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A New Predictive Hotspot Method for Sparse Spatio-Temporal Point Process
Monsuru Adepeju – University College London

(With Tao Cheng – University College London)

In many physical and sociological processes such as crime and disease, predictive maps may be useful to show
forecasts of high-risk locations, termed hotspots. Generating an accurate predictive hotspot map in such
cases is a very challenging task owing to the sparse nature (i.e. containing excess zeros) of the space-time
point data generated by the processes.

In this work, we have developed a new predictive hotspot method that is very robust to excess zeros of
sparse spatio-temporal point process (SSPT). The method is implemented for prediction on square grid cells
and the street network.

We used two crime datasets to evaluate the new method: Camden Borough of London (United Kingdom)
and South-side Chicago (United States). The preliminary results show that both the grid cell-based and
street network-based methods show significantly improved predictive accuracy over the existing methods.
Also, a comparison of the grid cell-based and street network-based versions of our newly developed method
using crime data suggests that using the street network as a spatial basis allows us to capture hotspots more
accurately.

Biodiversity measures from the pollination networks
Ayesha Ali – University of Guelph

Biodiversity is one of the key measures in summarizing the state of an ecosystem. Unfortunately, when
it comes to tracking the biodiversity of pollinator species based on surveys conducted by field ecologists,
it is expected that some species may go unobserved. When interest also lies in understanding what floral
species the pollinators interact with (i.e. the links in a pollination network), it is also expected that some
links go unseen. In this talk, we will look back at some of the commonly used diversity measures that have
also been used to describe network level characteristics, and discuss how sampling effort or the presence of
competition may affect our ability to estimate these measures.

Spatio-temporal modelling of heart disease in New South Wales, Australia
Craig Anderson – University of Technology Sydney

The recent surge in the spatio-temporal modelling literature has the potential to have a profound impact
on public health monitoring, giving clinicians and policy makers the ability to more easily identify local
trends in disease risk. Here, we model monthly hospital admissions for heart disease in New South Wales,
Australia between 2006 and 2013. The state has an extremely uneven population distribution, with almost
two-thirds of the population living in the Sydney metropolitan area. People in Sydney have immediate
access to healthcare, but residents of remote areas often live vast distances from hospitals and can thus face
delays in receiving treatment. It is therefore of great interest to compare disease rates between Sydney and
the rest of the state in order to identify possible differences between urban and rural areas.

The effect of automated taxa identication errors in biological indices
Johanna Ärje – University of Jyvaskyla

In most biomonitoring, the target is to determine the status of ecosystems based on several biological indices.
Taxa identification errors can, however, have strong effects on the indices and thus on the determination of
the ecological status. To increase cost-efficiency, computer-based taxa identification for macroinvertebrate
image data has recently been developed. We examine the effect of eleven classification methods in the case
of macroinvertebrate image data and show how those errors propagate into different indices. We evaluate 14
richness, diversity, dominance and similarity indices commonly used in biomonitoring. Besides the error rate
of the classification method, we discuss the potential effect of different types of identification errors. Finally,
we provide recommendations on indices that are least affected by the automatic identification errors.



Spatio-temporal sub-pixel mapping of time-series images
Peter Atkinson – University of Lancaster

Image fusion is a common problem in the field of remote sensing. It usually can be conceived as the joining
together of a coarse spatial resolution image of a band of direct interest with a fine spatial resolution image of
another band to create a fine resolution image of the band of interest. There are many different approaches
for this task. Super-resolution image fusion, also known as downscaling, predicts an image at a spatial
resolution that is finer than any of the two or more input images. Several geostatistical methods including
area-to-point kriging (ATPK), area-to-point cokriging (ATPCK) (downscaling cokriging), and area-to-point
regression kriging (ATPRK) (which combines the benefits of the popular regression kriging with ATPK),
have been proposed for this task. The benefits include explicit handling of the sample support through the
random function model definition and perfect coherence (upscaling leads to the original images). Extension
of these approaches to the space-time domain, where the objective is to downscale coarse images at a high
temporal frequency by injecting a few images at fine resolution, but with low temporal frequency requires
further development of the fusion scheme. The challenges and the evidence base for the choices that have
been made so far in developing such approaches will be discussed. The generalisation of information and
the character of the uncertainty associated with such predictions will also be discussed.

Smart study design trade-offs between using structured and unstructured data for biodiversity
monitoring by Citizen Scientists
Stephen Baillie – British Trust for Ornithology

(With Mark Miller – British Trust for Ornithology)

Well-designed Citizen Science programmes play a vital role in informing environmental policy, for example
through the production of bird population indicators. Smart study design must address both data recording
within sample units and the distribution of sampling locations over time and space. For example, the UK
breeding bird survey uses a simple line transect protocol that supports models accounting for the effects of
local habitat and detectability. Random selection of sample squares within regions allows unbiased sampling
while not restricting more detailed coverage where there are many observers. We review examples of such
designed monitoring schemes and highlight the strengths and weaknesses of different approaches. Many
Citizen Scientists are well able to follow such robust sampling protocols, but excellent volunteer support
and feedback are essential.

There is currently much interest in the use of unstructured biological records for ecological monitoring, as for
many areas and taxa these are the only data available. Such presence only data raise significant challenges
of how best to control for effort and sample coverage. Reliable results can sometimes be obtained through
the careful construction of reference samples that control for effort and through the application of techniques
such as occupancy modelling. However, comparisons with well-designed sampling schemes suggest that such
unstructured data do not always provide reliable results. Furthermore precision per unit effort appears to
be much lower than for formal sampling.

Semi-structured sampling through portals such as BirdTrack demonstrates that the recording of complete
lists is readily promoted amongst birdwatchers and provides a simple yet effective way to control for recording
effort within locations. Related approaches involving smart ways to record survey effort can potentially be
extended to other taxa. Furthermore, combining modest amounts of structured data with large numbers
of unstructured records can substantially enhance our ability to maximize the information obtained from
unstructured datasets.

Abrupt changes in climate and ecosystems
Claudie Beaulieu – University of Southampton

Abrupt changes in climate and ecosystems: opportunities and challenges for change-point detection A
growing body of scientific evidence suggests that some elements of the climate system and some ecosystems
are experiencing abrupt state changes. These abrupt changes can arise when a small increase in forcing
pushes the system across a threshold or they occur as a direct response to a shift in the external forcing (e.g.
climate shifts), in both cases leaving the system in a new state after. In this talk, I will discuss the usefulness
of change-point detection to identify abrupt changes and distinguish them from random reorganization of
the system. A methodology especially tailored for the detection of marine regime shift will be presented
and applied to a well-documented case that took place in the North Pacific with important consequences
for fisheries. Finally, opportunities and challenges for the development of change-point techniques will be



discussed.

Combining sensor data with a probabilistic road surface temperature model for enhanced real
time forecasting
Thomas Bennett – Aston University

Road weather information systems have now developed to the level that site specific forecasts are available
to highway engineers to aid their decision making, ensuring that the roads are safe while minimising costs.
Traditionally, the forecast models used in system are based upon a deterministic approach using a surface
energy balance equation in combination with the heat equation. However, probabilistic forecasting models
are able to provide more information than purely deterministic models. In this work we describe a proba-
bilistic forecast model for road surface temperature. We show how combining a probabilistic forecast model
with a dense, low-cost sensor network (wintersense, see wintersense.com) can give more reliable forecasts for
road surface temperature. The sensor network covers the Hagley Road in Birmingham, UK and encompasses
a large variety of conditions from the city centre, through the suburbs and out into a rural area. Initially the
sensor network is used to both calibrate and validate the probabilistic model. For operational use we show
how data assimilation methods can be used to incorporate high resolution sensor data into the calibrated
forecast model in real time. We apply an ensemble Kalman filter to update the state of the road surface
temperature model. The update step is performed at every new observation time. A forecast is produced
every hour for the following 36 hours using the updated initial and, where available, boundary conditions.
Using the sensor data to update our model predictions we can reduce our forecast uncertainty, thus allowing
winter road maintenance decisions to be made with greater confidence.

Using ecological propensity score to account for residual confounding in the association be-
tween air pollution and health
Marta Blangiardo – Imperial College London

Small area ecological studies are commonly used in environmental epidemiology to assess the impact of
area level factors like air pollution on health outcomes when data are only available in an aggregated form.
However the estimates are often biased due to unmeasured confounders which cannot be taken into account.
Extra confounding information can be provided through external datasets like surveys or cohorts, where the
data are available at the individual level and typically they cover only a subset of the geographical units. We
develop a framework of analysis which combines ecological and individual level data from different sources
and that (i) summarises all the available individual level confounders into an area level scalar variable, which
we call ecological propensity score (EPS), (ii) it imputes the values of the scalar where missing and (iii)
includes the scalar in the ecological regression linking the risk factors to the health outcome via a flexible
function. In this talk I will show that integrating individual level data into small area analyses via EPS is
a promising method to reduce the bias intrinsic in ecological studies due to unmeasured confounders and
will present an application to evaluate the effect of PM10 on cardiovascular hospital admissions in Greater
London.

Wildlife survey models: thinned spatial point processes with unknown thinning probabilities
David Borchers – University of St Andrews

Estimates of abundance and distribution of wildlife populations is crucial for conservation and management.
Historically, these estimates tend to have been available only at the resolution of large spatial blocks, and
conservation and management actions have been implemented at similarly coarse spatial scales. These
may obscure important relationships between animal density and spatially-varying covariates that drive
heterogeneous animal distribution.

Spatial point processes provide a natural statistical tool for modelling animal distribution continuously in
space, and for uncovering the drivers of heterogeneity in animal distribution at fine spatial scales. However,
the nature of wildlife surveys makes inference difficult. Wildlife survey data can be viewed as arising from
a thinned spatial point process with unknown, spatially varying thinning probabilities. Wildlife survey
methods have focussed on estimating these thinning probabilities, often based on unrealistic assumptions
about spatial distribution. Spatial modelling methods in ecology typically involve more realistic models for
spatial distribution, but are not designed to deal with unknown, spatially-varying thinning probabilities.

In this talk I formulate the two most widely used wildlife survey models (distance sampling and capture-
recapture) as thinned spatial Poisson process or log Gaussian Cox process models, and demonstrate how
the thinning probabilities can be estimated simultaneously with the spatial process parameters. I review



recent developments in spatial modelling with distance sampling and capture-recapture data, illustrating
with examples, and suggest directions that spatial modelling from such data might take in the near future.

Building Energy Ratings in Ireland 2009-2015
Gerry Brady – CSO Ireland

A Building Energy Rating (BER) is an indication of the energy performance of a dwelling. A BER is
based on the characteristics of major components of the dwelling including: wall, roof and floor dimensions;
window and door sizes and orientations, as well as the construction type and insulation, ventilation and air
tightness features; the system for heat supply, distribution, and control; and the type of lighting.

The BER certificate indicates the annual primary energy usage and carbon dioxide emissions associated
with the provision of space heating, water heating, ventilation, lighting, and associated pumps and fans.
The energy use is calculated on the basis of a notional family with a standard pattern of occupancy. A
BER certificate is compulsory in Ireland for all homes being sold or offered for rent and for new dwellings.
A BER certificate is also required for householders to avail of grants for energy-efficiency improvements to
their home. BER data provide the basis for a detailed analysis of the housing stock:

- Trends in type of dwelling, floor space, main heating fuel, etc.;

- Weighting BER data to the overall housing stock enables estimates to be made of the energy efficiency of
all dwellings;

- Comparing multiple BER ratings for the same dwelling allows estimates to be made of the impact of home
improvements work;

- Linking BER data with socio-demographic characteristics enables analyses to be made as to whether lower
income households live in lower energy efficiency households; and

- Linking BER data with actual energy consumption allows better estimates to be made of how domestic
energy use varies across household characteristics. The paper presents data on some of these analyses.

Model assessment and feature selection in remote sensing of vegetation in a high-dimensional
setting
Alexander Brenning – University of Jena

Remote sensing imagery has become an invaluable source of information on the state of our environment
in general and the characteristics of and changes in vegetation and crops in particular. With the increasing
temporal frequency of image acquisition and the availability of hyperspectral sensors producing hundreds of
spectral variables at a time, the high dimensionality of the data is increasingly recognized as a methodolog-
ical challenge, and novel statistical learning techniques are evaluated as an alternative to the basic linear
discriminant analysis. Data dimensionality is furthermore enhanced through the derivation of additional
feature sets using image filters or vegetation indices.

This study examines the utility of statistical learning techniques as well as feature sets of varying complexity
in a case study of fruit tree classification. The results highlight the potential of penalized linear discriminant
analysis techniques as computationally efficient approaches with promising predictive performances. The
results are compared and contrasted with other classification as well as regression problems in vegetation
remote sensing, and future research directions focusing on hyperspectral remote sensing of forest diseases
are presented.

Using spatial statistics to illuminate ecological processes and anthropogenic pressures in trop-
ical rain- forests
Calum Brown – University of Edinburgh

(With Luxiang Lin – Chinese Academy of Sciences, Janine Illian – University of St Andrews, Amanda
Stewart – University of St Andrews)

Tropical rainforests contain extremely high levels of biological diversity, for reasons that are not fully under-
stood. Methods that allow the measurement of that diversity are important not only for their descriptive
ability but also because they can illuminate the processes that generate and maintain diversity. As a result,
many different methods have been applied in rainforest community ecology, with those that deal with spatial
patterns being especially successful in identifying underlying processes. However, many tropical rainforests
are under intense pressure from human land use and climatic change, and it is also important to under-
stand the effects that these might have. We describe the development and application of a particular set of



spatial statistics to allow inferences to be made about the occurrence and stability of mechanisms support-
ing tree species coexistence in rainforest communities. This involves the simulation of particular processes
in isolation, identification of statistics that are particularly sensitive to the resulting spatial patterns, and
the application of these statistics to spatially explicit data from real-world rainforests. We illustrate this
approach using the case of rainforest in China’s Yunnan Province. Here, remnant patches of highly diverse
rainforest are suffering from rubber plantation encroachment and from a gradual drying of climatic condi-
tions. We explore dominant processes at species and community level, and estimate the extent to which
these may have been affected by anthropogenic disturbance. We use these findings to discuss the potential
role of approaches such as this in shaping conservation strategies in this area.

Assessing Convention for Biological Diversity targets: can national monitoring schemes de-
liver?
Steven T. Buckland – University of St Andrews

Assessing Convention for Biological Diversity targets: can national monitoring schemes deliver?
Steven T. Buckland University of St Andrews, UK In 2010 in Aichi, Japan, “20 targets for 2020”
(https://www.cbd.int/sp/targets/) were agreed under the Convention for Biological Diversity (CBD). These
targets are considerably wider-ranging and more vague than the 2010 target, “to reduce the rate of loss of
biodiversity”. Hence determination of whether targets are met is (even) more problematic. As with the
2010 target, little thought seems to have been given to what data are required if such determinations are
to be made with any confidence. We discuss what properties of national biodiversity monitoring schemes
are desirable, and whether it will be feasible to determine whether any of the 20 Aichi targets are met.
We argue that basic biodiversity monitoring through well-designed citizen science programmes is capable of
quantifying temporal trends in indicator communities. For any given nation, if these trends are generally
positive, then we do not need to assess whether the 20 targets have been met, while if they are not, we
need to understand which of the 20 targets identify issues that need attention. Attempting to meet every
target, and gathering data to assess this, might well divert effort away from addressing the major causes of
biodiversity loss.

Does exposure to sonar change the feeding behaviour of rorqual baleen whales?
Louise Burt – University of St Andrews

(With ML Burt, CM Harris, AN Allen, P Wensveen, PJO Miller, JA Goldbogen)

Controlled exposure experiments (CEEs) were used to test whether certain sounds affect the behaviour
of baleen whales. To monitor their behaviour continuously during these experiments, acoustic and motion
sensor tags (D-tags) were attached to whales. The whales were then exposed to different treatments, or sound
stimuli, in the form of sonar signals or a vessel approached with no sonar transmission (control treatment).
We combined data from multiple CEEs from studies using different protocols in order to quantify the
reaction of blue and fin whales (SOCAL study) and humpback whales (3S study), in terms of effect on their
feeding behaviour (lunge rate). Rorqual baleen whales lunge feed and these lunges can be detected from
information recorded on the tag. The aim was to see whether different species react similarly and thus
provide information for impact assessment and mitigation guidelines which could be applied across species.
A generalised estimating equation (GEE) was used to model the lunge rate for time periods before, during
and after exposure to the treatment. GEEs provided a convenient way to take account of the repeated
nature of the responses for individual whales exposed to more than one treatment, which are likely to be
correlated. The results indicated that blue and fin whales exhibited similar lunge rate patterns and did not
change their behaviour appreciably during exposure to sonar. Humpback whales exhibited a higher lunge
rate before exposure, compared to blue and fin whales, and their lunge rate substantially reduced during
and after exposure to sonar.

A spatial partitioning of Police Districts
M. Camacho-Collados – University of Granada

(With F. Liberatore – University of Granada, J.M. Angulo-Ibaz – University of Granada)

The Police Districting Problem (PDP) concerns the efficient and effective design of patrol sectors in terms
of performance attributes such as workload, response time, etc. A balanced definition of the patrol sector is
desirable as it results in crime reduction and in better service. In this talk, a Multi-Criteria Police Districting
Problem defined in collaboration with the Spanish National Police Corps is presented and applied on a case
study of the Central District of Madrid.



Simulation of space-time extreme wave processes to assess coastal hazards
Romain Chailan – Twin Solutions / University of Montpellier

(With Gwladys Toulemonde – Montpellier University, Jean-Noel Bacro – Montpellier University)

Quantifying and understanding extreme coastal hydraulic events is paramount to assess coastal hazards.
Studies on such events use to rely on statistical univariate, multivariate or even spatial extreme value
analyses.

The purpose of this study is to make a step forward in the development of extreme statistical techniques in
the practical goal of better assessing coastal hazards.

Inspired from the work of Caires, Smith and de Haan (2011), this study presents a semi-parametric method-
ology to simulate bi-variate space-time extreme wave processes.

