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“ Man cannot still the raging of the wind, 
but he can predict it. He cannot appease 
the storm, but he can escape its violence, 
and if all the appliances available for the 
salvation of life [from shipwreck] were  
but properly employed the effects of  
these awful visitations might be  
wonderfully mitigated. ” Admiral Robert Fitzroy
Letter to ‘The Times’ in 1859 following the loss of  
the Royal Charter in a storm off the Welsh coast.
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Summary

The Met Office Science Programme underpins the weather 
and climate services that we deliver to protect the public, 
help businesses and advise government. All will need advice 
and services that help them minimise the risks and exploit 
the opportunities presented by prior knowledge of what the 
weather and climate will do.

The success of our service delivery has depended crucially on 
the world-class science base that has existed in the Met Office 
for over 40 years. This has enabled the UK to attain a world 
leading position in weather forecasting, climate prediction 
and climate change projection, and to sustain a reputation 
as a premier centre of excellence in weather and climate 
research. Our scientists are our most precious resource, and 
we will sustain our mission to make the Met Office an exciting 
and rewarding environment in which to work, where scientific 
careers can flourish. 

In 2014 the UK Government announced an investment  
of £97 million in the next supercomputing facility for the  
Met Office. This will deliver a transformational change in the 
operational and research capabilities of the Met Office; it will 
ensure that the UK has access to the best operational services 
and policy advice in the coming decade; and it will ensure that 
the UK’s weather, climate and environmental services remain 
fit for purpose in the decade beyond.

Consequently this strategy is shaped by this step-change in 
capability and the new opportunities it will offer for ground-
breaking research. But as importantly this strategy must also 
ensure that the science we undertake in the next five years 
demonstrates real social and economic benefits to justify the 
investment. The main drivers for this strategy are therefore 
focused around ensuring that Met Office science is designed 
and delivered so that the services we provide continue to: 

l	 save lives and livelihoods and protect critical 
infrastructure;

l	 contribute to a more resilient nation, better prepared 
for weather and climate risk;

l	 help government and business make wise choices for 
future investment in adaptation;

l	 underpin mitigation policies to avoid dangerous  
climate change;

l	 support economic growth through better use of 
weather and climate intelligence. 

In response to these drivers our science programme will focus 
on improving our prediction systems across all timescales 
from hours to decades, and from the global to the local.  
We will deploy a structured programme of model 
improvements, greater exploitation of observations, and a 
drive to deliver more complete estimates of the probabilities 
of particular outcomes, so that society has more robust and 
reliable information on the risks associated with particular 
weather and climate events. 

We will accelerate and enhance the pull-through of our deep 
science base to high value products, services and advice by 
investing in translational science and scientific consultancy. 
In turn a greater understanding of customer needs will 
increasingly provide valuable drivers for our core research 
priorities.

We will also look forward to what science and services  
will be required beyond the lifetime of this strategy.  
We will accelerate the development of new model codes 
and forecasting systems and increasingly invest in scientific 
software engineering so that we are prepared to meet the 
exascale challenge posed by computing platforms of  
the 2020s.

The scale of resource needed to develop and maintain  
world-leading weather and climate models and deliver 
accurate and reliable predictions requires a breadth of 
expertise that no single centre can encompass. Consequently 
our Science Partnerships will continue to play a pivotal role in 
enabling us to access an increasingly broad range of science 
and technology and in cementing our links across national 
and international research and service organisations.

Making weather and climate science work for society
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The economic and social benefits of access to the best 
weather and climate science and predictions are profound. 
More than ever before, society is dependent on skilful, 
comprehensive predictions of the weather, climate and 
the broader environment for a wide range of decision 
making. Our planet’s population is increasing; our cities 
are growing rapidly, often along coastlines. Our world is 
increasingly and intricately interdependent – relying on global 
telecommunications, efficient transport systems and resilient 
provision of food, energy and water. All these systems are 
vulnerable to adverse weather and climate, and the additional 
pressure of climate change creates a new set of circumstances 
and poses new challenges about how secure we will be in the 
future. So more than ever before, the weather and climate 
has considerable direct and indirect impacts on us – our 
livelihoods, property, well-being and prosperity.

This Strategy seeks to respond to these challenges by 
delivering step changes in forecasting capability on all 
timescales from hours to decades, and on all space scales 
from local to global. These advances will have significant 

benefits for the UK’s resilience to and preparedness for 
adverse weather and climate, thereby delivering substantial 
socio-economic benefits. For these reasons there is a greater 
emphasis than ever before on directing our science, and 
its translation, around societal drivers and understanding 
customer needs.

This strategy builds on the solid foundations delivered by the 
previous strategy for 2010-2015, ‘Unified Science and Modelling 
for Unified Prediction’. This set in place the fundamental 
science, structures and partnerships to exploit the unique 
capabilities of the Met Office in seamless weather and climate 
science, using a unified modelling capability that can be 
applied to problems on all space and timescales. It focused 
the Met Office research agenda around four major science 
challenges: (i) Forecasting hazardous weather from hours 
to decades; (ii) Water Cycle and Quantitative Precipitation 
Forecasting on all scales; (iii) Monthly to Decadal Prediction in 
a changing climate; and (iv) Sensitivity of the Earth system to 
human activities.

1. Context

5

Climate variability  
and change

Weather hazards

Urbanisation

Population growth

Limited natural resources 

Water

Economic

Food

Energy

Migration

Health

Political

Weather and climate risk in context: circle of securities showing the interdependencies between critical securities that we all rely on for our 
prosperity and well-being e.g. food security depends on water security. At the centre of the circle are fundamental stresses on these securities 
arising from demographic changes, limited natural resources and weather and climate variability and change.

l	 more vulnerable because of how we live

l	 more exposed because of where we live

l	 more dependent on global systems



A number of major advancements in science, modelling 
and prediction systems have been achieved as a result of 
the previous strategy. We are now uniquely placed with a 
seamless modelling system that works across space scales 
from local to global. Our forecasts now embrace timescales 
from a few hours to a decade ahead and our climate change 
projections give us scenarios of Earth system change out to 
the end of the century and beyond. In terms of future climate 
change it is often the dynamics of regional climate rather than 
the thermodynamics of global warming that determine the 
impending risk of extremes or unprecedented events in the 
coming decades. These new capabilities have begun to unlock 
the benefits of weather and climate intelligence, but much 
more remains to be done.

The operational implementation of the 1.5 km UK model 
has been a landmark in weather research and forecasting. 
For the first time the cloud systems that deliver our rain and 
snow are captured with the level of fidelity needed to predict 
intense, localised events, whether they be for today’s hazards 
or for changes in frequency and intensity of regional and 
local extremes in a warming world. Weather predictions at 
this scale can at last bridge the gap with other disciplines in 
environmental science that traditionally work at much finer 
scales e.g. field and catchment scales. 

Likewise the focus on increasing the horizontal and vertical 
resolution of both the atmosphere and ocean in our climate 
model has reaped significant rewards in terms of realism of the 

simulations. For the first time we have a model of the climate 
system that captures synoptic weather systems, including 
atmospheric blocking. As a result a major breakthrough in 
seasonal forecasting for the Atlantic and western Europe has 
been achieved which opens up a range of possibilities for 
future services. 

At 60 km resolution in the atmosphere and 20 km in the 
ocean this version is now the flagship physical climate model 
that will be used to assess the impacts of climate change 
over the next two to three decades in terms of the frequency 
and intensity of high impact weather and climate extremes. 
In particular the interaction between natural variability 
and climate change and the attribution of extremes will be 
critical for underpinning decisions on how to adapt to climate 
variability and change in a world with increasing exposure to 
weather and climate risk. 

In terms of centennial climate change and the risks of 
irreversible or dangerous climate change, the transformation 
of our climate model to a full Earth system model enabled the 
Met Office Hadley Centre to make an important contribution 
to the IPCC 5th Assessment Report. It has also highlighted 
the importance of understanding the interactions between 
fundamental cycles of the Earth system – the water cycle, the 
carbon cycle, the nitrogen cycle and so on. This research is 
vitally important because observations alone cannot give us 
the future evolution of the whole Earth system or tell us how it 
has evolved as it has. 

6

N x Global predictions at 
around 10 km with lead 
times of days to years:  

Synoptic drivers

Subset of N x regional predictions 
at around 1 km:  

Local meteorology

Probability of local hazard:  
Impacts

Overarching strategy for delivering global to local information on the likelihood and characteristics of hazardous weather and its translation to 
impact, for all forecast lead-times from days to decades. This encapsulates the seamless approach to modelling and ensemble prediction that 
the Met Office has pioneered across weather and climate. 



The UK spends over £300 million a year on environmental 
monitoring, and leverages significantly more from overseas’ 
investments in national and international systems. The UK 
Space Agency has been established to accelerate national 
engagement and international leadership in this field because 
of the huge socio-economic benefits and growth potential 
of this sector. Recent advances in kilometre-scale models 
and Earth observation are bringing about a new age in Earth 
system science, enabling the scientist to probe in great detail 
the processes and phenomena that shape the Earth system. 
The Met Office and its partners are in the vanguard of this 
development, which will be an integral part of this strategy.  

In summary, delivery of the previous strategy has brought us 
to the cusp of some really exciting opportunities for significant 
advances in research, in our forecasting, in our climate 
prediction and projections, and in the quality of services we 
provide. Furthermore it has enabled us to present a strong 
case for a significant enhancement in supercomputing to drive 
forward the benefits from ‘science that is ready and waiting’ –  
House of Commons Science and Technology Select 
Committee Report on Science in the Met Office. 

In 2014 the UK Government announced an investment  
of £97 million in the next supercomputing facility for the 
Met Office. This will deliver a transformational change 
in the operational and research capabilities of the UK in 
environmental prediction; it will ensure that the UK has 
access to the best operational services and policy advice in 
the coming decade; and it will ensure that the UK’s weather, 
climate and environmental services remain fit for purpose in 
the decade beyond.

Consequently this strategy is shaped by this step-change in 
capability and the new opportunities it will offer for ground-
breaking research. But as importantly this strategy must also 
ensure that the science we undertake in the next five years 
demonstrates real social and economic benefits to justify the 
investment. It is for this reason that this Science strategy is 
focussed on delivering science with impact.
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Supercomputing: the engine room of the Met Office – its science and services. Between 2015 and 2017 the Met Office is installing its new 
supercomputing facility consisting of 480,000 cores which will deliver a peak performance of 16 petaflops (1015 floating point operations per 
second). It will have 2 petabytes of memory for running complex calculations and 17 petabytes of storage for saving data. 



2. Shaping our science around societal needs and  
supporting economic growth through better use  
of weather and climate intelligence

Making our ‘science work for society’ is at the heart of this 
strategy, whether the customer is a member of the public, a 
business or a government department. All will need advice 
and services that help them minimize the risks and exploit 
the opportunities presented by prior knowledge of what the 
weather and climate will do.

Over the last decade or so the Met Office has cemented its 
position as a world leading organisation in weather and 
climate science and forecasting. The pull-through of this 
science and forecasting to products and services, and the 
provision of science-based consultancy across all sectors that 
are sensitive to weather and climatic conditions, are and will 
be, increasingly, key areas of growth for the Met Office.

