conservation, agriculture and wildlife
management. These data, in combination with an appropriate statistical analysis
approach, can provide insight into the animals’ behaviour, for example regarding
habitat use, migration routes, or responses to environmental change.

Movement data are collected using a variety of technologies , resulting in different
types of observation processes, each with their respective advantages and disadvan-
tages. I particular, the data never provide information on all elements of the animals’
movement behaviour and statistical methodology needs to account for the observa-
tion processes and potentially infer the information not directly contained in the data
from the information contained in the data.

The talk discusses two different data collection approaches of animal movement data
— telemetry data of the individual location of animals and data derived from pas-
sive acoustic receiver arrays. We discuss modelling approaches through case studies,
focussing also on software implementations, in particular inlabru and patter.
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There are currently limited options for spatial population dynamics models that can
effectively utilize ecological survey data, with most mechanistic models requiring de-
tailed demographic data. To address this gap, we propose integrating biological
differential equations into the Integrated Nested Laplace Approximations (INLA)
framework using the Stochastic Partial Differential Equation (SPDE) approach.

By extending the iterative INLA method for estimating the parameters of an SPDE
[1], we aim to incorporate the logistic growth equation as a spatio-temporal random
effect in an inhomogeneous Poisson Process. This model could estimate and predict
demographic processes from count data, and is a significant step towards combining
mechanistic and statistical population models. Future extensions could include more
complex and biologically realistic dynamics, such as multispecies systems using the
Lotka-Volterra equations.
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In the current on-going research, we evaluated resampling methods in the case of clas-
sification methods. In the literature often, the so-called repeated hold-out method
with division 50/50 is used in practice. Our goal is therefore to compare its per-
formance with other resampling methods in the case of smaller sample sizes. We
compare an expected generalization error (Err) with error rates estimated by resam-
pling methods.

The comparison is performed by the simulation experiments based on the character-
istics of benthic macroinvertebrate image data. From the real data, we formed three
set-ups: 2 largest classes and 2 best features, 8 largest classes and 8 best features,
and 50 classes and 8 best features. In simulation, we used priors and class-specific
multivariate Gaussian distributions estimated from the real data and simulated 100
data sets for each set-up. This leads to the natural choice of quadratic discriminant
analysis (QDA) to be used as a reference classifier. We compare QDA with linear
discriminant analysis (LDA), K-nearest neighbour (KNN), neural networks (NN), ran-
dom forests (RF), and support vector machines with radial and linear kernel (SVMR,
SVML). With the single K-fold cross-validation (CV), the values K=2, 3, 5,10, N,
and with repeated CV, K=5,10, and 5 repetitions were applied. For the repeated
hold-out, 50%, 20%, and 10% of the test set and 50 repetitions and for the bootstrap,
50 bootstrap samples were used.

When compared with Errs of all set-ups and classifiers, we found that the most biased
error rates are typically obtained by repeated hold-out with division 50/50, a leave-
one out bootstrap estimate, and in some cases by the bootstrap estimator 0.632.
When considering the least biased error rates of Errs over smallest data sets of three
set-ups and all classifiers, we found most often repeated hold-out with division 90/10,
N-CV, the bootstrap estimator 0.632 and repeated 10-CV.
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Telemetry tracking of animal movement has become a standard practice in some agri-
cultural settings, with aims of optimising land-use to improve economic and ecological
sustainability, as well as animal welfare. With technological advancement in both data
collection and analysis, the spatial scale and temporal frequency of environmental and
tracking data have become increasingly fine. However, technical limitations still ne-
cessitate trade-offs, prompting the questions: what is the appropriate resolution for
the system and associated research aims? How do inferences change with scale?

