
CAREERS THROUGH MATHS: OCEANOGRAPHER

JOB DESCRIPTION

An oceanographer in the UK is a scientist who studies the seas surrounding the British

Isles and the global oceans, applying principles from physics, chemistry, geology,

and biology to  understand complex marine systems.  Their  work is  fundamentally

quantitative,  relying  on  mathematical  models  and  data  analysis  to  interpret

observations and predict future changes. A typical day might involve analysing data

from a fleet of underwater gliders deployed in the North Sea, writing code to simulate

coastal erosion along the Holderness Coast, or preparing a technical report on the

health  of  a  Scottish  salmon  farm  for  a  government  agency  like  the  Centre  for

Environment, Fisheries and Aquaculture Science (Cefas).

The work environment is highly varied, split between fieldwork, laboratory analysis,

and  office-based  computer  modelling.  Fieldwork  can  be  physically  demanding,

involving  research  cruises  aboard  vessels  like  the  RRS  Sir  David  Attenborough,

operated by the British Antarctic Survey, or deploying instruments from a small boat

in  a  Welsh  estuary.  In  the  lab  and  office,  the  role  is  focused  on  processing  and

interpreting the collected data. Key duties include planning and conducting seagoing

expeditions, processing water samples for chemical or biological constituents, using

satellite data to monitor sea surface temperatures, and developing numerical models

to forecast storm surges that threaten UK coastal communities like those in Norfolk or

Essex.

Mathematics is the central tool that binds all these activities together. It is impossible

to  understand  the  forces  shaping  our  coasts,  the  movement  of  pollutants,  or  the



impacts of climate change without a strong mathematical foundation. For instance, an

oceanographer might use calculus to model the rate of sediment transport along a

coastline, or statistics to determine if  a observed increase in ocean acidity off  the

coast of Cornwall is statistically significant or part of a natural cycle. This rigorous,

mathematical approach is what transforms raw observations into actionable scientific

insight for UK policymakers and industries.

HOW MATHEMATICS IS USED

Calculus (Differential Equations): This is the primary language for describing

continuous  change  in  fluid  environments.  Oceanographers  use  differential

equations to create numerical models that simulate physical processes.

Example 1: Modelling tidal  currents in the Pentland Firth,  a key site for tidal

stream energy generation in Scotland. The Navier-Stokes equations are solved to

predict current speeds and turbulence, helping energy companies like SIMEC

Atlantis Energy optimise turbine placement and predict power output.

Example 2: Forecasting the spread of an oil spill from a hypothetical incident in

the  English  Channel.  Advection-diffusion  equations  are  used  to  predict  the

plume's movement and dilution,  providing crucial  information to the Maritime

and Coastguard Agency for directing clean-up operations.

Statistics and Probability: Essential for analysing noisy, real-world data, testing

hypotheses, and quantifying uncertainty in predictions.

Example: A project with the Environment Agency assessing flood risk in London.

Oceanographers analyse long-term tide gauge records from sites like Sheerness

using extreme value statistics (e.g., Gumbel distribution) to calculate the return

period of extreme water levels, informing the design and height of the Thames

Barrier's future replacements.

Linear Algebra: Used extensively in data handling,  computer modelling,  and

processing signals from sophisticated instruments.
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Example: Processing  data  from  an  Acoustic  Doppler  Current  Profiler  (ADCP)

deployed in  the Bristol  Channel.  The complex matrix  of  current  velocity  data

collected at  different  depths and times is  manipulated using linear algebra to

produce clear visualisations of how the water column moves over a tidal cycle.

Vector  Calculus: Critical  for  understanding  and  describing  fluid  flow  fields,

where quantities like velocity have both magnitude and direction.

Example: Studying the dynamics of an ocean eddy spinning off the Gulf Stream

west of Scotland. Vector calculus operators like divergence and curl are used to

calculate how such eddies transport heat, salt,  and nutrients, influencing local

marine ecosystems and climate.

Mathematical Modelling and Numerical Analysis: Since most oceanographic

equations cannot be solved analytically, oceanographers use numerical methods

to find approximate solutions, which is the basis of all computer simulation.

Example: Using the Nucleus for European Modelling of the Ocean (NEMO), a

model developed and used by UK institutions like the Met Office, to project how

the  Atlantic  Meridional  Overturning  Circulation  might  weaken  under  future

climate scenarios, and what impact this would have on the UK's weather.

