
Case Study 1 
 

MIGSAA PhD project Nora Tanner 
 

Nora Tanner is a third year MIGSAA student working on a PhD in Mathematical models to inform policy and 
practice for infectious disease management.  Her supervisors are Andy White (Heriot-Watt University) and 
Tibor Antal (University of Edinburgh). 

 

Tuberculosis (TB) is a bacterial infection that can infect humans and a wide range    

of farmed and wildlife mammal species. It is a particular problem in the cattle   industry 

as TB infected cows must be slaughtered to prevent further infection. While TB 

infection can be managed in farmed animals it is much more difficult to manage in 

wildlife species which act a reservoir to allow the disease to persist. In the UK 

badgers have been suggested as a key reservoir population for TB and interaction 

between badgers and livestock can lead to 

the infection of cattle. In central Spain (and 

other regions worldwide) wild boar are the 

primary reservoir species and TB can reach a prevalence of up to 

90%. Transmission between wild boar and livestock is likely to occur 

through environmental contamination (caused for example   from   

infected   faeces)   at   shared   water   holes, 

becomes scarce in the summer months. 
 

As part of a  MIGSAA studentship supervised at Heriot-Watt 
University we are working with The National Institute for Game and Wildlife Research (IREC), Spain to develop 
mathematical models that can be used to direct infectious disease management programmes to reduce the 
prevalence of TB in wild boar. We have developed a model that includes the key stage structure of the wild 
boar system (piglets, yearlings and 

adults), the key infection status of 

individuals (susceptible, infected, 

super-excretor) and in which the 

infection is transmitted by 

environmental contamination. This 

model is being used to assess the 

effectiveness of an oral vaccine for 

piglets (developed by IREC) on 

reducing the prevalence of TB and 

the density of infected and super-

extretor individuals. Our model 

results have been used to support 

the findings of a pioneering oral  

vaccination  trial. 

A schematic of the mathematical model of wild boar-TB dynamics The model findings were  critical in 

explaining the epidemiological 

dynamics which indicate that vaccination can reduce the prevalence of disease but in so doing reduces the 

overall burden of the disease in wild boar populations. This allows the overall density of wild boar populations 

to increase and so the actual abundance of TB infected individuals is largely unaffected. This work highlights 

how interdisciplinary collaborations that combine mathematical modelling with biological studies can be 

used to understand the impacts of infectious disease management strategies. Through the collaboration with 

The National Institute for Game and Wildlife Research the findings can be used to inform policy and farming 

practice that aim to minimise the impacts of infectious disease. 

Wild boar at a shared water hole 



Case Study 2 

 

MIGSAA Ph.D. Student Greig Smith 

Greig Smith is a third year MIGSAA PhD student working on Stochastic Analysis and adding 
value to industry with supervisors Goncalo dos Reis (University of Edinburgh) and Matthias 
Fahrenwaldt (Heriot-Watt University). 
 

My area of research is stochastic analysis and statistics with applications to 

finance. I am happy and keen to be researching and solving real world problems 

cropping up in financial institutions. 

A problem that my supervisor and I have worked on, in broad strokes, relates to 

estimating a continuous time Markov generator from discrete observations. In 

words, banks have the probability of default of certain firms over the period of 

one year, and they need to compute the same probability in smaller time frames, 

say one month. These numbers are critical for banks since the risk charges that 

banks are required to hold by regulations rely on these estimates. We identified 

a significant gap in the literature both regarding theory and rigorous testing. From here we partnered 

up with Nomura Bank PLC in London which sparked an exciting collaboration combining statistics, 

probability, and quantitative finance and led to a research paper currently submitted to a top journal 

in the field. I felt a great sense of achievement standing at the intersection of academic research and 

industrial knowledge; we did not just apply known tools to solve a problem but also developed new 

theory and co-created new methodologies. It was truly rewarding for me to work on this project. 

