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Science in the Met Office 3

As the UK's national weather service, the Met Office aims to provide the UK and its
citizens with the best weather and climate service in the world. The Met Office currently
operates as a Trading Fund within the Department of Business, Innovation and Skills
(BIS). The move, last year, from the Ministry of Defence to BIS is welcome, particularly
given the potential for closer links with the research base and the opportunity for the Met
Office to develop further its commercial activities. While we recommend that the Met
Office continue to expand activities that generate commercial income, this must not put
core services for the public sector or the Met Office’s international reputation at risk. In
addition to commercial revenue, the Met Office generates a significant proportion of its
revenues from Government contracts and Customer Service Agreements. It is not
unreasonable for the Met Office to expect clearly defined funding commitments from the
Government over the period of the current spending review and we make
recommendations seeking to address this problem. A clearly defined funding commitment
would allow the Met Office to take a longer-term perspective on scientific and operational
development.

There has been much speculation over recent years about whether it would be
advantageous to privatise the Met Office. We are pleased that the Government has no plans
to do so. Privatisation would put at risk the strong partnerships that the Met Office has
built with international partners, particularly those with which it shares crucial
meteorological data. We heard contrasting views on how easy it is to gain free access to
Met Office data. We take some reassurance from the fact that the Met Office tries to
address specific data concerns as and when they arise. Best practice about making data
more freely available should be drawn on from other countries. We also welcome the
Government's initiative under the Public Data Corporation to make more Met Office data
available, but this should be done with as little bureaucracy as possible.

Met Office forecasts rely on observational data, high-quality computer models and
powerful supercomputers. The Met Office collaborates well with a number of partners
both in the UK and internationally to gain access to and share observational data and to
test and develop models. Collaboration on supercomputing resources is looked at regularly
by the Met Office and the international meteorological community but remote
supercomputing options currently have limited use. Researchers have demonstrated that it
would be possible to deliver more accurate forecasts if greater computer capacity were
available. It is of great concern to us that these scientific advances in weather forecasting
and the associated public benefits (particularly in regard to severe weather warnings) are
ready and waiting but are being held back by insufficient supercomputing capacity. We
consider that a step-change in supercomputing capacity is required in the UK and the
Government should finalise the business case for further investment in supercomputing
capacity soon.

The Met Office is consistently within the top three centres internationally in weather
prediction. However, an accurate forecast is of little use if it is not communicated well and
understood by the customer. The Met Office should work with broadcasters to improve
communication. In particular, the inherent uncertainty in longer-term forecasts should be |
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1 Introduction

Background

1. The Met Office is the UK’s national weather service; it aims to “provide the UK and its
citizens with the best weather and climate service in the world”.! The difference between
weather and climate is a measure of time; while weather is the condition of the atmosphere
over a short period of time, climate is how the atmosphere behaves over relatively long
periods of time.” Under its Public Weather Service (PW5) remit, the Met Office provides a
range of weather information and severe weather warnings to enable the public “to make
informed decisions” and “to mitigate against the impact of the weather” thereby
contributing to “the protection of life, property and basic infrastructure”.’ Beyond the
PWS, the Met Office provides contractual services to a range of government departments
(see paragraph 9) and to commercial companies that utilise weather and climate
information to inform business and operating decisions.’ Underpinning these services is
the science at the heart of the Met Office; remaining at the cutting edge of modelling and
prediction should allow the Met Office to “provide an increasingly accurate and reliable
service .’

The inquiry

2. We announced our inquiry into “Science in the Met Office” on 19 July 2011, inviting
written submissions addressing the following questions:

i. How effectively is the Met Office fulfilling its Public Weather Service remit?

ii. Is the Met Office’s Science Strategy 2010-15 robust and achievable and how will
the strategy help to deliver a better service?

iii. What are the roles of the Met Office’s Chief Scientific Adviser and its other senior
scientists? How do they provide comprehensive and up-to-date scientific advice?

iv. How robust are the models used by the Met Office for weather forecasting, climate
predictions, atmospheric dispersion and other activities?

v. How effectively does the Met Office coordinate its activities with government
departments, non-departmental public bodies, the UK research base and its
international counterparts?

3. In the course of our inquiry we visited the Met Office in Exeter, where we toured the
facilities and met representatives from senior management; we are grateful to them for

} Ev 36, para 1.1 [Met Office]

7 MASA website, "What's the difference between weather and climate?, www,nasa gowmission_pagesnoaa-
niclimate’climate_weather himl

' Ewgb, para 1.1 [Government]; A full list of the services provided by the Met Office under the PWS can be found at
Annex A

4 Ew 35, para 1.5 [Met Office] and Ev 47, para 3.a-c [Met Office|
¥ Met Office, Met Office science strategy 2010-2075, November 2010, p01
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2 The organisation

Ownership

4. The Met Office was founded by Vice-Admiral Robert FitzRoy in 1854 as the
Meteorological Department of the Board of Trade; it has provided weather forecasting and
related services for the UK for over 150 years.” It was established as an Executive Agency
within the Ministry of Defence (MOD) in 1990 and has operated as a Trading Fund since
1996.* As a Trading Fund, the Met Office is “required to operate on a commercial basis and
meet agreed targets as set by [its] Ministerial Owner”.”

5. Over recent years there have been sporadic reports about successive governments
considering privatisation of the Met Office."” During our visit to the Met Office facility in
Exeter, we heard that privatisation would be almost impossible due to the Met Office’s
reliance on international partners to provide it with data, which in some cases would not
be allowed if it were a commercial organisation. Mr Edward Davey MP, Minister for
Employment Relations, Consumer and Postal Affairs, told us that “the Met Office only
owns 4% of its data”, its work is dependent upon huge amounts of data that are exchanged
internationally and “therefore, one has to take account of global opinion™ when thinking
about the future of the Met Office."" The Minister confirmed that the Government had “no
plans to privatise the Met Office™."” He added that it would be “deeply irresponsible” to
privatise the Met Office on the grounds of the need to “fill a hole in the Government's
coffers”."" The Minister explained that achieving efficiencies was another reason why
agencies are sometimes considered for privatisation but that the Met Office was already
“pretty efficient” and the Government was looking at “other models to drive efficiency”."
We welcome the Minister’s comment that the Government has no plans to privatise the
Met Office and agree with him that it would be deeply irresponsible to do so on the
grounds of the need to fill a hole in the Government’s coffers.