Since the Third World Climate Conference in 2009 the 
development of Climate Services has gathered momentum 
and the Met Office has been at the forefront of defining  
the Global Framework for Climate Services in the World 
Meteorological Organization (WMO). Our climate services 
span timescales from months, seasons, years and decades 
for a range of sectors, from advising on the impacts of 
climate change on essential infrastructure such as energy and 
transport networks, and on supply chains for multinational 
commercial companies, to capacity building and developing 
sustainable national capabilities in other countries.

This strategy aims to exploit the opportunities afforded by the 
growing market for climate services by placing our world-
class science at the heart of our delivery of expert advice 
and consultation, climate information and analysis tools, 
and value-added products and services, including scientific 
information tailored to meet decision making requirements. 

It is recognised, nevertheless, that the full benefits of 
providing high quality scientific, weather and climate 
consultancy to business and society are not being fully 
realised because the critical step of translating weather and 
climate information into customer-relevant products and 
services has not yet been addressed optimally. The aim of this 
strategy is to accelerate and enhance the pull-through of  

our deep science base to high value products, services  
and consultancy; in turn a greater understanding of  
customer needs provides valuable drivers for our core  
research priorities. Increasingly we must work closely with 
scientists and practitioners in other disciplines to co-produce 
knowledge and information relevant to our customers.

We have established a new group called Applied Science and 
Scientific Consultancy, with the main objective of refocusing 
the way that scientists engage with stakeholders and 
customers. To this end this new directorate also acts to elevate 
translational, customer-focussed research and development as 
a demanding and rewarding career option of equal value and 
challenge to the existing disciplines of Weather, Climate and 
Foundation Science, established in the previous strategy. 

Applied Science and Scientific Consultancy improves the 
reach and relevance of the Met Office’s core science, and 
provides our customers with much better science-based 
advice on cost benefits and risk mitigation with respect to 
their weather and climate sensitive operations. An increasing 
number of sectors look to us for information and advice, from 
our traditional customer base in defence, aviation, energy 
and marine services, to newer markets in retail, insurance and 
international development.

A new career family of Scientific Consultants has been 
established to take science engagement with customers  
to another level and we plan for this to grow during the 
course of this strategy. Scientific Consultants will spend 
significant time working directly with customers, at times 
being embedded within the customer organisations so that  
they can understand the customers’ operations and their  
decision-making processes. The multi-disciplinary skills  
of our Scientific Consultants will enable them to translate  
Met Office weather and climate science and services into 
valuable products and services that address customer needs, 
including at times identifying new parts of the customers’ 
operations that might benefit from the application of weather 
and climate intelligence. 

As part of our drive to delivering risk-based advice, this 
strategy also sets in place a programme of innovation and 
development of applied science that focuses on exploiting 
probabilistic information on all timescales within a risk-based 
multi hazard framework. This will focus on understanding 
where and to what degree there is useful predictability in our 
extended range predictions, developing a suite of statistical 
tools, such as extreme value analysis, and embedding 
customer-relevant verification methods within our model 
diagnostics and forecast evaluation. It is imperative that the 
translation of our core science into services enhances our 
scientific excellence rather than degrades it. 
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More and more the services required by customers centre 
around aspects of local weather and regional climate, 
which lie at the cutting edge of our science and modelling. 
This means that there must be a continuing programme of 
challenging, innovative and highly motivational research 
and development that will increasingly cross disciplinary 
boundaries and will require our best scientists to deliver. 

This will require us to consider aspects of the environment 
beyond the physical weather and climate system. We will 
continue to grow the capabilities of ‘downstream’ models of 
other components of the environment, such as hydrology, air 
quality, atmospheric dispersion and marine systems, including 
surface waves and storm surge, to address the risks from flash 
flooding, coastal inundation, pollution, volcanic ash, nuclear 
incidents and vector-borne diseases. In line with the driving 
meteorological model, we will increase their resolution to 
provide competitive world-class applications.

Space weather poses a risk to critical infrastructure such 
as the electricity power grid, aviation, satellites and global 
navigations satellite systems (GNSS). In response to this risk, 
we now produce regular operational space weather forecasts. 
We will continue to develop the range and quality of the 
models used to produce these forecasts, with a focus on 

improved physics-based models and on coupling together 
models that cover the whole Sun to Earth domain, for an 
enhanced forecast capacity.  Partnership with UK and other 
space weather experts is vital in order for us to exploit their 
research expertise by converting it into operational outputs.

Increasingly our services require sophisticated data analytics 
to extract information from weather and climate observations 
and probabilistic predictions, in combination with a detailed 
understanding of a customer’s exposure and cost-benefit 
analysis. The new investment in enhanced supercomputer 
power will deliver a ten-fold increase in the volumes of data 
we produce. So handling Big Data will be an increasingly 
important activity for us. 

The establishment of the Informatics Lab – a collaborative 
venture between Science, Technology and Design – is 
designed to bring the latest visualisation technology together 
with advanced data analytics to lead innovation in this area 
and accelerate the delivery of environmental intelligence.  
The Lab brings together scientists, software engineers,  
and designers to prototype ideas that allow people from 
within the Met Office and beyond to make our science  
and data useful.
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Key actions:

l	 Retain our position as a world-leading organisation where 
excellent applied science can thrive and make a difference, 
driven by a fundamental desire to make our data useful 
to society. 

l	 Strengthen Applied Science and Scientific Consultancy 
as recognised professions, with the main objective of 
accelerating and enhancing the pull-through of our deep 
science base and world-leading operational capabilities 
into high value products, services and consultancy.

l	 Set in place a programme of innovation and development 
of translational science across the Science programme, 
and with collaborators and customers, that focuses on 
exploiting probabilistic information on all timescales within 
a risk-based framework.

l	 Enhance the resolution, accuracy and utility of our 
downstream models of environmental risks to exploit the 
increasing resolution of the driving meteorological models, 
with the aim of delivering a broader portfolio 
of applications.

l	 Promote the development of innovative and interactive 
information systems that accelerate the delivery of science 
through to impact.
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Met Office Informatics Lab: Innovation in delivering environmental intelligence through the interaction between humans and information 
systems using computer interfaces. The Lab combines scientists, software engineers and designers to create new ways that make our 
science and data useful. 



3. Building more reliable and relevant  
predictions on all timescales

Since the creation of the UK’s first operational numerical 
weather prediction in 1965, the Met Office has increased its 
forecast skill year-on-year so that today the 5-day forecast is as 
accurate as the 1-day forecast was 40 years ago. 

At the same time, from what was an embryonic activity in 
1965, climate modelling has matured to a level where climate 
prediction on monthly to decadal timescales is eminently 
feasible, and projections of human-induced climate change 
underpin global debates on the actions needed to adapt to 
and mitigate global warming. In the UK, the importance of 
weather and climate intelligence for making society more 
resilient and better prepared is illustrated on a daily basis. 

For these reasons the main driver of this strategy must be 
a continued drive to providing more skilful and reliable 
predictions of weather and climate and better constraints  
of projections of climate change. 

This strategy sets in place a programme of improvements in 
our prediction systems and capabilities across all timescales 
from hours to decades in a way that derives maximum 
benefits from our investments across weather and climate 
science. The research priorities we will set will depend on the 
application of the particular prediction and on what  
best serves our customers’ needs. 

Those improvements in prediction can be described most 
effectively in terms of the principal drivers of Met Office 
Weather and Climate Services.

3.1 Saving lives and livelihoods and protecting  
critical infrastructure

Since the beginning, this has been the top priority for the 
Met Office. Fundamental to this is an accurate forecast of 
the synoptic weather systems that will affect the UK in the 
next week or so, and which set the scene for more detailed 
forecasts of regional and local weather conditions and their 
impacts. So skilful global forecasting underpins all our 
weather services. 

Beyond the shores of the UK, our world-leading global 
forecasts are critical for our role as a World Aviation Forecast 
Centre, for supporting overseas defence operations, and 
for working effectively with other National Met Services 
around the world, especially in the critical area of Disaster 
Risk Reduction, as part of the UK’s contribution to the Sendai 
Framework for Disaster Risk Reduction, 2015-2030. 

Our aim is to continue the systematic improvement in 
global forecasting that has been sustained over the last four 
decades, and to increase its functionality through enhanced 
probabilistic methods and a greater focus on high-impact 
surface weather diagnostics to support risk-based decisions. 
We will transform our global forecasting system to a fully 
coupled ocean-atmosphere-ice system which will bring 
together our current global weather, marine and polar  
forecast services into a fully consistent framework with 
expected benefits in the quality of our services. 11
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Nearly all of the highest impact weather events in the 
UK are localised. Flooding, high winds, fog and snow 
regularly cost the UK greatly, yet the areas affected are often 
only a few kilometres wide. For this reason we will focus 
significant resource on improving our kilometre-scale UK 
forecasting system such that it can be increasingly effective in 
underpinning the National Severe Weather Warning Service. 

We will extend the domain of the UK model to give more 
room for convective detail to spin up within the model and 
to provide a longer lead-time for important meteorological 
situations. These include Spanish Plume events, in which 
warm air from the Iberian plateau moves northwards over the 
UK giving rise to severe summer storms, and Polar Lows, small 
but intense maritime cyclones that form in cold, Arctic air and 
move down over the UK bringing heavy snow. 

We know that to assess properly the risks from local, high 
impact events such as thunderstorms, fog and wind gusts, 
requires a probabilistic approach. We will therefore increase 
the size of the ensemble of forecasts with the UK model, 
extend the lead time out to a full two days ahead, and 
improve the representation of uncertainty from the boundary 
and initial conditions and from the model itself, through the 
use of stochastic approaches to sub-gridscale processes. 

Beyond the UK, the kilometre-scale model is used in an 
increasing number of world-wide applications, such as 
typhoon forecasting for the Philippines and weather 
forecasting in Singapore, where it contributes to local weather 
forecasting and disaster risk reduction. These applications 
challenge the skill of the model and provide valuable 
opportunities for us to collaborate with local scientists and 
forecasters to improve the system.
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Five day forecast of the St Jude Day storm which hit the UK on 28 October 2013. On 23 October there were no visible indications that a storm of this 
intensity would grow, but the global forecast model was able to detect instabilities in the atmosphere that generated this deep low pressure system. 
This enabled forecasters to give early warnings of damaging winds that allowed mitigating actions to be put in place, substantially reducing  
insured losses. 



1 Nowcasting describes the process of describing what the weather will do in the very short-term, out to the next  
1-2 hours ahead. Traditionally this has been conducted using extrapolation methods based on current observations.

We will also move towards implementing an improved Very-
Short Range Forecasting System (2-12 hours ahead) based 
on our kilometre-scale model. This will be combined with 
the traditional ‘nowcasting’1 methods, which will continue 
to be important for the first 1-2 hours. This new capability 
will combine a range of novel observations (e.g. Polarimetric 
Doppler Radar), advanced ensemble-based data assimilation, 
and latest kilometre-scale models to provide rapidly-updating 
(e.g. hourly), very short-range forecasts for use in a variety of 
meteorological and hydrological applications.