The direct benefit of such methodology is the capacity to simulate extreme processes through the space-time
dimension, having a control on their extremness. The approach takes into account the underlying spatio-
temporal dependence structure of the phenomenon by simulating new storms from historical observed events.
Consequently, the generated extreme events can promisingly be used as hydraulic boundary conditions for
any coastal risk models.

To illustrate the overall approach, we demonstrate how the simulated processes could be used to analyse
the impact of a controlled-severity storm along an entire shoreline.

Is No Net Loss Possible? Evaluating Policy Instruments For Reducing Deforestation With A
Growing Economy
Grace Chiu – The Australian National University

(With Megan C Evans – The Australian National University, Bradley J Evans – The University of Sydney,
Andrew K Macintosh – The Australian National University, Philip Gibbons – The Australian National
University)

Deforestation is a major driver of biodiversity loss and environmental degradation worldwide. International
and national efforts to combat deforestation have taken a number of forms, ranging from policies which
restrict forest clearing, to broader commitments to achieve “no net loss” of vegetation. However, the
efficacy of such policies is rarely evaluated. Data limitations and methodological challenges can impede the
evaluation of policy impact in the presence of confounding variables, time-lags and misalignment of spatial
and temporal data. Such challenges in evaluation must be overcome to ensure policy effectiveness and the
delivery of environmental benefits. We combine satellite imagery of forest loss, along with information on
key macroeconomic and climatic variables within a novel statistical framework, to evaluate the impact of
successive policies aimed at reducing deforestation in Australia. A wealthy nation with strong governance
and high institutional capacity, Australia has introduced at least fifteen sub-national policies to combat
deforestation since the 1980’s, in addition to an overarching national goal to reverse deforestation by 2020.
Despite these efforts, little is known of what effect these policies have had on the rate of forest loss over
time. We analyze the change in forest cover across Australia between 1972 and 2014, and model trends in
deforestation using a spatially explicit bent-cable regression framework. The bent-cable model provides a
more realistic and flexible representation of system changes than traditional regression methods, and has a
greater capacity to detect the impact of a policy intervention on the response of interest. We find that the
introduction of policies generally had a limited effect on the rate of forest loss, while terms of trade, rainfall
and amount of forest remaining had an overall greater influence. Our study provides much needed insight
into how societal and environmental goals can effectively be balanced.

Multivariate Time Series to Estimate Location and Climate Change Effects from Historical
Temperatures
Brenton R Clarke – Murdoch University

Long-term historical daily temperatures are used in many applications including electricity forecasting but
can be affected by changes in recording site and climate. This talk presents a method of adjusting for
the effect of these changes on daily maximum and minimum temperatures. The adjustment technique
accommodates the autocorrelated and bivariate nature of the temperature data which has not previously
been employed.

The data is from Perth, Western Australia. The statistical modelling involves a multivariate extension of
the univariate time series “interleaving method”, which allows fully efficient simultaneous estimation of the



parameters of replicated VARMA processes. Temperatures at the most recent weather recording location
in Perth are shown to be significantly lower compared to previous sites. There is also evidence of long-term
heating due to climate change especially for minimum temperatures.

From the ground up: data science to agronomic insight
David Clifford – The Climate Corporation

Agriculture is an industry that is ripe with data science challenges. Agriculture faces a grand challenge
due to our growing population, the associated increases in food demand, and the fact that this demand will
need to be met from a shrinking agricultural footprint in a changing climate. The digitisation of agriculture
is helping us meet these challenges. We can access rich spatial and temporal data from many sources, be
it from farming equipment, in-ground sensors, or publicly available databases on weather and soil. These
sources of information, coupled with observations of crop performance, can be used to design tools to help
growers to sustainably increase the productivity of their farming operations. In this talk I’ll highlight some
of the data-science problems we are working on at Climate, give insight into how we are solving some of
these problems, and demo our ClimateView platform to showcase those solutions.

Can a regional climate model reproduce observed extreme temperatures?
Peter Craigmile – The Ohio State University

(With Peter Guttorp – University of Washington and Norwegian Computing Center)

Using output from a regional Swedish climate model and observations from the Swedish synoptic obser-
vational network, we compare seasonal minimum temperatures from model output and observations using
marginal extreme value modeling techniques. We make seasonal comparisons using generalized extreme
value models and empirically estimate the shift in the distribution as a function of the regional climate
model values, using the Doksum shift function. Spatial and temporal comparisons over south central Swe-
den are made by building hierarchical Bayesian generalized extreme value models for the observed minima
and regional climate model output. Generally speaking the regional model is surprisingly well calibrated for
minimum temperatures. We do detect a problem in the regional model to produce minimum temperatures
close to 0 degrees Celius. The seasonal spatial effects are quite similar between data and regional model.
The observations indicate relatively strong warming, especially in the northern region. This signal is present
in the regional model, but is not as strong.

Temporal Modeling of Enterococci Concentrations at Five Recreational Beaches
James Crooks – National Jewish Health

Fecal indicator bacteria (FIB) such as Enterococcus sp. and E.coli are used to monitor fecal contamination
in recreational waters and to provide guidance regarding their safety for swimming. Because commonly
used methods for measuring FIB concentrations require at least 24 hours to produce results, there is a need
for methods that predict FIB concentrations on a given day using FIB samples collected on previous days,
possibly in conjunction with other observations and forecasts. In this paper we develop Bayesian hierarchical
models for predicting FIB concentrations on future days based on the result of Membrane Filtration assays
run on prior days’ grab bag samples. These models extend previous work by incorporating daily meteoro-
logical predictors and day-to-day autocorrelation, and by acknowledging the loss of measurement precision
at high colony counts. They furthermore produce fully probabilistic predictions from which estimates of
uncertainty can be easily summarized. We explored these models in the context of three freshwater and
two marine beaches in the United States across weekends and holidays during summer months. We found
that on observed days our Bayesian model produced more exceedences of the water quality standard than
the default method. To test predictive ability on hold-out days we used a cross-validation procedure. We
found that meteorological predictors improved prediction at four beaches, though the best set of predictor
variables differed between them. We also found that autocorrelation improved prediction at three beaches
and yielded mixed results at a fourth. These findings may have relevance to future beach closure decisions.

Testing for modes in circular environmental data
Rosa Crujeiras – University of Santiago de Compostela

Circular data appear in a variety of applied fields, and environmental sciences is not an exception. In this con-
text, circular data (measurements which can be represented in a unit circle) have been analyzed by different
authors: circular correlation coefficients and circular regression methods have been used by Jammalamadaka
and Lund (2006) for analyzing the relation between wind direction and ozone levels; an asymmetric circular–



linear regression model to predict solar radiation was proposed by SenGupta and Ugwuowo (2006) and the
problem of estimating of a direction for maximum pollutant concentration was analyzed by Sommerville
et al. (1996), among many other examples (see Oliveira et al. (2013) for further references). Some of the
problems tackled by the previous works, such as the identification of the number of preferred directions or
the assessment of peak times in data observed across time, can be reduced to the same statistical prob-
lem: determining the number of modes (local maxima of the probability density function) in the underlying
distribution of a sample of angles.

Testing for multimodality provides a formal way to determine if the (circular) distribution of the sample
has a specific number of modes. This problem has been analyzed both from a descriptive and an inferential
perspective for the scalar case. Specifically, it should be noted that there are some descriptive procedures
that gained popularity over the formal tests, such as the SiZer map proposed by Chaudhuri and Marron
(1999) (adapted by Oliveira et al. (2014) for circular data), given its simple interpretation. Formal tests
have been also proposed although generally showing a poor calibration in practice. Some of the alternatives
include tests based on the critical bandwidth, introduced by Silverman (1981) and further studied by Hall
and York (2001); or other proposals using also the critical bandwidth such as the Cramer–von–Mises (CvM)
statistic proposed by Fisher and Marron (2001). There is another group which differs from the previous
methods, including tests which are based on the excess mass idea, such as the one studied by Muller and
Sawitzki (1991) and Cheng and Hall (1998). Not all these testing procedures allow for testing any number
of modes and generally their callibration is quite poor, providing unsatisfactory results in practice.

Therefore, the construction of testing methods for circular modes, based on the extension of the ideas
introduced for scalar data, faces not only the problem of adapting the techniques to the circular case but
also designing a proper callibration procedure. In this work, we will present a test for circular multimodality,
based on the excess mass concept. Results will be compared with Fisher and Marron (2001) proposal (the
CvM test, which can be adapted to handle circularity) by simulations and some applications in environmental
sciences will be also presented.

References: [1] Chaudhuri, P. and Marron, J.S. (1999) SiZer for exploration of structures in curves. Journal of the
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U.J. (2006) The effect of wind direction on ozone levels: a case study. Environmental and Ecological Statistics, 13,

287-298. [5] Hall, P. and York, M. (2001). On the calibration of Silvermans test for multimodality. Statistica Sinica,

11, 515-536. [6] Muller, D. W. and Sawitzki, G. (1991). Excess mass estimates and tests for multimodality. The

Annals of Statistics, 13, 70-84. [7] SenGupta, A. and Ugwuowo, F.I. (2006) Assymetric circularlinear multivariate

regression models with applications to environmental data. Environmental and Ecological Statistics, 13, 299-309. [8]

Silverman, B. W. (1981). Using kernel density estimates to investigate multimodality. Journal of the Royal Statistical

Society. Series B, 43, 97-99. [9] Sommerville, M.C., Mukerjee, S. and Fox, D.L. (1996) Estimating the wind direction of

maximum air pollutant concentration. Environmetrics, 7, 231-243. [10] Oliveira, M., Crujeiras, R.M. and Rodŕıguez-
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The use of location specific patient profiles and seasonal patterns to identify homogeneous
disease clusters
Melissa Cruz – Tufts University

The establishment and support of a surveillance system is costly and might not be feasible in countries with
limited resources. Studies show that local hospital records could be used for identifying seasonal patterns
and homogeneous clusters of infections.

However, little is known about how the degree of temporal aggregation and the selection of a statistical model
may affect the estimation of seasonal peaks in noisy medical records. Here we examined laboratory-confirmed
cases of Vibrio cholera using hospitalization records from the Christian Medical College (CMC) in Vellore,
Tamil Nadu, India from 2000-2014. We assembled 1200(?) hospitalization records using a single-year age
distribution to form so-called location-specific patient profile (LPP), designed LPPs for patients with primary
residence in four locations in Vellore, Tamil Nadu and West Bengal (WB), and tested the LPP similarities
across clusters using the Kolmogorov Smirnov test. Next, we developed a series of harmonic regression
models to compare the seasonal patterns of cholera hospitalizations within and across the selected spatial



clusters, as well as across temporal aggregation of disease counts. Preliminary results indicate significant
differences in LPPs with the highest incidence in young children from Vellore and among adult males from
WB. On average, cholera peak was first observed in patients from WB vicinities in mid-June, then 10 days
later in Vellore residents, next in WB, and finally, in mid-August in Vellore vicinities.

Poisson and Negative Binomial regression for weekly time series consistently outperform logistic regression
models for monthly counts (currently the most commonly used approach in cholera research).

Environmental statistics in the Netherlands
Arthur Denneman – Statistics Netherlands

The environmental statistics in the Netherlands are produced according to the quality principles mentioned
in the European Statistics Code of Practice (http://ec.europa.eu/eurostat/web/quality/european-statistics-
code-of-practice). The 15 principles cover not only the statistical output, but are also formulated for the
statistical process and the institutional environment. Some examples of process principles are ’non-excessive
burden on respondents’ and ’cost effectiveness’. Examples for the institutional environment are principles
like ’statistical confidentiality’ and ’impartiality and objectivity’. In this presentation the focus will be on
the statistical output principle ’accessibility and clarity’. To that end a short overview of environmental
statistics in the Netherlands is given, i.e., the way it is organized, the dissemination channels, and the
experience of Statistics Netherlands in sharing microdata with scientists.

Integrated valuation of ecosystem services on a rural Scottish estate
Jan Dick – Centre for Ecology and Hydrology, Edinburgh

(With Cecilia Zagaria – CEH, Edinburgh, Andy Wells – Crown Estate, Edinburgh and David Barton –
NINA)

The integration of economic, ecological and social values of ecosystem services is complex but the realization
that one dimensional assessments (commonly economic) has not delivered a sustainable rural environment
has encouraged researchers to explore integrated methods. In addition, the practical assessment of the
cultural ecosystem services are under researched compared with the provisioning and regulating services
(for which there is more easily accessible economic data). This study reports the results of an integrated
assessment using ecological values (land cover), economic values (income to the estate from farming and
shooting) and cultural values for recreational use of the land expressed both as a social value (time) and
a monetary value (time multiplied by personal income). The approach was evaluated by a local decision
maker to be a useful as it spatially highlighted the social and commercial value of land parcels within the
estate in a credible, salient and legitimate manner. The wider relevance of this approach to furthering the
aims of community-led, asset-based, development of rural communities and of natural capital accounting in
general are discussed.

Empirical Bayes Estimation of Species Distributions with Overdispersed Data
Fabio Divino – University of Molise

(With Antti Penttinen – University of Jyväskylä, Johanna Arje – University of Jyväskylä, Kristian Meissner
– SYKE, Jyväskylä)

The estimation of species distributions is fundamental in the assessment of biodiversity and in monitoring
of environmental statuses. In this work we present preliminary results in Bayesian inference of multivariate
discrete distributions with applications in biomonitoring. In particular, we consider the problem of the
estimation of species distributions when collected data are affected by overdispersion. Ecologists have often
to deal with data that exhibit a variability that differs from what they expect on the basis of the model
assumed to be valid. The phenomenon is known as overdispersion if the observed variability exceeds the
expected variability or underdispersion if it is lower than expected. Such differences between observed
and expected variation in the data can be interpreted as failures of some of the basic hypotheses of the
model. The problem is very common when dealing with counts data for which the variability is directly
connected with the magnitude of the phenomenon. Overdispersion is more common than underdispersion
and can be originated by several causes. Among them, the most important and relevant in ecology is the
overdispersion by heterogeneity of the population respect to the assumed model. An interesting approach
to control for the overdispersion by heterogeneity is the method based on compound models. The idea
of compound models originated during the 20s and it concerns the possibility to mix a model of interest
with a mixing probability measure. In this way, the mixture resulting by the integration generates a new



model that allows for the possibility to consider larger variation than that one included in the reference
model. A typical application of this approach is the well known Gamma-Poisson compound model that
generates the Negative Binomial model. In this work we present the use in a empirical Bayes framework of a
double compound model, a multivariate Poisson distribution combined with Gamma and Dirichlet models,
in order to include overdispersion by rate and by species. Some results of simulations will compare the
Gamma-Dirichlet-Multinomial model with the reference Multinomial model. Further, some applications in
biomonitoring aquatic environments are presented.

References: Carlin and Louis (1996): Bayes and empirical Bayes methods for data analysis. Chapman and Hall. Kai

Wang Ng et al. (2011): Dirichlet and related distributions. John Wiley and Sons. Mosimann(1962): On the compound

multinomial distribution, the multivariate beta-distribution, and correlations among proportions. Biometrika, 49.

Nelson (1985): Multivariate Gamma-Poisson models. JASA, 80. Xekalaki (2014): On the distribution theory of

over-dispersion. Journal of Statisitcal Distributions and Applications, 1,19.

Discretized extreme value distributions: from theoretical justifications to application to ex-
ceptional avalanche episodes
Pascal Dkengne Sielenou – IRSTEA centre de Grenoble-France

Extreme values of discrete random variables cannot be fitted by the classical continuous generalized extreme
value distributions. Here, we prove that the discretized continuous generalized extreme value distributions
are appropriate for the modeling of extremes of i.i.d. integer-valued random variables. We use these to
model extreme daily avalanche occurrence numbers in the 23 mountain massifs of the French Alps. 22 of
them show an exponential light tail behavior. We evaluate return levels relevant for designing mitigation
measures and discuss their variability across the study area.

Estimation of risk measures for extreme pluviometrical measurements
Jonathan El Methni – Paris 5 University

Extreme rainfall statistics are often used when a flood has occurred to assess the rarity of such an event.
A typical problem is to estimate the amount that will fall on a day of exceptionally heavy rainfall which
is expected to occur every T years. Usually, hydrologists are interested in the value T= 100 corresponding
to a centenary event. Statistically speaking, the problem is to estimate the T-year return level which is a
upper quantile of the distribution of the variable of interest also called Value-at-Risk. This risk measure
however suffers from several weaknesses. The estimation of a single extreme quantile only gives incomplete
information on the extremes of a random variable. To put it differently, it may well be the case that a
light-tailed distribution (e.g. a Gaussian distribution) and a heavy-tailed distribution share a quantile at
some common level, although they clearly do not have the same behavior in their extremes. An alternative
risk measure is the Conditional Tail Expectation which is the mean of the rainfalls larger than the Value-
at-Risk. This risk measure thus takes into account the whole information contained in the upper tail of the
distribution. It is frequently encountered in financial investment or in the insurance industry Here, we focus
on the estimation of these risk measures in case of extreme rainfall modeled by heavy-tailed distributions.
In order to take into account the geographical factors, we also assume that these risk measures depend on a
covariate. We present the theoretical properties of our estimators. The behaviour and the effciency of our
estimators are illustrated on rainfall observations in the Cévennes-Vivarais region (southern part of France).
This data set is provided by the French meteorological service Météo-France and consists in daily rainfalls
measured at 523 raingauge stations from 1958 to 2000. In this context, the variable of interest is the daily
rainfall measured in millimeters. The covariate is the three dimensional geographical location (longitude,
latitude and altitude).

References: [1] J. El Methni, L. Gardes, and S. Girard. Nonparametric estimation of extreme risk measures from

conditional heavy-tailed distributions. Scandinavian Journal of Statistics, 41(4), 988-1012, 2014.

Statistical methodology for non-stationary extremes
Yousra El-Bachir – Ecole Polytechnique Federale de Lausanne

We develop a new and general methodology for modelling non-stationary spatio-temporal processes. The
approach deals with fitting very flexible models to the parameters of statistical distributions. The overall
model incorporates smooth structure whose degree of smoothness is estimated automatically, as part of the
fitting. The optimization procedure is based on a stable and efficient numerical algorithm, and is extensible
to the estimation of any smooth function. For illustration, we apply the method to the Generalized Extreme
Values distribution to model non-stationary environmental extremes.