6. On 18 July 2011, responsibility for the Met Office moved from the MOD to the
Department for Business, Innovation and Skills (BIS)."* While it may be too early to
comment on whether this new governance framework is working effectively,'® we heard
that the move brings the Met Office closer to the Research Councils and provides the
potential to further enhance the relationship between the Met Office and the research

T Met Office, "Met Office celebrates 150 years of forecasting for the nation”™,
www.metoffice. gov.ukimediapdfigimi1 50_years_video_script_01.pdf

o Met Office, "Met Office Framework Document 2007, p 7
¥ Met Office, "Management of the Met Office”, www.metoffice.gov.ukfabout-utiwhalmanagement

" For example, Defence Committee, Tenth Report of Session 2005-06, The work of the Met Office, HC 823, paras 15-
18; and The Guardian Online, “Conservatives may privatise Met Office”, 18 October 2009, www.guardian.co.uk

"o Q129

7 Q128

" Q129

" A5 above

" pMet Office Press Motice. “Met Office becomes part of the BIS family®, 18 July 2011
" Ev 65, para 17 [Royal Meteorological Society]
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base.'” Housing the Met Office within BIS may also be conducive towards greater
coordination, collaboration and integration with partner institutions in both the public and
private sectors at home and overseas.'* The Minister added that within BIS, under the
Shareholder Executive and the Public Data Corporation, there will be extra support
available to the Met Office for commercial activities."” We consider it too early to
comment in detail on the Met Office’s move from the Ministry of Defence (MOD) to
the Department for Business, Innovation and Skills (BIS). However, we welcome the
potential for closer links between the Met Office and the research base, as well as the
opportunity for the Met Office to develop its commercial activities further.

7. In 2006, Peter Ewins, former Chief Executive of the Met Office, noted during an inquiry
by the House of Commons Defence Committee that there had sometimes been
“confusion” between the Government's role as owner of the Met Office and its role as a
principal customer.” Since the move to BIS, responsibility for the Met Office has been split
between two Ministers, reflecting this concern.”! Edward Davey MP is responsible for the
“ownership function™ and the Minister of State for Universities and Science, Rt Hon David
Willetts MP, is responsible for the “customer function”, including acting as the customer
tor the Public Weather Service (PWS).*

Costs and revenues

8. In 2010/11, Met Office costs were £186.7 million, and it generated revenues amounting
to £196.1 million. The Met Office has a largely static fixed cost base which breaks down
into three broad categories:

. Staff costs;

il. International obligations—the Met Office is the UK representative on a number of
international treaties (primarily, the European Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT), the World Meteorological Organization
(WMO) and the European Centre for Medium-Range Weather Forecasts
(ECMWF)) and has commitments to satellite programmes of 20+ years; and

iii. Infrastructure—primarily property, observing infrastructure and IT infrastructure,
including supercomputing.*

" Ev 63, para 3.5.7 [National Oceanography Centre]; Ev w13, Executive Summary [R :
[Professor Alan Thorpe] ry [Research Councils UK]; and O 36

" Evwi0 [Rowan Douglas)
L ]
Defence Committee, Tenth Report of Session 2005-06, The work of the Met Office, HC-823, para 11
no a2z
Q 127, and Ev 37, para 2.2 [Met Office|
' Ev 4B, para 4a-c [Met Office]
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9. Met Office revenues are secured and managed contractually. These contracts fall into
three broad categories:

i. Government Customer Service Agreements (CSAs)
There are currently three CSAs:

¢ The PWS, funded by BIS, the Civil Aviation Authority and the Maritime
and Coastguard Agency;

* The Defence Service, funded by the MOD;

e The Hadley Centre Climate Programme (HCCP), funded by the
Department of Energy and Climate Change (DECC) and the Department
for Environment, Food and Rural Affairs (Defra).

ii. Other Government contracts

Contracts to provide other specific weather-related services and products to
government departments.

iii. Commercial contracts

A range of value added products and services delivered across a number of market
sectors with open competition (these include contracts with broadcasters).™

The breakdown of revenues across these categories in 2010/11 is shown in figure 1.

Braakdown of Met Office funding /Emaon

Public Weather
[~ Servics CSA, 90.9m

— Dafence CSA, 31.6m

Hadlyy Centre Climate
Programme CSA, 17.5m

Figure 1: Met Office Revenues, financial year 2010/11 (C5A - Customer Service Agreement )™

Government contracts

10. Government CS5As are supposed to be multi-year contracts covering primary Met
Office services.*® However, John Hirst, Chief Executive of the Met Office, told us that

M By 47, para 3a- [Met Office]
% Ew 4B, para 3 [Met Office|
™ Ew 47, para 3a [Met Office)
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currently, only the PWS contract runs for more than a year, the HCCP has an unsigned
contract, and the Defence contract is “for no fixed term”.”” He explained that this creates
“uncertainties and difficulties in resource allocation” and that as the Met Office “requires a
long-term perspective” for “scientific and operational development”, this results in some
“tensions”.® Mr Hirst added that it would be better if the Met Office had a slightly longer-
term perspective of two or three years funding to which its customers were clearly
committed.® While the Minister was sympathetic about these concerns, he stated that
“there have never been very long funding arrangements” for the Met Office and that the
current financial climate made it “more challenging”.*® He added that while it was difficult
to specify exact levels of funding, following the Spending Review in 2010, the "big totals™
were “there for all to see” and that “that should give some comfort™* Given that the
Spending Review provides headline figures for spending in Government departments for
the next three years, we conclude that it is not unreasonable for the Met Office to expect
clearly defined funding commitments from the Government over that period. As a matter
of urgency, the Government should ensure that its Customer Service Agreements
(CSAs) with the Met Office are signed and that these CSAs are truly multi-year
agreements. Furthermore, we recommend that the Government sets out its minimum
funding commitment to the Met Office for each year of the current Spending Review
period by the end of this financial year.