In this talk, we investigate these questions in the context of habitat preferences of
cattle in Swiss mountain rangelands. We compare two modelling approaches using
the INLA framework for approximate Bayesian inference with R package inlabru: a
Log Gaussian Cox Process (LGCP) model of the overall distribution of movement
steps, and Gaussian Field Integrated Step Selection Analysis (GF-iSSA). GF-iSSA is
a recently introduced method for modelling highly spatiotemporally correlated track-
ing data in continuous space [1]. It relies on a complex integration scheme to enable
computationally efficient modelling and account for restrictions in animal mobility.
Here, we explore the features and limitations of this approach when inferring habitat
preference from tracking data collected in an agricultural setting with heterogeneous
terrain.
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Glaucoma is a complex neurodegenerative disease and the leading cause of irreversible
blindness globally [1]. The disease results in the degeneration of retinal ganglion cells
(RGCs) which ultimately leads to blindness. Currently there is no cure but there
are several effective treatments which aim to prevent further loss of RGCs. Early
diagnosis is therefore important but it is complicated due to the high plasticity of the
central nervous system and prolonged diagnosis periods, during which subtle changes
in disease progression may go undetected. However, recent advances in adaptive-
optics imaging is enabling clinicians to visualise subsets of the RGC population at the
mircroscopic resolution. The images obtained of the RGC population can be treated
as point patterns. This research focuses on the use of point pattern techniques and
fractal measures [2] applied to these RGC point patterns to detect disease-related
changes.
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Markov chain sampling methods form the backbone of modern computational statis-
tics. However, many popular methods are prone to random walk behavior, i.e.,
diffusion-like exploration of the sample space, leading to slow mixing that requires in-
tricate tuning to alleviate. Non-reversible samplers can resolve some of these issues.
We introduce a device that turns jump processes that satisfy a skew-detailed bal-
ance condition for a reference measure into a process that samples a target measure
that is absolutely continuous with respect to the reference measure. This sampler
is rejection-free, non-reversible and continuous-time. As an example, we apply the
device to Hamiltonian dynamics discretized by the leapfrog integrator, resulting in
a rejection-free non-reversible continuous-time version of Hamiltonian Monte Carlo
(HMC). We prove the geometric ergodicity of the resulting sampler under certain
convexity conditions, and demonstrate its qualitatively different behavior to HMC
through numerical examples.
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We present an extension of the classical Cox-Ingersoll-Ross (CIR) diffusion that
is tailored to phenomena evolving along linear networks such as roadways, power
lines or river systems. By embedding the square-root process in a one-dimensional
spatial framework, the proposed model captures the state variable’s intrinsic local
dynamics and the spatial heterogeneity that characterises network-constrained envi-
ronments. We establish the existence and uniqueness of the process, show that all
relevant moments remain uniformly bounded, and prove a strong Holder-type regu-
larity for its sample paths. For inference, we build a likelihood-based procedure on
an Euler—-Maruyama discretisation and demonstrate that the resulting estimators are
strongly consistent under mild moment conditions.

To accommodate abrupt regime changes that frequently occur in practice, we further
introduce a Markov-modulated CIR (MMCIR) formulation in which the drift and
volatility parameters switch according to an underlying finite-state Markov chain.
Closed-form updates for the maximum-likelihood estimators are obtained via an EM
algorithm, and their almost-sure convergence is established. Simulation studies con-
firm the theoretical findings, while applying traffic-flow data on an urban road net-
work illustrates the practical improvement in predictive performance over classical
homogeneous diffusions. The proposed framework thus provides a flexible and sta-
tistically sound tool for analysing stochastic dynamics that are confined to linear
network structures.



Poster SSIAB 16

Validating methods for uncertainty propagation in
two-stage Bayesian models - with application on
linking climate and dengue in the Philippines

S. J. Villejo!3, S. Martino?, J. Illian'

1 School of Mathematics and Statistics, University of Glasgow, UK
2 Department of Mathematical Sciences, Norwegian University of Science and Technology,
Norway
3 School of Statistics, University of the Philippines Diliman, Philippines
stephen.villejo@glasgow.ac.uk