Protection of lives, livelihoods and critical infrastructure 
means understanding the risks to which we are exposed 
and estimating the likelihood of being exposed to that 
risk. Exploiting probabilistic forecasts remains a significant 
challenge for many end-users, so model and ensemble 
developments will be accompanied by research on post-
processing to translate forecasts into estimates of societal 
impact and the development of risk-based decision-support 
tools. Such tools may aid operational meteorologists in the 
issue of the risk-based National Severe Weather Warning 
Service, for example. Collaboration under the Natural Hazards 
Partnership brings access to social science expertise and 
datasets for the development of these tools, for example 
on the geographical distribution of vulnerability to severe 
weather for use in risk estimation. Risk-based space weather 
decision making tools will also be developed in partnership 
with users and UK and international experts.

Key actions:

l	 Pursue an aggressive strategy of global forecast system 
improvement, to increase its functionality and lead-time, 
and provide the best possible boundary conditions for 
regional models.

l	 Promote enhanced ensemble methods to support  
risk-based decisions across many sectors that are  
weather-sensitive, and contribute to disaster risk  
reduction through better forecasting of high-impact 
weather at home and abroad. 

l	 Extend the reach in space and time of the UK kilometre-
scale forecasting system, invest substantially in improving 
its skill, and expand the use of UK forecast ensembles to 
improve risk-based forecast of high impact weather. 

l	 Implement a new very short-range forecasting system 
to cover lead times of 2 - 12 hours, combining a range 
of novel observations, advanced ensemble-based data 
assimilation, and the latest convective-scale models.

l	 Enhance the usability and interpretation of forecasts for the 
protection of lives, livelihoods and critical infrastructure by 
improved seamless post-processed forecasts and risk-based 
decision tools that reflect user needs.

13

High resolution ensemble prediction of Typhoon Hagupit which affected the Philippines in December 2014. Each image represents a possible outcome 
for daily rainfall accumulations (mm) based on an ensemble of forecasts 12 hours ahead. This provided vital information on the risk of flooding in Manila.
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3.2 Contribute to a more resilient nation,  
better prepared for weather and climate risk

As predictions have become more skilful and have extended 
beyond the traditional horizon of a few days, so their potential 
to help us be better prepared and more resilient to hazardous 
weather has increasingly been recognised. 

We will continue to look to the European Centre for Medium-
Range Weather Forecasts (ECMWF) to provide leadership 
in extended range weather forecasting for weeks two to 
four, providing probabilistic information on the potential for 
weather regime change and the elevated risk of high impact 
weather; we will supplement this with information from our 
monthly to seasonal prediction system. This will enable us to 
provide early warnings of, for example, extended cold spells 
and heat waves to enable health services, energy suppliers 
and transport providers to be better prepared. 

Our resilience often requires us to be prepared for global-scale 
events, impacting globally distributed assets, both public and 
private, and often with local and direct impacts. These events 
are frequently brought about by longer-term shifts in weather 
patterns and climate regimes, on many occasions associated 
with natural climate variability such as El Niño/La Niña. Even 
without anthropogenic climate change, society is increasingly 
exposed and vulnerable to natural climate variability, just 
because of where we live and how we live. 

Prediction of variations in the climate, and hence in the 
statistics of the weather, at the regional level – a season, 
month, week and days ahead – can help communities,  
business and governments plan ahead so that they can 

reduce the adverse impacts and realise the positive benefits. 
In particular, earlier warning of adverse weather and climate 
conditions must form an essential part of how we respond 
to reducing disaster risk and managing humanitarian 
emergencies. 

Increasing skill in longer-term predictions, particularly on 
monthly to seasonal timescales, is providing users with greater 
confidence in future conditions, and enabling business and 
suppliers to plan on critical timescales. There is the potential 
for more skilful climate prediction, combined with a greater 
understanding of how climate variations in one part of the 
world can affect other parts of the world through dynamical 
responses (often referred to as teleconnections) to deliver 
substantial benefits through earlier and more skilful  
risk-based warnings. 

Building on recent breakthroughs in seasonal forecasting, 
linked to enhanced horizontal and vertical model resolution, 
we will aim to deliver further increases in resolution (sub-
30 km) in our monthly-seasonal prediction system, with 
the potential to forecast regional weather and climate risk 
with even greater fidelity. We will also seek to increase 
the ensemble size of our forecasts, and to improve our 
assessments of forecast reliability. In terms of the applications 
of seasonal forecasting we will place greater emphasis on the 
statistics of high-impact weather and weather-regimes such as 
blocking, aligning them increasingly with customer needs. 
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The North Atlantic Oscillation determines whether UK winters are mild and wet or cold and dry. Recent research has elucidated the range of 
climate drivers that can influence whether the North Atlantic Oscillation will be in its positive or negative phase, and highlighted the complex 
nature of the UK’s winter climate. These drivers need to be captured well by climate models if we are to deliver reliable predictions of seasonal 
conditions months to decades ahead.
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Knowing the degree to which regional climate is predictable 
on monthly to seasonal timescales means understanding the 
dynamics of the climate system – for example how Rossby 
waves are generated by tropical heating, how the stratosphere 
can drive the behaviour of the troposphere, and how these 
phenomena depend on the climatological mean state. We will 
therefore place a greater emphasis on climate dynamics by 
creating a focused research effort in this area; this will act to 
underpin our forecast advice and drive improvements in our 
prediction systems. 

Predicting the climate beyond a season ahead is still in 
its infancy, although we know that climate variations on 
decadal timescales can have a substantial impact on wind, 
precipitation and temperature patterns, affecting water and 
food security. The Met Office has been a world leader in the 
development of decadal prediction, and we will continue to 
drive forward research to improve our forecast capabilities  
and their potential applications. 

We will align our decadal system with our seasonal system to 
deliver a seamless monthly to decadal ensemble prediction 
system, exploiting advances in ocean-atmosphere data 
assimilation and the representation of initial condition and 
model uncertainty. Knowledge of how the climate varies on 
decadal timescales and what role the deep ocean plays is 
still very limited. We will seek to increase our understanding 
of decadal modes of variability through analysis of multi-
century climate simulations and model experimentation, in 
the context of the observational evidence. We will use these 
insights and relevant meteorological theory to interpret our 
decadal predictions and to design further improvements. 

Key actions:

l	 Increase the resolution of our monthly-seasonal prediction 
system, creating a system capable of forecasting regional 
weather and climate risk with greater fidelity. 

l	 Enhance the ensemble size of the monthly-seasonal system 
to deliver more reliable and skilful predictions.

l	 Align our decadal and monthly-seasonal systems to deliver 
a seamless monthly-decadal ensemble prediction system.

l	 Establish a focused research effort on climate dynamics 
to underpin monthly-decadal prediction and its 
interpretation, and apply this understanding to future 
regional climate change predictions. 

3.3 Helping government and business make wise choices  
for future investment in adaptation

There is a commitment to some level of climate change, 
whatever happens with carbon emissions, because of the 
accumulation of carbon within the atmosphere. That means 
that some level of adaptation will be necessary. The scale of 
the potential investments, the risks associated with failure, 
and the long lifetimes and lead-times of the infrastructure, 
together, mean that future investments are likely to be  
highly sensitive to how climate change evolves over the  
next two to three decades. 

Furthermore the interactions between natural climate 
variability and anthropogenic climate change raise some 
critical questions around the volatility of regional weather 
and climate patterns. Consequently the potential for mal-
adaptation is significant if it is not under-pinned by the best 
scientific advice. 

We have strong evidence that higher spatial resolution in 
global climate models improves the representation of both 
the rain-bearing storms and the blocking highs that give hot, 
dry weather in summer and cold weather in winter. These 
features are needed, for example, to understand the provision 
of renewable energy in the future and to guide investments in 
flood defences. A new ensemble of near-term climate change 
projections out to 2050 will be developed using an enhanced 
resolution climate model capable of capturing the statistics of 
high impact weather systems and changes in ocean circulation 
and polar climates. 

Translation of climate model scenarios into policy and 
business decisions at the regional and local level is often 
limited by the detail of information that can be provided 
from broad scale global projections. As part of our seamless 
approach we will adopt the same nesting strategy that we 
use in weather forecasting to go from the global, synoptic 
weather resolving scale to the local impact. We will exploit our 
kilometre scale modelling to provide more robust estimates 
of changes in regional and local high impact weather, such as 
heavy rain events that lead to flash flooding.

New and more robust climate projections over the UK region 
are needed for the National Climate Change Risk Assessment 
(CCRA) and to equip the UK with information to help it adapt 
to the challenges and opportunities of climate change in 
line with the National Adaptation Plan. A major upgrade to 
the UKCP09 projections will be delivered based on the latest 
observations and climate models, especially the ensemble of 
high-resolution climate model projections out to 2050. The 
emphasis will be on the future volatility of the UK weather and 
climate and not just on the long-term trends. 
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Key actions:

l	 Create a new ensemble of near-term climate change 
projections out to 2050 and beyond, using an enhanced 
resolution climate model in order to capture the statistics 
of high impact weather systems and natural climate 
variability, and changes in deep ocean circulations and 
polar climates. 

l	 Provide more robust estimates of changes in regional and 
local high impact weather, such as extreme hourly rainfall, 
by exploiting kilometre-scale modelling developed for UK 
weather forecasting. 

l	 Upgrade the UKCP09 projections based on the latest 
observations and climate models, to provide information 
on changes in climate and weather volatility as well as 
long-term trends. 
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Intense hourly rainfall can lead to severe flash flooding events, such as 
the Boscastle flood in 2004. One of the important questions for climate 
science is whether these sorts of events will become more likely as the 
climate changes. New research has exploited the 1.5 km UK model, 
developed for weather forecasting and known to capture these intense 
rainfall events, to explore the robustness of current climate change 
projections. It highlights that when we use this model, which resolves 
the local dynamics of summer thunderstorms (bottom left), the intensity 
of these events is significantly increased, implying a much enhanced risk 
of serious flash flooding. At lower model resolutions, typical of current 
regional climate change projections (bottom right), the enhancement in 
intense summer rainfall is far less significant. Studies like this are essential 
for informing future adaptation. (Model results show changes in extreme 
(top 5%) hourly rain rates (mm) by 2100 under the IPCC high emission 
scenario, RCP8.5. White represents areas where the changes were not 
statistically significant at the 1% level. From Kendon et al. 2014, Nature 
Climate Change)

12 km future change (2100 – present) for JJA

 -3 -2 -1 0 1 2 3

1.5 km future change (2100 – present) for JJA

 -3 -2 -1 0 1 2 3



3.4 Underpinning mitigation policies to  
avoid dangerous climate change

Understanding our future global and local climate, its non-
linearities and the potential for abrupt changes, is critical to 
deciding the pace and depth of climate change mitigation 
actions. How sensitive the Earth system will be to the whole 
range of human activities, from greenhouse gas and aerosol 
emissions to land use change, remains hugely uncertain. 
While the focus in the past has largely been on the long-
lived greenhouse gases, especially carbon dioxide, there is a 
growing need for much better understanding of how short-
lived atmospheric pollutants will affect mitigation pathways 
and have consequences for regional climate change. 

Several short-lived species, such as methane and 
hydrofluorocarbons, have a significant warming effect and 
so offer opportunities for near-term mitigation. There are 
also other co-benefits of reducing some pollutants, such as 
black carbon and sulphate aerosols, on air quality and hence 
human, plant and animal health. But there are also risks that 
cleaning up those atmospheric aerosols that currently act 
to cool the planet might lead to acceleration in near-term 
warming in some parts of the world and interact adversely 
with regional climate variability. These sensitivities need to be 
understood more completely using a high-resolution climate 
model that can represent the effects of these pollutants on 
regional weather and climate patterns, as well as global mean 
temperature trends.   