11. The benefit of having a contractual relationship between the Government (as
customer) and the Met Office (as supplier) is that it focuses both parties on providing
products and services that match the customer’s exact requirements.? However,
Government CSAs are not legally enforceable.”” This caused problems in 2009, when the
MOD withdrew £4.3 million funding from the Met Office’s HCCP with only three months’
notice.” In a subsequent review by the Government’s Chief Scientific Adviser, Professor Sir
John Beddington, it was stated that while DECC and Defra were able to replace most of the
funding shortfall for that year, long-term stability continued to be a problem.” To address
this, Sir John recommended that the Hadley Centre be governed by a single department,
most logically DECC.* However, following the review, DECC and Defra agreed joint
management of the HCCP.”” Mr Hirst suggested to us that stable long-term funding
remained a problem, particularly for the HCCP and the Defence Service.” In the light of

7 g

A5 above

® QB8s

*» Q134

S e R E )

% 83 [John Hirst, Met Office]
 Ev 49, para 5 [Met Office]

Ev 49, para 6 [Met Office]; and Nature Online, “Funding cut for UK climate research®, 25 June 2009,
Whanw.nature.com

Government Office for Science, Review of dimate science advice to Government and Met Office Hadley Centre
governance and resourcing, September 2010, p 5-6 and p 23 ! ks

Gavernment Office for Science, Review of climate science advice to Government and Me
governance and resourcing, September 2010, p 6 t Office Hadley Centre role,

™ Ev 49, para 7 [Mat Office]
B g8
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this, we asked the Minister whether he thought the HCCP would be better managed by a
single Government department, as recommended by Sir John. In response, he indicated
that DECC and Defra would be signing a Memorandum of Understanding (MoU) in order
to give the Hadley Centre reassurance.” In a supplementary written memorandum, the
Government stated that the MoU approach would “provide a greater level of stability than
the current contractual relationship™® We were also told that signing of the MoU was
deferred in 2011 due to uncertainty over the future status of the Met Office.*’ Another
option to provide greater stability would be for the Hadley Centre to be governed by a
single parent department. The strong customer relationship between the Hadley Centre
and non-parent departments could then be maintained through, for example, the Hadley
Centre Science Review Group (or a similar Hadley Centre Climate Programme Customer
Group, see paragraphs 14 and 25), which already includes representatives from DECC and
Defra, and is tasked with asking whether the Met Office is delivering science that is
appropriate to their needs."

12. It is our view that the Hadley Centre Climate Programme (HCCP) should be
managed by a single Government department, as previously recommended by the
Government Chief Scientific Adviser. A less satisfactory alternative would be for the
Government to ensure that the Memorandum of Understanding between DECC and
Defra is signed as a matter of urgency.

13. In BIS, the customer relationship with the Met Office is managed through the Public
Weather Service Customer Group (PWSCG). The PWSCG's wide remit is to ensure that
“Government is obtaining best value for money, setting and measuring performance
against focused targets and ensuring that the public are afforded the protection provided
by the latest scientific knowledge and understanding™*’ To the best of our knowledge,
there is no similar group that oversees the services under the Defence CSA and asks
whether the Met Office is delivering science that is appropriate to the MOD's needs.
However, the Defence CSA is “supported by annual Service Definition Agreements (SDA)
covering the provision of meteorological and oceanographic support to Defence”.* The
Minister added that there were also quarterly meetings between officials from the MOD
and the Met Office “to ensure that the customer service agreement is up to date and being
met”.** He explained that this was an “historical relationship, and, although the change to
BIS has broken it to some extent, it is still very close”.* In recognition of this change and to
“ensure a close liaison is maintained in the future”, the Government has recommended
that an “RN OF5 (Meteorological Specialist) post” be established within the Met Office.”

. Q3%

®  Ev7H paral

" Ev 7B, para 1 [Government]

o Q72 |Professor John Pyle]

i Ev 63, para 2 [Royal Meteorological Society]
#  Ev 73, para 5.9 [Government]

s gmn

Az above

' Ev 73, para 5.10 [Government]



12  Science in the Met Office

14. We recommend that the Government and the Met Office reassess whether the
existing mechanisms intended to support a strong customer relationship between the
Met Office and departments such as MOD, DECC and Defra are effective. Specifically,
we invite the Government and the Met Office to consider, and report back to us, on
whether there is a need for a Defence Customer Group and a Hadley Centre Climate
Programme Customer Group, analogous to the current Public Weather Service
Customer Group. One of the benefits of introducing these new customer-focussed
groups would be that scrutiny of Met Office science could be streamlined under one
review group, as we discuss later in paragraph 25.

Commercial contracts

15. In 2010/11, commercial income made up approximately 16% of all Met Office revenue
(see figure 1). The Met Office’s major commercial customers come from a range of
different areas, including water utilities, power utilities, and the insurance industry.* The
services provided to commercial customers are widely appreciated: for example, Rowan
Douglas, CEO of Global Analytics for the global insurance broker Willis Group Holdings,
told us that the Met Office was “an institutional asset for the continued position of the UK
insurance sector”."?