 



One of the main contributions of the above work is robust techniques for estimating probabilities of 

default. In the current regulation, so-called Basel floors exist as a way of putting minimum probabilities 

of default in the model; this work with my supervisor gives a reliable, tractable, optimal and much less 

"black box" way of estimating these probabilities. Moreover, there is no set method by which banks 

must estimate the transition probabilities, the results we showed highlight the dependency of the risk 

charge on these methods. We believe our work has clear implications for policy decisions. 

Unfortunately, high profile conferences are very expensive, and the amount of advertising we can do 

is limited. 

The work with Nomura Bank led to an internship with Moody's Analytics in Edinburgh from June to 

September 2016. Moody’s Analytics is a company that offers financial consultancy and products to its 

clients. The firm’s flagship product is the “Economic Scenario Generator”  (ESG) which is essentially a 

software package that allows users (such as banks and insurance companies) to carry out a range of 

financially based tasks, for example applying stress tests to portfolios. The models in the ESG are often 

updated and calibrated to many of the main economies around the world. One of the main roles of 

the research team where I worked was to test and improve upon the models contained within the 

ESG. Although I carried out other tasks while there, my main role was to code, test and suggest 

improvements on the current calibration methods for swap options (these are a type of financial 

contract that allows traders to deal with movements of interest rates). The chief difficulty from the 

calibration side is how best to fit a model based on the fact that the parameter one wants is not 

directly observable. A result of the internship, and where I added value, is that Moody’s Analytics 

gained promising avenues which can improve the current calibration methodologies. 

From the internship, I gained fluency in a great deal of 

topics such as Libor market models and the role of 

interest rate theory. The latter is a high profile area of 

finance and by both reading up on it and working on it 

simultaneously meant I was able to gain a deep 

understanding in a short space of time. Finally, through 

the three-month period, I develop key interpersonal 

skills such as delivering technical information in a 

concise way, both in short meetings and presentations. 

I can say that I have had a great experience so far and I 

am looking towards the rest of my Ph.D. and my supervisor with high expectations. 

 

 

 

Supervisor: Dr. Goncalo dos Reis (www.maths.ed.ac.uk/~gdosrei/) 

 

http://www.maths.ed.ac.uk/~gdosrei/


 

Case Study 3 

 

A MIGSAA Student’s Research Activity Profile – Razvan Mosincat 

 

Razvan Mosincat is a third year MIGSAA PhD student working on a PhD in Global-in-time 

dynamics for the derivative nonlinear Schrodinger equation.  His supervisors are Tadahiro 

(Hiro) Oh (University of Edinburgh) and Oana Pocovnicu (Heriot-Watt University). 

 
Razvan joined MIGSAA in 2014 with an interest to pursue his Ph.D. studies 
in the analysis of partial differential equations (PDEs), in particular, the so-
called nonlinear dispersive PDEs. Prior to coming to Edinburgh, he was a 
master’s student at the University of California, San Diego, USA, where he 
had his first exposure to the study of nonlinear dispersive PDEs, and 
before that he was an undergraduate in Timisoira, Romania. After 
arriving in Edinburgh, he started having a weekly reading seminar with 
faculty member Dr. Tadahiro Oh (Edinburgh) who eventually became 
Razvan’s Ph.D. advisor. In the autumn of his first year, Razvan read 
several recent research papers in detail under the guidance of Dr. Oh and 

this led to a short joint paper, 
 
 R. Mosincat, T. Oh, A remark on global well-posedness of the derivative nonlinear Schrödinger  
equation on the circle, C. R. Math. Acad. Sci. Paris. 353 (2015), no. 9, 837--841. 
 
In the spring semester, he continued to study the subject and as his MIGSAA extended project, 

he chose to explore more directions on related topics. 

