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How maths helped one to become a 
polar researcher ?
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Career path



• Conceptual / Mathematical / Numerical Modelling / Fluid Dynamics 
• Data analysis /Diagnostics development / Statistics

 extract high-level information from data collected from wind tunnels, weather stations, 
radar, remote sensors and/or satellite imagery 

• Climate or weather prediction models / Reanalysis data sets 

• Matlab, python, netcdf, ArcGIS, Fortran77-90

• Integrated, Collaborative, and Multidisciplinary Approach

Tools, skills & rationale 

Observations

Models Diagnostics



Mathematical modelling of wind & water erosion

Shahabinejad et al. 
(EES, 2019) 



Mathematical modelling of wind erosion

This led to an integrated wind erosion modelling system and the equations have 
been used by various of dust transport models 

AN ≈ 0.0123, γ ≈ 3 x 10-4 kg s-2

The balance of forces at the instant of 
entrainment can be obtained by the 
summation of the moments about the pivot 
point P.

Fit exceedingly 
well with wind 
tunnel data



Extended to cover entrainment both in air and water

• Probability distribution of
• Laminar & turbulent flows
• Fit well with the data in both 

air and water

u



Modelling of dust emission by saltation bombardment 

This led to an integrated wind erosion modelling system and the equations have 
been used by various of dust transport models 



Remote sensing of vegetation 

This decomposition method has since been refined and widely used by remote sensing 
community  

Seasonal and Trend 
decomposition using Loess



Continental to catchment-scale sediment transport

The images were once used by 
Australian National Museum



Atmospheric circulations & variability
 A complex system that is 

intrinsically nonlinear and scale 
dependent

 Small changes or errors in initial 
or boundary conditions can lead 
to big difference in model result 
30-to 90 days later (referred to 
as subseasonal to seasonal 
timescales)

 Uncertainty increases with 
altitude

 Fluid dynamics or partial 
differential equations are at the 
core of studying all these!



• Two polar vortices: one in the troposphere and another in the 
stratosphere

• Vortices are strong westerly winds flowing around 45-60°N, 
isolating cold air inside and preventing penetration of warm air 
from lower latitudes 

• The vortices wobble and stretch due to wave disturbances
• Extreme or persistent variability of the stratospheric vortex can 

(but not always) project onto the tropospheric vortex whereby it 
influences near surface weather

Stratosphere
15-50 km

7-15 km

Troposphere

Stratospheric polar vortex

NOAA Climate Gov



The North Atlantic Oscillation



Extreme weather event & prediction



Trends and extreme temperature events in Antarctica 

Vernadsky

Halley
Turner et al. (2016), a Nature paper

Mann Kendall Trend Test



Inhomogeneity of the surface air temperature record

Two-sided Mann-Whitney U-test 
with uncertainties



The digitization project: records 



Machine-learning + image process Optical Character Recognition (OCR) software 
that consists of multiple components

Developed mainly by two young people:  Guy Phillips & Jonathan Xue

BASOCR



• Any field involves data analysis, coding, computing, modelling 
processes or interpreting results according to mathematical 
equations and physical processes

• Message to the early-career WiM:

Be bold, flexible and passionate about the things that you are 
doing

PhD studentships can be applied via various NERC-funded DTPs

Good luck 

What else can mathematicians do?
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