A two-stage modeling framework has the advantage of being more computationally
efficient than a joint modelling approach when the first-stage model is already com-
plex in itself, and avoids the potential problem of unwanted feedback effects [?, ?].
Two common ways of doing two-stage modeling are the crude plug-in method and
the posterior sampling method. The former ignores the uncertainty in the first-stage
model, while the latter can be computationally expensive. This work validates the
correctness of the two aforementioned approaches by testing the self-consistency prop-
erty of Bayesian models, via the simulation-based calibration method [?]. We then
show a data application on linking climate and dengue fever, which is an infectious
disease caused by dengue arbovirus and commonly transmitted by Aedes mosquitoes
[?7]. The first stage fits the climate models, and the second stage fits the health model
with dengue incidence as response and the climate predictions from the first stage
as inputs. We postulate a Bayesian spatio-temporal model and use the integrated
nested Laplace approximation (INLA) approach for inference [?]. Results show that
temperature is positively related with dengue, but very hot conditions tend to have
negative impact on dengue incidence. Moreover, the relationship between rainfall and
dengue varies in space, depending on the climate type of the area. For areas with
uniform and low variation in the amount of rainfall all year round, rainfall is nega-
tively associated with dengue, while for areas with pronounced dry and wet season,
rainfall is positively related with dengue.
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Earthquakes can be modelled with spatio-temporal point processes, such as the
Epidemic-Type-Aftershock-Sequence (ETAS) model. These models are great at pre-
dicting aftershocks, that is smaller earthquakes following a larger earthquake, but
they are not much better than a simple homogeneous Poisson model at predicting
large earthquakes [1]. In seismologists’ efforts to anticipate future earthquakes, the
ability accurately to forecast the largest earthquakes is of primary importance, not
only for short-term response such as preparation of emergency personnel and disas-
ter relief, but also for longer-term preparation in the form of building codes, urban
planning, and earthquake insurance.

The task of forecasting large earthquakes is difficult, partly because the events are
rare, and some even argue that earthquakes are inherently unpredictable [2]. Another
caveat is that current model evaluation scores, like the log-likelihood score, does not
take earthquake magnitude into account when assessing the model, since it is not
weighting the larger magnitudes any more heavily than the smaller ones [1]. To
combat this, a new model evaluation score called the ) statistic, which rewards models
for accurately estimating the largest 5% of earthquakes, was recently introduced [1].
The goal is that, using the Q statistic, new models can be found in the future which
are better at forecasting large earthquakes.