Likewise the role of cloud feedbacks in global climate 
sensitivity is still unresolved and requires greater 
understanding of the relationship between the atmospheric 
circulations and where clouds form. The water cycle 
dominates a lot of the uncertainty, especially at the regional 
level, and improving all aspects of the simulation of the water 
cycle from convection, cloud formation and precipitation to 
soil moisture and ocean salinity remains a high priority. 
Our strategy to increase the resolution of the physical climate 
model, to focus on the representation of cumulus convection 
and to understand the dynamics of the climate system is 
fundamental to addressing climate sensitivity and 
its ramifications.

The recent pause in global warming has also challenged 
our understanding of where the energy goes in the Earth 
system and how the oceans take up heat. There is compelling 
evidence that higher resolution is needed to represent 
adequately the ocean circulations that act to sequester 
heat away from the surface to the deeper ocean. These 
circulations may vary naturally on multi-decadal timescales 
and understanding their relationship with long-term global 
warming will be an important component of future research. 
We know that these slow variations in the ocean circulation 
affect the regional hydrological cycle, the dynamics of the 
atmosphere and hence play a role in the climate response to 
greenhouse gas forcing. 
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90% of the additional heat trapped in the Earth 
by increasing greenhouse gases is taken up 
by the oceans. However the circulation of the 
oceans means that this additional heat is not 
necessarily manifest at the surface as increasing 
temperatures but may be sequestered at depth. 
This schematic shows the observed trends (°C 
per decade) in sea surface temperature and in 
temperatures through the depth of the upper 
Pacific Ocean for the period 1992-2011, as well 
as the accompanying changes in the major 
atmospheric circulations. The right hand vertical 
cross-section shows the longitudinally averaged 
changes as a function of depth and latitude, and 
the left hand vertical cross-section shows the 
changes at depth across the equatorial Pacific 
averaged between 5°N and 5°S. This highlights 
the complex pattern of warming and cooling at 
the surface and at depth, even over timescales 
of decades, and emphasises the importance of 
understanding and predicting the circulation 
of the oceans and where heat goes. (Figure 
reproduced from England et al. 2014, Nature 
Climate Change)



If we are to decide on globally allowable carbon budgets 
and pathways then we will need more certainty on potential 
changes in natural carbon sources and sinks, especially 
related to the terrestrial biosphere. This means going beyond 
the carbon cycle to consider other natural cycles, such as 
nitrogen, and the potential release of carbon from melting 
permafrost and methane releases.

Another factor in the debate on mitigation is the potential 
role of geoengineering through solar radiation management 
and carbon dioxide removal. This will need a proper 
understanding of the potential benefits, and must look 
beyond the effects on global warming to the implications 
of geoengineering for the regional climate and hence, for 
example, to water and food security. These are not well 
understood and will require the same level of scientific 
diligence as is devoted to understanding the effects of 
greenhouse gas emissions.

State-of-the-art Earth system modelling will be fundamental 
to addressing the issues posed by science questions on 
mitigation. This needs to be built on a solid understanding 
and representation of the physical climate system because 
the hydrological cycle lies at the heart of climate sensitivity. 
Consequently there are strong synergies with other elements 
of this strategy that focus on increasing the resolution and 
improving the representation on key processes in the physical 
climate model.

Based on the significant advances made in Earth system 
science that derived from our contribution to the IPCC 5th 
Assessment Report, we will build a new generation Earth 
System Model (UKESM) in partnership with the Natural 

Environment Research Council (NERC) to be deployed in 
the IPCC 6th Assessment Report. This brings together the 
enhanced resolution of our physical climate model with state-
of-the-art representations of ice sheet dynamics, atmospheric 
composition, terrestrial cycles (e.g. carbon and nitrogen) 
and ocean biogeochemistry. This will allow us to address in 
unprecedented depth the implications of proposed mitigation 
techniques and geoengineering within a portfolio of climate 
response options. 

Key actions:

l	 Develop new assessments of the role of short-lived 
atmospheric pollutants in the relationship between air 
quality, regional climate change and mitigation options.

l	 Produce more reliable assessments of cloud feedbacks, 
changes in the water cycle and ocean heat uptake 
through the exploitation of the high-resolution physical 
climate model, process-studies and model experiments, 
underpinned by detailed analysis of observations.  

l	 Use the latest Earth system science and modelling to assess 
additional natural cycles, such as the dependence of the 
carbon cycle on the nitrogen cycle and wetlands and 
permafrost processes, to provide more certainty on global 
carbon budgets. 

l	 Use the latest developments in Earth system modelling 
to assess the risks, benefits and implications of 
geoengineering our climate, looking beyond global 
temperatures to consider impacts on the local climate,  
the water cycle, and food and water security.
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Around 50% of carbon dioxide emissions are taken up by the Earth’s carbon cycle. Understanding how the carbon cycle will respond as the planet 
warms is critical for determining the magnitude of climate change. However, the carbon cycle does not operate in isolation from other fundamental 
cycles of the Earth system such as the water cycle. New research has shown that the nitrogen cycle is also a fundamental constraint on the efficiency 
of the carbon cycle. This schematic describes the basic interaction between the carbon, nitrogen, water and energy cycles, and emphasises the 
importance of incorporating agriculture and land management systems.



4. Sustaining our science infrastructure

Continued improvements in scientific understanding, 
forecast skill, and hence the quality and effectiveness of 
our services, rely on a structured programme of model 
development built on a solid foundation of observational 
research, greater exploitation of the breadth of observations 
of the Earth system, advanced methods for estimating the 
confidence in the forecast and increasingly sophisticated 
approaches to the verification and post-processing of 
our forecasts. This is the heart of the Met Office Science 
Programme. It is from this core that the socio-economic 
benefits of weather and climate science and services derive. 

The supercomputer is the engine room of Met Office science 
and services and its capacity dictates the level of granularity, 
complexity and certainty that can be delivered through our 
weather forecasts, climate predictions and climate change 
projections. Delivery of the benefits of the latest investment 
in our supercomputing will depend critically on the codes 
that we deploy on the machine and on the skill of the 
scientific and technical workforce that develop those codes. 

Although our current models will remain fit for purpose for 
the lifetime of the new supercomputer, we know that major 
re-coding will be required to exploit future exascale facilities. 
During the lifetime of this strategy we will need to accelerate 
the development of these new models and increasingly 
invest in scientific software engineering so that we are ready 
for exascale computing. 

With increased supercomputing capability come increasing 
volumes of data. Extracting scientific value from those data 
will require improved data management, archiving and 
sharing capabilities, especially with our science partners. 
We are increasingly benefitting from the JASMIN2 platform 
for data sharing and post-processing in the UK academic 
community, and we will engage actively in developing these 
capabilities further.  

4.1 Model development

The science of weather and climate services revolves around 
complex, state-of-the-art numerical modelling, underpinned 
by theory and a broad and deep observational base. Weather 
and climate model codes are some of the most complex ever 
written, typically running to millions of lines of code. 

For the atmospheric and climate scientist, these models 
are our laboratories where we can explore the processes, 
feedbacks and interactions in and between the holistic 
atmosphere-ocean-land-ice system. And as for any scientist, 
we need the best possible laboratory, so model development 
has to be at the heart of this strategy. 

At the same time, improved prediction systems across all 
timescales also have to be built on a structured programme 
of model development, which systematically addresses 
increases in resolution, better representation of atmospheric 
and ocean physical processes, more extensive coupling 
between components of the climate system and enhanced 
complexity in the Earth system. 

The benefits of increased resolution – horizontal and  
vertical – are clear and have been a long-standing goal 
in model development. At the global scale this enables 
us to represent with greater fidelity atmospheric weather 
systems, ocean processes, exchanges between the Earth’s 
surface and the atmospheric boundary layer, and between 
the troposphere and the stratosphere. These are critical 
for moving heat, water and momentum around the planet 
and, as our models become more complex, chemical and 
biological constituents also. 

At the regional scale, resolution is critical for describing the 
local weather and its dependence on the local landscape. 
It also enables important phenomena such as organised 
convection, frontal systems, sting jets and mountain lee 
waves to be represented more explicitly and accurately. 

This strategy continues the drive towards higher resolution, 
which characterised the previous strategy. Particular 
emphasis will be placed on the importance of resolution 
for modelling the climate and Earth system. We are finally 
entering the realm where we can resolve the interactions 
between synoptic scale atmosphere-ocean dynamics and 
direct thermodynamically-driven climate changes, loosely 
the interactions between ‘weather’ and ‘climate’. This 
promises much more confident climate predictions and 
projections, especially of regional variability and change on 
daily to multi-decadal timescales.

2 The JASMIN facility is a “super-data-cluster” which delivers infrastructure for data analysis. The JASMIN infrastructure 
provides compute and storage linked together by a high bandwidth network in a unique topology with significant 
compute connected with much greater bandwidth to disk than is typical of a normal data centre. JASMIN is funded by 
the Natural Environment Research Council (NERC) and the UK Space Agency (UKSA) and delivered by the Science and 
Technology Facilities Council (STFC).20
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Model resolution or granularity determines the level of detail of atmospheric and ocean flows and is therefore the principal determining factor in 
the fidelity of the model’s transport of heat, moisture and momentum around the climate system. The drive to move to much higher resolutions is 
constrained by supercomputing power – halving the resolution leads to a 10-fold increase in computing resources. These examples demonstrate why 
higher model resolution is an absolute imperative for delivering increasing realism in weather and climate simulations. The upper panel shows the 
current of the surface ocean with the strongest currents in white. It emphasises that only at resolutions finer than 20km does the model capture ocean 
eddies and western boundary currents, such as the Gulf Stream, with any fidelity. The lower panel shows the humidity in the middle troposphere 
associated with fronts and tropical convection. Although resolutions around 60km begin to capture the wrapping up of the moisture field and the 
intrusions of drier air into weather systems, at 12 km the filamentary structures are captured with greater fidelity.
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However the resolutions permitted by the new 
supercomputer will still be marginal for many processes,  
and consequently there is a need to understand which  
aspects of our predictions are robust and which are not,  
given current and planned grid sizes. 

We will therefore explore the consequences of current 
resolution limitations by performing targeted climate model 
experiments at much higher resolutions, approaching 10 km 
in the atmosphere and 5 km in the ocean. In global weather 
forecasting we will explore atmospheric resolutions below 
10 km. These activities will help to guide our strategy for 
exploitation of future increases in computer power by helping 
to determine the balance point between increased resolution, 
complexity and ensemble size. 

At the same time we will continue to investigate local,  
very-high horizontal resolution models, with grid lengths  
of 300 metres or less, as part of longer-term ambitions to 
move to even higher resolution in our local forecast models 
as and when supercomputing resources allow. This enhanced 
resolution will improve substantially the representation of 
the local landscape, which, for example, is important for 
forecasting fog, valley cold pooling and localised extreme 
rainfall. However it will also challenge our understanding 
of important atmospheric processes such as cloud and rain 
formation, and the turbulent boundary layer. During this 
strategy we will begin to assess the ability of sub-kilometre 

modelling to give additional forecast benefits for particular 
customers at times when their exposure is heightened. 