16. During the course of our inquiry we were keen to explore whether or not the Met
Office should seek to increase the proportion of income it generates from commercial
sources. Mr Hirst told us that the Met Office continues to make “steady progress” in this
area.”” Furthermore, the Met Office is also encouraging other national meteorological
services across the world to take on its products under licence.*’ When we questioned the
Minister about the extent to which the Met Office should be expanding its commercial
activities, he told us that the Government had “no target figure to work toward, but there
would be attractions to having one if the Met Office were to develop its commercial arm”.*
He acknowledged, however, that this would need to be done carefully.” As discussed
earlier (see paragraph 6), the move to BIS may provide the Met Office with opportunities
to develop its commercial activities. The Minister told us that under the Shareholder
Executive and the Public Data Corporation, extra support, advice and guidance would be
available for these activities.” He was, however, clear that the services that the Met Office
provided to the public sector were “absolutely critical” and that while it was possible to
expand the Met Office’s commercial activities, that should not put services for the public
sector at risk.” This was a concern also raised by Professor John Pyle, Chair of the Met
Office Hadley Centre Science Review Group, who stated that there needed to be
“continued scrutiny” to ensure that the balance between Government and commercial

“ B4 [John Hirsy, Met Office]
® EwwiD

L] ':l Bq_

Q84 [John Hirst, Met Office]
¥ 0138

Y As above

¥ As above
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3 Science to service

The science strategy

17. The Met Office science strategy 2010-2015 outlines the “top-level science strategy” for
the Met Office, responding to the increasing demand for “seamless prediction systems
across all timescales” for the atmosphere, oceans and land surface.”” The strategy focuses
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.

The strategy proposes a new research structure within the Met Office, which aims to
deliver efficiencies and set in place “mechanisms for greater integration and innovation in
the science base”. It also advocates “a more strategic approach to partnerships [...], delivery
of the necessary infrastructure for research and services, improved processes for staff
recruitment and development, and better methods for communicating and disseminating
[Met Office] science”.*® These themes are discussed throughout this chapter.

18. Broadly speaking, the science strategy has been very well received across the
meteorology community.” However, Research Councils UK (RCUK) commented that it
“would have appreciated a greater opportunity to be consulted on [the strategy’s]
development”.™ Professor Julia Slingo, Met Office Chief Scientist, was surprised by this.*!
She explained that there was consultation through the Met Office Science Advisory
Committee (MOSAC),* and that the director of the National Centre for Atmospheric
Science (NCAS)—who was the “most obvious” representative from the Natural
Environment Research Council (NERC)—was a member of MOSAC.” Professor Slingo
was confident that the level of consultation was appropriate for the job of developing a
strategy that was suitable for the Met Office, as an organisation that has a specific “public
task” to fulfil.* John Hirst, Met Office Chief Executive, added that he would follow-up with

RCUK its concerns about particular areas of the strategy it would have liked to be
consulted on.*

¥ Met Office, Met Office science strategy 2010-2015, November 2010
¥ As above

For example: Ev 61, para 3.2.1 [National Oceanography Centre]; Ev 64, para 7 [Royal Meteorological Societyl: Ev w7,
para 3 [Australian Bureau of Meteorology]; and Ev w1l [Rewan Douglas]

“  Ewwl5, para 14
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19. RCUK also expressed concerns that:

The strategy contains a series of “recommendations” rather than a description of
what will be done. In this respect it has something of the feel of an internal
recommendation to the Met Office board rather than a set of goals towards which
the Met Office is committed. Implementation is only addressed at a very high level.*

A formal implementation plan was in fact later published by the Met Office, during the
course of our inquiry.”” Professor Slingo acknowledged that the role of partners, such as
NERC, would be “critical” in the implementation phase.* The importance of collaboration
and partnership is discussed in greater detail later in this report (paragraphs 60-72).

The new research and development structure

20. The science strategy “recognises the unique position of the Met Office in having world-
class weather forecasting and climate prediction in one place”.® While the Met Office
considered it “essential” in the short-term to maintain clearly identifiable programmes in
both weather and climate research, it was proposed in the science strategy that integration
across these programmes could and should be improved. This would be achieved by:

« Bringing together all research and development under a single Director of Science;
« Forming a new directorate in Foundation Science; and
« Establishing a programme of integrating and innovating activities.™

The lack of integration across weather and climate research was noted in the past as a key
weakness that “did not readily facilitate common developments” across these areas.”
Professor John Pyle, Chair of the Hadley Centre Science Review Group and a member of
MOSAC, told us that the new structure looked like a “good model but only time will tell”.”
The National Oceanography Centre considered that the new structure may also “foster a
closer research partnership” with the broader research community in the UK and abroad.™
Professor Pyle particularly welcomed the establishment of the new Foundation Science
directorate, which he considered might “ease some of the tensions in developing a single
Unified Model [...] for both weather forecasting and climate research™.™

“ Evwi5 para 13

2 Met Office, Met Office science strategy 2010-2015: Implementation Plan, November 2011
s 21

% met Office, Met Office science strategy 2010-2015, November 2010

# Met Office, Met Office science strategy 2010-2015, November 2010, p 8

"™ Evw7-8, para 3 [Australian Bureau of Meteorelogyl

ft  Ew 56, para 4

" EvBl, para 3.2.2

M Ev 56, para 4
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Oversight of Met Office science

21. MOSAC was set up 15 years ago to oversee Met Office science, following the change to
Trading Fund status (see paragraph 4).” We took evidence from the Chair of MOSAC,
Professor Sir Brian Hoskins, who is also the atmospheric scientist on the Met Office
Board.™ We questioned Sir Brian about whether there was a potential conflict of interest
between his role as Chair of MOSAC and as a member of the Met Office board, particularly
given that, as the Chair of MOSAC, he is required to report to the Met Office Board.” In
response, he told us that the current arrangement provided a “very good conduit” from the
science to the board, and that as “a pretty independent sort of guy™ he felt “no conflict

whatsoever™.™

22. Sir Brian explained that he was responsible for selecting the other members of MOSAC,
in consultation with the Met Office.™ Its membership comprises top atmospheric scientists
in the UK and the equivalent of chief scientists from a number of Met Services around the
world.* Sir Brian told us that while this may look as if MOSAC was “parading [its]
programme in front of [its] competitors”, he personally ensured that MOSAC got valuable
input from all its members.®