Time-varying Dynamic Functional Principal Components
Amira Elayouty – University of Glasgow

The enormous technical advances in environmental sensors allow measurements to be recorded at a high
temporal resolution over a long time period. Although these Environmental High-Frequency Data (EHFD)
promote a deeper and broader understanding of the environmental systems, they present various challenges
in terms of statistical modelling and analysis. The challenges arising in this context include: the large
volumes of data, the strong correlation structure that persists over a large number of lags and the high
variability and non-stationarity over the different timescales. Functional time series analysis and its recent
developments in the frequency domain provide an appropriate tool for analysing such EHFD, taking into
consideration the aforementioned technical challenges.

Assessing time-series of daily mean temperature data for time-dependency in residual variation
David Elston – Biomathematics and Statistics Scotland (BioSS)

One of the central messages from climate change science is that the weather will become more variable.
Curiously, whilst much attention has been paid to evidence for changes in extremes, which is often regarded
as a rather specialised part of the discipline of statistics, much less attention has been given to changes
in variance despite the modelling of covariances being central to the statistical analysis of structured data
sets. Perhaps this is a consequence of the lack of computational opportunity, since although many types of
covariance structure are catered for by mixed modelling software, functional dependencies between time and
either standard deviations or variances do not seem to be on offer. It is, however, straightforward enough
to embed REML estimation of mixed models within an external optimisation loop for parameters that
encapsulate a proposed functional relationship between time and residual variance. This talk will present
the results of some analyses of time series with a single observation per year to assess evidence for year-
dependent changes in the variance, including power calculations to indicate the magnitudes of change which
are likely to be detectable and also some results from modelling daily mean temperature data recorded at
individual met stations averaged over a range of time intervals.

An Extension of Spatial Dependence Models for Short-Term Temperature Derivative Risk
Robert Erhardt – Wake Forest University

(With Dave Engler – Brigham Young University)

Temperature derivatives are a class of financial products designed to provide financial security to those facing
adverse outcomes attributable to temperature. Unlike other financial derivatives, they have no underlying
tradable asset, and therefore one valuation approach is to consider only the distribution of outcomes for
pricing. Here we take this actuarial perspective to valuation, and show how spatial ARMA-GARCH sta-
tistical models can be fit to daily temperature data, and then used to estimate actuarial risk measures of
temperature derivatives.

Trends in seasonal extremes of a fire danger index
Sylvia Esterby – University of British Columbia Okanagan

(With Jan Holesovsky – Brno University of Technology, Zuzana Hübnerová – Brno University of Technology,
Steve Taylor – Canadian Forest Service)

The Fire Weather Index (FWI) system guides both temporal and spatial allocation of fire management
resources in Canada. Calculations in the FWI system are based on the consecutive daily weather measure-
ments accumulated into fuel moisture codes and fire behavior indices, which evaluate ignition potential and
probable fire behavior respectively. Since the 1980s a network of automated electronic fire weather stations
has been operating in British Columbia providing about 200 stations with daily fire weather records, some
as long as 25 years. Fire danger classes, which are used operationally with informal knowledge and expe-
rience, are based wholly or in part on ranges of FWI, high values indicative of greater danger. Thus, the
study of the FWI extremes should provide insight into temporal trends in fire danger, relevant under the
scenario of climate change. Two types of non-stationarity are considered in the modelling of FWI extremes.
Non-stationarity over consecutive years is modelled by time-dependent scale and shape parameters of the
generalized extreme value distribution. Parameters are estimated by maximum likelihood methods and the
adequacy of block size is investigated. The second type of non-stationarity can affect the timing of the
seasons and thus trends are modelled initially for monthly maxima separately, with several refinements de-
scribed. Since British Columbia is a mountainous province, local climate is important. Mapping of p-values



of trend tests provides an initial spatial summary. Further summaries of spatial variation are given for the
fire danger regions in use in the present Fire Prevention Regulations.

Butterflies, Black swans and Dragon kings: How to use the Dynamical Systems Theory to
build a “zoology” of mid-latitude circulation atmospheric extremes?
Davide Faranda – Laboratory of Climate and Environmental Sciences (LSCE)

Atmospheric flows are characterized by a large number of degrees of freedom, resulting from the wide range of
spatial and temporal scales at which energy enters the system and is then dissipated. This motivated Landau
to describe them as the superposition of a growing number of modes with incommensurable oscillation
frequencies. Ruelle-Takens later proved that flows are in general not quasi-periodic and conjectured that
they could be described by a small number of degrees of freedom associated with a low dimensional strange
attractor D. Nonetheless successive numerical studies showed that D for the climate (if any) would be of a
very high dimension. In this paper we compute D for daily sea-level pressure fields over the North Atlantic,
obtained from the NCEP reanalysis. We then use it to retrieve some salient dynamical features of the
mid-latitude circulation. Our methodology exploits the connection between the Poincare recurrences and
the extreme value theory to provide a dimension for each daily pressure field. Once averaged, this quantity
gives, by definition, D. We find that D is approximately 7, pointing to the existence of a low dimensional
attractor for the North Atlantic large-scale circulation. Moreover, minima of the daily dimension correspond
to positive NAO-type conditions. We further demonstrate a statistical link with historical storms affecting
continental Europe, suggesting a link between the extremes of the dynamical system and those of the
weather. On the opposite, maxima in the dimension correspond to a blocked atmospheric flow. The
intrinsic unpredictability of blocking can be interpreted as the outcome of its high dimensionality in phase
space. Low dimensional attractors may exist for several other geophysical phenomena provided that relevant
spatial and time scales are selected.

Evaluating forecasts when the truth is uncertain
Christopher Ferro – University of Exeter

Probability forecasts are needed in many applications of environmental research, and assessments of forecast
performance help to guide both our responses to forecasts and our development of forecasting systems. The
definitive measures of forecast performance are proper scoring rules. Scoring rules specify the score that will
be awarded to a forecast once the actual value of the predicted quantity is known, and proper scoring rules
are constructed in such a way that a forecaster optimises their expected score by issuing as their forecast the
probability distribution that represents their beliefs about the predicted quantity. Thus, proper scoring rules
encourage forecasters to be honest. This ignores the fact, however, that the actual value of the predicted
quantity is typically measured with error, in which case proper scoring rules penalise good forecasts. This
talk will define a new class of proper scoring rules whose assessment of forecast performance is insensitive
to the presence of such observation error.

Improving statistical knowledge to the analysis of Climate change and Extreme events and
disasters: role and contribution of National Statistical Offices
Angela Ferruzza – Istat

(With Giovanna Tagliacozzo - Istat)

Climate change (CC) represents one of the greatest challenges facing humanity. The demand for high quality
statistics is increasing. Sustainable Development Goals (SDGs) include issues of climate change and disaster
preparedness and risk reduction. The Conference of European Statisticians (CES) published in 2014 a set
of Recommendations on CC-Related Statistics to help ensure that needs for CCRS are met and adopted the
following definition: CCRS are environmental, social and economic data that measure the human causes of
CC, impacts on human and natural systems, efforts of humans to avoid the consequences as well as their
efforts to adapt to the consequences. NSOs are responsible for information potentially relevant to these
needs, but the usefulness of existing statistics for CC analysis should be improved and new statistics should
be developed. An internationally comparable set of key climate change-related statistics and indicators have
been developed to represent the 5 areas of CC: emissions, drivers, impact, mitigation, adaptation. A Task
Force Measuring Extreme Events and Disasters has been created to clarify the role of official statistics in
providing data related to EED, identify practical steps how NSOs in coordination with national agencies
responsible for disaster management can support disaster management and risk reduction. To review the
currently available official statistics adopted by countries and international organisations in statistics on



EED, a survey have been conducted.

Earthquake epicentre location in a dense sensor network of smartphones
Francesco Finazzi – University of Bergamo

The Earthquake Network research project (www.earthquakenetwork.it) implements an earthquake early
warning (EEW) system for the detection of earthquakes in real time using a dense sensor network of smart-
phones. Smartphones with a built-in accelerometer are made available by the population and they are used
to detect the strong ground motion produced by an earthquake. A statistical approach able to identify
real earthquakes from the background noise of false detections is adopted, controlling the probability of
false alarm. When an earthquake is detected, the population living in the area affected by the earthquake
is alerted in near real time by the EEW system. In this work, the problem of estimating the earthquake
epicentre from the data collected by the smartphones is addressed. When a smartphone detects an acceler-
ation possibly induced by an earthquake, a signal with information on the smartphone location is sent to a
central server. Considering both the spatial locations of the smartphones that sent a signal and the spatial
locations of the smartphones that are known to be active but did not report, the epicentre is estimated
using a statistical algorithm based on the maximum likelihood approach. The estimation capabilities of the
approach are studied considering 50 earthquakes happened in Chile in 2015 and detected in real time by
the EEW system of the Earthquake Network project.

Spectral method for Estimation of an unknown change-point
Stergios Fotopoulos – Washington State University

(With G. Terdik and V.K. Jandhyala)

Under parametric formulation of the change-point problem, methods such as the maximum likelihood esti-
mation of the unknown change-point have been well studied in recent literature. In this talk, we consider
a time series in which the observations are serially independent and then apply the spectral method for
estimating the change-point. The method is centered around non-linear type of least squares estimation
involving the periodogram. Asymptotic properties of the spectral estimate of the unknown change-point
are established. The derived method is implemented via simulations and is compared against the method
of maximum likelihood estimation.

Quantile regression for functional data
Maria Franco-Villoria – University of Turin

High frequency data can be modelled in a functional data setting, assuming there is an underlying con-
tinuous smooth function that gives rise to the data. In particular, when the main interest is in extreme
events, functional quantile regression allows estimation of the relationship between response and explanatory
variables at any percentile of the distribution of the response, rather than on the mean.

Aggregation-cokriging as a gapfiller for remotely sensed NDVI data
Reinhard Furrer – University of Zurich

Satellite based vegetation index images contain missing values due to cloud cover. In high latitudes, snow
cover in early growing season further degrades the quality of the images and additionally introduces gaps in
the images. Classical spatio-temporal prediction approaches to fill-in these gaps typically over-smooth, in
part due to missing flexibility of the covariance structure(s). We propose an approach where we artificially
augment the dimension of the data to obtain simpler first and second moment structures. We then use
aggregation-cokriging to predict the missing values. Aggregation-cokriging is an efficient linear unbiased
predictor based on a linear aggregation of the covariables.

Functional clustering of Chlorophyll - a satellite data
Carlo Gaetan – Ca’ Foscari University of Venice

(With Paolo Girardi – Ca’ Foscari University of Venice, Roberto Pastres – Ca’ Foscari University of Venice)

The use of water quality indicators is of crucial importance to identify risks to the environment, society and
human health. In particular, the Chlorophyll type A (Chl-a) is a shared indicator of trophic status and
for monitoring activities it may be useful to discover local dangerous behaviours (for example the anoxic
events).

In this talk we consider a comprehensive data set, covering the whole Adriatic Sea, derived from Ocean
Colour satellite data, during the period 2002- 2012 with the aim of identifying homogeneous areas. Such



zonation is becoming extremely relevant for the implementation of European policies, such the Marine
Strategy Framework Directive.

As an alternative to clustering based on an “average” value over the whole period, we propose a new
clustering procedure for the time series. The novelty lies in the use of a technique based on nonparametric
quantile regressions with the scope of estimating the temporal distribution patterns. By varying the quantiles
of interest using a nonparametric quantile regression approach, we are able to make inferences about the
marginal distribution of the data at each time. To avoid the problem that curves pertaining to different
quantile regressions may cross we estimated a “quantile sheet” that allows the simultaneous estimation of all
quantile curves without intersections. Subsequently, an agglomerative clustering algorithm is used to group
the basis coefficients using an opportune distance measure . Our methodology shares some similarity with
clustering functional data but, due to its flexibility, it allows one to cope with different variability in time.

A quick approximate algebraic propagation procedure in high dimensional dynamic systems:
an environmental example
Ali S. Gargoum – United Arab Emirates University

Numerical approximation algorithms based on MCMC methods have been used frequently in Bayesian
analysis of non-linear time series. However, these approximations are not fast in predicting future observa-
tions. In this paper we propose an approximate algebraic Bayesian forecasting algorithm to accommodate
non-Gaussian sampling distributions. The algorithm, being algebraic, has the practical advantage to be
very quick. The validity of the approximation algorithm is checked by proposing some divergence metrics.
An illustrative environmental example on the behavior of dynamic processes and why approximations are
required is given.

New type of change detection algorithms
Edit Gombay – University of Alberta

In this talk we give a brief review of the different type of change detection algorithms. Various models are
considered and the common features and the common underlying theory are explained. Change detection
is a field of statistics that is fast growing in importance. Its applications include Economics and Finance,
climate change studies, clinical studies, just to name a few major areas.

Mixed model FPCA for sparse remote-sensing data
Mengyi Gong – University of Glasgow

Remote-sensing satellite technology is widely used in environmental monitoring, providing measurements
with exceptional coverage and resolution. The volume and sparsity of such data present challenges to
statistical analysis. One approach to analysing high-dimensional data is functional principal component
analysis (FPCA). When sparsity poses obstacles to its implementation, mixed model FPCA can be used as an
alternative. The latter method is applied here to the remote-sensing lake surface water temperature (LSWT)
data for Lake Victoria from the ARC-Lake project (http://www.geos.ed.ac.uk/arclake) to investigate spatial
and temporal patterns.

FPCA can be applied to a sequence of random functions to identify common features among the data. In
the presence of missing observations, a mixed model FPCA can be used to overcome the computational
problems in the standard FPCA algorithm. The fixed effect of the model describes the mean function,
whereas the random effect represents the orthogonal expansion of the residual space. The impact of sparsity
on the model is examined through a simulation study.

This approach was applied to the LSWT data of Lake Victoria over a 17-year period to reduce dimensionality,
impute missing data and examine spatial patterns. Bivariate functions are proposed to transform the grid
measurements since the data are more densely observed in space and are smooth by nature. The results
suggest that mixed model FPCA is appropriate even with a relatively high missing percentage, e.g. 45%. The
mixed model reconstructions show good performance in RSS and integrated MSE and model performance
is compared to data reconstructions available from ARC-Lake.

Recent Strategies for Hierarchical Bayesian Modeling for Massive Spatial Data
Rajarshi Guhaniyogi – University California, Santa Cruz

Spatial process models for analyzing geostatistical data entail computations that become prohibitive as the
number of spatial locations become large. We propose Spatial Meta Kriging (SMK) model to facilitate



analysis of large point referenced datasets. SMK partitions large data into smaller subsets, fits hierarchi-
cal Bayesian spatial process regression model for each of these subsets independently and finally combines
parametric and predictive inferences obtained from independent spatial regression models on subsets. The
resulting procedure eliminates the need to store the entire data in one processor and offers an embarrassingly
parallelizable inferential technique that assumes linear computation complexity in the number of spatial loca-
tions, thereby delivering substantial scalability. We demonstrate SMK with Gaussian process and covariance
tapered Gaussian process to understand the performance of the proposed technique with various spatial re-
gression models. Performance of SMK is compared with various competitors with simulation studies and a
real data analysis.

Global changes in ocean productivity over the satellite era
Matthew Hammond – University of Southampton

Anthropogenic climate change is expected to impact oceanic biological productivity through changes in ocean
temperature, circulation, and chemistry. At the base of the marine food web lie phytoplankton, microscopic
plants that also generate oxygen and absorb CO2 through photosynthesis. The presence and magnitude
of long-term trends in global phytoplankton abundance over the last few decades are still debated in the
literature, due to a variety of different data sets and detection methodologies, as well as the complexity of
natural variability. For example, recent work on satellite-derived time-series of phytoplankton abundance
has suggested that trends are not yet distinguishable from natural variability primarily due to the shortness
of the record. However, the methods used to estimate such trends are applied to each grid cell independently
and as a result they do not capture the important spatio-temporal information present within the system. In
this study a Bayesian hierarchical spatio-temporal model is used to quantify trends in 16 years of satellite-
derived data. The model is compared to another, within the same framework, that does not incorporate the
spatial correlation effects. The trends detected by the spatio-temporal model show latitudinal and regional
divergence in trend values more clearly. Full details of the spatially varying nature of this trend, along with
uncertainties, are estimated using the model.

Plenary Panel Discussion: The Internet of things for resilient rural landscapes
Chair: Bronwyn Harch – Queensland University of Technology

(With David Elston – Biomathematics and Statistics Scotland (BioSS), David Clifford – Climate Corpora-
tion, Jan Dick – Centre for Ecology and Hydrology, Edinburgh)

Mapping Natural Capital
Peter Henrys – Centre for Ecology and Hydrology, Lancaster

Understanding the state of natural capital and the benefits to society that it can deliver is crucial for
managing the environment in a sustainable way. A key aspect of this is an understanding of the spatial
distribution to identify areas that are most at risk or that need preserving. Mapping natural capital and the
benefits that can be delivered is, however, often done based on classification maps and expert judgement due
to the complexities involved. In this talk I show that using an approach based on model-based geostatistics
allows for a quantitative approach to mapping natural capital that maximises the use of information and
data available. Further to this, a Bayesian setting enables the integration of models for both the capital
and the benefits that could be realised. After describing the framework adopted, I will present an example
based on mapping soil microbial function from a national survey across GB of over 2500 samples. I compare
results based on estimating model parameters using both BUGS and INLA before then comparing both to
a map produced using traditional classification-based approaches.

Bayesian models for climate reconstruction from pollen records
Lasse Holmstrom – University of Oulu

We report progress in using Bayesian multinomial regression models to reconstruct the past climate from
fossil pollen records. Three model variants and associated example reconstructions are described that differ
in how the sediment radiocarbon dates (chronology) is modeled and whether multiple sediment cores are
considered simultaneously: a single-core reconstrcution with a fixed chronology, a single-core reconstruction
with time uncertainty, and a multi-core reconstruction with spatial dependence.