Alongside advances in model resolution, we will continue 
a broad programme of improvements in understanding 
and representing atmospheric processes across scales. 
The increasing emphasis on convective-scale modelling 
for capturing local weather and its impacts will require 
substantial research into what is known as the ‘grey zone’ 
where processes, such as convection and its interaction with 
the turbulent boundary layer, are only partially resolved. 

There will be a particular focus on various aspects of the 
hydrological cycle, from aerosols and cloud microphysics, 
to organised convection, fog formation in the turbulent 
boundary layer and terrestrial hydrology.

A fully coupled aerosol and cloud microphysics scheme 
will be developed that will potentially address a number 
of current short-comings in cloud processes and improve 
our forecasts of fog, low cloud and convection. This builds 
on important developments in simulating and predicting 
aerosol concentrations, which are part of a continuing drive 
to improve predictions of air quality across space and time 
scales from local to global, and from hours to decades. This 
will cement a common approach across weather and climate 
modelling and will enable a more robust assessment of 
the indirect effects of aerosol emissions on climate change 
through their influence on cloud radiative properties. 
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The formation of cloud droplets and their transformation to raindrops determine the radiative characteristics and lifetime of clouds. In turn the chemical 
composition of the atmosphere is critical for setting the environment for water vapour to condense into cloud droplets in the first place. Subsequently 
the cloud acts to process the chemical composition of the atmosphere. Known as cloud microphysics, this schematic shows the complexity of processes 
that operate in warm clouds where water does not freeze. For colder clouds the presence of ice introduces further complexities.  (Schematic courtesy of 
the Leibniz Institute for Tropospheric Research)



For UK weather forecasting the focus will continue to be on 
boundary layer processes related to fog and low cloud, driven 
by customer needs, especially our aviation customers. This 
will require improved understanding of coupling between 
the land surface and the atmospheric boundary layer, taking 
account of the heterogeneity of the land surface and how we 
handle soil processes. A major field programme to investigate 
local and non-local fog formation (LANFEX) will support this 
research by exploiting our Cardington observing site and 
innovations in measuring dewfall, fog droplet deposition and 
fog visibility. 

The representation of cumulus convection and its associated 
precipitation remains, arguably, the key challenge in weather 
and climate models across all resolutions. This limits our 
confidence in predictions and thus their value for decision-
making on timescales from days to decades. Convection 
has the unique properties of self-organisation across a wide 
range of space and time scales, from individual clouds and 
the diurnal cycle of convection over land, to meso-scale squall 
lines, tropical cyclones and the Madden Julian Oscillation. 
Transforming our understanding of the interaction between 
convection and atmospheric flows, and hence its organisation 

across all space and time scales will be a major focus of  
this strategy. 

Many of the physical processes that we seek to represent 
occur on scales that are much smaller than can ever be 
resolved by the model and yet we know that they can be 
important for the transfer of energy from small to large scales. 
This has led to the development of stochastic approaches to 
convective parametrizations in which, for example, stochastic 
kinetic energy backscatter schemes for convection are 
designed to reduce the excessive dissipation at small scales by 
scattering a fraction of the dissipated energy upscale where it 
acts as a forcing for the resolved-scale flow.

With NERC we will embark on a substantial programme of 
research to improve our fundamental understanding and 
modelling of convective processes and their interactions with 
atmospheric flows. This will exploit advances in convective-
scale modelling to develop and utilise a suite of process-based 
simulations that act effectively as a virtual laboratory. These 
simulations will be explored with a range of tools, and new 
hypotheses will be developed and tested utilising the model 
data in combination with advanced information from Earth 
Observation and in situ measurements. 
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Image: NASA

Cumulus convection



The importance of atmosphere-ocean coupling on all 
timescales is increasingly recognised, and so during the 
course of this strategy we will implement a fully coupled 
ocean-atmosphere global weather forecasting system that 
also includes interactive sea-ice and waves. Not only will 
this improve forecast skill, particularly in the tropics, but it 
will also deliver significant benefits in terms of fully coupled 

data assimilation, which will also serve ocean forecasting 
and monthly to decadal climate prediction. We have already 
introduced much higher vertical resolution in the ocean mixed 
layer to represent more accurately the interaction with the 
atmosphere and processes within the mixed layer; greater 
understanding of ocean mixing processes and their role in 
ocean heat uptake will be a particular focus. 

The Earth system
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As weather and climate services evolve to consider the  
full environment and Earth system so must our models.  
The UK has extensive expertise in environmental and Earth 
system sciences and these will be brought together in two 
major initiatives. 

The first is to build a new generation, Earth System Model 
(UKESM) in partnership with NERC ready for the IPCC 6th 
Assessment Report. This will be based on the high-resolution 
physical climate model (60 km atmosphere, 20 km ocean) 
to enable a deeper understanding of the importance of 
water-bearing weather systems for terrestrial ecosystems, 
and of ocean eddies and upwelling zones on biogeochemical 
cycles. At this unprecedented resolution, this should deliver 
new insights and more robust assessments of how Earth 
system feedbacks will interact with mitigation and adaptation 
policies. 

In parallel we will embark on an ambitious project to 
develop the first UK Environmental Prediction System (UKEP) 
in partnership with NERC. This will build on the 1.5 km 
UK atmospheric model and couple it comprehensively to 
terrestrial hydrology, and to shelf-sea ocean and wave models. 
This will enable us to explore, for example, the importance 
of hydro-meteorological coupling for more accurate flood 
forecasting and for understanding and forecasting the coastal 
environment, including river outflows, tides and storm surge. 
Later in the lifetime of this strategy, parallel developments in 
local air quality forecasting using fully coupled weather and 
atmospheric chemistry will be incorporated into the UKEP to 
enhance its functionality further. 

In partnership with UK and international collaborators we 
shall research the impacts of raising the upper boundary 
of the global Met Office Unified Model (MetUM) into the 
thermosphere, including possible improved representation of 
the thermosphere via lower atmosphere/upper atmosphere 
coupling. The extended MetUM shall couple to existing 
ionosphere models and form an important part of the  
coupled Sun to Earth modelling system in development  
for space weather.

Key actions:

l	 Pursue the overarching goal of maintaining the  
world-leading status of the global Met Office Unified 
Model (MetUM) to deliver improved operational services 
and provide a state-of-the-art computational laboratory 
for understanding weather, climate and Earth system 
processes. 

l	 Explore the consequences of current model resolution 
limitations by performing targeted climate model 
experiments at much higher resolutions (approaching  
10 km in the atmosphere and 5 km in the ocean), assessing 
the benefits of global weather forecasting at resolutions 
below 10 km, and exploring the value of sub-kilometre 
modelling for local meteorology. 

l	 Continue to improve our understanding and representation 
of atmospheric processes across timescales, focussing on 
fog, low cloud, aerosol processes and air quality, with an 
emphasis on improving kilometre-scale modelling. 

l	 Introduce stochastic approaches to represent unresolved 
processes that are known to affect the resolved scale, with 
particular focus on multi-scale, organised convection. 

l	 Work with NERC on a substantial programme to improve 
our representation of organised convection through a 
deeper understanding of convective processes and their 
interactions with atmospheric flows. 

l	 Enhance model skill and functionality by the transformation 
of our physical weather and climate models to fully coupled 
local environment and global Earth system models in 
partnership with NERC.

l	 Work with national and international partners to research 
and develop a coupled Sun to Earth space weather 
modelling system, including an upward extension of the 
MetUM to the thermosphere.
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4.2 Observations

Observations underpin everything the Met Office does. 
Without observations there would be no numerical weather 
prediction, no products to customers and little understanding 
of the magnitude of climate change. Furthermore there is still 
much that we do not understand about the atmosphere and 
the processes that go on in it. Field experiments to provide 
new insights and underpin model development will be as 
vital as ever. This often requires innovative ways of measuring 
atmospheric constituents and processes. The Met Office has 
a long history of expertise in this area, which we will continue 
to develop. 

We will seek to maintain a world-class programme of 
observational research, frequently in partnership with NERC, 
based around the state-of-the-art research aircraft3 and the 
ground-based facility at Cardington. We will promote and 
engage in national and international field programmes that 
will help to fill gaps in our understanding and where there are 
clear benefits to the services we provide.

The established network of core, high quality observations for 
operational monitoring and forecasting, such as from satellite 
and radar, will continue to be required and we will continue 
to seek maximum value from these systems. We will ensure 
that the UK’s continued investment in meteorological satellites 
is maintained at the appropriate level. However, in the future 
greater application of opportunistic data, and data gathered 
from other agencies, will be essential in delivering the Met 
Office scientific aims. 

A particular challenge for UK local forecasting is to capture 
the detailed lower-tropospheric temperature, humidity and 
cloud structure in stable conditions, when fog and low cloud 
tend to form. Relatively few observations exist with sufficient 
resolution/accuracy to provide the necessary information, 
especially at night. Designing an optimal network to provide 
this information will necessarily include a mix of sensors  
and an adaptable launching schedule, and is one of our 
highest priorities. 

The cost-effectiveness of particular observation networks, 
and potential alternatives, will therefore be assessed. As an 
example, the current Meteorological Monitoring System 
numbers around 300 sites equipped with high quality, state-
of-the-art instrumentation. It is not going to be economically 
viable or practical to increase significantly the density of this 
network. Consequently, in order to provide observations for 
the initialisation and validation of high-resolution models 
and forecasts, the use of opportunistic data will increase in 
importance. By opportunistic data we mean those gathered 
by third parties either specifically to monitor the environment, 
or environmental data that can be inferred or retrieved from 
other sources. A good example is the increasing availability of 
surface meteorological data from amateur observers that are 
gathered through the Weather Observations Website (WOW), 
a citizen science initiative powered by Google.

Modern data assimilation techniques can utilise high density, 
lower quality data provided the error characteristics of the 
data are understood, and the data are underpinned by a high 
quality network, against which they can be benchmarked. 
Savings made through the use of opportunistic data in some 
areas may be used to invest in other priority areas where third-
party data are not available.

3 The Facility for Airborne Atmospheric Measurement (FAAM) is the result of collaboration between the Met Office and the Natural 
Environment Research Council (NERC) and has been established as part of the National Centre for Atmospheric Science (NCAS) to 
provide an aircraft measurement platform for use by all the UK atmospheric research community on campaigns throughout the world.
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Example of sophisticated instrument development conducted in the 
Met Office. This instrument counts ice nuclei and will be installed on the 
UK’s Facility for Airborne Atmospheric Measurement. Ice nuclei play a 
fundamental role in cloud formation and whether clouds glaciate or not. 
This has profound effects on the cloud’s radiative properties.



The development of the UK Environmental Prediction System 
will pose significant technical and scientific challenges to 
observing the full range of required variables. The coastal 
marine environment is not well observed and indeed there 
are technological challenges in measuring adequately 
the physical variables in the shelf seas and coastal waters. 
Furthermore ready access to environmental data, such as 
river flow measurements, will rely on good partnership 
management and collaboration between different agencies. 
Such partnership management is already important in 
observation provision and will be a growing activity in the 
future as the Met Office increasingly reaches out to gather 
datasets that monitor the total environment, as opposed to 
standard meteorological variables.