23. In the past, MOSAC’s remit covered only weather prediction.* Under the new science
strategy, the remit has been expanded to include both weather and climate science.” The
strategy also states that existing Science Review Groups (SRGs) for reviewing specific areas
will “continue for as long as required by the relevant Customer Groups” and that the
Chairs of those groups would also be members of MOSAC.* The Government said in its

memorandum that:

In considering changes to the remit and terms of reference of MOSAC we would
encourage the Met Office to reflect on the independence of the Committee and the
Principles on Scientific Advice to Government, noting the revised Code of Practice
for Science Advisory Committees (CoPSAC) to be published in the Autumn. This
identifies best practice guidelines and provides practical advice on the operation of
Science Advisory Committees.®

We were not clear, however, from the conversation we had with the Chairs of MOSAC and
the Hadley Centre SRG, whether they adhere to the principles set out in CoPSAC, although

" EwS9 para7

" Ev6D, parss 8-9

Met Office, Met Office sclence strategy 2010-2015, November 2010, p 9
" Q70

» oM

¥ Ev 60, para B [Professor Sir Brian Hoskins]

il oy

Ev w8, para 6 [Australian Bureau of Meteorology)

¥ Evw, para 6 [Australlan Bureau of Meteorol - and M ; .
November 2010, p 9 rologyl; and Met Office, Met Office science strategy 2010-2015,

Met Office, Met Office science strategy 2010-2015, November 20010,p 9
B Ev70, para3.d



soience in the Met Office 17

Sir Brian did inform us that they “act in a very independent manner”.* We are also unclear
as to whether either group’s terms of reference are published in the public domain as a
matter of course.

24, Professor Pyle raised the question about whether Met Office science was being “over-
reviewed”. He explained that there have been a number of ad-hoc reviews recently and in
addition to being formally reviewed by MOSAC, the Met Office is also overseen by the
Hadley Centre SRG. Unlike MOSAC, the Hadley Centre SRG is not a Met Office
committee; the role given to it by DECC and Defra is to ensure that the Met Office is
delivering science that is appropriate to the needs of Government. However, it operates in
much the same way as MOSAC, with a rotating membership of scientists from the UK and
overseas. While the Hadley Centre SRG deals with work under the climate programme, Sir
Brian indicated that the equivalent in weather was the Public Weather Service Customer
Group (PWSCG) (see paragraph 13). He added that PWSCG representatives were present
at MOSAC discussions and were sent a copy of the MOSAC Chair’s report.*

25. Given the move towards integrating weather and climate science, and with the Met
Office Science Advisory Committee’s (MOSAC) remit being expanded to include both
areas, we question whether it is sensible to impose additional scrutiny by the Met Office
Hadley Centre Science Review Group (SRG). We recommend that the Met Office
consult with DECC and Defra to determine whether the Hadley Centre SRG is required
in its current form. Our view is that it would be more sensible to formally review all
science under MOSAC, whilst retaining a Hadley Centre Climate Programme
Customer Group, as described in paragraph 14, to ensure that customer needs are
being met.

26. We recommend that the Met Office publish MOSAC's terms of reference on its
website. We also advise MOSAC to consider the Code of Practice for Science Advisory
Committees (CoPSAC) at its next meeting, specifically considering whether MOSAC
would benefit from adhering to the principles contained within it.

Weather and climate forecasts

27. Creating weather and climate forecasts is a complex process involving the application
of science and technology to predict future atmospheric conditions from observations.™
These observations are recorded around the world, from a variety of sources (from land, at
sea, in the air and from space). Each day the Met Office receives and uses approximately
half a million observations. This includes data on temperature, pressure, wind speed, wind
direction and humidity. The process of ‘data assimilation” then uses these observations to
provide a “best estimate of the current state of the atmosphere™.* How this state evolves
over time is then calculated using a computer model, producing an estimate of the state of
the atmosphere at some point in the future—a ‘forecast’™ Forecasting involves making

® 372 [Professor Sir Brian Hoskins and Professor John Pyle]

e Q72

= pet Office website, “Science”, waww metoffice.gov.ukleaming/scences

"™ Met Office website, “First steps”, www.metoffice.gov.uk/learning/scence/first-steps
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billions of mathematical calculations; therefore powerful supercomputers are required in
order to carry out these calculations as quickly as possible.”

Observations

28. The importance of observational data in modelling future weather and climate is
clear.” Indeed, the Government told us that it:

recognises that the robustness of Met Office models is contingent on the accuracy
and adequacy of supporting observational data. Observations directly input to
models and to model development (through enhancing our scientific understanding)
and are the only means of verifying model outputs.”

However, the UK generates and owns less than four per cent of the observational data on
which it relies to deliver the Public Weather Service; this value drops to less than one per
cent if satellite data are included.* As a result “international collaboration is essential to
provide the observations on which the Met Office depends™.” This is a subject we will
return to in paragraph 68.

29. In addition to the vast quantities of data available from international sources, there is
also a network of volunteer observers in the UK. Stephen Burt, a freelance science writer
and Fellow of the Royal Meteorological Society, told us that the voluntary observing
network has declined by approximately 50 per cent: in 1975, there were 6,220 rainfall
observing sites in the UK; by 2010, the figure had dropped to 3,214.* He attributed this
decline, in part, to “very little ongoing support from the Met Office”*” We understand,
however, that the Met Office is now beginning to address this concern. During our visit to
Exeter, Met Office officials demonstrated the new Met Office Weather Observations
Website (WOW), which “is helping to co-ordinate the growth of the weather observing
community in the UK, by asking anyone to submit the observations they are taking”.”® The
Met Office WOW includes guidance on setting up a weather observation site and
submitting observations online.

Modelling

30. The Met Office uses essentially the same “Unified Model” (UM) for modelling “across
all timescales from daily weather forecasting to centennial climate change predictions, and
for all space scales from the local to the global”.* Many of the organisations we heard from

" Met Office website, “First steps”, www.metoffice.gov.uk/learning/scienceffirst-steps
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regarded the Met Office’s models very highly." The European Centre for Medium-Range
Weather Forecasts (ECMWF) told us that there were “extensive objective international
comparisons carried out continuously regarding the skill of global numerical weather
prediction models from the Met Office and [others]. The ECMWF and the Met Office
models are in the world-leading category”™."