[1] L. Holmström, L. Ilvonen, H. Seppä, and S. Veski. A Bayesian spatiotemporal model for reconstructing cli-

mate from multiple pollen records. The Annals of Applied Statistics, 9(3):1194-1225, 2015. Available on-line at
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nomial regression model for paleoclimate reconstruction with time uncertainty. Submitted for publication, 2015. [3]
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and H. Seppä. East Asian summer monsoon precipitation variations in monsoonal China over the last 9500 years: a
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A progression in G: time series, spatial statistics, and the trajectories of ecological particles
Mevin Hooten – Colorado State University

Advances in animal telemetry data collection techniques have served as a catalyst for the creation of sta-
tistical methodology for analyzing animal movement data. Such data and methodology have provided a
wealth of information about animal space use and the investigation of individual-based animal-environment
relationships. While the technology for data collection is improving dramatically over time, we are left
with massive archives of historical animal telemetry data of varying quality. However, many contemporary
statistical approaches for inferring movement behavior are designed for newer data that are very accurate
and high-resolution. From a scientific perspective, the behaviors we are interested in learning about may
be complicated, nonstationary, and constrained. Furthermore, telemetry data often contain substantial
measurement error and can be nonelliptically distributed. I provide a brief overview of the history of sta-
tistical models for animal movement and present an accessible framework for accommodating the inherent
characteristics of Lagrangian movement processes and uncertainty associated with telemetry data.

Covariate-dependent Fixed Rank Kriging
Nan-Jung Hsu – National Tsing-Hua University

Fixed rank kriging (FRK) is a powerful method for nonstationary spatial modeling and prediction, which is
built upon a simple spatial random effect model but provides a very flexible covariance structure via speci-
fications of local basis functions. Taking the advantage of a reduced rank representation for FRK, optimal
spatial predictions can be implemented very efficiently for large data. In this work, we further generalize
FRK to account for time-varying covariate effects on the nonstationary spatial covariance structure. This
covariate-dependent FRK retains the low-rank random-effects representation, and the parameters can be
estimated by maximum likelihood via EM algorithm under the Gaussian assumption. Moreover, a likeli-
hood ratio test is suggested to examine a possible impact of the covariates on the spatial dependence. Some
examples are given to demonstrate the flexibility and usefulness of the proposed methodology.

Resolution Adaptive Fixed-Rank Kriging
Hsin-Cheng Huang – Academia Sinica

The spatial random-effects model is flexible in modeling spatial covariance functions, and is computationally
efficient for spatial prediction via fixed rank kriging. However, the model depends on a class of basis
functions, which if not selected properly, may result in unstable or undesirable results. Additionally, the
maximum likelihood (ML) estimates of the model parameters are commonly computed using an expectation-
maximization (EM) algorithm, which further limits its applicability when a large number of basis functions
are required. In this research, we propose a class of basis functions extracted from thin-plate splines. The
functions are ordered in terms of their degrees of smoothness with higher-order functions corresponding to
larger- scale features and lower-order ones corresponding to smaller-scale details, leading to a parsimonious
representation of a (nonstationary) spatial covariance function with the number of basis functions plays the
role of spatial resolution. The proposed class of basis functions completely avoids the difficult knot-allocation
or scale-selection problem. In addition, we discovered that the ML estimates of random-effects covariance
matrix can be expressed in simple closed forms, and hence the resulting fixed-rank kriging can accommodate
a large number of basis functions withut any numerical instability problem. Finally, we proposed to select
the number of basis functions using Akaike’s information criterion, which also possesses a simple closed-form
expression. Consequently, the whole procedure, which is automatically adaptive to a spatial resolution, is
efficient to compute, easy to program, and applicable to massive amounts of spatial data even when they
are observed at irregularly spaced locations.

Quantification of air quality in space and time and its effects on health
Guowen Huang – University of Glasgow

The long-term health effects of air pollution can be estimated using a spatiotemporal ecological study, where
the disease data are counts of hospital admissions from populations in small areal units at yearly intervals.
Spatially representative pollution concentrations for each areal unit are typically estimated by applying



Kriging to data from a sparse monitoring network, or by computing averages over grid level concentrations
from an atmospheric dispersion model.

We propose a new Bayesian hierarchical model to predict multiple pollutant concentrations (NO2 and PM10)
simultaneously using both modelled and monitored data. The proposed model uses the correlation between
pollutants to improve the prediction of each pollutant by borrowing strength from the other. NO2 and
PM10 are highly correlated, so we first regress NO2 (or PM10) on PM10 (or NO2) and use the residuals
in the disease model as well as PM10 (or NO2), thus investigating the health effects of exposure to both
pollutants simultaneously. Finally, the exposure uncertainty is included by allowing the true exposure being
estimated based on a set of predictions in the investigation of air pollution health effects.

The estimated spatially aggregated (mean or maximum) pollution concentrations (for both NO2 and PM10)
are obtained, and used in a respiratory disease model for Scotland between 2007 and 2011. The significant
relationship was found between the respiratory disease hospital admissions and spatial maximum NO2,
spatial mean PM10, and spatial maximum PM10, respectively.

Understanding biodiversity contributions from spatial point process methodology
Janine Illian – University of St Andrews

Current research attempts to understand the role of biodiversity in ecosystem functioning, the potential
consequences of the loss of biodiversity on ecosystem functioning and, ultimately, the motivation for species
conservation [Ferraro and Pattanayak, 2006, Naeem et al., 2009, Schmid et al., 2009]. It is hence of primary
interest to ecologists to understand the processes that allow large numbers of species to coexist in biodiversity
hotspots, such as tropical rainforests [Wright, 2002]. These rainforests boast a particularly high biodiversity
where one ha of tropical rainforest can contain 600 or more tree species [Slik et al., 2015]. However,
processes that generate and maintain this high diversity are only poorly understood despite a proliferation of
theories [Wright, 2002]. In an attempt to understanding how biodiversity is maintained various theories and
mechnisms have been suggested, including the competitive exclusion principle and niche theory [Pocheville,
2015], as well as the neutral theory [Hubbell, 2001], heteromyopia [Murrell and Law, 2003, Purves and Law,
2003] and the Janzen Connell hypothesis[Connell, 1971, Janzen, 1970]. All these concepts are either explicitly
or implicitly spatial, implying that coexistence of species is directly linked to the nature of the interaction
of individuals with their local environment, both in terms of competition with other individuals and their
relationship with abiotic properties of the environment [Illian and Burslem, 2007, Law et al.,2000]. Hence
considering the local spatial structure rather than averaging across space better reflects the processes relevant
to species coexistence. However, while ecologists have realised this when simulating communities using
individual-based models, when describing communities and comparing different simulation approaches they
have traditionally used summary statistics that relate to first order properties but do not characterise the
spatial behaviour of individuals. Attempts to clarify which mechanisms operate using first order summary
characteristics, however, failed to do so [Chave, 2004, McGill et al., 2007, Zillio and Condit, 2007]. Recent
work has demonstrated that the second order spatial structure of communities provides greater insights
for the mechanisms maintaining species richness [Baldeck et al., 2013, Brown etal., 2011, 2013]. This talk
outlines how interdisciplinary dialogue has contributed to this improved understanding.
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Estimating the changes in health inequalities across Scotland
Eilidh Jack – University of Glasgow

Disease risk is not constant over space and time as it is impacted by exposure to risk inducing behaviour such
as consumption of alcohol. Deprivation is usually a major factor in the spatial variation observed in the risk
of disease, with more highly deprived areas usually exhibiting elevated levels of disease risk. This difference
in disease risk between social groups and population areas is known as ”health inequality”, and not only has
implications for allocation of health services but also results in social injustice. Health inequality is a major
problem in Scotland and results presented in my poster aim to quantify potential inequalities between the
health boards in Scotland who are responsible for health care provision using a hierarchical Bayesian model.

Outbreak response forecasting for vector borne diseases
Chris Jewell – Lancaster University

Dynamical models of communicable diseases have become a prominent feature of national-level epidemic
response. Developments in Bayesian inference have enabled these models to provide quantitative risk pre-
dictions in a real-time setting, learning from spatiotemporal data as it arrives from the field. However, these
models rely heavily on accurate covariate data from which to make inference. Incursions of vector borne
disease present a particular challenge in this respect, as exemplified by the recent introduction of Theileria
orientalis (Ikeda), an obligate tick-borne disease of cattle, into New Zealand. Whereas the location of cattle
and the animal movement network between farms is well recorded, little is known about the national scale
ecology of the tick vector. This talk will present a Bayesian data assimilation approach to this problem,
in which vector presence is modelled as a discrete-space latent process with a continuous-time seasonality.
A joint likelihood function assimilates the epidemic data and results from a national disease surveillance
programme designed for a different disease. A spatiotemporally inhomogeneous Poisson process is used
to model the epidemic, with an a priori independent hierarchical binomial surveillance model. This joint
model is fitted to observed case detection data using a non-centered trans-dimensional MCMC algorithm,
integrating over the marginal posterior of the latent vector surface, censored herd infection times, and the
presence of undetected infections. Importantly, the algorithm is implemented using GPGPU technology
which accelerates within-chain likelihood calculations to an overnight timeframe. Finally, the predictive
distribution is provided as a real time disease forecast for decision support purposes.

Understanding of High Dimensional Environmental Data
Mikhail Kanevski – University of Lausanne

The presentation considers selected topics of data driven modelling of high dimensional environmental
data using machine learning algorithms. First, a generic methodology is described and discussed in detail.
The methodology consists of several important steps from monitoring and data collection to modelling
with uncertainties and visualization. An extremely important question in data driven modelling is how
to construct the high dimensional input space (selection of the independent variables). In many cases



it is done using science based knowledge of experts and previous experiences and studies. In most real
and complex data this space is usually either not complete or redundant. Therefore, the task of feature
selection/extraction (FSE) appears quite naturally. Moreover, FSE help also not only better analysis and
modelling but also better understanding of the phenomena under study. FSE can be carried out either as
an independent step (filters) or incorporated in the modelling procedures (wrappers). In should be noted,
that the selection of models in general depends on the quality and quantity of data and the objectives of the
study. Several machine learning algorithms used to study high dimensional environmental phenomena – from
traditional neural networks to kernel based methods, are considered. Analysis of the quality of modelling
is controlled by understanding modelling results and the residuals. Finally, an important fundamental
question on monitoring network design/redesign is presented as an active learning procedure. Wide use of
the visualization tools and visual analytics helps in understanding of the phenomena, modelling procedures
and communication of the results. The presentation is accompanied by simulated (for better explanation)
and real data case studies – environmental risks and natural hazards.

Modelling macroinvertebrate communities under pesticide stress: Bayesian parameter infer-
ence and insights into community dynamic
Mira Kattwinkel – University of Koblenz-Landau

Dynamic ecological models of populations and communities are valuable tools for investigating various re-
search questions as well as for supporting risk assessment and management decisions. They can help to
formulate quantitative hypotheses about the processes driving the dynamics and may improve our eco-
logical understanding by comparing the consequences of these hypotheses with observed data. However,
applications of community models, in particular in the context of toxicant stress, rarely include systematic
parameter estimation and rigorous assessment of model uncertainty and the consequences thereof. Here, we
applied the mechanistic food web model Streambugs to investigate the temporal development of the aquatic
macroinvertebrate community in an ecotoxicological mesocosm experiment with pulsed contaminations with
an insecticide. We used Bayesian inference to estimate parameters and their uncertainty. We achieved rea-
sonablly good fits of the calibrated model with approx. 85% of all experimental observations lying within
the 90% uncertainty intervals.

Investigation of vital rates and limiting factors in the model yielded insights into recovery dynamics. Fur-
thermore, we identified potential improvements in model structure as well as additional measurements and
ecological ecotoxicological knowledge that could support more accurate modelling. This is, to our knowledge,
the first application of a process-based model to analyse the dynamics of pesticide effects on invertebrate
communities that also includes the assessment of model uncertainty.

Recent advances in the analysis of multi-state capture-recapture data
Ruth King – University of Edinburgh

Capture-recapture data are commonly collected on wildlife populations. The exact form of the data collection
process and modeling assumptions permits different demographic parameters of interest to be estimated.
In this talk we will focus on multi-state capture-recapture data, where individuals may be recorded as
being in different discrete states when they are observed. For example, this may relate to location, disease
state, breeding state etc. We will show how these, often fairly complex, capture-recapture models can be
expressed in the form of a general (partially observed) hidden Markov model (HMM) and discuss a number
of associated simplifications with regard to the model specification, likelihood formulation and associated
model fitting. Real examples will be used to illustrate the simplifications.

Statistical analysis of extreme floods a civil engineering perspective
Thomas Kjeldsen – University of Bath

Flooding is a recurring phenomenon often causing widespread disruption and economic losses. Consequently,
the design of flood protection infrastructure, and flood risk management more generally, is a key task for
many civil engineers. In fact, the use of risk and uncertainty has been an integral part of engineering design
for more than a century, and many engineers routinely use the outcome of extreme value analysis in the
form of design event with specified return periods (or annual exceedance probabilities) to design structures
against possible future events. This presentation will give a short overview of the current methods used
by civil engineers in the UK to estimate design floods and discuss: the advantages, limitations and levels
of uncertainty associated with these methods. The discussion will draw on outcome from recent research
projects, focussing particularly on the attribution of climate and land-use effects on flood statistics, as well



as consequences of non-stationary distributions on engineering decision-making. Finally, the presentation
will discuss issues where closer collaboration between engineers and statisticians might help to improve our
ability to accurately predict and manage flood risk.

The Challenge of Creating Historical Climate Products for the United States
William Kleiber – University of Colorado at Boulder

Historical climate products are important components of atmospheric and hydrologic sciences, and are widely
used for testing, validation and generation of scientific hypotheses. Such products rely on statistical and/or
physical models that assimilate in situ observational data and ultimately produce retrospective estimates
of weather variables, often as a gridded product over a geographical domain. Serious obstacles include
(but are not limited to) large but irregularly-sited networks of observation stations, observational error and
complex and spatially evolving relationships between variables. We discuss some statistical solutions to
these challenges, and illustrate some preliminary results on a quality-controlled historical minimum and
maximum temperature dataset over the western United States.

Geological feature metric classification as a tool to preserve realism in reservoir model update
Alexandra Kuznetsova – Heriot-Watt University

One of the main challenges of reservoir predictions is to ensure its reliability. We use automated history
matching to calibrate the models to production data in order to make reservoir performance predictions. This
process requires models update to achieve a good match between observed and simulated data. Unrealistic
geological reservoir models could appear as a results of the update process. These geologically unrealistic
models can match the history data but could provide misleading reservoir predictions. We aim to increase
reliability of predictions by preserving geological realism through model update process and accounting for
essential geological uncertainties.

In this work we introduce essential geological uncertainties as multiple geological scenarios and their vari-
ations. We propose to use machine learning classification techniques that learn from data and provide
geologically realistic differentiation between multiple possible geological scenarios. The learned dependen-
cies are then used to guide the update in the metric space of geological features.

In this study we compare three classification algorithms: k-means clustering, Support Vector Machines and
Random Forest.

We also explore the impact of the input geological features, such as geological facies proportions and orien-
tation, on the classification quality. The value of adding geological parameters is in imposing geologically
realistic constraints on the model space classifier.

As the result of the classification we will be able to predict geologically realistic model descriptions through
the model update process.

Recent record-breaking heat waves in Central Europe in the climate change context
Jan Kysely – Institute of Atmospheric Physics CAS

The 2015 summer was the warmest summer ever observed in Central Europe according to many charac-
teristics. We assess how unusual this summer was by i) evaluating its temperature characteristics at the
continental scale against recent hot summers and major heat waves, ii) analysing long-term variations in
the severity of heat waves over Central Europe, and iii) identifying time periods in climate change scenarios
for the 21st century in which heat waves and seasonal temperature anomalies of comparable magnitude
are projected to occur regularly. In the last point, we make use of an ensemble of regional climate model
simulations from the EURO-CORDEX project and critically evaluate their ability to simulate events such as
the 2015 summer (in terms of both seasonal temperature anomalies and heat waves, including their spatial
extent). We find that the overall magnitude of the 2015 heat waves in Central Europe substantially exceeded
the second largest value for 1994. At the continental scale, the 2015 summer ranked as the fourth most
extreme since 1950 beyond the 2003, 2010 and 2012 summers. The frequency of such events is projected to
increase in a future climate, but heat waves of a comparable severity remain rather rare in the projected
mid-21st century climate. We examine also how results for the climate change scenarios depend on radiative
forcing and driving global models.



Hidden Markov Models for the analysis of environmental cylindrical data
Francesco Lagona – University of Roma TRE

Correlated cylindrical data arise often in environmental research when angles and intensities are repeatedly
collected across time or space. The statistical analysis of these data is complicated by several issues that
include the mixed linear-circular support of the data, the skewness and the multimodality of the marginal
distributions, correlations between angles and intensities and cross-correlations along time and across space.
This talk focuses on cylindrical hidden Markov models as flexible tools that are capable to address these
issues in a parsimonious and efficient way. These models are dynamic mixtures of cylindrical densities whose
parameters evolve according to a latent Markov process in time or space. Cylindrical densities are exploited
to approximate the joint distribution of angles and intensities. Mixtures of cylindrical densities provide an
additional extension to allow for multimodal cylindrical data. Assuming that the mixture parameters vary
according to the evolution of a latent process across time or space represents a further extension to capture
unobserved temporal or spatial heterogeneity and to allow for temporal or spatial correlation. These models
are illustrated in a study of sea wave dynamics and in a study of segmentation of sea currents.

Environmental Exposure Assessment in Spatial Health Modeling: why is it important?
Andrew Lawson – Medical University of South Carolina

Environmental exposure assessment is a fundamental area for spatial statistical methodology. Assessment of
“true” environmental variation underlies much work in spatial statistics and environmetrics in general. How-
ever environmental risk estimation is an important ingredient in the estimation of spatial variation of health
risk. For health outcomes that are sensitive to environmental conditions, such as respiratory/inhalation
outcomes (e.g. asthma, lung cancer, bronchitis, COPD) daily exposure to environmental stressors such as
atmospheric pollutants (PM2.5, NO2, SO2, black carbon, etc.) could fundamentally affect the observed
incidence of these diseases. In this talk I will discuss a range of situations where environmental exposure
problems lead to important methodological challenges in spatial health data analysis.

