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How maths helped one to become a
polar researcher ?
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Tools, skills & rationale

e Conceptual / Mathematical / Numerical Modelling / Fluid Dynamics

e Data analysis /Diagnostics development / Statistics

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

e Climate or weather prediction models / Reanalysis data sets
e Matlab, python, netcdf, ArcGIS, Fortran77-90

* Integrated, Collaborative, and Multidisciplinary Approach

Observations
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Mathematical modelling of wind & water erosion

Shahabinejad et al.
(EES, 2019)
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Mathematical modelling of wind erosion
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Figure 1. Forces acting on a particle resting on the
surface under the influence of an airstream, including
the aerodynamic drag F,, the aerodynamic lift F;, the
gravity force Fy, the moment F,, and the cohesive force
F; rg, 7y, T, and r; are moment arm lengths associated
with Fy, F; and F,, F,,, and F;, respectwely O is the
center of gravity 0[9 the particle, and P is the pivot point
for particle entrainment.

Atmospheric Physics = () Free Access
A simple expression for wind erosion threshold friction velocity
Yaping Shao, Hua Lu

First published: 01 September 2000 | https://doi.org/10.1029/2000)D900304 | Citations: 416

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
Uyp = ‘/AN(Jpgd + —), <+ well with wind
pd tunnel data

A, ~0.0123,7 ~3x10* kg s

This led to an integrated wind erosion modelling system and the equations have
been used by varlous of dust transport models
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Extended to cover entrainment both in air and water
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I Modeling entrainment of sedimentary particles by wind and
British water: A generalized approach
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First published: 30 December 2005 | https://doi.org/10.1029/2005)D006418 | Citations: 20



Modelling of dust emission by saltation bombardment

[ A new model for dust emission by saltation bombardment]

b ° o ® s Hua Lu, Yaping Shao
.:::. First published: 01 July 1999 | https://doi.org/10.1029/1999)D900169 | Citations: 139
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This led to an integrated wind erosion modelling system and the equations have

been used by various of dust transport models
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Remote sensing of vegetation

Herbaceous Caver (%)

February
’ <25

25-75

January

75-125
125-20
20-40
40- 60
60- 80

EEEOOEE

October . December

%
§
g 2
Seasonal and Trend - [—— ;
L : >
decomposition using Loess j

-1 i -

This decomposition

community

ethod hés since been refined and wi

Remote Sensing of Environment ER
Volume 86, Issue 1, 30 June 2003, Pages 1-18

Decomposition of vegetation cover into woody and
herbaceous components using AVHRR NDVI time
series

Hua Lu &% & Michael R. Raupach & Tim R. McVicar ® Damian J. Barrett ©
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Continental to catchment-scale sediment transport

Environmental Modelling & Software
e Volume 21, Issue 9, September 2006, Pages 1297-1308
ELSEVIER
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Modelling sediment delivery ratio over the Murray
Darling Basin
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Atmospheric circulations & variability

% Acomplex 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)

Slratosphara 70
% Uncertainty increases with
altitude

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

Altifuce (km)
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Stratospheric polar vortex

stable disrupted
polar vortex polar vortex
Stratosphere
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NASA GEOS-5 Severe Weather Europe
Time: 2022-01-16 03:00

strong west-to-east flow et
farther south,

NOAA Climate Gov

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
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S —— Extreme or persistent variability of the stratospheric vortex can
British _ " (but not always) project onto the tropospheric vortex whereby it
el influences near surface weather
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The North Atlantic Oscillation
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POSITIVE PHASE: NEGATIVE PHASE:
Winds coming in off the High pressure forces cold Arctic
Atlantic send warm and winds south towards Britain, and
damp air into Britain pushes the wetter weather into Europe
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Extreme weather event & prediction

Winter Tropospheric Zonal Wind Climatology Winters without Downward Wave Reflection

Impact on UK

The left panel shows a climatology of tropospheric west to east (or zonal) winds. The right panel shows what
happens in the absence of downward wave reflection: winds are reduced between ~45-60°N, which can
typically cause colder winters over Northwest Europe. Upright: a satellite photo of the UK showing the extent
of snow cover during the 2009-2010 winter, which was one of the “no-reflection” winters.
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Trends and extreme temperature events in Antarctica

Mann Kendall Trend Test
Probability plot Density plot
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Inhomogeneity of the surface air temperature record

Two-sided Mann-Whitney U-test
with uncertainties
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The digitization project: records
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BASOCR

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

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

Manual tabling
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What else can mathematicians do?

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

e Message to the early-career WiM.:

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

v'PhD studentships can be applied via various NERC-funded DTPs

v'Good luck ©
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