
Land, Sea and Air: Hidden Markov Models for Capture-Recapture/Recovery Data 

Dr Hannah Worthington 

Capture-Recapture/Recovery methods are widely used to gather information on animal 

populations.  From estimating abundance to survival and capture probabilities, such simple 

data can offer a lot of insight into species behaviour.  Hidden Markov models offer 

computationally efficient methods to obtain parameter estimates  and lend themselves well 

to capture-recapture data.  A further advantage to the HMM approach is the ability to adapt 

models, retaining interpretability, to account for species specific factors.  Here I will consider 

three case studies across land, sea and air. 

Jaguars – We consider a case of human-wildlife interaction.  Farmed cattle are an easy 

source of food for jaguars.  Whilst some farmers are amenable to the loss of a few cattle to 

this native species, there is concern that this behaviour will become learned and interaction 

may turn to conflict. 

Grey Seals – Tracking changes in maturation rates across different cohorts of pups could be 

informative for the long-term health of this population. 

Lapwings and Grey Herons – Here we describe a flexible approach to modelling survival by 

considering the distribution of age of death. 

 

 

 

Mapping the concentration of a micronutrient in a staple crop across Amahara region, Ethiopia. 

Prof Murray Lark 

There is growing awareness of the seriousness of “hidden hunger”, the deficiency of micronutrients 

in populations which might otherwise appear well-nourished.  Several studies have now shown that 

the micronutrient status of populations may vary spatially, and that efficient interventions to 

address deficiencies should take account of this.  I shall present work from a project currently 

underway in Malawi and Ethiopia to understand the spatial variation of micronutrients in different 

components of the food system and to design interventions based on crop 

management.  Specifically I shall show how linked data on crop selenium concentration and various 

soil properties has been used to map the concentration in teff, a staple grain, and to identify parts of 

Amhara region where deficiency is most likely in the human population.   This task was addressed by 

means of a multivariate linear mixed model, and raised challenges in respect of variable selection 

and scale dependence in the relationship between the target variable and the exhaustive covariates 

used for prediction. 

 

 

 

 



Spline-based models for groundwaters contamination monitoring data 

Dr Marnie Low 

Commonly groundwater quality data are modelled using temporally independent spatial models. 

However, primarily due to cost constraints, data of this type can be sparse resulting in some 

sampling events only recording a few observations. With data of this nature, spatial models struggle 

to capture the true underlying state of the groundwater and building models with such small spatial 

datasets can result in unreliable predictions. This highlights the need for spatiotemporal models 

which ‘borrow strength’ from earlier sampling events and which allow for interpolation of 

groundwater concentrations between sampling points.   

Here, we investigated the relative merits of analyzing groundwater quality data using spatiotemporal 

p-spline model compared to a spatial model. We assessed the accuracy of both methods and 

implications for data collection requirements. The aim of this work was to determine whether the 

quantity of data collected can be reduced, while retaining the same level of estimation accuracy . 

Data obtained from groundwater monitoring wells also indicated that contaminant concentrations 

vary more over space than they do over time. Such findings highlighted the need for a model that 

accounts for corresponding differential variability in space and time.  

To allow for this changeable complexity of the model in different dimensions, a penalised 

spatiotemporal spline model can be implemented with separate penalty terms for space and time. 

One drawback to this approach however, when working with spatiotemporal data, is that the 

optimisation of these two smoothing parameters is computationally expensive.  

To overcome these computational issues, we have developed an efficient algorithm to determine 

two optimal smoothing parameters. The model formulation builds on existing methodology which 

utilises efficient matrix decomposition methods to optimise a single smoothing parameter. Although 

our model has been developed with groundwater contamination modelling as a primary application, 

the methodology can be utilised in many spatiotemporal settings. 

 

 

 

Bayesian (un-) Mixing Models 

Prof Andrew Parnell 

This talk will cover situations where environmental data arise as mixtures of fundamental sources. 

Two examples are: those of animal diets where the data give insight into what the animals were 

eating, and that of river sediment data which arises as a combination of the different water sources 

that make its constituent parts. In the past 10 years enormous progress has been made in building 

models and developing software for people to analyse their data. In this talk I will introduce how 

these models work, show some of the latest features, and discuss some possible extensions.  

 

 