Bayesian Modeling of spatial health data with INLA
Andrew Lawson – Medical University of South Carolina

(With Duncan Lee)

In this short workshop I aim to provide an introduction to the basic ideas of Bayesian modeling as pertaining
to spatial health data analysis. To achieve this I will first review the ideas that are fundamental to Bayesian
modeling (likelihood, posterior distribution and prior distributions), discuss modern computational issues
with emphasis on approximating posterior distributions, and introduce some spatial models relevant to
analysis of small area health data. In the second half of the workshop I will focus on the use of INLA to
estimate model parameters for basic spatial models. The emphasis will be on demonstrating the flexibility
of a variety of formulations and the types of output available when using this R package.

(Participants can bring their own laptops if they want to follow the examples themselves: if so they will
need to have INLA pre-loaded within R)

Quantifying the spatial inequality and temporal trends in maternal smoking rates in Glasgow
Duncan Lee – University of Glasgow

Maternal smoking is well known to adversely affect birth outcomes, and there is considerable spatial variation
in the rates of maternal smoking in the city of Glasgow, Scotland. This spatial variation is a partial driver
of health inequalities between rich and poor communities, and it is of interest to determine the extent to
which these inequalities have changed over time. Therefore in this paper we develop a Bayesian hierarchical
model for estimating the spatio-temporal pattern in smoking incidence across Glasgow between 2000 and
2013, which can identify the changing geographical extent of clusters of areas exhibiting elevated maternal
smoking incidences that partially drive health inequalities. Additionally, we provide freely available software
via the R package CARBayesST to allow others to implement the model we have developed. The study
period includes the introduction of a ban on smoking in public places in 2006, and the results show an
average decline of around 11% in maternal smoking rates over the study period.



Using Archaeological Data to Assess the Extent of Past Swedish Agriculture: Spatio-temporal
Point Processes with Uncertain Dating
Johan Lindstrom – Lund University

Accurate maps of past land use are necessary for studying the impact of anthropogenic land-cover changes
on climate and biodiversity. The main source of pre-industrial human land-use is agriculture. Archaeological
data could provide a way of estimating the extent of past agricultural land-use. To investigate the possibilities
and limitations of available archaeological data we have conducted a pilot study using Swedish data from
2000 B.C. (stone age) to present day. The Swedish National Heritage Board maintains a large database of
archaeological finds, dated and classified into different historic uses. These data can be seen as presence only
data, i.e. a lack of archaeological finds is never reported. A point-process model can be used to estimate
the relative abundance of agricultural land use in Sweden since the late stoneage (absolute levels are not
estimatable for presence only data). A complication with the archaeological data is that dating ranges from
very exact (radiocarbon or dendrochronology) to very imprecise. To model the data we use a log-Gaussian
Cox process where the latent process is modelled using a spatio-temporal Gaussian Markov random field.
The exact date of the archaeological finds are seen as unknwon and estimated together with the latent
field and the unknown parameters using Markov chain Monte Carlo, incorporating a Metropolis-Adjusted
Langevin Algorithm. The method is evaluated using a simulation study, where we also investigate how the
amount of imprecies dates affects estimation, before being applied to the archaeological data.

General asymptotics for the change-point time
Robert Lund – Clemson University

This talk takes a modern look at asymptotic results for the time of a changepoint in a random sequence.
While a large literature for asymptotics of statistics quantifying whether the changepoint time exists, results
for the changepoint time itself are comparatively scarce. Such asymptotics are needed, for example, to place
confidence bounds on the changepoint time. Previous results have only bounded the asymptotic distribution
or have worked with a particular distribution (Gaussian, for example). This talk shows how to solve the
problem for the general case, even applying to cases where parameters of the pre and post changepoint
time distributions require estimation. Results in two settings are presented: 1) for the changepoint time
assuming the number of observations before and after the changepoint time converges to infinity, and 2) for
the fractional amount of time into the record that the changepoint occurs. Examples are given showing how
far the theory can be pressed.

Concepts and measures for the quantification of biodiversity
Eric Marcon – AgroParisTech

Measuring biodiversity requires both a robust theoretical framework and empirical techniques to effectively
estimate it from real data. Entropy is an efficient approach, long explored since Shannon and Rényi’s seminal
works. The entropy of a system (e.g. a community) is the average information brought by the observation
of an individual. It can be parameterized to allow focusing relatively more or less on rare categories (e.g.
species). Appropriate entropies allow measuring functional, phylogenetic and species-neutral diversity and
come with robust estimators. They can be partitioned into alpha, beta and gamma components. Entropy
can be transformed into effective number of categories and entities (e.g. species and communities) to
allow simpler interpretation and comparisons. I’ll present a complete framework, including similarity-based
diversity, phylodiversity and HCDT entropy, that encompasses the classical measures of diversity (richness,
Simpson, Shannon, PD, FD, Rao) and an R package allowing estimation.

Multiple testing of local maxima for detection of peaks on the sphere
Domenico Marinucci – University of Rome Tor Vergata

We present a topological multiple testing scheme for detecting peaks on the sphere under isotropic Gaussian
noise, where tests are performed at local maxima of the observed field filtered by the spherical needlet
transform. The proposed algorithms, combined with the Benjamini-Hochberg procedure for thresholding
p-values, provide asymptotic strong control of the False Discovery Rate (FDR) and power consistency as
the signal strength and the frequency of needlet transform get large. This novel multiple testing method
can be applied, for instance, to point-source detection in Cosmic Microwave Background radiation (CMB)
data.



Incorporating individual time-varying covariates and random effects in multi-state models
Rachel McCrea – University of Kent at Canterbury

(With Ruth King, David Reznick, Andres Lopez-Sepulcre, Joe Travis and Tim Coulson)

Large data sets provide a challenge for analysis and in this presentation I am going to describe how individual
time-varying covariates and random effects can be efficiently incorporated into multi-state capture-recapture
models.

The model will be applied to a data set of guppies which inhabit streams in Trinidad and will seek to answer
key ecological questions. The habitats can be categorised into high and low predation areas and experimental
transplants of guppies from high to low predation streams were performed in 2008 and 2009. All introduced
fish were adult and individually marked at introduction and mark-recapture data were collected each month,
along with individual level data.

Hidden Markov Models in Environmental and Geoscience Applications
Sean A. McKenna – IBM Research

Observations of geologic and environmental variables are often indirect measures that reflect an unknown
hidden state. Hidden Markov models (HMM’s) provide a framework for learning and interpreting the hidden
states through indirect measurements. These techniques exploit spatial correlation as defined in a Markovian
process and can improve decisions made relative to models that do not account for spatial correlation.
This presentation examines utilization of HMM’s in an environmental application using observations from
magnetometers collected with strip transect support to identify regions of increased magnetic anomaly
intensity. This presentation also updates the classic mathematical geosciences problem of patterned search
for resource targets to now use strip transect samples and HMM’s. Further developments of using HMM’s
with exhaustive 2D observations are proposed and explored.

Modelling groundwater contamination: a comparison of spatial and spatiotemporal methods
Marnie McLean – University of Glasgow

Modelling groundwater contamination can be difficult due to the impracticalities and cost of obtaining
samples from every monitoring well at every sampling period. In some cases only a very small proportion of
the wells may be sampled at one time or the samples may be sporadic with some wells remaining unsampled
for long periods of time due to their proximity to other wells.

Presented in this work is a comparison of spatial and spatiotemporal modelling methods (spatial and spa-
tiotemporal penalised splines and kriging) applied to two sampling designs on simulated contaminated
groundwater data. The first of these designs is taken from a real life sampling scenario and contains incom-
plete sampling periods and the second is an unrealistic full design where samples are obtained from every
monitoring well at every sampling period.

The aim of this work is to determine whether, for different sampling designs, the added computational
complexity of the spatiotemporal methods is justified with their added benefit of being able to carry for-
ward information from previous sampling periods over the more efficient spatial methods which treat time
independently.

Developments in Statistical and Time Series Models for Censored Data
Ian McLeod – Western University

Air quality and water quality data are frequently left or right censored due to detection limits. Probability
plots with visualizing data with time dependent multiple censor points are discussed and illustrated for
visualizing toxic contaminants in the Niagrara River. New methods for sample size determination are
discussed with illustrative applications. A newly developed comprehensive approach to modelling censored
time series is presented with illustrative examples. Gamma regression with censoring is discussed and
illustrated with an application to forest fire prediction.



Priors and Problems: Using One to Inform about the Other
Kerrie Mengersen – Queensland University of Technology

Priors are one of the tenets of Bayesian modelling, yet their formulation, properties and impact are still
a subject of much discussion. In this presentation we consider a range of ‘real-world’ problems in which
a Bayesian approach has been instrumental. In particular, we explore the way in which the problem has
informed the prior, and in return the prior has elaborated on the problem. The first example involves priors
for latent variable structures, namely mixtures and hidden Markov models. The second involves elicitation
and formulation of priors based on virtual reality and immersive environments. The latter problem is
described in the context of conservation of threatened species, in particular rock wallabies in Australia and
jaguars in the Peruvian Amazon. In addition to exploring how these priors are constructed and incorporated
in the models, we ask the question: how much more insight do we gain about the problem of interest through
this approach to statistical analysis?

Verification of Interval Probability Forecasts
Keith Mitchell – University of Exeter

The forecast for a future dichotomous event (e.g. rain or no rain tomorrow) can be given as a probability
that the event occurs (e.g. 10% chance of rain tomorrow). A standard approach to evaluating probabilistic
forecasts is to use a scoring rule, a rule that assigns a numerical score to a forecast depending on what
outcome is observed for the event. To be effective, a scoring rule must be proper, that is, a forecaster
can expect to achieve an optimal score only by issuing a forecast that matches their true belief. Proper
scoring rules for probability forecasts have been extensively studied. Less considered is the circumstance
in which a forecast is issued as an interval of probabilities (e.g. 10-20% chance of rain tomorrow) rather
than a single, precise, probability. Such forecasts are found in many fields, from meteorology to medicine.
When evaluating interval probability forecasts, it is desirable to use scoring rules with the property that a
forecaster expects to achieve an optimal score only by issuing as a forecast the interval that contains their
precise, true belief. We give a characterisation of such interval-proper scoring rules and, from this general
characterisation, deduce several specific interval-proper scoring rules corresponding to the familiar proper
scoring rules for precise probability forecasts.

A Gaussian process model for representing the uncertainty and long-term change in typhoon
behaviours and its application
Shin’ya Nakano – The Institute of Statistical Mathematics

A typhoon is an intense tropical cyclone forming in the western north Pacific region. Since it sometimes
causes a serious disaster in the East Asia region, it is crucial to assess the risks of typhoon hazards for
specific regions by estimating the frequency that typhoons may hit those regions. Several probability models
of typhoon motion have been developed based on the data of past typhoon trajectories for the purpose of the
assessment of such risks. However, the existing models, which attempted to represent the typhoon translation
velocity as a function of only position, could not satisfactorily represent the diversity of the typhoon tracks,
and thus the estimates were not reliable. In this study, we describe the translation velocity of typhoons as a
function of position, season, and year. The spatial and temporal pattern of the typhoon translation velocity
can be estimated using the Gaussian process regression. The use of the Gaussian process model enables us
to consider the uncertainty in the spatial and temporal pattern of the typhoon translation velocity. Our
approach also enables us to consider the inter-annual changes in the typhoon behavior. The performance
of the new probability model of typhoon motion based on the Gaussian process model is demonstrated and
discussed

Bayesian mixture models for estimating regional trends in space and time
Gary Napier – University of Glasgow

We present a novel spatio-temporal Bayesian hierarchical mixture model that captures localised temporal
trends. Spatial patterns are captured by random eects, while area-specic temporal trends are captured using
a mixture component. Inference from the model is based on Metropolis coupled Markov chain Monte Carlo
(MC)3 simulation to prevent issues pertaining to label switching when allocating areas to specic temporal
trends. The model is applied to measles susceptibility data in Scotland among a series of cohorts of children
(aged 2.5-4.5) between 1998 and 2014, with the time period encompassing the MMR vaccination scare
surrounding the safety of the vaccination. Here we assess whether the impact of the MMR vaccination scare
differed across dierent regions of Scotland.



Some preliminary results on functional spatio-temporal geostatistical analysis: application on
atmospheric problems
Ferdinand Ndongo – University of Bergamo

Functional Data Analysis (FDA) is currently a growing research area in statistics and the functional form of
many of the existing statistical tools have been developed in order to handle the case in which observed data
are curves (or functions). In geostatistics, in order to use FDA methodologies in spatio-temporal data it is
assumed that the curves are observed along one of the dimensions and the analysis is computed along the
other one. In fact in literature there are several works where the curves are assumed to be observed along
time and geostatistical analysis is then developed or where curves are assumed to be observed along space
leading to time series analysis. It is clear that in both of the mentioned approaches the whole complexity of
the spatio-temporal phenomenon under study is not carried out. In this talk we extend the above mentioned
approaches in order to take into account both spatial and temporal information. As a motivating application,
we consider some preliminary results in the frame of GAIA-CLIM, which is a Horizon2020 research project
and aims at improving the use of non-satellite measurements to characterise, calibrate and validate satellite
measurements (www.gaia-clim.eu). In particular we consider the global space time series of radiosonde
observations related to atmospheric profiles of variables such as humidity and temperature given by RAOB
network (www.raob.com).

Statistics in the Cognitive/Risk Era: Bridging knowledge, solutions and pathways to a sus-
tainable world
Nathaniel Newlands – Agriculture and Agri-Food Canada

Humans interact with real and virtual ecosystems. Virtual (model and collaborative) ecosystems continue
to expand in their knowledge, sophistication and influence in addressing increasingly complex situations
and challenges involving real systems. Our world, however, continues to struggle with escalating inequality
and insecurity, economic volatility, environmental resource scarcity and pollution, population growth, rapid
urbanization, extreme weather, invasive species and political upheaval. Despite increasing global awareness
of the urgency to address climate change and become more sustainable, societies continue to struggle in how
best to transition to a low-carbon economy and take broader action aligned with sustainable development
pathways. This is due to a complex array of trade-offs, varying uncertainties, changing inter-dependencies
and unforeseen risks. Much of our knowledge is also domain-specific, relying strongly on historical observa-
tions of patterns and processes. To bridge this “knowledge-to-action” divide, statistics has an increasingly
critical role in unraveling the complexity of our world and how we construct reliable/flexible real-world
solutions from interdisciplinary knowledge.

The talk will broadly cover the concept of “integrated risk” and how it may transform our current sustain-
able development dialogue, enabling more informed action/s. Our collective ability to sustain ecosystems
and our societies in the future, over the long-term, will involve a stronger symbiosis of human and machine
intelligence (“super-intelligent tools” that support complex decision-making). Such tools are capable of
transforming our current understanding and future capability to respond to anticipated/emergent extreme
conditions and tipping-points (dynamical changes of a system’s state), in a coherent and informed way. Per-
spectives and recommendations on the broad application of statistics in addressing sustainable development
challenges, drawing on my research within the food-water-energy nexus and agricultural sector (i.e., mod-
eling of greenhouse-gas emissions, climate interpolation, operational forecasting, sensor-based monitoring
networks, sustainability assessment), will be discussed.

“Local generalised method of moments: an application to point process-based rainfall models”,
by Jo M. Kaczmarska, Valerie S. Isham and Paul Northrop
Paul Northrop – University College London

Long series of simulated rainfall are required at point locations for a range of applications, including hydrolog-
ical studies. Clustered point process-based rainfall models have been used for generating such simulations
for many decades. These models suffer from a major limitation, however: their stationarity. Although
seasonality can be allowed by fitting separate models for each calendar month or season, the models are
unsuitable in their basic form for climate impact studies. In this paper, we develop new methodology to
address this limitation. We extend the current fitting approach by allowing the discrete covariate, calendar
month, to be replaced or supplemented with continuous covariates that are more directly related to the
incidence and nature of rainfall. The covariate-dependent model parameters are estimated for each time



interval using a kernel-based nonparametric approach within a generalised method-of-moments framework.
An empirical study demonstrates the new methodology using a time series of 5-min rainfall data. The study
considers both local mean and local linear approaches. While asymptotic results are included, the focus is on
developing useable methodology for a complex model that can only be solved numerically. Issues including
the choice of weighting matrix, estimation of parameter uncertainty and bandwidth and model selection are
considered from this perspective

Functional clustering of MERIS and AATSR lake quality and temperature data
Ruth O’Donnell – University of Glasgow

(With Claire Miller – University of Glasgow, Marian Scott – University of Glasgow)

As a result of their sensitivity to climatic conditions, lakes have been described as sentinels of change.
Recent developments in Earth Observation (EO) instruments such as MERIS (Medium-Spectral Resolution,
Imaging Spectrometer) and AATSR (Advanced Along-Track Scanning Radiometer) from the European
Space Agency’s Envisat satellite platform have enabled the retrieval of a range of water quality determinands
from lakes. This has resulted in the availability of expansive spatiotemporal datasets which simultaneously
facilitate global assessment of environmental change and present new statistical challenges. GloboLakes is
a 5 year UK (NERC) funded research programme investigating the state of lakes and their response to
climatic and other environmental drivers of change. This project is investigating the coherence of water
quality of lakes using EO data, at both a global and within lake scale. Functional clustering methods
have been developed to identify clusters of lakes which are similar in terms of both trends and seasonal
patterns. Considerations include dimensionality reduction, incorporation of retrieval error and dealing with
discontinuities in time series.

Spatial modeling of drought events
Marco Oesting – Siegen University

With their severe environmental and socioeconomic impact, drought events belong to the most far-reaching
natural disasters. Effects are tremendous in rain-fed agricultural areas as in Africa. We analyzed and
modeled the spatio-temporal statistical behavior of the Normalized Dierence Vegetation Index (NDVI)
as an indicator for drought, reflecting its effects on vegetation. The study used a data set for Rwanda
obtained from multitemporal satellite remote sensor measurements during a 14 year period and divided into
season-specific spatial random fields. Extreme deviations from average conditions were modeled with max-
stable Brown-Resnick processes taking methodological and computational challenges into account. Those
are caused by the large spatial extent and the relatively short time span covered by the data. Extensive
simulations enabled us to go beyond the observations and, thus, to estimate several important characteristics
of extreme drought events, such as their expected return period.

