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	Mathematics and Statistics




The School of Mathematics and Statistics is dedicated to pursuing world class research in its areas of expertise, delivering top class education to its students, and maintaining a friendly professional environment conducive to these goals. We have 43 permanent members of academic staff and 8 permanent support staff. We also currently have 25 research staff and 54 PhD students, including some registered jointly in the School of Mathematics & Statistics and other Schools, including the Schools of Physics and of Earth and Environmental Sciences.
The main School building, the Mathematical Institute, houses staff offices, administration offices, lecture theatres, tutorial rooms, a computer lab and a staff room. The Mathematics Library is housed in the adjacent Physics building. Most statisticians in the School are located in a separate building (the refurbished University Observatory) some 10 minutes’ walk away, where some statistics teaching also takes place. A new building is planned that will house the whole school in a new building within the next 5 years. All academic staff have single offices, and research staff and students are mostly in shared offices.

The School comprises three divisions: Applied Mathematics, Pure Mathematics, and Statistics, reflecting our broad coverage of the subject and the portfolio of courses and degrees we offer.  At the undergraduate level, the School offers BSc and MMath degree courses in Mathematics and Statistics with a range of specializations, and also a great variety of joint degrees offered in collaboration with other schools. We recruit substantial numbers of Scottish, rest of UK, EU and overseas students, all of whom come with the highest qualifications. We teach in moderate to small classes, especially in higher-level modules. We pride ourselves on the quality of our teaching: our undergraduate programmes are highly rated in all the national league tables, routinely coming within the top five in the UK and top in Scotland. Most of our advanced (Level 5) modules reflect our research expertise and interests. Our undergraduates are highly employable in a variety of professions, including a significant proportion each year who enrol for PhD studies at St Andrews or elsewhere.

Our current research activity is broadly reflected in our research groups: Mathematical Biology, Solar and Magnetospheric Theory, Vortex Dynamics, Algebra and Combinatorics, Analysis, Ecological Statistics, Statistical Inference, Statistical Medicine and Molecular Biology, and History of Mathematics. The School has a large and diverse PhD programme, with about 40-50 students enrolled at any one time. PhD studies are funded from a variety of sources, including research councils and charitable trusts.
The Vortex Dynamics Research Group led by Professor David Dritschel, currently has five academic staff, three Research Fellows and four PhD students, undertaking research into a wide range of topics including hurricane dynamics, vortex interactions in geophysical flows, regularity of the Navier-Stokes equations, magma flow, polar ice field dynamics, mathematical extensions to shallow-water modelling, cloud convection and geophysical turbulence; see http://www-vortex.mcs.st-and.ac.uk.
The School has an outstanding record in attracting external research funding. The main funders are the research councils, especially EPSRC and STFC. We also receive funding from the EU, NERC, MRC, the Leverhulme Trust, Nuffield Foundation, Royal Society, LMS, and others. The Statistics Division attracts substantial funding from users of methods developed at St Andrews, including the US Government and national and international conservation organisations. Engagement with organisations outside of academia is a major contributor to the strength of our impact case studies for REF.

	Job Description




	Job Title: Research Fellow (Vortex Dynamics) 
School/Unit: Mathematics and Statistics

Reporting to: Prof David Dritschel, Professor of Applied Mathematics
Responsible for: Vortex Dynamics Research Group
Job Family: Academic Research
Duration of Post: 48 months

	Working Hours: Full Time/36.25 hours per week

Grade/Salary Range: Grade 6/£33,797 - £36,914 per annum
Reference No: AR2365DD
Start Date: 1 February 2021 or sooner
Interview date: September 2020



	Main Purpose of Role


The Research Fellow will work on developing and applying a promising new method for studying diabatic cloud turbulence, supported by a team consisting of Professor David Dritschel in St Andrews, Dr Steef Boeing, Professor Alan Blyth and Professor Doug Parker at the University of Leeds, Dr Gordon Gibb at EPCC, and Dr Alison Stirling at the Met Office.  The Fellow will primarily work in St Andrews but will interact with the whole team through research visits and workshops. There will be ample opportunities to produce original research and to publish original papers in leading peer-reviewed international journals.
The importance of clouds in weather and climate has long been recognised, yet accurate cloud modelling is immensely difficult due to the wide range of energetic, spatial and temporal scales involved in cloud formation, growth and decay, and the highly nonlinear nature of these turbulent cloud processes. Indeed, the turbulent behaviour of clouds is responsible for many of the uncertainties in atmospheric models, affecting cloud formation and thereby disrupting the global energy balance in climate simulations, as well as the timing and intensity of precipitation in weather forecasts. Weather and climate models fail to resolve the details of the interactions between clouds and their environment and suffer from a crude representation of important microphysical processes, such as rain and snow formation.