In this talk, we present the Q statistic, giving an overview of its statistical properties in
the context of earthquake modelling using spatio-temporal point processes. Moreover,
the Q statistic is evaluated for several different earthquake models, fitted on the
California earthquake data from years 2012-2017.
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The Hawkes self-exciting point process provides a natural model for clustered event
data, where events generate offspring according to a productivity function. While the
original Hawkes model assumed constant productivity across points [1], allowing the
productivity to vary as a function of time or other covariates is useful in applications
such as seismology and epidemiology. We compare methods for estimating a time-
varying productivity in Hawkes models and demonstrate applications to infectious
disease modeling. Based on the analytic maximum likelihood estimator proposed
in [4], we introduce a regularized estimator for pointwise productivities, along with
a closed-form least-squares estimator that enables fast and stable performance for
binned data [2]. We apply these methods to U.S. Covid-19 case data from 20202022
to estimate the effective reproduction rate R; and forecast outbreaks in incidence [3].
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Recent developments in local models for point processes have highlighted the need
for flexible methodologies to capture spatial heterogeneity [2, 6, 4]. In this work, we
introduce a novel framework that extends segmented regression models to spatial con-
texts. Our approach is based on a two-step procedure: first, a spatial segmentation
algorithm [1] in employed to geographically weighted regression estimates. The result-
ing subdomains delineate regions within the study area where constant parameters
can be assumed. Subsequently, log-linear Poisson models are fitted within the iden-
tified non-overlapping regions, to estimate region-specific parameters, enabling the
application of classical inferential procedures, such as hypothesis testing on regres-
sion parameters. This framework supports multiple applications, functioning either
as a classic segmented regression model — where one or more covariates may exhibit
distinct segmentation patterns — or as a local spatial modeling tool. The latter as-
sumes the presence of a tessellation of the space, partitioning it into regions where
“global” log-linear models provide valid descriptions of the underlying point process.
Furthermore, it can be conceptually extendable to the geostatistical framework. To
validate the proposed methodology, we conduct simulation studies and apply our
proposal to two case studies with the fire and seismic data analysed in [5] and [3].
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In spatial regression models, spatial random effects are included to approximate un-
measured spatial variation in the response variable. However, as spatial random
effects are typically not independent of the covariates in the model, this can lead to
significant bias in covariate effect estimates of interest. This fundamental problem,
which makes covariate effect estimation in any spatial regression potentially unre-
liable, is referred to as spatial confounding. In recent years, there has been much
interest in spatial confounding, not least because the most established methods for
dealing with the problem were proven to be ineffective. However, research into the
topic has sometimes led to puzzling and seemingly contradictory results. Here, we
develop a broad theoretical framework that brings mathematical clarity to the mech-
anisms of spatial confounding, providing explicit and interpretable analytical expres-
sions for the resulting bias. From these, we see that it is a problem directly linked
to spatial smoothing, and we can identify exactly how the features of the model and
the data generation process affect the size and occurrence of bias. Our framework
can be used to understand and generalise existing results on spatial confounding, in-
cluding dependency on spatial frequency information and suggested methods for bias
adjustment.
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In the analysis of spatial point patterns with associated real-valued marks, incorpo-
rating the influence of marks into the estimate of the intensity function can lead to
a more accurate understanding of the underlying process. Standard models either
rely on strong distributional assumptions about the marks to incorporate their effect
on the estimated intensity [1], or exclude them from the fitting procedure, studying
the marks through marked summary statistics to understand their relationship with
the spatial distribution of the points [2]. In this article, we address this issue by
proposing two approaches, one parametric and one semi-parametric, to model the
intensity of marked point patterns with real-valued marks in two spatial dimensions
without making any distributional assumption. Both methods allow us to estimate
the effect of the mark on the intensity of the process. Furthermore, we can estimate
the density of the mark across the observed window. We show that by including mark
information in the model, if the real-valued mark has an impact on the intensity, we
can obtain equal or even better estimate of the intensity of the process with respect
to unmarked models, while giving an additional information about the process. Both
approaches are tested through simulations and applications on real data.
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Spectral methods have recently gained attention in spatial statistics as an alterna-
tive to direct-space techniques for second-order inference of spatial point processes.
Instead of analyzing second-order summary statistics like the pair-correlation func-
tion or the Ripley K-function, one can estimate the Bartlett’s spectral measure, also
known in physics as the structure factor S. Several estimators of S have been in-
troduced [1, 2, 3]. But, without a reference minimax rate of convergence, it remains
unclear whether better estimators could be constructed.