Assessing common spatio-temporal patterns in large environmental datasets
Lucia Paci – University of Bologna

Abstract: In many research fields, scientific questions of interests are investigated by analyzing data collected
over space and time, usually at fixed spatial locations and time steps. Even when the number of spatial
locations and time points are limited, extract useful information from the data is not an easy task as the
observations may be driven by complex spatio-temporal patterns. A possible way to tackle this problem is
to assume that the number of those patterns is small when compared with the total number of observed
time series. Hence, a statistical model is needed in order to characterize common spatiotemporal patterns
driving the data. We propose a finite mixture model to identify clusters of spatial locations that share a
common temporal pattern, in turn modeled via a dynamic process. We anticipate space-time dependence by
introducing spatiotemporally varying mixing weights that allow to allocate observations of close locations
and time points with similar cluster membership. Indeed, we envision a spatial latent process that drives
the mixing probabilities and evolves dynamically over time. As a result, a clustering varying over time and
space is accomplished. Fully posterior inference is provided under a Bayesian framework through Monte
Carlo Markov Chain algorithms. A simulation study is performed to assess the performance of the approach
as well as real data applications are investigated.



Extreme value analysis of North Sea storms
Ioannis Papastathopoulos – University of Edinburgh

The North Sea is located between Great Britain, Scandinavia, Germany, the Netherlands, Belgium and
France and is an important oil producing region. However, extreme weather conditions and fierce storms
can put drilling installations under threat and damage structural designs. There is a clear need to have
good methods to estimate the likelihood of extreme events for mitigating risk. We focus on modelling and
predicting the long-term statistical behaviour of North sea storms using wave energy data. In particular,
we model significant wave height on a spatial grid by carefully accounting for potential sources of variability
including seasonal variations, temporal dependence and directional effects which are attributed to different
pressure systems. Subsequently, we model the preprocessed data using a novel scalable spatially-referenced
multivariate extreme value model that allows extrapolation in joint tail regions where no data are recorded.

Modelling fire density observed per week day in each county of USA
Paula Pereira – ESTSetúl-IPS and CEAUL

Vegetation burning is a common land management practice, where fire is used for pest control, cropland
fertilization and wildfire prevention. Given such anthropogenic control of fire, we tested the hypotheses that
fire activity in USA displays weekly cycles and that the week day with the fewest fires depends on the days
of rest associated with religion. Fire density observed per week day in each county of USA was modeled
using a negative binomial regression model, with fire counts as response variable, region area as offset and
a structured random effect to account for spatial dependence. We used land cover, religion and week day as
independent variables. Models were also built separately for each type of land use. We consider a Bayesian
hierarchical framework to implement the models and we perform computations based on R-INLA package.
Analysis revealed a significant interaction between religion and week day.

Fire activity in USA is significantly lower on Sunday and shows a significant effect of weekend, the days of rest
associated with religion. These findings can contribute towards improved specification of ignition patterns in
regional/global vegetation fire models, and may lead to more accurate meteorological and chemical weather
forecasting.

Merging mixed realities and statistical models to improve conservation
Erin Peterson, and Kerrie Mengersen – Queensland University of Technology

One of the major problems with rare species is that they are rare. Hence there is often little observational
data with which to construct statistical models. However, there is often a wealth of non-traditional data,
available through the expertise of international experts and local people who interact with the species. The
use of visual aids, such as maps and photos, provide memory cues during expert elicitation that can lead to
the elicitation of more accurate, precise and comprehensive information. However, the extracted information
often remains imperfect since the visual devices are poor shades of reality. Technological advances in
virtual reality (VR) and augmented reality (AE) are just beginning to allow researchers to create immersive
environments (IEs) from stereo 360 degree and 3D photos and video. This provides a new opportunity to
put experts (local people and/or scientific experts) into these IEs, and extract additional information from
people who would otherwise not be able to “see” potential habitat areas for threatened species. We can
then use hierarchical statistical and Bayesian models to combine this new elicited information with available
data. In this interactive session, we will use two real-world case studies (conservation of jaguars in the
Peruvian Amazon and the Great Barrier Reef) to:

- Provide participants with a hands-on introduction to this cutting-edge visual technology;

- Discuss some of the challenges associated with eliciting information using IEs;

- Provide an overview of how this new expert information can be combined with observed data within a
hierarchical statistical and Bayesian models.

L-moment estimation for models with time-dependent parameters in climate changes studies
Jan Picek – Technical University of Liberec

The contribution presents a methodology for estimating high quantiles of distributions of daily temperature,
based on a generalization of L-moments in the model with a time-dependent parameters using the averaged
regression quantiles The extreme value models are applied to estimate 20-yr return values of temperature
over Europe in transient GCM simulations, assuming changes in greenhouse gas concentrations according
to SRES emission scenarios over the 21st century.



Health effects of airborne particle mixtures
Monica Pirani – Imperial College London

(With Nicky Best, Marta Blangiardo, Silvia Liverani – Imperial College London, Richard W. Atkinson – St.
George’s University of London, Gary W. Fuller – King’s College London)

Airborne particles are a complex mix of organic and inorganic compounds, with a range of physical and
chemical properties. Estimation of how simultaneous exposure to multiple air particles affects the risk
of adverse health response represents a challenge for scientific research and air quality management. We
present a Bayesian approach that can tackle this problem within the framework of time series analysis. We
use Dirichlet process mixture models to cluster time points with similar particles and response profiles, while
adjusting for aspects associated with time variation such as trend and seasonality through natural cubic
splines. Inference is carried out via Markov Chain Monte Carlo methods. We illustrate our approach using
daily data of a range of particle metrics and respiratory mortality for London (UK) 2002-2005. To better
quantify the average health impact of these particles, we measure the same set of metrics in 2012, and we
compute and compare the posterior predictive distributions of mortality under the exposure scenario in 2012
vs 2005. The model results in a partition of the days into three clusters. We find a relative risk of 1.02
(95% credible intervals (CI): 1.00, 1.04) for respiratory mortality associated with days characterised by high
posterior estimates of nonprimary particles. A consistent reduction in the airborne particles in 2012 vs 2005
is also found and the analysis of the posterior predictive distributions of respiratory mortality suggests an
average annual decrease of -3.5% (95% CI: -0.12%, -5.74%).

A multivariate circular-linear hidden Markov model for distributions-oriented wind forecast
verification
Alessio Pollice – Universitá di Bari

(With Gianluca Mastrantonio – Politecnico di Torino, Alessio Pollice – Universitá degli Studi di Bari Aldo
Moro, Francesca Fedele – ARPA Puglia)

Winds from the North-West quadrant and lack of precipitation are known to lead to an increase of PM10
concentrations in a residential neighborhood of the city of Taranto (Apulia, Italy). In 2012 the local govern-
ment prescribed a reduction of industrial emissions by 10% every time such meteorological conditions are
forecasted 72 hours in advance. Wind prediction is addressed using the Weather Research and Forecasting
(WRF) atmospheric simulation system by the Regional Environmental Protection Agency (ARPA Puglia).
In the framework of distributions-oriented forecast verification, we investigate the ability of the WRF sys-
tem to properly predict the local wind speed and direction allowing different performances for unknown
wind regimes. Ground-observed and WRF-predicted wind speed and direction at a relevant location are
jointly modeled as a 4-dimensional time series with a finite number of states (wind regimes) characterized by
homogeneous distributional behavior. Observed and simulated wind data are made of two circular (direc-
tion) and two linear (speed) variables, then the 4-dimensional time series is jointly modeled by a mixture of
projected-skew normal distributions with time-independent states, where the temporal evolution of the state
membership follows a first order Markov process. Parameter estimates are obtained by a Bayesian MCMC-
based method and results provide useful insights on wind regimes corresponding to different performances
of WRF predictions.

Designing a discrete choice experiment for peatland restoration
Jacqueline Potts – Biomathematics and Statistics Scotland (BioSS)

A discrete choice experiment has been designed to assess the public’s willingness-to-pay for a programme of
peatland restoration in Scotland. Each choice set includes a baseline option showing the expected percentage
of peatlands in poor, intermediate, and good ecological condition if no restoration is undertaken, together
with two options involving some degree of restoration at a specified cost. The inclusion of a “status quo”
option in each choice set is generally recommended in the literature, but has implications for the efficiency of
the experimental design. The choice of attribute levels is complicated by the constraint that the percentages
in the three different conditions must sum to 100%, meaning that only two attributes can be fitted. The
attributes chosen were the percentage restored from poor to good condition, and the percentage restored
from intermediate to good condition. Additional attributes are used to allow respondents to express spatial
preferences for restoration in either wilder or less remote areas, and in regions where peat is either more or
less concentrated. The starting point for a pilot survey was an orthogonal design, but after modification it
was no longer orthogonal, as choice sets involving an option with zero restoration had to be excluded since



these correspond to the “status quo”. In addition, the levels of the price attribute were swapped in cases
where one option involved a greater degree of restoration at lower cost. Estimates obtained from the pilot
survey were used as priors to create a Bayesian efficient design for the main survey.

Modelling the frequency of short duration rainfall events in the UK
Ilaria Prosdocimi – University of Bath

This study presents a depth-duration-frequency (DDF) model which is applied to annual and seasonal
maxima of sub-hourly rainfall totals from selected stations in England and Wales. A DDF model provides
consistent estimates for the magnitude of extreme rainfall events of given rarity with different rainfall
accumulation durations. This means that when the interest is in events which are exceeded with a specific
frequency, estimates for events of longer accumulation periods should be not smaller than events of shorter
durations. The proposed DDF model follows from the standard assumption that the block maxima are
GEV distributed. The model structure is based on the assumption that for each site the distribution of the
rainfall maxima of all durations can be characterised by common lower bound and skewness parameters.
Further, some functional relationship between location and scale parameters inspired by empirical features
of the observed data are imposed. The consistency of the rainfall frequency estimates is finally ensured by
modelling the location and scale as monotic functions of the rainfall duration. The derived DDF curves give
a good fit to the observed data for most stations: the model’s advantages and pitfalls are presented and
discussed.

ISTAT Survey on energy consumption of residential sector: modeling for the production of
estimates by end use
Giovanni Puglisi – ENEA

(With Paola Ungaro – Istat, Ilaria Bertini – ENEA, Fabio Zanghinella – ENEA)

In consideration of the growing importance achieved in the total energy consumption scenario in the last
years, the residential sector has stimulated the research for solutions to promote energy efficiency and to
raise awareness on energy consumption by end users.

The construction of an end-users energy consumption profile by means of statistical or numerical methods
assumes a central role in finding solutions to reduce energy demand and to increase the efficiency in the
production of the same energy.

Regulation (CE) n. 1099/2008 of the European Parliament and of the Council on energy statistics was
recently modified by imposing an obligation on Member States to provide annually data on energy con-
sumption of households for end use and energy source. The flow of such information for Italy will be based
on data collected by ISTAT Survey on the energy consumption of households, appropriately processed by
ENEA and ISTAT.

In this paper we present a methodology that, according with ISTAT survey data, allowed to define a series of
type buildings, representative of the entire national sample, as a function of building (dimensions, equipment,
energy characteristics, etc. ), family (number of occupants, consumption habits, etc.) and environmental
(region, climatic zone, etc.) characteristics. These buildings, through the application of a deterministic
simulation model based on hourly energy calculations allowed the generation of energy consumption profiles
(for heating, cooling and domestic hot water usage) for each cluster of the type building and the evaluation
of the energy consumption distribution of the residential sector for end use and primary energy source.

Statistical Comparison of Bivariate Circular Distributions in the Characterisation of Wind
Direction over Complex Terrain
Rachael Quill – University of New South Wales

Globally, there has been a recent emergence of ensemble-based bushfire modelling frameworks. While
recasting bushfire predictions as probabilities, it is useful to consider model inputs such as wind fields in
probabilistic terms. The directional response of the prevailing wind field to changes in the terrain can
be represented as joint circular distributions of wind direction experienced above the landscape and wind
direction observed at the surface. To construct a statistical characterisation of wind fields across complex
terrain using such distributions, it is important to understand the impacts of surface roughness on varying
scales; from landscape down to vegetation.

Kolmogorov-Smirnov (K-S) style tests are used to statistically compare directional wind response distri-
butions observed across case studies within rugged terrain under differing surface roughness conditions. It



is then desirable to interpret the results of such tests in terms of shifts in the directional response of the
prevailing wind field. In this research, a simulation study is used to better interpret results in physical terms
by understanding the sensitivity of these tests to changes in distributions structures such as modal location,
size or shape. Simulated univariate and bivariate distributions are manipulated to construct artificial shifts
in distribution structure. Thresholds for significance testing are then defined in terms of such shifts in modal
mean, density or spread.

This work allows for better real-world interpretation of K-S style test results when comparing distributions
such as directional wind response distributions, leading towards the statistical characterisation of wind fields
across complex terrain within the bushfire context.

Dynamic Spatial temporal modeling of the impact of air pollution on adverse pregnancy
outcomes
Brian Reich – North Carolina State University

Previous studies suggest that exposure to high concentrations of air pollution during pregnancy may signif-
icantly increase the risk of birth defects and other adverse birth outcomes. While current regulations put
limits on total PM2.5 concentrations, there are many speciated pollutants within this size class that likely
have varying effects on perinatal health. However, due to correlations between these speciated pollutants it
can be difficult to decipher their effects in a model for birth outcomes. To combat this difficulty we develop
a multivariate spatio-temporal Bayesian model for the speciated particulate matter using dynamic spatial
factors. These spatial factors can then be coherently interpolated to provide measurements at the pregnant
mothers’ homes for use in a model for birth outcomes. The introduced model for birth outcomes allows
the effects of these factors to vary across different weeks of the pregnancy in order to identify susceptible
periods. The proposed methodology is illustrated using pollutant monitoring data from the Environmental
Protection Agency and birth records from the National Birth Defect Prevention Study.

An adapted non-parametric intensity estimator for linear networks: Modelling anti-social
behaviour in an urban environment
Francisco Javier Rodŕıguez Cortés – Universitat Jaume I

We propose an extension of Diggle’s non-parametric edge-corrected kernel-based intensity estimator to the
case of events coming from an inhomogeneous point pattern on a linear network. Our estimator is compared
with the current existing equal-split kernel density estimator. The new estimator is accommodated within the
inhomogeneous geometrically corrected K- and pair correlation functions providing a significant improvement
in detection of the spatial structure. We present two real data applications in which we first revisit street
crimes in Chicago and compare our results with previously published ones based on a fitted parametric
intensity function. Then, we analyze network-based spatial events consisting of calls to the Police department
reporting anti-social behavior in the streets of Castellon (Spain).

Geographical weighted regression for spatially dependent functional data: a non-parametric
based approach
Elvira Romano – Second University of Naples

(With Jorge Mateu – Universitat Jaume I)

Functional data analysis (FDA) is a branch of statistics that analyses data providing information about
curves, surfaces or anything else varying over a continuum [9]. In recent years, it has become an increasingly
important analytical tool, for many subject area of applied science, as more data has arisen as a curve or in
general a function spatially dependent [3].

One of the hottest challenges in such type of data is the problem of modeling the dependencies. Currently,
several research initiatives for modeling functional data with spatial dependence have been proposed. The
works on this topic can be distinguished into two main categories. A first class of methods are mainly based
on generalization of spatial methods for functional data. Ordinary kriging as well as cokriging and multivari-
ate spatial prediction (see [4], [5]) and its several related versions [2], [6], [7], [10], are widely generalized and
used for spatially dependent functional data. A second class of methods are regression models, developing
reliable prediction and interpolation techniques for spatially dependent functional data. The particularity
of these methods consists in using rich basis for regression in order to control the smoothness of the fit [8],
[11].

Inspite of the research initiatives in analyzing spatially dependent functional data, there are several un-



resolved problems, which include developing prediction techniques by assuming non stationarity in the
parameter estimation. Among the mentioned methods, only [2], [6],[7], [10],provide an extension of kriging
methodology to nonstationary functional random fields.

In this paper by focusing on the problem of non stationarity in the parameter estimation we propose a
generalization of a geographically weighted regression model (GWR) for spatially correlated sample curves
obtained as realizations of a spatio-temporal stochastic process.

The classic GWR [1] works by passing a search window from one point to the next and fitting a distance
weighted regression model each time. The basis of this model concernsthat the fitted coefficient values of a
global model, fitted to all the data, may not represent detailed local variations in the data adequately. Thus
it follows local representations. The main difference with the classic regression model is that it looks for
local variation in space by moving a weighted window over the data, estimating one set of coefficient values
at every chosen fit point. We generalize it in the framework of spatially dependent functional data.

A forecasting study on real data and a simulation study illustrates the predictive skills of the method.
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Is time really a healer? Building distributed lag models with varying smoothness penalties
Alastair Rushworth – University of Strathclyde

Distributed lag models (DLMs) find application when the influence of a time varying explanatory variable
is spread over a finite set of time lags. DLMs are widely applicable, and are frequently used in time series
studies of air pollution exposure and human health. In particular, the lag-curve expresses the functional form
of dependence between explanatory and outcome variables over successive time lags, and a key challenge lies
in choosing an appropriate parameterization. Lag-curves are often complex, and flexible curve estimators
that utilize smoothness penalties are typically preferred over more restrictive parametric forms. Despite the
increased flexibility of existing approaches, the degree of lag-curve smoothness and the total number of lags
to consider are usually not estimated in model fitting and must be chosen in advance. The modeler is usually
required to make informative decisions that may be difficult to justify without good prior information, and
can lead to misspecification and biased estimates of the lag curve. In this talk, a novel class of DLM will
be proposed that is straightforward to implement and robust to such misspecification. The new DLM will
be compared to some existing approaches, and applied to data from the US National Morbidity, Mortality
and Air Pollution Study (NMMAPS).

On constraining projections of future climate change using observations and simulations from
multiple climate models
Phil Sansom – University of Exeter

Climate models are imperfect representations of the Earth system. The spread of projections of future cli-
mate simulated by different models represents a substantial source of uncertainty. The relationship between
the models and the Earth system is also uncertain. A new hierarchical Bayesian framework is presented that
is able to constrain projections of future climate using recent observations, while allowing for uncertainty



about the relationship between the models and the system.