These processes can be studied in detail using `large eddy simulation' (LES), a widely-used computational approach employing a fixed discrete grid - a so called `Eulerian' approach. Typically, LES uses grid spacings below 100 metres to resolve such cloud-environment interactions. However, LES still suffers from substantial sensitivity to numerical mixing. This is due to the highly nonlinear nature of the dynamics and thermodynamics of clouds. For the formation of

precipitation, regions of high liquid water content are crucial, and numerical mixing can prevent the occurrence of such regions in Eulerian models.

Dritschel, Boeing, Parker and Blyth have recently developed a promising new computational model, MPIC (Moist Parcel-In-Cell), which largely overcomes these numerical errors. MPIC deals with the dynamics of clouds in an essentially `Lagrangian' framework, i.e. by explicitly following parcels of fluid rather than approximating this motion on a fixed grid as in LES. The MPIC model represents both dynamics and processes explicitly using Lagrangian parcels that carry a volume, circulation and thermodynamic properties (e.g. potential temperature and moisture content). This approach accurately preserves key parcel properties and avoids problems due to numerical mixing at small scales that are inherent to Eulerian models.  Two papers have recently been published on the new model in the Quarterly Journal of the Royal Meteorological Society.

Our research aims to adapt the MPIC model for use in realistic atmospheric case studies as well as advance our understanding of the fundamental dynamics of cloud turbulence. In particular, we will

investigate how discontinuous diabatic forcing associated with condensation and evaporation modifies turbulence relative to adiabatic conditions. This research presents a novel opportunity to improve our theoretical understanding of generic features of cloud processes. It is especially timely due to the development of a massively parallel version of MPIC, by Gibb at EPCC, that can resolve detailed processes far beyond the reach of existing numerical models.

The potential impacts of this research are vast. Since entrainment in convective clouds strongly influences heavy rainfall, new discoveries about entrainment should enable improved flood forecasting. Beyond this project, aspects of the MPIC model may be adopted by numerical weather models to improve the representation of cloud processes and rainfall events. The pathway to this has been established by engaging scientists at the Met Office, who are a project partner.

The planned research will make substantial advancements in our understanding of fundamental turbulent processes, ultimately leading to improved weather and global climate models. Extensions to the MPIC model will make it well-suited to a range of geophysical applications including cloud simulations and atmospheric chemistry experiments, making it attractive to a wide scientific and industrial audience.

The Research Fellow will be expected to contribute to assisting with teaching and learning support through taking tutorial and examples classes, and help with supervising honours projects in the area of fluid dynamics.

	Key Duties and Responsibilities


1. Prepare a version of MPIC that incorporates the functionality needed to perform realistic cloud simulations.

2. Contrast diabatic and adiabatic turbulence to identify the essential differences arising from discontinuous water vapour phase transitions, and their role in cumulus clouds. Exploit the explicit Lagrangian nature of MPIC to address long-standing questions of entrainment and detrainment.

3. Create a comprehensive simulation database for the formation, growth and decay of cumulus clouds in realistic environments, building upon and extending atmospheric case studies.

4. Analyse the distribution of spatial and temporal scales within clouds. Use Lagrangian diagnostics and ideas from fractal geometry to quantify the size and distribution of both pockets of entrained unsaturated air and cores containing high liquid water content within clouds. Examine how these distributions change over the lifetime of a cloud.

5. Explore the advantage MPIC has to offer for modelling atmospheric chemistry as a proof of concept.
6. Produce original research and to publish original papers in leading peer-reviewed international journals.
7. Research visits to and workshops with the wider research team outside St Andrews. 
8. Contribute to assisting with teaching and learning support through taking tutorial and examples classes, and help with supervising honours projects in the area of fluid dynamics.
Please note that this job description is not exhaustive, and the role holder may be required to undertake other relevant duties commensurate with the grading of the post.  Activities may be subject to amendment over time as the role develops and/or priorities and requirements evolve.  
	Person Specification


This section details the attributes e.g. skills, knowledge/qualifications and competencies which are required in order to undertake the full remit of this post.  

	Attributes
	Essential
	Desirable
	Means of Assessment

(i.e. application form, interview, test, presentation etc)



	Education & Qualifications

(technical, professional, academic qualifications and training required)

	PhD in applied mathematics (or cognate discipline e.g. atmospheric or geophysical fluid dynamics).

	
	Application form

	Experience & Knowledge

(examples of specific experience and knowledge sought)

	A knowledge of fluid dynamics and experience with some of the relevant computational techniques employed. 
Versatility in computation.


