
CAREERS THROUGH MATHS: METEOROLOGIST

JOB DESCRIPTION

A  Meteorologist,  often  known  as  a  weather  forecaster  or  atmospheric  scientist,

applies scientific and mathematical principles to understand and predict the weather.

Their  daily responsibilities are diverse,  ranging from analysing vast  datasets from

satellites,  radar,  and  weather  stations  to  producing  forecasts  for  the  public,

government,  and  specific  industries.  A  typical  day  might  involve  monitoring

developing weather systems over the Atlantic, running complex computer models,

and briefing clients—such as  the  Environment  Agency on  flood risks  or  National

Highways on potential ice formation—on the expected impacts. The work is highly

collaborative  and  fast-paced,  especially  during  severe  weather  events  like  the

Storms (e.g., Eunice or Babet) that frequently impact the UK.

The work environment  varies  significantly.  Many meteorologists  work for  the Met

Office, the UK's national weather service, in operational forecasting centres in Exeter

or Aberdeen, or at military airfields with the RAF. Others work in the private sector

for  commercial  weather  consultancies  like  the  MeteoGroup  or  WeatherQuest,  in

broadcast media (e.g., BBC Weather), or in research at institutions like the University

of Reading. Shift work is standard, covering nights, weekends, and bank holidays, as

weather monitoring is a 24/7 operation. The role is not confined to the studio; some

meteorologists  are  deployed  in  the  field  to  conduct  research  or  provide  on-site

forecasts for major events like the Glastonbury Festival.

Mathematics is the absolute cornerstone of this profession. Every aspect of the role,

from initial  data analysis  to  the final  forecast  product,  relies  on quantitative skills.



Meteorologists use calculus and differential equations to describe the fundamental

laws  of  fluid  dynamics  and  thermodynamics  that  govern  the  atmosphere.  They

employ  statistical  methods  to  interpret  model  output,  calculate  probabilities  of

different weather scenarios, and verify the accuracy of past forecasts. For instance,

determining the likelihood of rainfall exceeding 20mm in a specific catchment area in

Cumbria requires sophisticated statistical analysis of ensemble model data to provide

a precise, risk-based forecast for emergency services.

HOW MATHEMATICS IS USED

Calculus  and  Differential  Equations: The  foundational  laws  of  motion,

thermodynamics,  and  continuity  for  the  atmosphere  are  expressed  as  partial

differential equations. Numerical Weather Prediction (NWP) models, such as the

Met Office's  Unified Model,  solve these equations numerically across a three-

dimensional grid covering the entire globe. For example, calculating the rate of

change of temperature (a partial derivative) with time in a specific grid box over

the North Sea is essential for predicting the formation of sea fog, which is critical

for  shipping  forecasts  in  the  English  Channel.  Solving  the  Navier-Stokes

equations for fluid flow allows forecasters to model the intensification of a low-

pressure system approaching the UK from the Atlantic.

Statistics  and  Probability: Meteorologists  are  fundamentally  dealing  with

chaotic systems and inherent uncertainty. They use statistics extensively to post-

process raw model data, a process known as "Model Output Statistics" (MOS), to

calibrate  forecasts  for  specific  locations,  like  London  Heathrow  Airport.

Probability is key to modern forecasting; instead of a simple "yes/no" for rain,

forecasts now provide percentages. For example, a forecaster might analyse a 50-

member  ensemble  model  run  to  determine  there  is  a  70%  probability  of

temperatures dropping below 0°C in the Scottish Highlands, triggering a specific

cold weather alert for the health sector.

Numerical  Analysis  and  Linear  Algebra: NWP  models  rely  on  numerical

methods to approximate the solutions to the complex differential equations that

cannot be solved analytically. Techniques like finite-difference methods are used

to discretise these equations across the model's grid. Linear algebra is crucial for

handling  the  immense  matrices  that  represent  the  state  of  the  atmosphere

(pressure,  temperature,  wind,  humidity  at  every  grid  point)  and  for  data
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assimilation, a process that statistically combines observations with the previous

forecast to produce the best possible initial conditions for the next model run.

Vector Calculus: The atmosphere is a fluid, and its motion is described by vector

quantities. Wind, for instance, has both speed (a scalar) and direction (a vector).

Meteorologists  use  vector  calculus  operators  like  divergence  and  vorticity  to

analyse weather charts. Calculating vorticity helps identify regions of rotation in

the atmosphere, which is vital for predicting the development and track of mid-

latitude cyclones that bring wind and rain to the UK. Analysing the divergence of

wind fields at different levels of the atmosphere helps forecast areas of rising air,

which leads to cloud and precipitation.