Projections of future climate are also subject to many other sources of uncertainty. It is shown that if initial
condition uncertainty in the simulations is not accounted for, then the estimated relationship between the
historical and future states of the system may be biased. Measurement error and sampling uncertainty in
the actual system also have important roles when observations of the historical state are used to constrain
the future.

The framework is applied to projections of surface temperature in the Arctic at the end of the century. The
projected warming is reduced by more than 2K in some regions when constrained by historical observa-
tions. Measurement error and sampling uncertainty can affect the estimated warming by up to 0.25K. The
uncertainty about the climate response is reduced by up to 30% where strong constraints exist.

Alternating nonhomogenous Poisson processes for modeling threshold exceedances in contin-
uous time
Erin Schliep – University of Missouri

It is often of interest to model the incidence of and duration of threshold exceedance events for an envi-
ronmental variable at a set of spatial locations. We consider alternating nonhomogenous Poisson processes
(NHPPs) to model such events observed in continuous time. In the simple case with one observed location,
two NHPPs are employed; one to model the times when exceedance events start, and the second to model
when they end. Evidently, we have alternating point processes. More precisely, assuming at time 0 we
are below the threshold, the first NHPP, referred to as the up-crossing process, models the time until the
first threshold exceedance occurs. The second NHPP, or the down-crossing process, models the duration
of the first exceedance event.We alternate between the two processes for the length of the study window.
Both NHPPs are defined in terms of their intensity functions. However, since the processes are viewed
sequentially, the event times become survival times and the intensities become hazard functions. That is,
up-crossing and down-crossing events are modeled sequentially with time resetting at each event. As NHPP
models need not necessarily be rich enough for our application, we introduce a Gaussian process to incor-
porate temporal random effects, extending the modeling to log Gaussian Cox processes. We extend the
model to multiple locations, incorporating spatial modeling, resulting in spatially dependent temporal log
Gaussian Cox processes. Model fitting is done within a Bayesian framework. Fitting the Cox processes is
computationally infeasible using the Gaussian process so we adopt the nearest neighbor Gaussian process
(NNGP) to enable tractable computation. We also propose methods for both generating data under the
model and for conducting model comparison. The model is applied to hourly ozone data across the United
States for the ozone season of 2014. For any given location, we obtain estimated profiles of up-crossing
and down-crossing intensity functions through time, estimates of the number of exceedance, and the total
duration above the exceedance threshold for any time interval.

Closed population mark-recapture in continuous-time
Matthew Schofield – University of Otago

A key assumption in standard mark-recapture models is that of instantaneous sampling. This may not
be appropriate, e.g. when sampling is conducted over several days, weeks or longer. It can be difficult
to determine how many discrete “sampling occasions” to use and they are often determined arbitrarily. If
animals are caught multiple times within a sampling occasion they are typically collapsed to an indicator
that denotes that it was caught at least once. An alternative is to consider continuous-time models.

Here we use notions of ancillarity to understand continuous-time models. We show that they can be estimated
as easily, if not easier than their discrete counterparts. We consider situations where the time of capture is
not available (but the order of capture is). We explain why the estimator of abundance is identical when
the detection intensity is time dependent and when it is not. We compare the continuous-time approach to
the discrete approach and examine the effect of individual misidentification for the two approaches.

A comparison of spatial extreme value models: application to precipitation data
Quentin Sebille – Lyon University

Statistical analysis of extreme values for spatial processes, such as precipitation, is well-handled in Extreme
Value Theory literature. The max-stable processes are the only possible limit distributions for linearly
rescaled pointwise maxima of spatial processes and thus are one of the most used tools for spatial analysis
of extremes. Since no general tractable form exists for these processes, many parametric models have been



proposed through the last decades. One can cite amongst them the Smith’s, the Schlather’s, the Brown-
Resnick and the t-extremal models.

Another approach related to classical geostatistics is the use of hierarchical models, such as the latent
variable model of Davison et al. (2012) which focuses on the marginal distributions by assuming conditional
spatial independence. Besides, Reich and Shaby (2012) proposed a mixture of these two classes of models
by constructing a finite max-stable structure through a hierarchical formulation.

The aim of the present work is to put the six previous models in competition within an intensive simulation
design based on real precipitation data. The statistical performances are assessed by focusing the interest
on two criteria that respectively involve the spatial extrapolation of the marginal distributions and the
evaluation of the dependence structure between positions where data are observed. After a comparative
study based on these two criteria, some qualitative advantages and drawbacks of the six models are discussed.

A geostatistical model for analysing armed conflicts and malaria
Luigi Sedda – Lancaster University

The past two decades have seen significant changes in the distribution and intensity of both malaria trans-
mission and armed conflicts. Yet the interplay between the two phenomena remains poorly understood and
theories and case studies often remain conflicting about the impacts of conflict on malaria prevalence. Given
a renewed global focus on malaria eradication, and that the absence of conflict is thought to be a crucial
factor affecting the feasibility of achieving national elimination, there is a need to understand and quantify
the impacts that conflicts can have on malaria, in particular the degree to which regions can bounce back
from any negative impacts.

We present the first continental assessment of the spatiotemporal relationship between armed conflict and
Plasmodium falciparum malaria prevalence across a 13-year period (1997-2010). Using a geostatistical
framework to account for spatiotemporal clustering and seasonality effects, we explore the coincidence
between a database of over 23,000 geolocated conflict events and more than 15,000 geolocated P.falciparum
community prevalence surveys. Overall, we find that the number of conflicts surrounding malaria surveys
and their associated amount of violence have a significant negative impact on malaria prevalence, although
for the majority of countries a significant decrease in prevalence between pre- and post-conflict periods is
still observed, even for some of the most conflict-affected nations. This underlines the need for maintaining
intervention coverage in settings that are under violent conflict, but also presents a more positive message
on the resilience of countries in general to the impacts of conflict on malaria transmission over the long term.

The general evidence of resilience to conflict found here offers hope for the longer term prospects of malaria
control and elimination in the face of any future violence. It indicates that the gains made against malaria
in the past decade can be maintained, even in the most difficult circumstances an important message that
goes against the idea that conflicts are always a threat to long term eradication goals.

The effects of network design when assessing the effects of air pollution on health
Gavin Shaddick – University of Bath

(With James V. Zidek – University of British Columbia)

The potential effects of air pollution are a major concern both in terms of the environment and in relation
to human health. In order to support both environmental and health policy there is a need for accurate
estimates of the exposures that populations might experience. The information for this typically comes from
environmental monitoring networks but often the locations of monitoring sites are preferentially located in
order to detect high levels of pollution. Using the information from such networks has the potential to
seriously affect the estimates of pollution that are obtained and that might be used in health risk analyses.
Here we explore the biases that can arise both in estimates of exposures and risk and show how using
spatio-temporal exposure models can help in mitigating the effects of preferential sampling in health studies.
Results from both simulation and case studies are presented, the latter focusing on the preferential sampling
within a long-standing network in the UK. Abatement measures led to a decline in the levels of black smoke
and a subsequent reduction in the number of monitoring locations that were thought necessary to provide
the information required for policy support. There is evidence of selection bias during this process with sites
being kept in the most polluted areas.



Characterisation of near-Earth magnetic field data for space weather monitoring
Qingying Shu – University of Glasgow

(With Marian Scott – University of Glasgow , Matteo Ceriotti – University of Glasgow, Lyndsay Fletcher –
University of Glasgow, Peter Craigmile – The Ohio State University)

Space weather monitoring and early magnetic storm detection can be used to mitigate risk in sensitive
technological systems. To identify the signatures of storm onsets in different locations in the magnetosphere,
satellite network measurements can be used to detect and predict storm events.

In this talk we outline the construction of mixed-effect time series models for observations of the near-
Earth magnetic field from a network of CLUSTER satellites over the period 2003-2011. Our hierarchical
statistical model incorporates information from two physical models of the magnetic field (the magnetic
field around the Earth described by the IGRF model, and the background magnetic field described by the
Tsyganenko 96 model). In addition to explaining how the two physical models calibrate with the observed
satellite measurements, these statistical models capture the inherent volatility in the magnetic field, and
allow us to identify other factors associated with the magnetic field variation, such as the relative position
of each satellite relative to the Earth and the Sun. We discuss how these models allow us to investigate the
association between the variations in near-Earth magnetic field and storms.

L-moment homogeneity test in trivariate regional frequency analysis of extreme precipitation
events in the Czech Republic
Tereza Simkova – Technical University of Liberec

Changes in the magnitude and frequency of extremes of natural phenomena, such as extreme precipitation,
temperature or wind speed, have serious negative effects on human society (loss of life, damage to buildings
and infrastructure). Knowledge of the probability distribution, which specifies how frequently a given event
occurs, is of great importance for planning and design engineering. Since certain hydrological and climato-
logical events may be described by multivariate characteristics which are dependent, univariate frequency
analysis cannot be well used for these cases as it does not take into account the dependence structure be-
tween variables. Here, we applied a trivariate test based on L-moments to test for homogeneity of regions
formed according to statistical characteristics of extreme precipitation events in the Czech Republic as a first
step of regional frequency analysis. Maximum annual 1-, 3- and 7-day precipitation totals measured from
1961 to 2012 at 210 stations were used as the input dataset. The trivariate model of the 1-, 3- and 7-day
maximum annual precipitation amounts, that is essential for executing the homogeneity test, is determined
by a combination of several techniques, involving the goodness-of-fit test based on the Cramr-von Mises
statistic, Akaike Information Criterion, Vuong test etc., and considering trivariate symmetric Archimedean,
asymmetric (fully nested) Archimedean and mixed C-vine copulas in the model test space.

A Temporal-Spatial Analysis of Potential Risk Factors in Water Quality in the Florida Basins
Susan Simmons – University of North Carolina at Wilmington

Humans have had a detrimental effect on the quantity and quality of freshwater inflow to Florida Bay for
many years. To counter the damage this has caused to the Florida Bay ecosystem, the Comprehensive
Everglades Restoration Program (CERP) was initiated to restore the Bay to its historical levels of water
quality. In order to understand the influence of CERP on Florida Bay, we developed a temporal-spatial
model that investigates changes in water quality variables and their impact on the surrounding ecosystem.

Applications of Bayesian Belief Networks for studying ecosystem services
Ron Smith – Centre for Ecology and Hydrology, Edinburgh

Bayesian Belief Networks (BBNs), and their extension to Influence Diagrams (ID), are a decision support and
meta-modelling tool which were used in a variety of ways within the EU FP7 OpenNESS project case studies
for exploring the usefulness of the ecosystem services and natural capital concepts. BBNs can represent and
help identify relevant processes and the links between them, quantify the strength of these linkages, and
estimate uncertainty. IDs add utility functions to BBNs and make it possible to assess trade-offs (monetary
and non-monetary) across multiple criteria.This talk will highlight some of the issues raised in applying
BBNs in different case studies, ranging from urban Norway to rural Kenya, and with some exploration on
spatial and temporal extensions of the basic concepts.



Climate Extremes: Attributions and Future Projections
Richard L. Smith – University of North Carolina and SAMSI

(with Michael Wehner – Lawrence Berkeley Labs)

Many studies have been published arguing that a variety of extreme climatic events have become either
more probable or more extreme as a result of human-induced climate change. The “Fraction of Attributable
Risk” (FAR) is one widely used measure to quantify this. However, calculating the FAR relies on comparing
climate model runs under both anthropogenic and non-anthropogenic conditions, and this may induce a
bias if the climate model runs are not closely aligned with observational data. By combining extreme value
theory to estimate the probabilities of extreme events, with a hierarchical models analysis to account for
differences among climate models and observational data, we propose estimates of the FAR and of future
extreme event probabilities that take account of inter-model and model-observation differences. The method
is applied to extreme events associated with the European heatwave of 2003, the Russian heatwave of 2010,
and the Texas/Oklahoma heatwave of 2011. We also outline some possible extensions of the methodology.

Markov switching models for high-frequency time series from automatic monitoring of animals
Luigi Spezia – Biomathematics and Statistics Scotland (BioSS)

(With Cecilia Pinto – Ifremer, Boulogne-sur-Mer)

In ecological studies data loggers can be applied to mammals, fishes, and birds to automatically monitor the
movements of animals to study their behaviour. Sensors applied to animals generate high-frequency complex
time series that are modelled along with environmental dynamic variables. Animal movement time series
usually exhibit high autocorrelations at the higher lags, with a slow decay, and asymmetric cycles. Both
issues suggest to handle the series as realizations of a stochastic regime switching process. Hence, Markov
switching autoregressive models (MSARMs) can be considered. Covariates can also be incorporated into
the model through the hidden Markov chain: the transition probabilities are time-varying and dependent
on dynamic explanatory variables. Our modelling is motivated by a real application: the time series of
depth profiles recorded by Data Storage Tags applied to flapper skates (Dipturus intermedia) caught in
the Sound of Jura (Scotland) in 2012. Inference is developed under the Bayesian paradigm by Markov
chain Monte Carlo (MCMC) algorithms. We demonstrate that MSARMs are very good tools to fit the long
memory, non-linear, non-Normal, non-stationary processes of depth profiles, and to cluster the observations
into regimes of movement.

The role of statistical models in tsetse control: theory vs practice
Michelle Stanton – Liverpool School of Tropical Medicine

Human African Trypanosomiasis (HAT), also known as sleeping sickness, is a vector-borne parasitic disease
which if left untreated is fatal. There are two forms of the disease, Gambian and Rhodesian HAT, with
Gambian HAT accounting for over 98% of reported cases. As humans are the predominant reservoir of the
T.b. gambiense parasite, control of Gambian HAT is achieved through intensive case detection and treatment
plus tsetse control. Information on the general distribution of tsetse within areas affected by Gambian HAT
is relatively sparse, and tsetse control efforts are predominantly guided by general information of the factors
influencing tsetse e.g. river networks, vegetation and local knowledge. High-resolution predictive maps of
tsetse, derived using remotely sensed environmental variables and spatial statistical methods such as model-
based geostatistics, could therefore provide valuable information on where to most effectively target vector
control activities given limited time and resources. Whilst many such predictive maps have been developed
for descriptive purposes, little has been done to translate these maps into output that can be applied in the
field. Using tsetse data from Democratic Republic of Congo and northern Uganda we present our progress
towards creating a framework within which spatial statistical models of tsetse prevalence and abundance
can be used to identify areas where control (using ‘tiny targets’) is needed, and further how these models
can be extended to monitor the effectiveness of the intervention over time.

Assessing changes in the diet of individual grey seals (Halichoerus grypus) over time based
on QFASA diet estimates
Connie Stewart – University of New Brunswick Saint John

Quantitative fatty acid signature analysis (QFASA) is an increasingly popular method of estimating the
diet of marine mammals. By matching the fatty acid signature of a predator to its prey, the method yields
compositional vectors which contain estimates of the proportion of each species of prey in the predator’s



diet. Statistical inference based on QFASA diet estimates requires nonstandard methodology since the diet
estimates are compositional, contain many zeros and have sample sizes which are typically small compared
to the dimension of the estimates.

Individual specialization in resource use has the potential to profoundly affect the structure and dynamics of
populations and their communities. Previous work has demonstrated that average diets of grey seals foraging
on the Canadian Scotian Shelf vary across age, sex and season. However, the extent to which individual
specialization in resource use occurs in this population and how changes in factors such as population density
or prey availability may influence specialization are unknown. In this study, the QFASA estimated diets of
24 individual female grey seals which were sampled repeatedly over a 5 year period are analyzed in order to
determine if the diets of individual seals change over time.

To address this question in a statistically valid manner, we propose using a nonparametric MANOVA with
a chi-square measure of distance capable of handling the problematic zeros. We will present results of the
simulation study as well as conclusions concerning the biological problem at hand.

Statistical Process Monitoring and Risk Assessment for Engineering and Spatial Environmen-
tal Applications
Ying Sun – King Abdullah University of Science and Technology (KAUST)

Effective operation of engineering systems requires responsive monitoring of key variables. If anomalies
in chemical or environmental plants are not detected promptly, they can affect the plants productivity,
profitability, and safety, which are key concerns worldwide. In this talk, I will give a wide range of real
applications that motivate my current research on developing new statistical fault detection, risk assessment,
and prediction methods for multivariate, functional and spatio-temporal data. Then, I will focus on my
recent work motivated by outlier detection problems for infinite-dimensional objects such as functional
data. In nonparametric statistics, data depth provides a powerful tool for understanding the close relations
among ranking, quantiles and outlyingness of functional data. There are many existing depth notions.
However, most of them fail to detect shape outliers that are often masked among the rest of samples and
more difficult to identify compared to magnitude outliers. In this work, a new notion of depth for functional
data, the total variation depth, is introduced. The proposed notion is well suited for shape outlier detection
due to the fact that it considers the total variation and takes into account the necessary correlations in
functional data. Effective outlier detection rules along with visualization tools are also developed, and the
outlier detection performance is examined through simulation studies. Our numerical results show that it
outperforms other notions under different types of outlier models. We also show that the proposed depth
enjoys many desirable theoretical properties. Finally, our methodology is demonstrated on real functional
data examples and extended to image data as well.

Functional data techniques for sea bottom classification in coastal environments
Javier Tarŕıo-Saavedra – Universidade da Coruña

(With Andrés Prieto Aneiros – Universidade da Corua, Spain, Noela Sánchez-Carnero – Universidade de
Vigo, Spain)

Acoustic data obtained with echosounders provide information about seabed characteristics such as the
bottom type. Standard multivariate methods of supervised and unsupervised seabed classification are usu-
ally applied to databases composed by relevant features extracted from acoustic echoes. The selection of
representative features is by no means trivial. Currently, there are several alternatives that combine feature
selection, taking into account the physical meaning of the acoustic response, with statistical dimensional
reduction procedures. The feature extraction usually requires an expert knowledge of the physical inter-
pretation of the acoustic echoes. In addition, the efficiency of such reduction of dimensionality on the data
should be conveniently enhanced by a preprocessing of the recorded signals (including time and power ad-
justments) to avoid their dependency with respect to the depth. This work proposes an automatic seabed
classification based on functional data analysis (FDA) and non-hierarchical cluster techniques, with the
advantage of not requiring any a priori knowledge of the feature extraction on the recorded sonar curves.
More precisely, unsupervised methods such as the FDA K-means method and the multivariate medoids
cluster have been applied. The supervised FDA techniques such as functional generalized linear models and
generalized spectral additive models have been also considered. To illustrate the feasibility of the proposed
FDA techniques, they have been applied to the sea bottom classification on an acoustic dataset recorded in
a controlled environment, where the seabed characterization is known previously. FDA classifications have



been compared with those results obtained with classical multivariate hierarchical cluster tools.