Razvan said “It is a very dynamic field of mathematics - substantial results pertaining to it appear 

every week on arXiv, frequent workshops and meetings in the community are, by now, known 

well in advance. As a student, getting up to date with what has been recently done and more 



importantly with what is relevant to study and occupy one’s time with can be a tumultuous 

experience. And so, having someone providing effective guidance is essential to diminishing 

the feeling of being lost in the woods. Hiro does a fantastic job at this and at quickly settling my 

questions.” 

Regarding his immersion into the MIGSAA group, Razvan recounts “I found the first year to 

have just the right amount of group work and it had me quickly familiar with colleagues and 

places in and around Edinburgh, while at the same time allowing quite generous opportunities to 

concentrate on an area to specialise into.” 

In the second year, he worked on his second paper in MIGSAA. At the same time, he joined the 

weekly reading group for the extended project of his younger MIGSAA colleagues, Leonardo 

Tolomeo and Kelvin Cheung. The reading group was organised by Dr. Oh and Dr. Pocovnicu 

(Heriot-Watt) and participated by Ph.D. students and researchers, where each of the 

participants took turns weekly in presenting details on the assigned reading material of the 

current research topic. Razvan found such meetings very useful: “It’s great training in making sure 

you don’t have gaps in your understanding; if there’s a genuinely tricky step, it will get noticed. 

Somehow, during these meetings we get to know better what we’ve read and also each other. I am 

wondering: is it the synergetic effort put into trying to understand an intricate paper, or the 

questions fired at each other, or the tea time afterwards?” He also credits his development to 

Dr. Pocovnicu and a postdoctoral researcher Yuzhao Wang (Edinburgh): “I find my time spent 

with them very stimulating and I am grateful for the attention and support they are ready to 

provide every time.” 

While it took substantial effort, Razvan managed to finish his second paper in MIGSAA toward 
the end of his second year. During the preparation of the paper, he benefited from conversation 
not only with his advisor but also with other members in the Maxwell Institute. Once it was posted 
on the public electronic depository “arXiv”, it was immediately noticed by several outside 
researchers. On the back of this he was invited to give a fifty-minute talk in Analysis Seminar at 
the University of Birmingham on the topic.  This second paper is  
 
R. Mosincat, Global well-posedness of the derivative nonlinear Schrödinger equation with 
periodic boundary condition in $H^{\frac{1}{2}}$, arXiv:1608.06838 [math.AP], 53 pages. 
   

Razvan also enjoys the multitude of seminars, 
reading groups, and work- shops offered at the two 
universities and ICMS. He appreciates that MIGSAA 
encourages its students to pursue secondary 
interests in the idea of rounding up what is a highly 
specialized pursuit. “I became aware that in order 
to get perspectives into the larger field of PDEs, one 
has to get glimpses outside one’s specialization. So, 
I really appreciate having access to various 
meetings in other branches beyond my own field,” 
Razvan said. During the first two years of his P.h.D. 
study, he attended several summer schools and conferences: Warwick and Nantes (France) 
during his first year and Bonn (Germany) and Paris (France) during his second year. While Razvan 
was funded by the organisers to attend these meetings, some of the trips were covered by the 
MIGSAA travel fund and Dr. Laura Wisewell Travel Scholarship, an award given by the School of 
Mathematics at the University of Edinburgh for excellence in research. Razvan gratefully 
acknowledges this support as it enabled him to attend meetings important for his career 
development. 



Case Study 4 

 

MIGSAA Students' Experience of Outreach 

 

A number of MIGSAA students are involved in public outreach events, primarily through the University 

of Edinburgh Mathematics Outreach Team (MOT).  The MOT is a group of undergraduate and 

postgraduate students, and staff, who organise events to communicate their passion for mathematics 

to the wider community.  These events include school talks, Royal Institution Masterclasses for S2 

students, mathematics art projects.  However, the two highlights of the programme are taking part in 

the Edinburgh International Science Festival (EISF) (http://www.sciencefestival.co.uk/), which is one 

of the largest science festivals in Europe, and organising the Edinburgh Maths Circle 

(http://www.maths.ed.ac.uk/school-of-mathematics/outreach/maths-circle), which is an opportunity 

for children aged 5 to 16 and their families to take part in afternoons of fun and stimulating hand-on 

mathematics. 