We address this gap by proving the following minimax result: for estimating a struc-
ture factor of Holder regularity [, the worst-case error of any estimator is at least
the expected number of observed points raised to the power —f3/(28 + d). We then
construct multi-taper estimators that achieve this optimal rate and further show that
they exhibit exponential concentration. However, these estimators are oracle in the
sense that they depend on unknown parameters related to the smoothness of S. To
obtain a practical estimator, we propose a cross-validation method based on ran-
dom thinning and decorrelation between distinct frequencies, which performs well in
practice.
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A point process @ is hyperuniform if it exhibits a slower growth in the variance of
the number of points at large scales compared to Poisson point processes. Initially
conceptualized in statistical physics, hyperuniform systems have attracted significant
interest due to their unique position between perfect crystals, liquids, and glasses.
Hyperuniformity has gained attention in various applied contexts, offering insights
into phenomena ranging from DNA and the immune system to active matter theory,
urban systems, ices, rock dispersion on Mars, hydrodynamics, avian photoreceptors,
and cosmology. Despite this, there is a lack of method to detect and quantify hyper-
uniformity. Under certain conditions, hyperuniformity is equivalent to the structure
factor S of @ satisfying S(k) ~ |k|* as |k| — 0, where the exponent o > 0 charac-
terises the degree of hyperuniformity. Estimating « faces the challenge of estimating
the structure factor S for small frequencies. In this contribution, we construct a
multi-scale, multi-taper estimator of «, based on just one realization of ®. Our ap-
proach shortcuts the step of estimating S(k) for small but non zero frequencies k.
We analyse its (expanding window) asymptotic behavior, enabling the construction
of an asymptotic confidence interval for a. The method is illustrated on simulated
data and applied to the analysis of hyperuniformity in a real dataset of marine algae.
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This work paves the way for a methodology for detecting outliers and testing the
goodness-of-fit of random sets using topological data analysis. Our approach is based
on building a filtration using the sublevel sets of the signed distance function and
analyzing various summary functions derived from the persistence diagrams of the
resulting persistent homology. Outlier detection is performed using functional depth
measures [1| applied to these summary functions. To evaluate goodness-of-fit, we
use global envelope tests [3] with summary statistics serving as test statistics. The
methodology is supported by a simulation study based on random set germ-grain
models and is also applied to real-world data from histological images of mastopathic
and breast cancer tissue.
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Accurately detecting plant diseases in a spatial context is crucial for timely inter-
vention and effective management. Traditional sample size determination methods
ensure a high probability of detecting a disease if it is present but typically assume
spatial independence of disease occurrences. However, many plant pathogens exhibit
spatial aggregation or repulsion due to environmental factors or host distribution.
In this study, we extend the classical approach to sample size calculation [1] by
incorporating spatial dependencies modeled through Gibbs marked point processes.
This framework allows us to explicitly account for interactions between infected and
non-infected locations, leading to a more realistic representation of disease spread. We
introduce a novel criterion of sample efficiency to assess the robustness of our method
across various spatial patterns. Our results demonstrate that, even under aggregation
or repulsion, the adapted sample size calculations maintain a high probability of
detection while optimizing the allocation of sampling efforts.

Beyond sample size determination, we leverage the Gibbs model to develop a survey
design strategy aimed at minimizing the expected time to first detection.

Our findings provide a methodological advancement for plant disease monitoring, of-
fering insights and practical guidelines for designing efficient sampling schemes under
spatially structured uncertainty. These results are particularly relevant for policy-
makers and epidemiologists seeking to improve early warning systems and optimize
resource allocation in plant disease surveillance.
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When fitting a model to data, one would ideally like to use maximum likelihood es-
timation, due to its nice statistical properties. Unfortunately, the likelihood function
of a general Gibbs point process is typically not tractable, due to the associated nor-
malizing constant. This has led to the development of a range of alternative methods,
such as Takacs-Fiksel estimation (including its special case pseudolikelihood estima-
tion) and Point Process Learning.

Leveraging recent probabilistic results for Gibbs processes, in this talk we present an
approach to perform approximate likelihood estimation for Gibbs processes. Specif-
ically, we show that the likelihood function can be expressed completely in terms of
the Papangelou conditional intensity, which is typically known and tractable. This
new likelihood representation involves an infinite series expansion, and we discuss
different ways of approximating it, and thereby the likelihood function. We further
discuss how this plays out in certain models and compare it to the state-of-the-art.
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Monte Carlo tests are widely used for computing valid p-values without requiring
known distributions of test statistics. When performing multiple Monte Carlo tests,
it is essential to maintain control of the type I error, but it is not trivial how to
provide false discovery rate guarantees while maintaining the power. In this talk,
we highlight that multiple Monte Carlo testing is an instance of conformal novelty
detection [1, 2], thereby paving the way to constructing efficient testing procedures
with false discovery rate guarantees. The performance is investigated in the context
of global envelope tests [3] for replicate point pattern data through a simulation study
and an application to a sweat gland data set. The preprint is available on arXiv [4].
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In spatial statistics, point processes are often assumed to be isotropic meaning that
their distribution is invariant under rotations around the origin. Most statistical
tests for the null hypothesis of isotropy found in the literature are based either on
asymptotics or on Monte Carlo simulation of a parametric null model. However,
fitting a parametric null model is challenging in case of anisotropy and asymptotic
distributions are only available to a limited extent.