	Knowledge of atmospheric dynamics, ideally convection and clouds.   
Experience with Lagrangian particle codes. 
Parallel computing.
	Application form, interview

	Competencies & Skills

(e.g. effective communication skills, initiative, flexibility, leadership etc)   

	Ability to interact and communicate well with non-mathematicians. 
Ability to work in a research team.
	Research maturity: ability to juggle several tasks at the same time and show

independent thought.
	Application form, interview

	Other Attributes/Abilities

(if applicable)


	
	
	


Essential Criteria – requirements without which a candidate would not be able to undertake the full remit of the role.  Applicants who have not clearly demonstrated in their application that they possess the essential requirements will normally be rejected at the short listing stage.
Desirable Criteria – requirements which would be useful for the candidate to hold.  When short listing, these criteria will be considered when more than one applicant meets the essential requirements.  
	Other Information  


We encourage applicants to apply online at www.vacancies.st-andrews.ac.uk/welcome.aspx, however if you are unable to do this, please call +44 (0)1334 462571 for a paper application form.  
For all applications, please quote ref: AR2365DD
The University is committed to equality for all, demonstrated through our working on diversity awards (ECU Athena SWAN/Race Charters; Carer Positive; LGBT Charter; and Stonewall).  More details can be found at http://www.st-andrews.ac.uk/hr/edi/diversityawards/.
The University of St Andrews is a charity registered in Scotland (No SC013532).

	Obligations as an Employee   


You have a duty to carry out your work in a safe manner in order not to endanger yourself or anyone else by your acts or omissions.   
You are required to comply with the University health and safety policy as it relates to your work activities, and to take appropriate action in case of an emergency.

You are required to undertake the Information Security Essentials computer-based training course and adhere to its principles alongside related University Policy and Regulations.

You are responsible for applying the University’s equality and diversity policies and principles in your own area of responsibility and in your general conduct.

You have a responsibility to promote high levels of customer care within your own area of work/activities.

You should be adaptable to change, and be willing to acquire new skills and knowledge as applicable to the needs of the role.  

You may, with reasonable notice, be required to work within other Schools/Units within the University of St Andrews.

You have the responsibility to engage with the University’s commitment to Environmental Sustainability in order to reduce its waste, energy consumption and carbon footprint.

	Who Are We? St Andrews At a Glance   


Third oldest university in English speaking world

Consistently ranked one of the UK’s top five universities
Award-winning teaching quality and student experience
Top in UK for student satisfaction
Research-intensive – ranked 14th in UK Research Excellence Framework
Athena Swann Bronze Award holder
Strategy founded on ambition to be World-Leading, Diverse, Global, Entrepreneurial and Socially Responsible.
Over 9000 students and 2500 staff

Highly international – over 45% of students and staff are from outwith the UK

A non-campus university, closely integrated with the ancient town of St Andrews

Top quality sports, music and nursery facilities for staff and students
Committed to sustainability and a pioneer of green energy solutions
	The University & Town




Founded in the early 15th century, St Andrews is Scotland’s first university and one of the oldest in the world.

Situated on the east coast of Scotland and framed by countryside, beaches and cliffs, the town of St Andrews was once the centre of the nation’s political and religious life.
Today, it’s a vibrant academic town with a distinctively cosmopolitan feel where students and university staff account for more than half of the local population.

The University of St Andrews is a diverse and international community of almost 12,000 students and staff, typically of over 140 nationalities. It has over 9000 students, just over 7,000 of them undergraduates, and employs approximately 2,500 staff - made up of c. 1,190 in the academic job families and c 1,350 in the non-academic job families.

Under the leadership of current Principal Professor Sally Mapstone, the University’s Strategy (2018-23) is to broaden its global influence, become more diverse and consolidate its long-held position amongst the top five universities in the UK.
The plan sets out St Andrews’ ambitions to grow its international profile, champion diversity and inclusivity, expand its portfolio of world-leading research, develop stronger links with industry and embed a new culture of entrepreneurship among students and staff.

It also places social responsibility at its heart, with a pledge to manage growth in student numbers, foster a growing culture of sustainability and pursue a research and teaching agenda for the wider public good.

The University is one of Europe’s most research-intensive seats of learning. In the Research Excellence Framework (REF) 2014 it was ranked top in Scotland for quality of research output and one of the UK’s top 20 research universities.
St Andrews is consistently held to be one of the United Kingdom’s top five universities in university league tables compiled by The Times and The Sunday Times, The Guardian and The Complete University Guide.
It has frequently been rated the leading university in Scotland for teaching quality and academic experience, and in the National Student Survey 2018/19 was the leading mainstream UK university for student satisfaction.

In international and world rankings St Andrews scores highly for teaching quality, research, international outlook and citations. It is currently a World Top 100 institution in the QS World University Rankings 2019.

St Andrews’ reputation for teaching, research and student satisfaction make it one of the most sought-after destinations for prospective students from the UK, Europe and overseas.

The University typically averages 12 applications per place and has not offered Clearing places for over a decade. St Andrews has highly challenging academic entry requirements to attract only the most academically potent students in the Arts, Sciences, Medicine and Divinity.

St Andrews holds an Institutional Athena SWAN Bronze Award, while the Schools of Biology, Physics & Astronomy and Psychology and Neuroscience have achieved Athena SWAN Silver Awards. 