 

In the past two academic years, MIGSAA students and staff have been instrumental in organising these 

events.  For the 2016 EISF Zoe Wyatt and Ben Goddard helped to design posters and activities for a 

public drop-in event entitled ‘Finding the Arc in Architecture’, which focussed on the, sometimes 

surprising, contributions of mathematics to the design of buildings and other structures.  The 

exhibition was visited by around 3000 people over the course of five days and MIGSAA members were 

amongst the volunteer helpers who explained the activities to the general public.   

 

For the 2017 event, which is still in the planning stage (it will take place on 6-10th April 2017), MIGSAA 

students are taking an even more central role.  The event is based on the theme ‘Maths: Connecting 

Our World’, and MIGSAA’s contribution will focus on the applications of analysis to areas such as signal 

processing and communications.  Zoe Wyatt, Aleks Plochocka, Nora Tanner, Paul Dobson, Isabelle 

Hanlon and Ben Goddard are contributing to all four or five main activities designed for the EISF, and 

are taking the lead on at least two of them, providing a substantial boost to what would otherwise be 

possible.  In addition, it is particularly exciting to be able to present current research topics to the 

general public; this is one of the main aims of the universities’ contribution to the EISF, but requires 

the input of postgraduates and staff, which in the past has not been a main focus of the MOT’s 

contribution. 

 

The Edinburgh Maths Circle was started in 2015 by Zoe Wyatt who helped out 

at similar events in Cambridge as an undergraduate. Each Maths Circle is a 3-

hour session where children and parents can drop-in and attempt some of the 

many problems spread across tables. The problems are labelled according to 

age group and difficulty. So far there have been four Maths Circles, averaging 

around 250 children and parents each time, with the most recent event 

attracting 310 parents and children.  There are around 10 helpers, namely 

undergraduates, postgraduates and staff, who walk around to offer suggestions and advice to the 

children. The aim of the Maths Circle is to expose children to mathematics in a fun and relaxed 



environment. The focus is not on correct answers, but rather on getting children to think creatively 

about problem solving and how to logically analyse a problem and write down their ideas in a 

structured manner so they can come to an answer. There are no solutions provided and most 

problems are asked in an open-ended way so that children can make generalisations based on the 

results they have found.  The problems are mainly sourced from NRICH in Cambridge, as well as some 

other problems from the Edinburgh Mathematics Outreach collection, however, a MIGSAA student 

has written new problems for the most recent Maths Circle and there will be more opportunities for 

this in the future.  Further events have been run in local schools and there is definitely scope for 

organising an event at Heriot-Watt in the future, hopefully strengthening MIGSAA involvement.  

Finally, it has brought us another industrial link through sponsorship by Rathbones, an Edinburgh 

Investment company. 

 

 

 

Another event being organised for 2017 with a strong contribution from MIGSAA (including Zoe Wyatt, 

Aleks Plochocka and Ben Goddard) is an event for the Festival of Creative Learning 

(http://www.festivalofcreativelearning.ed.ac.uk/), which aims to organise innovative learning events 

for students, staff and the general public.  Our contribution will be a mathematics-themed ‘escape 

room’, in which teams of people are locked in a room and need to solve a series of puzzles to escape. 

In our case, these are mathematically-themed but require minimal mathematics knowledge to ensure 

accessibility for a wide audience. 

 

As well as benefitting these events, the MIGSSA members involved in the MOT receive training in a 

wide variety of skills, including presentation to general audiences, communicating ideas at different 

levels, and in designing activities. 



Case Study 5 

 

An interdisciplinary MIGSAA PhD experience:   

 
 Tim Hurst is a second year MIGSAA student working on a PhD in statistical mechanics with Ben 
Goddard (UoE Maths) and Raffaella Ocone (HW Engineering).   