In [1], we present a novel nonparametric and computationally cheap test for the
hypothesis of isotropy for stationary point processes. Our test is based on resampling
the Fry points which are the pairwise difference vectors of the observed point pattern.
The resampling itself is achieved by using random rotation techniques. We investigate
empirical levels and powers of the proposed test in a simulation study for a diverse
set of point process models. Anisotropic point process models are hereby obtained
either via the geometric anisotropy mechanism or through oriented clusters where the
orientation distribution is given by a von-Mises-Fisher distribution. Finally, a real
data set of amacrine cells is tested for isotropy.
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Recent advances in 3D biological imaging technologies now allow spatial point pat-
terns of protein molecules to be observed directly on a cell’s outer membrane, where
the underlying geometry is complex and must be respected for principled statistical
inference. In prior work, we developed functional summary statistics for point pat-
terns on the surfaces of 3D convex shapes [1], leading to new insights into E. coli
outer membrane assembly [3]. In this work, we extend these methods to the multi-
type setting. We begin by developing functional summary statistics for multi-type
homogeneous and inhomogeneous point processes on the sphere, and then generalise
them to convex 3D surfaces, assuming a known bijective mapping from the shape to
the sphere. To support inference in the inhomogeneous case, we employ a plug-in
estimator for the intensity function of a spatial point process on a manifold [2]. We
demonstrate how these statistics can be used to test for independence between the
component processes, with particular focus on methods for generating samples from
the null distribution. We conclude with a discussion on extending the framework to
a class of non-convex shapes. This talk is based on work presented in [4].
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We propose a semi-parametric Markov model for multi-type point processes. The
model includes a parametric part, which describes the effect of spatial covariates
and interactions within and between point types, and a non-parametric part, which
accounts for unobserved variables that affect all types equally. The specification
of the model allows for repulsive, attractive, and Poisson processes. Similar efforts
in the past has either lacked the semi-parametric aspect [1] or required attraction
between points [2, 3]. Parameters are estimated with a composite likelihood setup,
which produces a consistent and asymptotically Gaussian estimator. The covariance
matrix of the maximum composite likelihood is estimated thus allowing inference on
the parameters. We apply the method to Dutch shop data, and are able to identify
interactions between shop types while accounting for spatial covariates, which has not
been possible with the approaches previously employed in the economics literature.
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The dynamics of a rain forest is extremely complex involving births, deaths and
growth of trees with complex interactions between trees, animals, climate, and envi-
ronment. We consider the patterns of recruits (new trees) and dead trees between rain
forest censuses. For a current census we specify regression models for the conditional
intensity of recruits and the conditional probabilities of death given the current trees
and spatial covariates. We estimate regression parameters using conditional compos-
ite likelihood functions that only involve the conditional first order properties of the
data. When constructing assumption lean estimators of covariance matrices of pa-
rameter estimates we only need mild assumptions of decaying conditional correlations
in space while assumptions regarding correlations over time are avoided by exploiting
conditional centering of composite likelihood score functions. Time series of point
patterns from rain forest censuses are quite short while each point pattern covers
a fairly big spatial region. To obtain asymptotic results we therefore use a central
limit theorem for the fixed timespan - increasing spatial domain asymptotic setting.
This also allows us to handle the challenge of using stochastic covariates constructed
from past point patterns. Conveniently, it suffices to impose weak dependence as-
sumptions on the innovations of the space-time process. We investigate the proposed
methodology by simulation studies and an application to rain forest data. [1].
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Ambulance interventions represent critical events that demand immediate medical as-
sistance and prompt dispatch of emergency response vehicles. Analysing their spatial
and temporal distribution is essential for optimizing resource allocation and identify
high-risk areas. Furthemore, ambulance interventions also represent a classical ex-
ample of spatial point patterns occurring on linear networks, an increasingly popular
type of processes which are constrained to lie on a restricted spatial domain which,
in this case, corresponds to a street network [1, 3.