31. A testament to the quality of the Met Office’s models is that the UM is licensed to other
national meteorological services for operational use. Current users include: Norway,
Australia, South Korea, South Africa, India, New Zealand and the US Air Force.'"” The
Australian Bureau of Meteorology wrote to us explaining that it was “particularly well
informed to be able to comment on the point of model robustness, having done a deep
‘due diligence’ on the Met Office and its modelling system before seeking a collaborative
arrangement”.'"” The Bureau explained that its decision was “strongly driven by [its]
assessment that the Met Office systems are state-of-the art in modelling” and that it had
“no reservations in stating that its decision has been completely vindicated by its first-hand
experience operationally with the Unified Model over more than two years. These are
excellent models, well-conceived, well built, and well up to the task™.'™ As a result of
adopting the UM, Australian forecasts have improved."” The accuracy of UK forecasts is
discussed in paragraphs 45-51.

32. In addition to the clear benefit to those countries using Met Office models, there are
also considerable benefits for the Met Office itself. For example, Professor Ed Hill, from the
National Oceanography Centre, told us that by operating the UM in different countries,
with different weather and climate environments to our own, Met Office models “get
tested in different regimes”.'"™ He added that more people using the models would allow
users to learn lessons collectively."” The Australian Bureau of Meteorology indicated that
feedback of this kind “facilitate[d] model improvements that would otherwise be beyond
the focus of the Met Office™."™ The Bureau described it as:

“one plus one equals three” territory, where a strategic alignment of the intellectual
capital of British and Australian meteorologists in the use and development of the
UM vyields added benefit in terms of improved forecasting capability to the citizens of
both nations.'™

33. As well as looking at the use of Met Office models by international partners, we were
keen to find out more about the extent to which the models were used by the wider

" For example: Ev 58, para 15 [European Centre for Medium-Range Weather Forecasis]; Ev wd, para 4.1 [US National
Oceanic and Atmospheric Administration National Weather Service]; Ev w8, para 10 [Australian Bureau of
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meteorology community within the UK. We heard conflicting views about this. The
Department of Meteorology at the University of Reading stated that:

The whole suite of models used by the Met Office is used within the University
community, and particularly at the University of Reading, in research projects. This
means that the models are subjected to a very high level of scrutiny, often in ways
unanticipated by the development teams at the Met Office. This level of scrutiny
substantially increases the robustness of the models.""

However, Professor John Pyle, Chair of the Hadley Centre SRG, told us that:

The Unified Model architecture is often difficult to negotiate and many UK
academic meteorologists employ other, easier-to-use numerical models for specific
research projects (e.g. mesoscale modelling). The Met Office needs to consider this
seriously. I believe the intellectual exchange with the academic community will be
increasingly important for the Met Office; if instead, UK academics use other, rival
models, this will certainly be to the detriment of the Met Office, and UK science, in
the medium and longer term. More thought needs to be given to making their
models “user friendly”.'""

Professor Sir Brian Hoskins, Chair of MOSAC, explained that one of the reasons for the
Met Office model not being particularly user-friendly might be that it has historically been
used mostly for operational purposes. He added that there would be “an overhead”
associated with making it more usable by the community.""? John Hirst, Chief Executive of
the Met Office, accepted that the models needed to be easier to use."” It was his view that
collaboration on modelling had historically been better in climate forecasts than in weather
forecasts but that the Met Office was “now working with the weather academic
community” on this issue.'"

34. Throughout the course of our inquiry, we heard of one collaborative computer
modelling initiative that was working particularly well. The Met Office and Natural
Environment Research Council (NERC) joint supercomputing system, “MONScoN",
allows scientists to collaborate on research into a number of modelling issues.'”
MONSooN has been credited with greatly improving the extent to which the Met Office
collaborates with the wider research community.'* For example, the National
Oceanography Centre told us that MONSooN has been used by scientists from the Met
Office and NERC to analyse and improve the common ocean modelling system, “NEMO”,
which is now a “world-leading system”."” Professor Pyle welcomed MONSooN and stated

' EvwiB, para 4
" Ev 57, para 10
"gs0

LR B

" As above

15

het Office website, *Met Office and NERC joint supercomputer system (MONSooN)®,
wwew. metoffice. gov.ukiresearchicollaborationjwerp/monsoon-hpe

Q 49 [Professor John Pyle]: and Ev 62, para 3.4 [National Oceanography Centre]

" Ev 62, para3d

1%



Scence in the Met Office 29

that he would like to see it expanded.'"* He acknowledged, however, that this would require
more money.'"” Mr Hirst told us that the Met Office would expand MONSooN, and was
“already in discussions with NERC about the next phase”.'*

35. Met Office models are highly regarded across the UK and around the world. It is a
testament to the Met Office that its Unified Model is licensed to other national
meteorological services. Collaboration with these international partners helps the Met
Office to further test and develop its models and should be encouraged. Similarly,
collaboration with the wider UK meteorology community should be encouraged to
stimulate the development of Met Office models. We note that the MONSooN project
has been held up as a particularly good example, providing a joint supercomputing
system that allows scientists to collaborate on research into modelling issues. We
encourage the expansion of MONSooN and recommend that NERC work closely with
the Met Office to develop plans for the next phase that are suitable for the research
community’s needs.

Supercomputing

36. In addition to using supercomputers to facilitate collaborative research, they are also
used for the operational delivery of forecasts. As explained in paragraph 27, forecasting
uses powerful supercomputers, these are computers that are optimised to make billions of
mathematical calculations as quickly as possible. The Met Office Science Strategy explained
that:

The difference between operational and research computing requirements needs to
be recognised. Operational delivery requires the appropriate capacity to deliver a
suite of weather forecasts on a 24-hour, 7-day a week basis, without interruption.
Increasingly it will also need to accommodate an operational suite of climate
predictions. Consequently, operational supercomputing needs to be robust and
under our control, and it needs a substantial partition for preoperational
development and testing. [...]