Quantitative evaluation of the impacts of observations 
in Numerical Weather Prediction remains an important 
requirement for the Met Office. Observing System 
Experiments (OSEs or data denial experiments) assess 
the impact of observations by removing those of interest 
from assimilation. More recently the use of adjoint-based 
techniques for calculating observation impacts has been 
developed; this provides a powerful additional technique for 
assessing observation impacts, to continue to ensure that we 
invest wisely in future observing systems. As we increasingly 
move to probabilistic, ensemble-based predictions, we will 
explore new ensemble-based techniques for calculating 
observation impacts, which are likely to eventually replace the 
adjoint based techniques.
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The spatial extent of wind data obtained using an initial network of 5 
Mode-S receivers (Mode-S is a secondary surveillance radar system used 
by air traffic control services). The data stream includes information on 
aircraft position and velocity relative the ground and air – permitting 
derivation of the wind speed and direction. The colours show, for each 
location on the map, the lowest height (in feet) of the data obtained over 
a 10-day period. The dashed circles delineate a range of 256 km from the 
receiver locations.
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The skill of global weather forecasts depends critically on access to a wide range of observations, but some observations are more 
important than others. The impact of different observation types on the error in the forecast (measured here as the total energy norm 
across the model domain [J/kg] and across a range of variables such as wind speed and temperature) emphasises the value accrued from 
satellite-based Earth Observation and supports the UK’s continued investment in meteorological observations.



As in weather science, observations are a critical underpinning 
capability for climate science. For example, providing early 
warning of abrupt changes involves understanding the 
observable quantities most suited to early indications of 
likely future abrupt changes in climate system properties. 
Understanding how the risks of extreme events are changing 
requires both an operational monitoring capability – to 
compare current events with past events in the observational  
record – and also an operational attribution capability – to 
calculate how the risks of extreme events have changed as a 
result of anthropogenic climate change. 

Consequently there will be a focus on expanding the 
capabilities of the UK National Climate Information Centre 
(NCIC) to address extremes and their return periods and 
provide information to planners and developers on resilience 
based on past records. 

We will continue to improve the spatial and temporal 
coverage of our global surface temperature data and 
estimates of the observational uncertainty, and expand our 
capabilities to other key components of the climate system, 
especially related to the water cycle. There will be a particular 
emphasis on characterising regional climate variability 
and change including extremes. In order to ensure a firm 
observational basis for our investigations into heat uptake of 
the oceans, we will develop further our historical analyses of 
ocean heat content, including a careful study of associated 
uncertainties, in collaboration with the International Quality 
controlled Ocean Database (IQuOD) project.

These developments will require investment in the current 
observing network – including ocean observations, such 
as Argo floats – and in work to exploit historical data held 
in paper archives around the world though engagement 
with projects such as ACRE (Atmospheric Circulation 
Reconstructions over the Earth). 

The development of Earth system models challenges our 
capabilities to evaluate their performance in terms of Earth 
system processes, such as the carbon cycle. Consequently we 
will invest in new evaluation techniques and metrics to ensure 
that the added complexity of our Earth system models is fully 
ground-truthed in observations, working with the remote 
sensing community to make optimal use of new observational 
products. We will lead international efforts to grow the range 
of routinely evaluated metrics to encompass the key areas 
required to build trust in our projections of carbon budgets 
and atmospheric composition.

Key actions:

l	 Maintain a world class programme of observational 
research – frequently in partnership with NERC – by 
developing innovative instrumentation and engaging in 
national and international field campaigns to help fill gaps 
in our understanding. 

l	 Sustain our core, high-quality network of observations 
for operational monitoring and forecasting, such as from 
satellite and radar, and continue to seek maximum value 
from these systems.

l	 Develop the use of opportunistic data (e.g. data gathered 
by third parties or environmental data inferred or retrieved 
from other data sources) to validate high resolution models.

l	 Continue to develop partnerships and collaborations with 
key agencies in order to help provide observations of the 
coastal, marine and hydrological environment.

l	 Assess the value to the forecast of different observing 
systems to ensure that the UK invests wisely in future 
observing systems.

l	 Develop the National Climate Information Centre to 
provide a broader range of metrics of past weather and 
climate behaviour for the UK, with a particular emphasis on 
extremes. 

l	 Focus on improving the spatial and temporal coverage 
of global surface temperature measurements for climate 
monitoring, and develop observational datasets to improve 
our understanding of the water cycle. 

l	 Develop new evaluation techniques and metrics to ensure 
that the added complexity of our Earth system models is 
fully ground-truthed in observations.
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4.3 Data assimilation

Data assimilation is fundamental to weather and climate 
prediction by defining the initial conditions of the atmosphere 
and, increasingly, the full climate system. It deploys complex 
mathematics and physics to produce fully 3-dimensional, 
physically constrained descriptions of components of the 
Earth system, by combining model estimations with millions 
of observations that derive from different observing platforms 
and are highly heterogeneous in time and space. Data 
assimilation relies on knowing the error characteristics of the 
observations and increasingly of the model into which the 
observations are assimilated. 

The Met Office will sustain its world-leading capability in 
global atmospheric data assimilation by moving to a system 
that uses a large ensemble (around 200 members) of model 
simulations to estimate the flow-dependent error in the 
previous forecast, and hence in the model background field 
into which the observations are assimilated. This will enable 
us to generate improved initial fields for model forecasts and 
to gain the maximum information from the observations by 
reducing the amount of sampling error in the forecast error 
estimates. The suitability of alternative, ensemble-variational 
techniques will also be assessed. 

Underpinning our data assimilation will be continued 
investment in the development of applications to extract as 
much information as possible from the myriad of satellite-
based observing systems. Observations from new satellites 
will be exploited as quickly as possible to maximise the 
benefits from the investments made in the observing system. 
The impact of satellite data in the global NWP system is now 
very high, and research effort will increasingly focus on 
improving the impact of satellite data in the UK system.

Commensurate with the importance of kilometre-scale 

weather forecasting and ‘nowcasting’ for the UK, the 
development of convective-scale data assimilation will be a 
high priority. In the first instance this will be based around 
traditional, 4-dimensional variational approaches with 
research focusing on how to use new data sources such as 
Doppler radar and lidar information and making better use  
of satellite data to improve water vapour and cloud fields.  
As the development of the ensemble system for  
kilometre-scale forecasting matures, ensemble data 
assimilation will be deployed. 

In line with plans to implement a fully coupled ocean-
atmosphere system for global weather forecasting, we will 
develop a coupled data assimilation system that will serve all 
prediction timescales from a day to a decade ahead. The case 
for fully coupled ocean-atmosphere data assimilation has yet 
to be made, so in the first instance we will deploy a weakly 
coupled system that performs data assimilation for ocean and 
atmosphere separately, driven by output from the coupled 
ocean-atmosphere model. 

The application of state-of-the-art data assimilation and 
modelling to produce historical reanalyses of the global 
atmosphere is now well established and provides an 
essential resource for understanding the variability of the 
current climate, and is beginning to be used to detect 
climate change. More recently the Met Office has been 
instrumental in developing high resolution, regional 
reanalyses in collaboration with European partners, providing 
unprecedented detail on local high impact weather and 
climate events, such as extreme rainfall and heatwaves. 

It is anticipated that Met Office leadership in European 
regional reanalysis efforts will result in a significant 
contribution to the EU Copernicus Climate Change Service 
in coming years. The European regional reanalysis capability 
will also be extended to include the assimilation of particular 
constituent species that contribute to poor air quality (e.g. 
tropospheric ozone PM2.5, PM10) in preparation for the EU 
Copernicus Atmospheric Monitoring Service. We plan to 
rollout our regional reanalysis capability to other parts of 
the world to complement the growing activity in regional 
projections of climate change.

Key actions:

l	 Move to a global ensemble-variational data assimilation 
system based on ~200 members to characterise the model 
uncertainty in the description of the current state of  
the atmosphere. 

Meteosat Third Generation (MTG) 
Imaging and Sounding satellites.

Image: ESA/EUMetSat
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l	 Continue investment in the development of systems to 
maximise the information extracted from satellite data. 

l	 Develop convective-scale data assimilation to support local 
weather forecasting and ‘nowcasting’ for the UK. 

l	 Explore new data sources, such as Doppler radar and  
lidar information, and make better use of satellite data  
to improve water vapour and cloud fields.

l	 Develop a weakly-coupled ocean-atmosphere data 
assimilation system for implementation in global weather 
forecasting and climate prediction. 

l	 Further develop an ensemble-based regional 
meteorological reanalysis capability, for initial application 
in Europe, including atmospheric constituent data 
assimilation for air quality applications.

4.4 Ensemble systems

Following Lorenz’s seminal work on chaos theory in the 
1960s, probabilistic approaches to prediction have come to 
dominate the science of weather and climate forecasting.  
Over the last few years the Met Office has introduced 
ensemble forecasting systems for lead times from hours to 
decades, so that the customer can be provided with more 
robust information on the risks associated with particular 
weather and climate events. Implementation at both global 
and convective-scale will be consolidated further in coming 
years through the development of improved methods for 
representing forecast uncertainty. 

The early implementation of ensemble prediction systems 
focused on uncertainty in the initial conditions and there are 
now sophisticated methods for representing this in global 
weather and climate prediction, including the development 
of ensemble data assimilation. Future research will focus on 
the challenge of how to present initial condition uncertainty 
in the regional kilometre-scale model, in conjunction with 
uncertainty in the boundary forcing coming from the  
global ensemble. 

However, uncertainty is not confined to just initial conditions, 
but is an inherent property of the formulation of models. The 
current assumption is that sub-grid, unresolved processes 
can be represented by physical parametrizations that attempt 
to determine their gross effects on the atmosphere at the 
resolved scale. This approach is now being challenged and 
has led to the development of stochastic approaches to 
physical parametrizations, which attempt to represent the 
sub-gridscale uncertainty arising from unresolved processes. 
What this essentially says is that models, because of their 
coarse resolution, miss some of the nonlinear processes that 
are fundamental to the atmosphere as a chaotic system. 

As a result, representing model uncertainty is considered to 
be a fundamental property of ensemble prediction systems 
on all time and space scales. Consequently the development 
of more advanced stochastic physics parametrizations will be 
a significant area of research, placed within the context of our 
seamless approach to modelling and prediction. With the 
availability of substantially enhanced computing power, ultra-
high-resolution process studies of multi-scale systems, such 
as organized convection, will increasingly be used to aid the 
development of improved stochastic physics parametrizations. 
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A measure of the quality of an ensemble prediction system 
is its reliability; this means the extent to which the system 
reproduces the observed probability of an event occurring, 
based on a large number of past cases, which may be 
accumulated through operational verification or through 
running a set of hindcasts. This is computationally and 
scientifically challenging, especially with respect to extreme 
weather events. More research is needed on how best to 
approach this, particularly for regional, kilometre-scale 
weather forecasting systems. 

For seasonal to decadal climate prediction, the length of the 
hindcast set presents some additional challenges because 
the observational base has improved substantially over the 
last few decades, especially for the oceans, and it is not clear 
how far back the hindcasts can sensibly go. More research 
is needed to determine the optimal number of ensemble 
members and the appropriate length of the hindcast set for 
climate prediction. 