KEY SKILLS & TOOLS

Skill/Tool Application

Numerical Modelling

Software (e.g., NEMO,

FVCOM)

Used to run complex simulations of ocean circulation,

ecosystems, and sea-ice. An oceanographer at the Met Office

would use these to initialise and validate the ocean

component of the UK's Unified Model for weather and climate

forecasting.

Mathematical Software

(e.g., MATLAB, Python

with NumPy/SciPy)

The workhorse for data analysis, visualisation, and

developing smaller-scale models. Used, for example, to

statistically analyse 30 years of sea surface temperature data

from satellites to identify warming trends in the North Sea.
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Geographical

Information Systems

(e.g., ArcGIS, QGIS)

Employed to manage, analyse, and present spatial marine

data. This could involve mapping the extent of a harmful

algal bloom in Lough Neagh and overlaying it with locations

of water intake pipes for public water supply.

Programming

Languages (e.g., Python,

R, FORTRAN)

Python and R are used for data processing, statistical

analysis, and automation. FORTRAN remains important for

developing and working with the legacy code in high-

performance computing models like those used by the

National Oceanography Centre (NOC).

Specialised Equipment

(e.g., CTD rosettes,

Gliders)

A Conductivity-Temperature-Depth (CTD) rosette measures

fundamental water properties. The data is used to calculate

density (using the Equation of State for Seawater) and salinity,

which are primary variables for understanding water mass

structure and circulation.

Scientific

Communication & Data

Visualisation

The ability to present complex mathematical results clearly is

vital. This could involve creating graphs and interactive

dashboards for a report to DEFRA (Department for

Environment, Food & Rural Affairs) on the effectiveness of

Marine Protected Areas.

Quality Control &

Metrology

Applying rigorous procedures to ensure data accuracy. This

includes calibrating sensor data against known standards

and using statistical methods to identify and remove

anomalous data points (outliers) from a long-term mooring

dataset in the Faroe-Shetland Channel.

Typical Pathway: The standard route begins with strong A-levels in Mathematics and

Physics, often complemented by Chemistry or Further Mathematics. A BSc (Hons) in

Oceanography, Marine Science, Physics, or a related discipline from a university like

Southampton,  Plymouth,  or  Bangor  is  essential.  This  is  frequently  followed  by  a

specialised  MSc,  for  example  in  Applied  Oceanography  or  Marine  Renewable

Energy.  Many  research  positions,  particularly  with  organisations  like  the  British

Antarctic Survey or the National Oceanography Centre, require a PhD. Entry-level

roles include Marine Scientist or Oceanographic Data Analyst within consultancies

(e.g.,  ABPmer),  government  agencies  (Cefas,  Environment  Agency),  or  research

institutions.  Career  progression  can  lead  to  Senior  Scientist,  Project  Manager,  or

Principal Investigator. Gaining Chartered Scientist (CSci) status through a body like

the  Institute  of  Marine  Engineering,  Science  and  Technology  (IMarEST)  is  highly



regarded and demonstrates a commitment to professional standards.

Industry Demand: Demand for oceanographers in the UK is  strong and growing,

driven by the national focus on climate change adaptation, marine renewable energy

(offshore  wind,  tidal,  and  wave),  and  marine  conservation.  The  UK government's

commitment to achieving Net Zero by 2050 and its leadership in offshore wind power

generation  are  creating  numerous  roles  in  environmental  impact  assessment  and

resource  assessment.  The  Office  for  National  Statistics  highlights  growth  in  the

professional,  scientific,  and technical  activities  sector,  with  oceanographers  being

key to the UK's blue economy, valued at over £80 billion per year.

Real-World Impact: Oceanographers make critical contributions to UK society and

the economy.  They provide the scientific  evidence that  shapes national  policy on

coastal flood defence, leading to projects like the managed realignment schemes at

Medmerry  in  West  Sussex.  Their  work  supports  the  burgeoning  offshore  wind

industry  by  mapping  seabed  conditions  for  turbine  foundations  and  assessing

potential ecological impacts for companies like Ørsted and SSE. Furthermore, their

research into sustainable fisheries with Cefas helps ensure the long-term viability of

UK  fishing  communities,  from  Peterhead  to  Newlyn,  while  protecting  marine

biodiversity.
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