 

Tim did his first year extended project with Ben on quantum molecular 
dynamics, in particular developing an efficient and accurate 
mathematical/numerical method for describing the complex nonadiabatic 
transitions between energy levels with two-dimensional avoided crossings.  
Tim’s progress with the project was much more rapid than we initially 
expected and it reached a natural endpoint. Whilst there is plenty of scope 
for further research in the area, many of the possible directions are very 
uncertain and not ideal as PhD projects.  However, Tim was still keen to 

continue in the general area of molecular modelling.  As such, we decided that it would beneficial for 
Tim to move to another, related project with Ben.  Fortunately, Tim has wide interests and was happy 
to look at other options. 
 

Raffaella and Ben had recently met at a MIGSAA mini-project event and 
discovered that they had similar interests.  Since undertaking a postdoc in 
Chemical Engineering, Ben has been interested in the mathematical 
fundamentals and numerical implementation of statistical mechanics for 
complex fluids, as well as their industrial applications.  Raffaella has recently 
been awarded an EPSRC Advanced Fellowship which requires detailed 
mathematical studies of similar systems, aiming to derive a statistical 
mechanics/continuum model for granular media and hard particles from 
first principles.  Whilst they were both very keen to start an active 

collaboration, as is normal in such circumstances, time was the limiting factor and they discussed a 
number of possibilities, including applying for a joint grant and trying to get a joint PhD student.  
 

Ben was particularly interested in the mathematical and numerical 
aspects of the projects described in Raffaella’s grant, and it was clear that 
undertaking such research really requires someone with a mathematics 
degree, rather than someone with a typical engineering undergraduate 
experience.  Tim was a natural candidate for this, and a collaboration with 
mathematicians would certainly benefit the project.  However, neither of 
the supervisors wanted to force a PhD student into a project that they 
were not seriously interested in and, as such, they decided to meet Tim 
to give him an overview of possible projects and let him decide if he was 

interested or would rather pursue a different direction. 
 



After discussing the general area with Tim, he found it very interesting and, as such, it was decided 
that he should undertake a project jointly supervised by Ben and Raffaella.  The supervision is 
genuinely joint; the aim is to have weekly meetings with Tim and both supervisors.  Tim was initially 
given a range of papers to read and encouraged to find a particular topic/direction that interested 
him.  In particular, this allowed him to get a glimpse of many different areas, both from a 
mathematical and engineering viewpoint, and to see how the disciplines can interact.  This will be a 
particular strength of undertaking an interdisciplinary PhD; Tim will understand the same area from 
two different viewpoints, and be able to talk about his research to both disciplines.  He will also be 
able to attend relevant seminars in both fields and benefit from interactions with groups both in 
Chemical Engineering and in Mathematics. 
 
Over the next three years, Tim aims to investigate and produce new methods for modelling granular 
flow, and apply the methods computationally, in particular to real-world problems.  This mix of 
mathematical modelling, analysis and applications/industrial work fits perfectly with MIGSAA and 
will give Tim a well-rounded PhD experience with scope to proceed into a wide variety of fields, both 
in academia and industry.  In addition, this is an excellent way to kick-start an interdisciplinary 
collaboration in an exciting and rapidly-evolving field. 
 
 

Tim’s viewpoint: 
 

“So far, my time as an interdisciplinary PhD student has proved very 
beneficial to me. I have been able to utilise experience drawn from 
two different fields through my supervisors, giving differing 
interpretations of the problems in the area. This has, for example, 
widened my scope of literature; I see papers which I may not have 
come across as a student in a more traditional setting. In the future 
I look forward to accessing the resources and support of chemical 
engineering and mathematics, as well as the additional assets of 
interdisciplinary study.” 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   



Case Study 6 

 The MIGSAA Student Experience 

As described in the main document, we have a number of mechanisms for soliciting student comment 

and feedback on their experience in MIGSAA, including polls and surveys, and we often also receive 

unsolicited comments from students at all stages of the programme, including during the application 

process, and from visiting students. What follows is a selection of direct quotes from individual 

students on how they perceive the MIGSAA programme. 