This work proposes a semi-parametric spatio-temporal marked Poisson point process
model to study the intensity function of all emergency calls recorded in the street
network of Milan from 2015 to 2017, dividing the events according to the intervention
time [2]. More precisely, we assume that the ambulance dispatches recorded over
the network with mark m during a one-hour interval ¢ represent a realisation of a
inhomgeneous marked Poisson process with intensity function A, (¢,s). The key for
model development is assuming that the intensity function can be decomposed into
the product of two components, say

Am(t;8) = pian (t)gm(s),

representing the temporal (u,,(t)) and spatial (g,,(s)) dimensions of the process, re-
spectively. As already mentioned, the marks denote the ambulance access times,
distinguishing between responses below and above five minutes. The temporal com-
ponent was modelled via a semi-parametric Poisson regression with deterministic tem-
poral covariates. More precisely, we included a linear term to capture the year-to-year
variations, the hourly and weekly effects were smoothed using cyclic cubic regression
splines, and the daily trends were included using dummy variables and interactions.
The spatial model has been estimate using a parametric approach that incorporates
covariates related to the road type, the traffic flow, and census data related to build-
ings and population. Both components are estimated separately for each mark m and
they are combined in a multiplicative form to obtain a temporally-varying estimate
of the intensity function. Our preliminary results highlight that central areas tend to
have rapid emergency responses, whereas peripheral areas show longer waiting times,
indicating spatial disparities in emergency service efficiency. These effects are not
constant in time and are less evident during the night and the early morning hours.
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We present an innovative statistical test designed to assess the first-order separability
of a spatio-temporal point process. Our proposed test employs block permutations
and a novel test statistic that incorporates a machine learning technique known as
the Hilbert-Schmidt independence criterion. To enhance the practicality of the crite-
rion, we apply the kernel trick. The block permutations are designed to maintain the
second-order structure of the point pattern, disrupting it only at the block borders.
This design enables the application of our test to a general spatio-temporal point
process, which may exhibit small-scale clustering or regularity. We investigated the
empirical level of the block permutation based tests with the new and two previ-
ously proposed test statistics for clustered and regular point processes, represented
in our study by log Gaussian Cox processes and determinantal point processes. By
comparing our results with those obtained from a previously proposed permutation-
based test, we confirmed the effectiveness of our method in terms of significance level,
power, and notably computational cost. We applied the test to real-world datasets,
namely the UK’s 2001 foot and mouth disease epidemic and varicella data from Va-
lencia.

Keywords: Block permutation, feature space, Kernel mean embedding, Machine
learning, Reproducing kernel Hilbert space, Separability of intensity function, Spatio-
temporal point processes.
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Measuring large patterns of trees with location and size information is time consuming
and costly. Thus, traditionally mapped tree data from forests were available only
from rather small areas. These days remote sensing techniques, particularly airborne
laser scanning (ALS), allow detection of dominant trees and, thus, mapping them
at large areas. Using ALS, optical imagery, and field data, it is also possible to
predict undetected trees and tree attributes. The outputs are large scale tree maps,
i.e., inhomogeneous point patterns of trees with diameter, height, volume and species
marks [1, 2].