Key actions:

l	 Develop more advanced stochastic physics 
parametrizations in order to represent fundamental model 
uncertainty on all scales. This will be supported by ultra-
high-resolution process studies of multi-scale systems, 
exploiting our enhanced computer power. 

l	 Improve the representation of initial condition uncertainty 
in the convective-scale ensemble through the development 
of new methods for data assimilation at these scales. 

l	 Assess how well our ensemble systems predict extreme 
events at all timescales, through the use of appropriate 
verification methods. 

l	 Improve the reliability of monthly to decadal climate 
predictions through better representation of initial 
condition and model uncertainty, larger ensembles and 
more extensive hindcasts. 
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Example of using an ensemble of forecasts to capture the uncertainties in exactly where heavy rainfall will occur across the UK associated with a frontal 
system. These local variations arise from uncertainties in the position of the front, from the interaction of the front with the local landscape, and from 
fine scale processes within the cloud systems along the front. The spread of the forecasts can be used to deduce the probability of heavy rain occurring 
in a particular location and this information is invaluable to the forecaster, providing confidence around where the risks of high impact weather will  
be greatest.

Probability of heavy rainM-UK 1 Hour Precip Accum. for period ending: 06Z 05/07/2014 T+33
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4.5 Forecast verification and post-processing

Weather and climate model forecasts have always been 
verified since they began providing operational predictions. 
This is important for guiding and demonstrating progress in 
building improved forecasting systems, for reassuring users 
that these forecasts have skill, and for justifying continued 
investment in research.

Forecast accuracy is determined by comparison of the 
disseminated forecast with actual observations. In global 
weather forecasting the traditional approach has been to use 
the bias, the root-mean-square errors and anomaly correlation 
of large-scale forecast fields, such as mean sea level pressure, 
as measures of forecast accuracy. However, the drive towards 
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Improvements in the skill of numerical weather prediction come from a variety of sources – increased model resolution, better physics, better numerics, 
more extensive observations and better use of observations. Each element involves a substantial programme of research and testing, extending over 
several years before it can be introduced operationally. This example shows how the forecast skill (measured as the 12 month running average of the 
500hPa height root mean square error from the Day 3 forecast versus analysis) has improved since 1990 for the northern and southern hemispheres, 
with the major milestones along that journey. More extensive and better use of satellite observations has dominated improvements in the data sparse 
southern hemisphere. Major upgrades to the dynamical core of the model affect every part of the forecast system, from physical parametrizations to 
data assimilation, and so these occur typically only once a decade. This emphasises the long-term commitment to research and development that is 
necessary to deliver forecast improvements.  



much higher resolution in global and regional models, and 
hence far more detailed representation of local weather 
phenomena, makes these traditional metrics much less 
relevant for verifying the latest advances. 

As the resolution of forecast models has improved so has the 
need to verify surface weather parameters at the local level. 
Statistical calibration techniques are essential for translating 
model outputs to local observation sites and allowing for 
limitations of model resolution. We still need to understand 
better how, for example, neighbourhood methods apply 
in regions of complex terrain for variables other than 
precipitation, such as visibility and how they can be extended 
to deal with timing errors. 

Likewise the move to probabilistic forecasting on all timescales 
means that new methods will have to be implemented to 
demonstrate forecast skill and reliability. We need to verify 
how well ensemble prediction systems predict extreme events 
at all time-space scales, but this poses challenges in terms of 
sample sizes for both calibration and verification. 

Forecast skill or usefulness relates to how much value the 
forecast delivers in comparison with a reference forecast, 
such as persistence or climatology. Increasingly, the value of 
the forecast needs to be based on weather elements and the 
impacts that they deliver, couched in terms that are relevant 
to users’ needs and the risks that they are exposed to. This 
means that the development and application of user-oriented 
verification metrics are increasingly important. These will 
need to be closely tied to post-processing of the raw forecast 
output in terms of customer-relevant products and services. 

Taking account of the error characteristics of new,  
customer-relevant observations in the verification 
methodology will be necessary and non trivial.  
These requirements demand substantial investment  
in the development of new verification techniques and  
post-processing algorithms that represent the output of  
the basic forecast in terms of user-oriented quantities. 
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We will conduct a review of post-processing techniques and 
their relationship to verification. Post-processing systems will 
be integrated more closely with verification to improve the 
calibration of forecasts and downscaled interpretation for 
local detail. A further benefit of post-processing will be to 
decouple the development of underpinning models from the 
applications. By providing post-processed outputs in standard 
formats to be used by downstream users, we will improve 
the pull-through of new science by reducing the impact of 
changes on downstream systems.

As our operational forecasts have extended to consider 
timescales beyond a few days to weeks and months ahead, 
new ways of demonstrating skill and value will need to be 
developed. New seamless verification techniques will be 
explored that utilise weather regime methodologies and the 
relationship between weather regimes and the potential for 
high impact weather. It is anticipated that to demonstrate 
value from forecasts on these timescales will require much 
deeper engagement with the user community as part of our 
Scientific Consulting.

Key actions:

l	 Develop a new set of metrics and scores that measure 
improvements in forecast skill and reliability from 
probabilistic rather than deterministic prediction systems. 

l	 Implement new metrics to define forecast skill that focus on 
surface weather variables and increasingly focus on user-
oriented quantities.

l	 Develop more sophisticated neighbourhood methods to 
deliver more accurate assessments of forecast skill at the 
local level and in complex terrain. 

l	 Integration of verification and post-processing methods 
within model diagnostics to strengthen the links between 
research and the customers of our products and services.

l	 Development of more seamless approaches to evaluate  
skill and reliability in extended range weather and  
climate ensemble prediction systems, with specific 
emphasis on weather regimes and extreme events. 
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5. Beyond 2021: Preparing for the future

This strategy highlights the developments that we will 
deliver in the next 5 years to improve the services that we 
provide. However, over many years it has become clear 
that the lead time for major developments in models and 
prediction systems is typically 5-10 years, so an important 
part of our strategy must be to look beyond 2021. During  
the lifetime of this strategy we will begin to invest significantly 
in the underpinning research that will shape the Science 
Programme post 2021. 

Our overarching vision for integrated Ensemble Prediction 
Systems to underpin risk-based decision-making, from 
global to local and from hours to decades, will continue 

to drive our overall strategy. The use of larger ensembles, 
improved methods for representing uncertainty, and better 
estimates of skill and reliability will be major consumers of 
supercomputing power. 

The forecasts from these ensemble systems will feed 
probabilistic best data for automated warning, visualisation 
and impact models. The extent to which impacts should be 
built into numerical models, hence increasing complexity, 
will need more research consideration in the future. It will 
nevertheless be the case that finding the right balance 
between complexity, resolution and ensemble size will 
remain a significant challenge.
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As an island nation, the UK is exposed to natural hazards from the air, the land and the sea. What happens along our coastline, within our 
tidal estuaries and along our river network, for example, is often a combination of several factors. So describing how the local environment 
is shaped and forecasting how it might evolve means understanding how its different components interact. This example outlines how 
various component models will be coupled together to create an integrated system for studying coastal environments as part of a larger 
effort to build the UK integrated environmental model in partnership with NERC.



Beyond 2021 we expect our plans with NERC, to transform 
the UK kilometre-scale weather forecasting model to a fully 
integrated environmental model (atmosphere + ocean 
+ waves + land hydrology + air quality), will be reaching 
operational maturity. This will provide robust forecasts of 
natural hazards a few days ahead and provide the tool for 
predicting changes in local hazards as the environment 
changes. We will seek to make this a re-locatable system that 
can be used around the world for local hazard forecasting 
as part of disaster risk reduction and as downscaling tool for 
assessing local impacts of climate change.

We expect our global and regional models to be fully 
coupled systems beyond 2021 and so alongside those we will 
develop a fully coupled data assimilation system to exploit 
environmental monitoring investments, including Earth 
observation from space. 

To drive further improvements in skill, robustness and 
relevance of regional predictions of climate variability and 
change, we will drive down the resolution of our climate 
model to sub 20 km in the atmosphere and 5 km in the ocean. 
Sub-50 kilometre Earth system models will be developed 

to explore the importance of resolution for capturing 
Earth system processes and feedbacks, especially for the 
major interacting cycles of water, carbon and nitrogen. As 
the requirements mature for more holistic approaches to 
climate change solutions, involving blended mitigation and 
adaptation strategies, we plan to place the Earth system 
model at the heart of future Integrated Assessment Models. 

Finally, an increasing proportion of the global population 
will be living in cities, often on coasts, and there will be 
an increasing need to develop capabilities to provide city 
forecasts that consider important aspects of the urban 
environment, such as heat island effects, air quality, coastal 
inundation and localised flash flooding. This will require a 
new class of turbulent-permitting models that can operate at 
scales of 300 metres or less and that can represent processes 
operating within the urban boundary layer. We will begin to 
explore the scientific issues of this class of models during the 
course of this strategy, with the possibility of introducing an 
on-demand operational service for regions such as Greater 
London, and including Heathrow Airport, at times of  
elevated risk. 
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Local weather, such as fog, is very sensitive to the local landscape and modelling at scales of a few hundred meters or less is likely to bring significant 
benefits. This example shows the improvements in the representation of the Thames Valley when moving from the current resolution of 1.5km (upper 
left panel) to an experimental resolution of 300m (lower left panel). This has a large impact on the formation of fog (right panel), with the visibility 
falling to below 100m over Heathrow in this particular example (Heathrow is shown by the white cross on the left panels and by LHR on the right panel).



To achieve these ambitions will require us to exploit to 
the full the supercomputing capability that will become 
available to us, and so our model codes must continue to 
be as efficient, but yet as accurate, as possible. As exascale 
computing becomes a reality this will mean massively parallel 
architectures and model codes that are capable of scaling 
across 100,000s of processors. This will require complete 
re-engineering of our codes and it will be vital that we 
understand the trends in supercomputing architectures. 

Whilst the latest upgrade of our numerical core will take us 
through the lifetime of our current supercomputer, a major 
programme is already underway in partnership with NERC 
to build the core of the next generation model. However the 
scale of the challenge to deliver a full operational system, from 
data assimilation through to forecast to post-processing and 
verification, is substantial and will require careful planning 
and deployment of resources throughout the lifetime of  
this strategy. 

The initial programme of work to build a new modelling 
infrastructure to address the challenge of exascale computing 
has already commenced and will be expanded to encompass 
all compute-intensive applications. This will take up increasing 
levels of resource during the lifetime of this strategy, and 
will require significant investment in scientific software 
engineering. Other leading centres around the world are 
facing similar challenges and so part of our strategy must be 
to work in partnership.

Key actions:

l	 Working towards an operational UK Environmental 
Prediction Capability. 

l	 Exploring the benefits of very high resolution  
(300 m or less) modelling.

l	 Developing the capability for forecasting city-scale 
urban environments. 

l	 Preparing for exascale computing.
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6. Realising the benefits of global science partnerships

Increasingly the scale of resource needed to develop and 
maintain world-leading weather and climate models and 
deliver accurate and reliable predictions is becoming the 
domain of only a few major centres around the world.  
The Met Office is one of those centres. As a result we take  
our responsibilities as a facilitator and integrator of an 
increasingly broad range of science and technology as a 
fundamental part of our mission. 