Research, on the other hand, requires access to advanced computing capability in
order to make further progress in model resolution and complexity, data
assimilation and process-based research.'

37.In 2010 the Government Chief Scientific Adviser, Professor Sir John Beddington,
published a review of government’s needs for climate science advice. The review
recommended that “a step-change increase in supercomputing capacity [...]| would be
required to most effectively meet the Government's key evidence and advice needs”.'”
More recently, the House of Commons Transport Committee also stated that benefits

would be realised if an additional £10 million funding were made available for
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supercomputing resources.'> Many of the witnesses we heard from agreed that such a step-
change in supercomputing capacity was necessary.'* However, Sir John recognised in his
review that this step-change would involve a four-fold increase in supercomputing costs,
which was “not currently affordable”.”** While others also recognised affordability was an
issue,'® the point was made that the Met Office had already “slipped down the league table
in terms of its computing resource” and that it would be “impossible to deliver world class
weather and climate science without access to adequate computing capacity™.'¥ However,
we have not in the course of our inquiry assessed historical investment in supercomputing
resources. The Met Office told us that it currently:

has developments available which have been demonstrated in research-mode to
deliver more accurate forecasts. However, it is not possible to implement these
improvements in the Met Office’s operational forecast model because of limited
supercomputing resource.'*

In the Met Office Chief Scientist’s words, “the science is ready and waiting” and as a result,
there would be “a very rapid return” on investment in supercomputing.'” We asked the
Met Office to explain what operational improvements it could deliver if additional
investment in supercomputing was made. In response, it provided case study examples of
how enhancements would deliver improved advice to users, and affect their response in
severe weather." For example, intense downpours caused localised incidents of surface
water flooding in parts of Dorset on 18 August 2011, resulting in the Fire Service dealing
with over 100 incidents in a two hour period.”! The Met Office told us that the short lead-
time warning and low confidence extreme rainfall alert were “very likely to have
contributed to limited preparedness”.'” Enhanced supercomputing power “would
probably have allowed more confident warnings, better indications of possible peak rainfall
intensities, and longer lead time information on the potential risk, to be issued”.'” Other
case studies highlighted by the Met Office included the snowstorms in the South of
England in February 2009 and the Cumbrian floods in November 2009."* In addition to
improved short-range weather forecasts, increased supercomputing capacity would also
improve operational monthly to decadal predictions and climate services.'*

" Transport Committee, Fifth Report of Session 2010-12, Keeping the UK moving: The impact on transpert of the
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38. As well as producing case studies, the Met Office has also calculated the socio-
economic benefit delivered by investment in supercomputing capacity. This was carried
out in 2008, “in accordance with best practice as set out in the HM Treasury’s Green Book:
Appraisal and Evaluation in Central Government”.' In compliance with these best
practice policies, it was estimated that “for a £50 million five year whole-life cost, net UK
socio-economic benefit totalling £0.5 billion would be delivered through provision of
enhanced weather and climate services”.'” John Hirst, Met Office Chief Executive, told us
that this ratio, a ten to one return on investment, “still exists” today.'* This aggregate
benefit ratio was calculated by “combining the PWS (13:1) and climate science (6:1) ratios”,
suggesting that investment in supercomputing capacity would provide greater benefits for
weather forecasting than for climate forecasting.'” The Government told us that “further
economic benefit as a consequence of ongoing advances in the science will be delivered
through the routine scheduled replacement of the current supercomputer currently
planned for 2015"."* However, the Royal Meteorological Society considered that “a further
significant investment in computing resources is required, over and [above] the current
commitments”."!

39. The Met Office wrote to us to explain that delivering improvements, consistent with
the socio-economic benefits outlined above, “would require a supercomputer with at least
twice the capacity of the near one petaflop'? facility now being implemented at the Met
Office”."" The cost of this—including associated infrastructure, depreciation, power,
service and maintenance charges, and staff costs for developing modelling infrastructure—
would be £14 million per year, over each of the next three years.'* This was consistent with
estimates from Professor Sir Brian Hoskins, Chair of MOSAC, and Professor John Pyle,
Chair of the Hadley Centre SRG, on the required level of investment in the future.'”
Edward Davey MP, the Minister for Employment Relations, Consumer and Postal Affairs,
acknowledged that “a very good case” had been made for increased supercomputing
capacity and that BIS was “building a business case” for the next generation of
supercomputing capacity.' He added that this was “happening with a degree of
urgency”.'"" However, we later discovered that “the current timetable sees this process
taking up to 18 months”.'*
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40. Tt is of great concern to us that scientific advances in weather forecasting and the
associated public benefits (particular in regard to severe weather warnings) are ready
and waiting but are being held back by insufficient supercomputing capacity. We echo
the recent conclusions of the Government Chief Scientific Adviser and others, that a
step-change in supercomputing capacity is required. We acknowledge, however, that
affordability is an issue. The Met Office has over recent years built a good case for
increased investment. However, we have not in the course of our inquiry assessed
investment in supercomputing over recent decades. We recommend that the Met
Office provide an overview of historical investment in supercomputing resources in its
response to us. We encourage BIS to complete a formal business case on
supercomputing, however, we do not consider that this process should take anywhere
near the 18 months suggested by the Government. In our view, the Government should
finalise the business case in the next six months.

41. Given the current economic climate, we considered it prudent to discuss with the Met
Office and other witnesses what low-cost options there were for increasing
supercomputing capacity. The Government told us that Sir John's review recognised “the
need for greater collaboration on supercomputing resources, including internationally,
stressing that long term development of modelling capability would likely require a
European solution”."** However, Professor Sir Brian Hoskins, Chair of MOSAC, warned us
that Japan and Korea have their supercomputing capacity now, while there was still no sign
of a European solution within the next few years." In any case, a European solution would
be more suitable for collaboration in climate forecasting than in operational weather
forecasting, which is carried out to very tight timescales.

