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Met Office Basic facts

Turnover ~£228m Yt
(approx 15% Commerci

People ~2100 Staff '
~1500 at Exeter I

Locations ~50 manned location
~Many more unm
~inc 4 permanent, plu s
Working areas 35% Forecasting
29% Science & Re

- 16% Technology
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% Funding

Met Office

PWS funding from:

Government,
Civil Aviation and
Data Wholesaling

www.metoffice.gov.uk

® Aviation

® Commercial Business

m Digital and Global Media

» Defence

= Government Services

® Public Weather Service

® Observing
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Forecasting the weather
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Met Office

The way we work

Operationalising science and data for UK
Government, public and business
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Academia and
International

Public sector
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Our Science

Carbon climate  opservations  Runof/  Land
cycle river models surface

Multi-model Regionalscale ~  Modelling  Atmospheric
ensembles  decadal prediction  capability ~ chemistry
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Weather and climate
related services

Customer and UK
public welfare

Outputs



Seamless Prediction
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Met Office 1ce Essential support to decision making on all timescales
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Analysis of past weather Predicting routine

Monthly to decadal Global and regional

observations to manage and hazardous predictions - probability climate predictions.

climate risks weather conditions. of drought, cold, hurricanes.... N .
Informs mitigation policy

Eg. Agriculture: informs Public, emergency Contingency planners, and adaptation choices.

crop choice, planting to response, international j national and international Impacts on water

yield optimisation and Disaster Risk humanitarian response, resources, heat stress,

minimise crop failure risk. Reduction government and private crops, infrastructure.

infrastructure investment

www.metoffice.gov.uk Forecast lead-time © Crown copyright




Focussing in on the UK

Met Office

Carlisle Flood 2005:
Observed and forecast rainfall

P9/

Model Orography

40 80 120 160 200 mm
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~<2» Computers used for weather &

Mmetofice  Climate prediction

Computers Used for Weather and Climate Prediction

Cray XC40_ ¢Cray XC40+

S&® NECSX-8
NEC 5X-6

< N
1.E407 BM 360/195 87  ~_  ~ BestFit
1.E+06 7
1 E405 - Moore's Law
\Evos - ZKDF-9
1.E+03 Mercury
1.E+02

1.E+01
1950 1960 1970 1980 1990 2000 2010 2020

Year of First Use

|
®
Q
c
m
£
6
=
@
o
x
v
0
o

www.metoffice.gov.uk

2030




e
=<7 Super computer

Met Office

CRAY XC40




Providing Accurate Forecasts

Verification vs Model Analyses (from 00Z and 12Z model runs)
12-month average RMS errors of PMSL (hPa)
North Atlantic, Western Europe and NE North America domain
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Met Office

Ranking relative to Met Office
‘Basket” of measures of forecasting skills

More skilful

Less skilful

Australia
Canada
Europe
France
Germany
80 us
Japan
Korea
2 o » o » » »» e

Northern Hemisphere NWP Index (v analysis)
basket % difference relative to Met Office
www.metoffice.gov.uk




Full Implementation of Seamless

Prediction
From Global to Local and from Weather to
Climate
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to years:

: ) Local meteorology Impacts
Synoptic drivers
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Met Office

www.metoffice.gov.uk

Challenges
Technology

« HPC Benefits realisation
 Big Data and Decoupler
* Open Data and APlIs

* Collaboration

* The Road to Exascale
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Metofice  VVarning Service

Warnings overview: United Kingdom
Issued on Thu 5 Dec

Thu 5 Dec Thu 5 Dec Fri 6 Dec Sat 7 Dec 5un & Dec Man § Dec

Likelihood

Potential impacts

Use the small maps above to select the weather warnings aver the next five days. Click on your chosen
region below for mare details of current warnings in force.

United Kingdom IJJ; North West England
|2 Morth East England No severe weather
Highlands & Eilean Siar IJJ; Yorkshire & Humber
2

2, Be aware
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SW Scotland, Lothian IJJ; South West England
Borders
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Be prepared
London & South East
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Take action
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Space
Weather




Met Office

Cyber security
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=<7 Australian Bureau

Met Office

Bureau of
Meteorology target of

2015 cyber attack,
Prime Minister
Malcolm Turnbull
confirms

www.metoffice.gov.uk
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metofice  VWhat are we worried about?

Harm Disrupt Financial

Reputation Operations Gain Espionage

» Deface « DDOS * Disclose * Disclose

* Disclose * Disclose » Subvert « Damage

« Embarrass » Extort « DDOS

* Expose « Exfiltrate
« Subvert

www.metoffice.gov.uk © Crown copyright
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What are we worried about?

But the primary objective Is to

PROTECT OURABILITY TO
EXPLOIT information!




metoffice  VVhat's our exposure?

Gov, Foreign,
Academia, Public

HPC, Observations,
Organic, X boundary

Defence, Aviation
etc

www.metoffice.gov.uk © Crown copyright
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Awareness

Incident
Response

Risk Picture

Situational Containment

/ Recovery

Realise

© Crown copyright
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Met Office
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CSOC CAPABILITIES

Technology

Processes
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Met Office

Trust zones







Met Office
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TROSTZONE

I WANT TO
USE
DROPEROX

YO CANT
ITS A SECUORITY
=IZKL

AND ITZ NOT

ON THE APPRONVED
SOFTWARE LIZT

\

In-flexible




WE NEED TO
RESTRUCTURE.
\

LETS CREATE
A BUSINESS GROUP

Met Office

M. Cooll TO
CHANGE THE NETWORK fOR THEW
AND DEFENCE TO CO-EXIST

WILL COET
I FILLICH DOLLARS

£

High cost of change

www.metoffice.gov.uk




Met Office

www.metoffice.gov.uk

TROESTZONE

'M AVIATION
AND
'M CauTio

M BUOSINELS GROUP M ACCREDITATION
ANT AND
I'M HUMNGRY THIS CAN'T GO ON
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Mixing of risk appetites




Met Office

Everything is all mixed Workl OadS

into together

www.metoffice.gov.uk







Met Office

www.metoffice.gov.uk

VALUE
STREAM 1

VALUE
STREAM 2

DATA STORES

OPERATIONS

RESEARCH

USER DEVICES

Separation of
workloads

VALUE
STREAM 3

COLLABORATION

Z—<0>»

CORPORATE

Segregation
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Met Office

Questions

www.metoffice.gov.uk
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