Our Science Partnership programme has a pivotal role 
in cementing our links across national and international 
research and service organisations. It recognises that the 
science required to address the grand challenges of weather 
and climate prediction cannot be encompassed in a single 
organisation, and that therefore the Met Office must seek to 
form partnerships with world-leading research groups and 
outstanding individual researchers across the range of  
science disciplines. 

Our national capability in weather and climate science, 
embodied in the Met Office Unified Model (MetUM), 
underpins atmospheric and climate research in the UK 
academic community, facilitating and integrating a broad base 
of research. Likewise an increasing number of international 
centres are choosing to partner with us and use our model 
codes for research and services. As we move into full Earth and 
environmental system models, we will work with our partners 
to draw on an ever-widening base of science disciplines. 

The MetUM is increasingly modular in its structure, enabling 
us to draw in the best modules for components of the Earth 
system, such as the ocean and sea-ice, working in partnership 
with the international community. This is important because 
it enables us to focus on aspects of the model, especially the 
atmosphere, where we have world-leading capabilities. 

The increasing reach of the MetUM means that we must 
seek to improve its access and usability by creating a more 
open MetUM version, in collaboration with our key partners, 
which will facilitate greater use by academia and students 
for investigative research. Our key partners already make 
significant contributions to the scientific and technical 
development of the model and this is expected to grow 
through a more managed joint science activity and the 
continued commitment to build a joint team developing the 
technical infrastructure of the MetUM. 

Key elements of our Science Partnership programme will 
continue to be the Joint Weather and Climate Research 
Partnership (JWCRP) with NERC, the Met Office Academic 
Partnership (MOAP) with leading UK universities, and the 
international MetUM Partnership. We will continue to 
collaborate with ECMWF and benefit from their developments 
in global numerical weather prediction. 

We will seek even greater alignment and sharing with  
NERC on core facilities and capabilities that are critical for  
the UK’s weather and climate science base, such as the 
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research aircraft, provision of supercomputing resources, 
shared data repositories and the development of next 
generation codes. We will also seek to commission and fund 
more joint strategic research programmes with NERC to 
deliver the critical mass of expertise necessary to attack  
Grand Challenge research problems. 

The MOAP represents a unique partnership between 
academia and a national meteorological service. It has three 
main purposes; firstly to accelerate the pull-through of blue-
skies, discovery science; secondly to work together to shape 
new research directions; and thirdly to promote weather and 
climate science to the next generation. We will increase the 
presence of Met Office scientists at our partner universities 
and encourage joint appointments to enrich and strengthen 
the relationship and to provide critical mass of capabilities. We 
will seek further mechanisms to engage with undergraduate 
and graduate students by offering scholarships, targeted 
opportunities to engage in our summer vacation programme, 
and sponsoring jointly supervised PhDs. 

Met Office involvement in European-funded research has 
grown significantly in recent years, and is seen as a key 
area for further growth. Both the EU Horizon 2020 and 
Copernicus programmes provide opportunities for the 
Met Office to engage in research and services beyond the 
remit of our core weather and climate programmes, but 
in areas that complement our core programmes strongly. 
These opportunities will be assessed as they arise and our 
involvement in them decided based on their alignment with 
this strategy. The broad range of weather, marine and climate 
services outlined in the plans for the Copernicus Services 
provides a plethora of potential opportunities for the Met 
Office to engage with. 

The Met Office has been designated as a delivery body for the 
Newton Fund, which was established by UK government to 
develop science and innovation partnerships that promote 
the economic development and welfare of developing 
countries. The Newton funded ‘Climate Science for Service 
Partnership’ has already established significant programmes 
with China, Brazil and South Africa, in which our formal 
Science Partnerships have been instrumental in gearing wider 
UK intellectual capital in these programmes. We will seek 
future opportunities to partner in developing our scientific 

understanding of weather and climate and its role in  
climate services through the Newton Fund and other 
opportunities, such as those presented by the new agendas 
in disaster risk reduction, climate services and Sustainable 
Development Goals.

The limited area, convective-scale version of the MetUM is 
increasingly being used for local weather forecasting in a 
number of regions around the world. We will continue to 
support and encourage these developments, accepting that 
this increases the requirement for a coordinated development 
and testing programme for high-resolution models. However, 
there are significant benefits from testing in a few, carefully 
selected ‘testbeds’ (e.g. Africa, South Asia, Australia, 
continental US) because these reveal new development 
priorities and increase the robustness of the model. 

Key actions:

l	 Strengthen further the Joint Weather and Climate Research 
Programme with NERC to deliver an increasing range 
of jointly resourced national capability and research 
programmes that address UK strategic science priorities. 

l	 Build a directed programme of scientific and technical 
developments across the MetUM partnership with the goal 
of maintaining a world-leading modelling and prediction 
capability of value to all partners. 

l	 Continue to grow the Met Office Academic Partnership  
by creating more jointly-funded posts and enhancing  
Met Office presence in our partner universities. 

l	 Seek further ways to encourage and support 
undergraduate and post-graduate students in weather and 
climate science. 

l	 Engage pro-actively in EU funding opportunities by 
seeking an influencing and leadership role in Horizon 2020 
programmes, where appropriate, and by participating as 
fully as possible in the delivery of Copernicus services. 

l	 Consolidate the role of the Met Office as a delivery  
partner for UK government of the Newton Fund and 
actively engage in further opportunities, such as those 
presented by new agendas in Disaster Risk Reduction  
and Climate Services.
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7. Developing our people

Our scientists are our most critical and precious resource. In 
order for our science to grow and to position the Met Office 
as a world-leading partner of choice, we will need to attract, 
develop and retain highly skilled individuals. Our scientists, 
scientific software engineers and scientific consultants are vital 
for ensuring that we continue to work at the cutting edge of 
weather and climate science and its applications. 

Consequently we will continue to place Continuing 
Professional Development at the heart of how we enthuse, 
manage and support our staff through their career 
development. To ensure that this is given sufficient time 
and priority, we remain committed to the expectation that 
20% of staff time should be spent on learning and career 
development. This will help staff to develop a broad range 
of skills in order for them to achieve their career goals and 
fulfil their potential within the Met Office. Supported by the 
Science Learning and Development Group, the Continuous 
Professional Development Handbook will provide a 
framework for a range of learning and development activities 
that will help our staff to gain the skills they require. 

Improving the range and balance of skills and knowledge will 
require staff to have more agile careers, and to be supported 
in the development of a breadth of knowledge. Staff will be 
encouraged to consider their work on timescales of 3-5 years, 
and those with a desire to move across different areas of 
research on these timescales would be supported to do so. 

As we seek to undertake more work in partnership, this will 
provide opportunities for staff to work more closely with 
our partners and to participate in secondment activities 
that enrich their research and bring new perspectives 
to the science we do. Increasingly we will support joint 
appointments with our science partners and encourage the 
take-up of opportunities to study for a PhD and other degrees. 

The diversity and gender balance of our science staff is a key 
consideration as we continue to grow. We want to ensure that 
staff are able to develop to the fullest of their ability regardless 
of any seen or unseen differences, and that the diversity of our 
teams is valued at all levels. 

The Met Office has a more gender-balanced workforce than 
many research organisations; however there are still significant 
gender imbalances in the makeup of our science management 
teams, especially at the more senior levels. We aim to improve 
this situation over the course of this strategy, removing 
barriers and providing the right support to help staff to 
achieve their full potential. By developing a diverse leadership 
team, we will help to ensure that our science flourishes.

Key actions:

l	 Provide a working environment that accommodates the 
range of different working practices across Science and 
encourages staff to thrive. 

l	 Support a strong Continuous Professional Development 
programme with an increasing range of opportunities 

l	 Introduce new ways of addressing gender balance working 
through the Athena Swan Award Scheme. 

l	 Continue to promote and support the aim that staff  
should set aside 20% of their working hours to  
learning and development.
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8. Communicating our science

One goal of the new Science Strategy is to promote the Met 
Office as a major scientific organisation at the forefront of 
weather and climate research, and as an international leader 
in weather and climate prediction and services. Whilst our 
scientific credentials are known by our peers, there are clear 
requirements for communicating our science capabilities 
more widely, in part as our response for the call for more 
openness and transparency in research, methods and data. 

It has become common practice for published peer-reviewed 
research to be made Open Access and there is a strong 
argument for research, which is publically funded, to be made 
freely available online. So we will create an online repository 
of Met Office lead-authored research articles through the 
National Meteorological Library and Archive, starting with 
papers published in 2015. Public access will be given to this 
archive via our Library Catalogue. 

The research pages on the website will be developed further 
to provide increasing visibility of our science, not only to 
fellow researchers, but to our stakeholders, customers and the 
general public. Other methods for communicating our science 
will be developed using a range of media and drawing on 
external consultants. As part of the professional development 
of our scientists, training in science communication will be 
strengthened. 

There will be a major effort to improve our visualisation 
tools as an aid to better communication. The newly created 
Informatics Lab, jointly resourced through Science and 
Technology and Information Systems, will continue to explore 
innovative ways of exploring and presenting science and the 
services that emanate from it.

We will establish a Science Communications Group, jointly 
owned by the Chief Scientist and Head of Communications. 
This group will engage with a range of audiences, and 
ensure that Met Office science and our scientific excellence is 
regarded as a leading national capability that underpins Met 
Office services and increasingly a wider body of applications. 

Key actions:

l	 Embed science communication skills within staff 
development and encourage the use of a range of media to 
promote our science and its relevance to societal issues. 

l	 Create a repository of peer-reviewed papers by Met Office 
lead-authors from 2015 onwards through the National 
Meteorological Library and Archive.

l	 Establish a formal science communications programme 
overseen by the Science Communications Group. 

l	 Exploit the development of the Informatics Lab to deliver 
significant advances in how we visualise and communicate 
our science.
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9. Conclusions

Over more than 40 years the Met Office has benefitted from a 
highly directed Science programme that has been geared to 
systematically improving the skill of weather forecasting and 
the reliability and usefulness of climate change prediction. 
This has enabled the Met Office to achieve its world-leading 
position as a service provider and at the same time placed it 
amongst the best geophysical research organisations, one that 
is recognised for its innovative and ground-breaking science. 

This strategy is deliberately designed to place the impact of 
our science at the heart of what we will deliver, and make 
a strong case for continued investment. By driving down 
model grid-spacing at the global and local scale, and moving 
on from weather and climate to the local environment and 
global Earth system, it will open up many new opportunities. 
It will help us address society’s need for better information 
and advice on natural hazards and climate change, it will 
strengthen our international role in sharing data, knowledge 
and capabilities, and it will enable us to continue as a major 
facilitator and integrator of UK environmental science.  
By focusing on the effective translation and application  
of weather and climate science this strategy will help the  
Met Office and those we work with realise our collective 
potential for growth through improved services and 
exploitation of environmental intelligence. 

Over 150 years ago Admiral Robert Fitzroy started on the long 
journey of making predictions as a means of reducing and 
managing the impacts of severe weather and climate change, 
and his words speak across the years to us today.

“Man cannot still the raging of the 
wind, but he can predict it. He 
cannot appease the storm, but he 
can escape its violence, and if all 
the appliances available for the 
salvation of life [from shipwreck] 
were but properly employed the 
effects of these awful visitations 
might be wonderfully mitigated.”
Admiral Robert Fitzroy
Letter to ‘The Times’ in 1859 following the loss of  
the Royal Charter in a storm off the Welsh coast.
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