The student experience in the CDT is more than just a focused academic 

exploration of one area. I feel that if you directly start working on one topic then 

you associate with a particular working group and don’t develop other skills. In 

MIGSAA the first year gives you a basic knowledge in various areas that help you 

get more out of unrelated areas to your study focus. Most importantly MIGSAA 

builds a certain type of character where you are trained to be an inquisitive mathematician, confident 

in giving talks and writing reports on areas unfamiliar to you. The whole learning experience from 

first year instils a sense of confidence in researching any area whether it’s familiar or not. For 

example, I came in doubting my abilities to even start a PhD (having not done a masters/with little 

analysis or pde background) but the first year made me excited about the next three years, not 

apprehensive. Also, the breadth of topics means that we are able to make great use of both 

Universities, and we can completely change direction from the intended if we choose to do so.  

 

Surveys are really great for the taught courses offered, because we feel involved in the decision 

making process and it also means that we enjoy and make good use of the material (we’re not taking 

modules just for the credits!). The only advanced course I have attended so far is Homogenisation but 

what I find great about it is that the material goes at the speed of the class and changes based on 

interest…from what I heard this is the norm and material that is of interest to the students is always 

covered.  

 

A lot of personal growth takes place through all the General Skills activities such as organising 

conferences and learning presentation skills etc. I think that we will come away knowing how to fit 

into any working environment - whether we choose to stay in academia or not.   

 

There’s also one thing that I didn’t know how to fit into any questions but I 

think is one of the best things about the programme: everyone seems to really 

enjoy what they are doing. I feel that PhD's sometimes feel slightly 

overwhelming and when I speak to PhD students they are constantly stressed 

about their work. With the CDT you get a long time to decide whether your 

PhD topic or supervisor is right for you and so it seems like the experience is 

more enjoyable…at least it seems that way! 

A CDT where you can benefit wholeheartedly from the experience of 

academic staff at two great institutions. I can’t think of any other place that would allow me to pursue 

two varying topics at two universities. 



Personally, I have found the experience consistently positive and 

rewarding. Being put together with a strong cohort of other students, 

particularly given their diverse backgrounds and interests, has meant that 

there are always people around to motivate, support, and assist 

mathematically, as well as making sure that there is no risk of becoming 

isolated with work. The course structure also provides many interesting 

opportunities with the wide range of projects and modules available - this 

breadth of content has been challenging, but that’s exactly what I was hoping for when I joined the 

programme, so MIGSAA hasn’t disappointed!  

I have gained more knowledge in areas that I probably wouldn’t have touched unless needed for my 

research. 

Learning new areas of maths and advancing my knowledge in things that I was 

more familiar with.  

The best part was definitely getting to know unfamiliar areas of maths. It was 

helpful to see how everything complements each other in making topics more 

understandable. 

I found the advanced courses very interesting as they went in greater depth 

than other courses I have taken. 

One of our best qualities is the really strong, positive cohort atmosphere. The 

things we’ve done as a cohort have been really successful (presentation 

skills, modelling camp, the Burn etc).  

From one of the student representatives describing their experience on the 

Management Committee: 

They actually listen to what we say and then do something about it. 

 

From a visiting student:  

“I wished I had found the MIGSAA programme last year before I 

joined my current programme at XX. The depth and more 

importantly the range of training opportunities in the MIGSAA 

structure gives students a good taste of different mathematical 

subjects prior to deciding on the final PhD project.”                                                   

And from an applicant: 

“...the idea of MIGSAA seems so incredibly well conceived and implemented, that no mathematics 

student could hope for more; in fact, I was astonished at the open day, and I’m very happy I will be 

staying in Scotland, where, as far as I can see, there are such great people and institutions for 

mathematics.”    
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