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Mathematics is alive and well, but living under different names
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Caption: The mathematical sciences and their interfaces in 1998 (left) and 2013 (right). In the 
figure on the left, the empty “bubbles” are meant to reflect the many other intersections that 
are not explicitly labeled. As the number of interfaces increase, the mathematical sciences them-
selves broaden in response and play an important role in a highly-integrated system. These 
schematics are notional, based on the committee’s varied and subjective experience rather than 
on specific data.
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• Complex problems require good 
mathematical foundation.

Mathematics without borders

• Discovery, innovation

Mathematical  
Sciences

• Mathematics is interdisciplinary



The rise of computer technology

Domain

ComputationMathematics

• Demand of mathematical skills 
• More powerful computers 
• Dependence on computer simulations & large data 
• Mathematics as framework  for new science



PhD

Batteries included

Academics in industry

PhD in…Physics, Biology, Chemistry, Geology, Engineering, astronomy, 
etc

Skills:
• Applied mathematics, problem solving, data analysis, Bayesian learning, 

uncertainty quantification.

• Mathematical analysis, modelling & Algorithm development

Programming:  

Python, C++ (keen on learning new languages) Matlab, Mathematica, 
latex, SVN, GIT, GitHub, Bitbucket..  

High performance computing:  

Parallel & distributed. Proficient in analysing big data.

CV

• Science is the same 
• Practical vs Fundamental problems



Mathematical tools available vs demand
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creating novel high-tech jobs with high salaries. 
5IFTF�LJOE�PG�QSPKFDUT�UZQJDBMMZ�SFRVJSF�����QFSTPO��
years.

���-BSHF�TDBMF�NVMUJ�QIZTJDT�NVMUJ�TDBMF�NVMUJ�NBUIF-
matics are problems where different physical models 
are coupled, where different areas of mathematics 
are used and where there are essentially no meth-
PET�BWBJMBCMF��"O�FYBNQMF�PG�UIJT�JT�GPS�JOTUBODF�UIF�
problem of modelling, simulating and optimising the 
HBT�USBOTQPSU�JO�MBSHF�HBT�OFUXPSLT�XIFSF�TUPDIBT-
tics, partial differential equations, numerics, discrete 
mathematics and optimisation all have to cooperate 
and where methods for the simulation are missing 
and where currently nobody can optimise the whole 
problem. Typically only a large centre or a consortium 
can handle such a problem where all the competence 
is available in-house. Such projects can have an order 
of 20-30 person years.

1.3.1. Areas of interaction

1SPCBCMZ�UIF�DFOUSBM�RVFTUJPO�JT�UIF�POF�BCPVU�UIF�àU�PS�
misfit between the competence available in academia 
and the actual demand in the business sector. The 
respondents of the ESF questionnaire, both from busi-
OFTT�BOE�BDBEFNJB�XFSF�BTLFE�BCPVU�UIF�NBJO�BSFBT�
of mathematical expertise as well as fields of applica-
tions of mathematics that are relevant for activities in 
UIFJS�JOTUJUVUJPOT��8IBU�GPMMPXT�JT�BO�BOBMZTJT�PG�B�TUZM-

ised supply, understood as a structure of mathematical 
competence available in academic institutions, versus 
a stylised demand, understood as the relative impor-
tance of particular areas of applied mathematics that 
BSF�FTQFDJBMMZ�PG�JOUFSFTU�UP�UIF�CVTJOFTT�TFDUPS��*O�Fig-
ure 2, the main areas of competence in academia are 
plotted versus major business challenges perceived 
in industry.

The first issue concerns the areas in which available 
mathematical competence in academia can support 
the industry, and those which the industry perceive 
as major business challenges in their companies. The 
comparison is presented in Figure 2. The location of 
each area, represented by a bubble, corresponds to 
SFMBUJWF�JUT�JNQPSUBODF�JO�BDBEFNJB�	IPSJ[POUBM�BYJT
�BOE�
JO�JOEVTUSZ�	WFSUJDBM�BYJT
��"SFBT�BCPWF�UIF�EPUUFE�MJOF�
are more often pointed out by the business respondents 
UIBO�CZ�SFTQPOEFOUT�GSPN�BDBEFNJB��"SFBT�CFMPX�UIF�
dotted line show the other way around: more often by 
academia than by business.

*O�HFOFSBM�the perceptions in both groups are 
very similar. This manifests itself in the fact that the 
areas align themselves quite closely to the diagonal 
line. The areas that seem to be most important (chosen 
most often) are those belonging to the areas of Systems 
.PEFMMJOH�$PNQVUJOH�"MHPSJUINT�BOE�4JNVMBUJPO��
These are slightly more often chosen by academia than 
CZ�JOEVTUSZ��"SFBT�DIPTFO�MFBTU�PGUFO�BSF�%FTJHO�BOE�

Figure 2. .BJO�BSFBT�PG�DPNQFUFODF�BWBJMBCMF�JO�BDBEFNJB�WFSTVT�NBKPS�CVTJOFTT�DIBMMFOHFT�QFSDFJWFE�CZ�UIF�JOEVTUSZ��4J[F�PG�UIF�CVCCMFT�
indicates total number of respondents.