Modeling the Health Effects of Wildfire Pollution though Random Functions over Trees
Donatello Telasca – UCLA

Predicting and understanding the effect of wildfire pollution stressors on health outcomes presents a number
challenges, including excess zeroes, nonlinear effects, interactions, variable selection and spatiotemporal
dependence. We make the case for employing flexible regression models, where the effect of stressors on
health outcomes are represented as random functions over trees. Tree models recursively partition the
covariate space, allowing for nonlinear effects and interactions, while maintaining an interpretable inferential
framework. Tree structures are equipped with flexible tree leaf models, used to accommodate space-time
varying effects through functional regression. The proposed framework is adaptable to several sampling
scenarios, including Gaussian, Poisson and zero-inflated processes. Posterior inference is discussed in detail
with a particular focus on scalability. Our analysis is applied to several wildfire events in Northern and
Southern California.

Projections of future land use in the UK and ecosystem services
Amanda Thomson – Centre for Ecology and Hydrology, Edinburgh

The UK has committed to cutting its greenhouse gas (GHG) emissions by 80% by 2050 and all economic
sectors will be required to reduce their GHG emissions, land use and forestry (LULUCF) being no exception.
International monitoring and the setting of GHG reduction targets requires long-term future projections of
GHG emissions based on sound science and realistic policy scenarios. The LULUCF sector is important
because LULUCF activities affect emissions over many decades and can produce a net removal of GHGs from
the atmosphere, offsetting emissions from other sectors. Although focussed on climate regulation, land use
projections can also indicate the future trajectories of other ecosystem services. However, the formulation
and communication of LULUCF projections is challenging because multiple policy stakeholders must be
consulted and persuaded to state their land use policy aspirations and expectations. These policies are
not necessarily concerned with climate change mitigation and adaptation but rather issues of food security,
housing demand, habitat preservation and so forth. In addition, land use activities can interact in positive
or negative ways so that GHG removals by one activity necessitate net emissions by another; and finally,
net GHG fluxes which are small at the national scale can conceal larger emissions and removals at regional
scales. These challenges are illustrated with examples from the LULUCF projections to 2050 for the UK
and its constituent countries, which are produced annually by a team from the NERC Centre for Ecology
and Hydrology in Edinburgh.

Paths and pitfalls in model evaluation: The importance of being proper
Thordis L. Thorarinsdottir – Norwegian Computing Center

(With Tilmann Gneiting, Sebastian Lerch and Nadine Gissibl)

Scoring rules provide a quantitative assessment of probabilistic predictions by assigning a numerical score
based on the predictive distribution and on the event or value that materializes. It has been argued per-
suasively that scoring rules ought to be proper, in the sense that acting on modelers’ true beliefs is an
optimal strategy. In many contexts, particularly in the public and media, forecasts for extreme events are
evaluated by restricting standard evaluation procedures to subsets of extreme events. However, it can be
demonstrated that this leads to improper verification procedures that may discredit even the most skillful
forecasters. There is thus a need to develop theoretically justifiable methods that are specifically tailored
towards extreme events. Potential solutions here include weighted scoring rules that emphasize specific
regions of interest such as the tail of the predictive distribution.

When the predictive distribution should be compared to a corresponding empirical distribution of observed
data, distance measures between probability distributions, also called divergence functions, can be used
instead of scoring rules. We contend that divergence functions ought to be proper as well and propose such
a definition. Score divergences that derive from proper scoring rules are proper, with the integrated quadratic
distance and the Kullback-Leibler divergence being particularly attractive choices. Other commonly used
divergences fail to be proper.

We illustrate and discuss these topics using theoretical arguments, simulation experiments and real data
studies involving probabilistic predictions.



Improving multivariate statistical models for flood risk assessment
Ross Towe – JBA Trust/Lancaster University

The widespread UK flooding of winter 2013/2014 provided clear evidence that it is vital to understand the
dependence of large values of river flow and also determine which combinations of locations are likely to
simultaneously observe high flows. We adopt a multivariate statistical model to summarise the changing
behaviour of floods across the UK. The resulting statistical model produces a number of realisations of
possible events that may arise. The accuracy of these event sets and the statistical model are reliant upon
the access to high quality input data. In order to account for the likelihood of missing data at a number of
river flow gauges, an adaption to the current methodology is proposed. This adaption is computationally
simpler and produces improved marginal estimates of extreme river flow. Insurers will also want to know
the severity of an event across the entirety of the river network. However, measurements of river flow are
only available at a small number of locations. A number of algorithms can be used to interpolate river flow
to ungauged parts of the river network, however we propose to also use information about rainfall. Rainfall
will help to capture the behaviour of river flow in smaller ungauged catchments and also the occurrences of
surface water flooding. These extensions will be illustrated through data from the UK river network and
show how incorporating knowledge about the river system into statistical models produces a flexible and
effective framework for flood risk assessment.

Disease isopleth mapping using Poisson regression area-to-point kriging and remotely sensed
data
Phuong N Truong – ITC University of Twente

The study presents the use of remotely sensed data as demographic and environmental covariates in Poisson
regression area-to-point kriging for isopleth disease mapping. Disease counts are commonly reported at
administrative units. To use those data for isopleth mapping, area-to-point kriging were hitherto robustly
applied. Area-to-point kriging robustly produces finer spatial support data based on various size and shape
areal data. The predictions produced by area-to-point kriging conserve the spatial mean and the coherence
of spatial autocorrelation.

Nevertheless, using the simple or ordinary area-to-point kriging, the spatial variation at finer spatial sup-
port can only be characterised up to the detailed level of the areal data when autocorrelation is derived
from deconvolution. To overcome this limitation, fine resolution remotely sensed data were incorporated as
covariates in the regression of the spatial mean conditioning on the count data generated by a Poisson spa-
tially correlated random process. Remotely sensed data are increasingly beneficial to study environmentally
and climatically affected epidemics. Isopleth maps of demographic and environmental covariates such as
temperature, humidity, and land cover can be obtained from remotely sensed data. In this study, isopleth
mapping of diarrhea in Ghana was illustrated. The imagery of land surface temperature, humidity and land
cover, amongst the main driving factors of diarrhea were obtained from Moderate Resolution Imaging Spec-
troradiometer (MODIS). The mapping outcome at the spatial support of the MODIS data revealed detailed
spatial variation of diarrhea in Ghana corresponding to the covariates. The statistical model allowed the
uncertainty about the mapping outcome to be quantified.

Atmospheric CO2 and Global temperatures: the strength and nature of their dependence
Granville Tunnicliffe Wilson – Lancaster University

Statistical proof of the causal dependence of one trending time series upon another is challenging. In this
analysis we demonstrate the strong statistical dependence between the trend corrected annual series from
1959 of Mauna Loa atmospheric carbon dioxide concentration, mean global sea and land surface tempera-
tures and the southern oscillation index. We use both spectral and structural autoregressive modelling to
investigate causal relationships between these series and present a plausible interpretation of their interde-
pendence.

Anthropogenic Influences on Spatial and Temporal Variation in Fire Activity
Kamil Feridun Turkman – Universidade de Lisboa

(With M A Turkman – Universidade de Lisboa, J M Cardoso Pereira – Universidade de Lisboa, and D Oom
– Universidade de Lisboa)

Vegetation burning displays spatial and temporal patterns at various scales, affected by many factors includ-
ing the seasonal occurrence of dry periods and thunderstorms, and by sporadic heat waves and droughts.



Regular cycles in vegetation burning are found at annual scale, mostly in seasonally dry areas, and at the
daily scale as a consequence of underlying cycles in meteorological variables and land management practices.
Since there is no natural forcing with a seven-day period, weekly cycles provide evidence of an anthropogenic
fingerprint. Hence one natural approach to search and quantify anthropogenic influence on wildfire patterns
is to look for existence of weekly cycles in wildfire incidences. Since biomass burning emissions have impor-
tant climatic effects such as strong absorption of sunlight, study of weekly cycles in wild-fires may contribute
in understanding and explanation of weekly cycles in meteorological variables. There is an ongoing debate
if the reported existence of weekly cycles in vegetation burning is statistically significant or not. In order
to answer this question we looked at global World daily number of fire activity consisting of 10 years of
daily global fire counts observed during 2002-2012. Results clearly show statistically significant 7 day cycle
with minimum fire activity on Sundays. Separating the study by land use, it was found that the seven day
cycle and smaller fire activities on Sunday was observed on agriculture land and at some extend in forested
and range land. Fire activity on settlements, villages and wild land did not show a seven day cycle, con-
firming the anthropogenic influence on fire activity. Given the strong anthropogenic control of fire in Africa
where fire is used for hunting, livestock husbandry, pest control, food gathering, cropland fertilization, and
wildfire prevention we also analyzed spatial and temporal data of fire counts in sub-saharan Africa. Using
spatial temporal models we observed that weekly cycles in fire activity were also significant in agriculture
land but the week day with the fewest fires were either on Sunday or Friday, depending on the regionally
predominant religious affiliation. Acknowledgments: Partially funded by FCT, Fundacao para a Ciencia e
Tecnologia Portugal project UI/MAT/00006/2013

On Bayesian P-splines in disease mapping
Lola Ugarte – Public University of Navarre

In recent years, models incorporating splines have been considered for smoothing mortality risks in disease
mapping. Although these models are very flexible, they can be computationally expensive when analyzing
spatio-temporal data. In this talk, alternative model proposals together with the corresponding identifiability
issues will be discussed. Mortality data from Spain will be used for illustration. Model fitting and inference
will be carried out using INLA.

Spatio-temporal data fusion of in-lake and remote sensing chlorophyll-a data using statistical
downscaling
Craig Wilkie – University of Glasgow

(With Marian Scott, Claire Miller – University of Glasgow, Andrew Tyler, Peter Hunter, Evangelos Spyrakos
– University of Stirling)

Chlorophyll-a is a photosynthetic pigment found in freshwater phytoplankton and is a widely used indirect
measure of lake water quality. Its strong absorption of blue and red light allows for quantification through
satellite images, providing better spatial coverage than traditional in-lake point samples alone. However,
this grid cell scale imagery must first be calibrated through in-lake point samples, which are accurate within
measurement error. This presents a change of support problem, where data of different spatial scales must be
combined. This talk will present a Bayesian spatially-varying coefficient regression. The model calibrates the
remotely-sensed data through estimating the relationship between the in situ data and their corresponding
remotely-sensed data, with coefficients of this relationship assumed to vary smoothly across space. The
model is novel in its application to calibrating satellite chlorophyll data. An example application to data
for Lake Erie, obtained from the GloboLakes project (www.globolakes.ac.uk), will be presented, where the
model is fitted to a remote sensing dataset of 351,040 grid cells for 20 months and a corresponding in situ
dataset for 20 locations. The model was fitted using the Gibbs Sampling program JAGS via R. It was found
that estimation of the spatial structure of the data was more accurate after calibration.

Combining new statistical methods for post-processing ensemble weather forecasts
Robin Williams – University of Exeter

The use of ensemble forecasts to quantify the uncertainty in weather predictions is now commonplace in
meteorological applications. Due to errors in numerical weather prediction models and uncertainty in the
optimal conditions at which to initialise the ensemble member forecasts, operational ensemble forecasts are
often biased and underdispersed. Statistical models, known as ensemble post-processing methods, have been
successfully employed to correct for these errors, and can be used to produce either probability forecasts or
recalibrated ensemble forecasts. In this work we combine several recent methodological advances to produce



post-processed ensemble forecasts of extreme events. Firstly, parameter uncertainty in the statistical post-
processing models is accounted for using bootstrap resampling. Secondly, an approach that utilises the
empirical copula of the ensemble forecasts is implemented, which has been shown to improve the skill of
ensemble forecasts over spatial fields. The combined methodology is applied to ensemble forecasts of near-
surface temperature and 10-metre wind speed, using the MOGREPS-UK ensemble forecasting system of
the UK Met Office, for 152 weather stations that cover the UK and Ireland. We find that the skill of
temperature forecasts is strongly dependent on the diurnal cycle, and the skill of wind speed forecasts
depends on topographical features. We also investigate the benefits of ensemble post-processing for spatial
forecasts of cold temperatures and high windspeeds at airport locations, both of which are likely to impact
on aviation.

Linking satellite remote sensing based environmental predictors to disease: an application to
the spatiotemporal modelling of schistosomiasis in Ghana
Madeline Wrable – Tufts University

(With A. Liss – Tufts University, A. Kulinkina – Tufts University, M. Koch – Boston University, N. K.
Biritwum – Ghana Health Service, A. Ofosu – Ghana Health Service, K. C. Kosinski – Tufts University, D.
M. Gute – Tufts University, E. N. Naumova – Tufts University)

90% of the worldwide schistosomiasis burden falls on sub-Saharan Africa. Control efforts are often based
on infrequent, small-scale health surveys, which are expensive and logistically difficult to conduct. Use of
satellite imagery to predictively model infectious disease transmission has great potential for public health
applications. Transmission of schistosomiasis requires specific environmental conditions to sustain freshwater
snails, however has unknown seasonality, and is difficult to study due to a long lag between infection
and clinical symptoms. To overcome this, we employed a comprehensive 8-year time-series built from
remote sensing feeds. The purely environmental predictor variables: accumulated precipitation, land surface
temperature, vegetative growth indices, and climate zones created from a novel climate regionalization
technique, were regressed against 8 years of national surveillance data in Ghana. All data were aggregated
temporally into monthly observations, and spatially at the level of administrative districts. The result of
an initial mixed effects model had 41% explained variance overall. Stratification by climate zone brought
the R2 as high as 50% for major zones and as high as 59% for minor zones. This can lead to a predictive
risk model used to develop a decision support framework to design treatment schemes and direct scarce
resources to areas with the highest risk of infection. This framework can be applied to diseases sensitive to
climate or to locations where remote sensing would be better suited than health surveys.

What Does Moran’s I Really Tell Us?
Yi Xiong – Simon Fraser University

(With W. John Braun – University of British Columbia Okanagan and X. Joan Hu – Simon Fraser University)

Moran’s I, initially proposed by Moran (Biometrika, 1950), has been widely used in fields such as geography
and GIScience as a measure of spatial auto-correlation. Motivated by a recent forest fire control study, we
explore Moran’s I in its original and extended forms with particular attention to its application in analysis
of residuals. We derive theoretical properties of the statistic under various assumptions, and verify them
via an extensive simulation study. An analysis of Alberta forest fire records during 2004-2014 is employed
throughout the talk for illustration.

Efficient estimation of the continuous ranked probability score, with application to meteoro-
logical ensemble forecasts
Michaël Zamo – Meteo-France

Uncertainty in weather forecasts always exists and must be estimated with some probability distribution.
Specific scores are then used to estimate the goodness of forecasts, such as the continuous ranked probability
score (CRPS), a quadratic measure of discrepancy between a forecast cumulative distribution function (CDF)
and the associated deterministic realisation. When the forecast CDF is given in a parametric form, formulae
allow to compute the CRPS without any error. When the forecast CDF is known only through a set of
values such as an ensemble forecast or an ensemble of quantiles, the CRPS must be estimated with some
error. Several estimators of the CRPS exist that may not yield the same value. It is then important to
have a precise understanding of the potential errors of these several estimators of the CRPS for ensemble
forecasts.



In this study, we compare four estimators of the instantaneous CRPS combined with several ways of building
an ensemble from the true distribution (pure random sample or specific sets of quantiles). Both the choice of
the estimator and the ensemble type have a dramatic impact on the convergence properties ot the estimation
with the size of the ensemble. When ensembles are post processed with quantile regression, the existence of
ties lead to a dramatic loss in convergence properties of the estimators. Eliminating these ties by a correct
post-processing of the calibrated forecast restores the good convergence properties of the estimation. All this
procedure leads to a more accurate and fair comparison of probabilistic weather forecasts in a parametric
and/or non parametric forms.

Keywords: continous ranked probability score; estimation; ensemble weather forecast.

Test for Trend in Blocked Time Series Data: Harvesting Maple Syrup in Nova Scotia, Canada
Ying Zhang – Acadia University

Motivated by an investigation on effects of local environmental conditions on yield in maple syrup production
in a Nova Scotia farm, we generalize the nonparametric seasonal Mann-Kendall test procedure to test for
trend in blocked and panel time series data. To further answer the question when the change happens, we
propose a two-stage procedure for estimating the change point in the blocked data. The procedure is further
demonstrated using the average monthly water discharges (m3/sec) from January 1958 to December 2008
at the Athabasca River downstream of Fort McMurray, Alberta, Canada.

Assessing Regional PM2.5 Concentration Around Beijing
Shuyi Zhang – Peking University

(With Song Chen – Peking University and Iowa State University)

We conduct regional air quality assessment around Beijing based on spatial and temporal PM2.5 concentra-
tions over non-uniformly distributed observation sites. As the PM2.5 concentrations are easily confounded
by meteorological variables, to objectively measure the environmental risks of regional emission profile, we
consider a nonparametric regression model within the spatial random field and a two-step procedure to
estimate the spatial conditional mean function. We propose an adjustment to remove the meteorological
confounding by utilizing weather data of much longer time-frame and constructing temporal counterfac-
tuals. The adjusted mean is used to make seasonal average pollution maps in the urban area of Beijing.
Continuous-time adjustment is also implemented to get the smooth curve of the adjusted mean in a long
period of time. According to the seasonal, annual and spatial features displayed by the mean pollution
surface, we conduct two inferences to test whether the temporal and spatial differences are statistically
significant and to search for the less polluted year and sub-region in Beijing. Our results turn out to reveal
interesting environmental underpinnings and clear seasonal and spatial difference within the mega city.