Local forest biodiversity hotspots are small areas within a landscape or a single stand.
Such hotspots are characterized by a high variability in, e.g., tree species composi-
tion, size distribution or spatial pattern, in comparison to the surrounding areas.
Traditionally remote sensing has been used predict different indices quantifying for-
est structure using a fixed spatial resolution only. When data are instead available at
a single-tree level, more enhanced analysis of forest structure is possible using point
process statistics. We give examples of species, size and structural diversity maps [3].
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Analysis of stained tissue images is commonly performed in cancer diagnosis and prog-
nosis, where immunohistochemistry (IHC) is a valuable tool for characterizing cells
or biomarkers of interest within the tissue. The extracted characteristics may include
summaries of nuclei intensity, vessel diameter, and stained area fraction. Usually,
there are several IHC markers available, and the question arises which of them may
be associated with the outcome (for example overall survival or cancer-specific sur-
vival) [1]. For the investigation of their prognostic strength, image-assisted survival
analysis can be conducted, where IHC marker specific characteristics are included in
a regression model along with other prognostic factors such as age, sex, and tumor
specific characteristics. However, such THC characteristics usually do not describe
the spatial distribution of the point patterns of nuclei. In my talk, I will discuss
challenges and benefits of including summaries of the spatial distribution of nuclei as
prognostic factors. In particular, I will propose how spatial indices can be derived
from the so-called L-function [2] on the example of patients with stage III melanoma.
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The statistical modeling of second-order characteristics in point processes often com-
mences with testing the hypothesis of spatial randomness. We address the challenge
of assessing complete randomness within the geometric framework of point processes
on linear networks, where the conventional properties of a point process undergo al-
terations and data visualization becomes less intuitive. In the case of planar scenarios,
traditional goodness-of-fit tests rely on quadrat counts and distance-based methods.
As an alternative approach, we propose a novel statistical test of randomness based on
the fractal dimension, which is calculated using the box-counting method. This pro-
vides a robust inferential perspective, offering a departure from the more commonly
descriptive application of this method. Additionally, it enables the discrimination be-
tween clustered and inhibitory behaviors of point patterns. We assess the performance
of our methodology through a simulation study and the analysis of a real dataset.
The results bolster the efficacy of our approach, presenting it as a viable alternative
to the computationally more demanding classical distance-based strategies.
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In this presentation, we propose a spectral method for multivariate inhomogeneous
spatial point processes. A key ingredient is utilizing the asymptotic behavior of
the periodogram. The periodogram is an asymptotically unbiased estimator of the
spectrum of a second-order stationary point process. By extending this property, we
show that under inhomogeneity, the expectation of the periodogram also converges
to a matrix-valued function, which we refer to as the pseudo-spectrum. The pseudo-
spectrum shares similar properties with the spectrum of stationary processes and can
be interpreted using local parameters. We derive a consistent estimator of the pseudo-
spectrum through kernel smoothing and propose two bandwidth selection methods.
The performance and utility of our frequency domain methods are illustrated through
simulation studies and a real data analysis of rainforest data.
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Determinantal point processes (or DPP for short) are commonly used to model
datasets of repulsive point patterns. DPPs are defined through a symmetric func-
tion, called their kernel, from which we can derive their main statistical properties
such as their likelihood or their k-th order intensity function. The symmetry of the
kernel of DPPs is an important property. It is used to establish their theoretical
results and it is also the cause of their repulsive nature. Now, there is a natural way
of constructing a coupling of determinantal point processes as a DPP itself in order
to model marked point processes with repulsion between points of the same mark and
between points of different marks.

While most works on DPPs only consider symmetric kernels, it is possible to define
these processes using a non symmetric kernel, allowing for some positive dependency.
Although, not much is known about how this change affects the usual properties of
DPPs.

In this talk, we study these DPPs with generic kernels and we determine how the
common results on DPPs with symmetric kernels generalize in this case. We also
show how to use these point processes to construct attractive couplings of DPPs in
order to model marked point processes with repulsion between points of the same
mark but attraction between points of different marks.
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Spatial point patterns emerge in many applications: in forestry (e.g. locations
of plants/trees), environmental sciences (e.g. lightning strike impacts in France),
economis (locations of banks), astrophysics (e.g. sunspots),... Even in the stationary
case (which is th context of the present study), many models exist in the literature to
model clustering effects or repulsion between points/objects, such as Cox, Gibbs or
determinantal point processes to cite a few. I will present a "new” class of stochastic
models, simply obtained as critical points obtained from a Gaussian random fields.
The topic of zeroes or critical points of (Gaussian) random fields has given rise to a
huge literature, ... and I would say essentially, in the probabilistic community. This
is why by "new” I mean that I'll be focusing on properties and problems useful for
statistical applications. These points deal with understanding precisely first and sec-
ond moments (and more generally higher-order intensity functions), problems related
to the simulation of such models and asymptotic results for functionals of these point
processes, which include the natural intensity estimate and a slightly modified version
of the Ripley’s K function.