���.BUIFNBUJDT�BOE�JUT�SFMBUJPOTIJQ�XJUI�JOEVTUSZ
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Figure 4.1.2 summarises the different shares of direct 
mathematical science employment across 20 sectors. 

Even in the case of sectors such as electricity 
production and distribution, medical and precision 
instruments and insurance and pension funds, 
mathematical science occupations account for over a 
quarter of all employment in 2010. 

4.2 Gross value added

In 2010, mathematical science research in the UK 
generated direct GVA in excess of £200 billion.

The measure used to evaluate the economic 
contribution of mathematical science research is 
gross-value added (GVA). The OECD defines Gross 
Value Added as the value of output less the value of 
intermediate consumption. It is analogous to Gross 
Domestic Product. The GVA analysis presented in this 
section is based on domestic use Input/output tables 
from the ONS.

Our analysis suggests that the GVA attributable to the 
direct application and generation of mathematical 
science research in the UK in 2010 was approximately 
£208 billion, or around 16 per cent of total UK GVA.

The largest direct contribution of GVA can be found 
in the banking and finance sector – around £27 
billion in 2010. The next largest sectors by direct GVA 
contribution of mathematical science research are 
computer services, pharmaceuticals, construction and 
public administration. Figure 4.2.1 summarises.

Figure 4.1.2. Direct jobs in mathematical science occupation employment as a percentage of all jobs in that sector, 2010
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As can be seen, the list of top sectors in terms of 
GVA is not dissimilar to that of top sectors in terms of 
employment, although banking and finance rises from 
sixth place in the rankings to first place on account of 
the relatively higher levels of per worker productivity.

4.3 Productivity per worker and wages
Productivity, which is measured by direct GVA per 
worker, in mathematical science occupations in 2010 
is calculated as approximately £74,000 per worker – 
based on a mapping of occupations to industry sectors. 
This compares favourably with the UK productivity 
average in 2010 which is estimated to be approximately 
£36,000 (Deloitte calculation).

Using the 2011 ONS Annual Survey of Hours and 
Earnings (SOC 2000) database and our identified 
mathematical science occupations, we estimate that 
the mean wage for those jobs50 in mathematical 
science research in 2011 was approximately £44,000.

4.4 Conclusion

“Without maths we can’t count on our jobs.” 

Headline from The Times, 26th July 2012

This chapter has considered the direct contribution 
mathematical science research made to the UK 
economy in 2010. The analysis suggests:

ō��Direct employment in the UK attributable to 
mathematical science research is over 2.8 million; 

ō��7KH�WRWDO�GLUHFW�GVA attributable to mathematical 
science research is over £200 billion; and

ō� Productivity (as measured by GVA per worker) 
is significantly higher in mathematics science 
occupations compared to the UK average – £74,000 
compared to £36,000.

Figure 4.2.1. Top 20 sectors for direct mathematical science GVA in the UK, 2010, £m 
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Contribution mathematics is significant in UK economy

Mathematics in industry— vital in a knowledge-based economy



World’s
leading provider
 of technology

 for reservoir characterisation, 
drilling, production, 
and processing to

 the oil and gas 
industry.

Schlumberger Cambridge Research



Schlumberger 
Fact sheet

• Employs around 4500 scientists and engineers in more than 60 

R&D centres world wide,  
• Has five major laboratories in the UK.  

• Schlumberger Cambridge Research has about 120 scientists. 

• Research comprises from 
engineering problems to 

fundamental research of 

natural phenomena.

• Collaboration with Universities: Southampton, Cambridge, Oxford 
and Edinburgh ….   

• Main funding EPSRC (master and PhD students) 

• Patented technology and establishment of spinout companies. 

Main research projects:  
• Automation and control: automated drilling operation to reduce personal and environmental risks. 
• Sensing: Ensuring the safety and efficiency of oil and gas operations and preventing leakages  



Improve Decision Making, Production and Maintenance Planning, Optimisation,  Availability and 
Safety

Sensing, Automation & Control  

Worker and environment safety in oil fields has utmost priority because it deals 
with dangerous operations in remote locations     

Internet of Things platforms. Eliminate the need for workers to go to hazardous 
locations.



Sensing  

• Real-time detection and estimation of overpressured formations

[7]

Sensors, providing both real-time analysis and post-acquisition processing.

• Based on sampling technologies



Mathematical model

Which are the control parameters, which 

are the constraints and what is the goal 

Understanding mechanisms + data

1. Numerical simulations,  
2. Validation of the model with data 
3. Adapt the model 

Improve, optimise & control the process using online data

Hydrodynamics, 
chemical kinetics, 
geology, differential 
equations, stochastic 
analysis, uncertainty 
quantification, 
Learning algorithms 
….

Automate drilling process 
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