Data  Analysis  and  Mathematical  Modelling: Beyond  daily  forecasting,

mathematical  modelling  is  used  for  climate  projection  and  specialised

applications.  For  example,  a  meteorologist  at  the  UK's  Centre  for  Ecology  &

Hydrology  might  use  statistical  dispersion  models  to  predict  the  path  of  an

airborne pollutant from an industrial  incident.  Similarly,  actuarial  and financial

models  used by insurance companies in  the City  of  London to  price weather

derivatives for hedging against a poor summer for tourism rely heavily on long-

term meteorological data and statistical analysis of weather risks.

KEY SKILLS & TOOLS

Skill/Tool Application

Numerical Weather

Prediction (NWP)

Models

Operational use of the Met Office's Unified Model and interpreting

its output. This involves analysing gridded data fields of pressure,

temperature, and humidity to diagnose weather features and

understanding the model's physics parameterisations, which use

mathematical formulae to represent sub-grid-scale processes like

cloud formation.

Python with

Scientific Libraries

(NumPy, SciPy,

Matplotlib)

The primary tool for bespoke data analysis and visualisation. A

meteorologist might write a Python script to calculate the track

density of Atlantic storms from ensemble model data, statistically

analyse urban heat island effects for a London borough council, or

create a custom chart to visualise vertical wind shear.
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MIDAS and BUFR

Data Formats

Working with the Met Office's main historical and real-time

observational datasets (MIDAS) and the World Meteorological

Organization's BUFR code for data exchange. This requires skills in

data processing, quality control using statistical outliers tests, and

reformatting large, complex datasets for analysis.

UNIX/Linux

Operating Systems

& Bash Scripting

Nearly all high-performance computing (HPC) systems that run

weather models, including the Met Office's supercomputer, use

Linux. Meteorologists use Bash scripting to automate workflows,

manage files, and chain together processing tasks for efficient data

handling.

Remote Sensing

Equipment (Radar,

Satellite)

Interpreting data from the UK's network of C-band rain radars and

satellites like EUMETSAT's Meteosat. This involves applying

mathematical algorithms to convert radar reflectivity (dBZ) into

rainfall rates (mm/h) and using satellite data in numerical retrieval

schemes to estimate atmospheric temperature and moisture

profiles.

Visualisation and

GIS Software

Using tools like Vaisala's GRiB Editor or ESRI's ArcGIS to present

complex mathematical model output in an accessible way for

clients. This could involve creating a map for a BBC broadcast

showing the probability of snowfall or an impact-based warning

chart for the Cabinet Office.

Forecast

Verification Metrics

Applying statistical measures like the Brier Score, Mean Absolute

Error, and Equitable Threat Score to quantitatively assess forecast

accuracy. This is a critical quality control process used by the Met

Office and commercial providers to continuously improve their

models and forecasting techniques.

Typical  Pathway: The  standard  route  requires  a  strong  academic  foundation,

beginning with GCSEs and A-levels (or Scottish Highers) in Mathematics and Physics,

often  supplemented  with  Further  Mathematics.  A  good  honours  degree  (2:1  or

higher) in Meteorology, Physics, Mathematics, or a closely related physical science is

essential.  Many  professionals  enhance  their  prospects  with  a  specialist  MSc  in

Applied  Meteorology  or  Climatology,  with  renowned  programmes  offered  by  the

University of Reading and the University of Leeds. Entry-level positions, such as a

Trainee Forecaster at  the Met Office, involve intensive on-the-job training. Career

progression can lead to senior forecaster, specialised roles in modelling or research,

or management. Gaining Chartered status (CMet) through the Royal Meteorological



Society is a recognised mark of professional competence and can significantly aid

career advancement.

Industry Demand: Demand for meteorologists in the UK remains steady, driven by

the increasing economic impact  of  extreme weather and the need for  specialised

climate services. The UK Government's commitment to achieving Net Zero has also

spurred growth in renewable energy, where meteorologists are vital  for wind and

solar power forecasting. The Met Office and private sector consultancies consistently

recruit for roles requiring strong mathematical and data science skills to exploit the

ever-increasing volume of environmental data. The UK's Office for National Statistics

highlights  a  growing  demand  for  skilled  professionals  in  data-intensive  roles,  a

category which modern meteorology firmly occupies.

Real-World  Impact: Meteorologists  provide  a  critical  service  that  protects  lives,

property,  and  the  UK  economy.  Their  mathematical  work  underpins  the  Flood

Forecasting Centre's warnings, which help the Environment Agency deploy defences

and save lives. They enable the aviation industry to operate safely and efficiently,

minimising  disruption  at  airports  like  Heathrow  and  Gatwick.  Furthermore,  their

seasonal forecasts and climate projections inform national policy and infrastructure

planning,  helping  the  UK  build  resilience  against  future  climate  change.  The

mathematical models developed in the UK are exported worldwide, contributing to

global  weather  prediction  and  reinforcing  the  UK's  reputation  as  a  leader  in

environmental science.
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