42. Professor Julia Slingo, Met Office Chief Scientist, suggested that collaboration on
supercomputing “has been looked at over many years by the international community in
weather and climate science”."' She explained that the nature of some problems does not
lend itself to, for example, distributed computing (the use of multiple computers
communicating through a network). Professor Slingo explained that in weather
forecasting, models have to run very efficiently on supercomputers and also gather and
process huge amounts of data, all within a very short timeframe. This requires a specific
type of machine architecture as well as a very large bandwidth to get the data out of the

machine and on to a huge data archive. Professor Slingo added that the Met Office looks at
this issue every year.'”

43. The Met Office told us that “remote supercomputing options, such as third party
facilities, grid computing and cloud computing, [were] not suitable at the current time”.'**
While Sir John, in his recent review, agreed that Earth system and high-resolution models
could only be run on supercomputers, he also stated that “in a limited number of instances
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grid or network computing may offer a viable and cost-effective approach, such as for low
resolution ensembles” '™

44. Given that supercomputing capacity for weather and climate forecasting is a
recurring issue, we recommend that the Met Office work with the Research Councils
and other partners in the UK and abroad to develop a ten-year strategy for
supercomputing resources in weather and climate. This should include an assessment
of which areas in weather and climate research and forecasting might benefit from low-
cost options to enhance supercomputing capacity.

Assessing forecast accuracy

Weather

45. The meteorology community tracks collectively the accuracy of forecasts." The Met
Office told us that:

The accuracy of Met Office forecasts are evaluated against observations on a daily
basis. The PWSCG [Public Weather Service Customer Group] specify accuracy
targets for forecasts of maximum and minimum temperatures, rain, sun, wind speed
and wind direction. In 2010/11 all targets were met. As of August 2011, on average
(over a 36-month period) the percentage of forecasts accurate to within + 2 °C is:

e 87.6% of maximum temperature forecasts on the day the forecast is issued
(target for 2011/12 85%) and 78.5% of minimum temperature forecasts
(target 76.5%);

e 81.1% of maximum temperature forecasts on the second day of the forecast
(target 79.5%) and 71.7% of minimum temperature forecasts (target
69.0%).'%

The PWSCG also “routinely undertakes public perception surveys to assess satisfaction
with the forecast and warnings service™.""” In November 2010, it found that “nine out of ten
people found weather forecasts useful and just over three quarters found them accurate™'*

46. Professor Alan Thorpe, from the European Centre for Medium-Range Weather
Forecasts (ECMWF), told us that “the distance that you can predict into the future has
been advancing at about a day per decade”."™ For example, a five-day weather forecast
today is as accurate as a three-day forecast was 20 years ago and a three-day forecast today
is as accurate as a one-day forecast was 20 years ago. The Met Office attributed this increase
in skill to “more sophisticated atmospheric physics, higher model resolution and more
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comprehensive observations, especially from meteorological satellites™." P[‘Dfﬁﬁﬂl‘ Thnrl?e
explained that as a result, over the years, more “local specificity” was available in

forecasts.'®

47. The ECMWE told us: “All global weather prediction models are routinely evaluated by
the World Meteorological Organisation using independent and objective measures of
skill”.'2 The Met Office added that “a range of metrics are used and all show that the Met
Office is consistently within the top three centres internationally”.'®® However, similar
metrics are “not yet available for longer range forecasts” because the appropriate
methodologies are not in place and also because “verification statistics are much more
limited due to the short length of the observational base”.'™ The Met Office explained that
“the quality of its performance against other centres is assured by including the Unified
Model (UM) in all model comparisons and in the European Seasonal to Inter-annual
Prediction (EUROSIP) ensemble of models™*—EUROSIP is a project that aims to
strengthen collaboration on seasonal forecasting.'® There is, however, a “common public
perception” that the Met Office does not provide reliable seasonal forecasts.'”” The
National Oceanography Centre (NOC) told us that this was “largely due to sensationalist
media reporting and shortcomings in how ‘probability’ and ‘risk’ are understood by non-
experts”. '™ These are issues we discuss in paragraphs 52-56. The NOC added that:

Private weather forecasting companies are now often called upon to make these
seasonal predictions, suggesting that this is an aspect of the Public Weather Service
remit where the Met Office service could be improved. The accuracy of forecasts by
these private companies needs to be carefully evaluated on a long-term basis.'®

48. The accuracy of independent forecasters in comparison to the Met Office is an issue
that is also of interest to the BBC. Roger Harrabin, BBC Environment Analyst, told us that
BBC News initiated the Weather Test “to compare publicly for the first time the accuracy
of weather forecasters in the UK."'™ The Met Office is co-operating with this initiative.'"
However, John Hirst, Met Office Chief Executive, pointed out that this was “not a trivial
exercise”.'” Professor Julia Slingo, Met Office Chief Scientist, added that particularly with
seasonal forecasting, which are probabilistic forecasts (forecasts that assign a probability to
each of a number of different outcomes in order to allow uncertainties to be quantified),
there is no right or wrong forecast and therefore a whole history of forecasts is needed to
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decide the level of skill and reliability.'” Professor Slingo explained that the international
community was still working out how to do this in a way that makes sense.'

Climate

49. We were also keen to know how accurate climate forecasts have been over the past few
decades, and whether they were improving. We note that the climate model did not
accurately predict the extent of the flattening of the temperature curve during the last ten
years.'” Professor Alan Thorpe, from ECMWEF, told us that:

In 1990, when the scientific assessment was made, there were real-time predictions of
what the climate, subsequent to 1990 going forward, would be. We are now in a
position of having a record of what actually happened relative to the predictions that
were made then of the climate from 1990 to the present time. Those comparisons
show that the models of the day—of course, the models have improved since then—
if anything, under-estimated the amount of global warming that has subsequently
happened. We are able now, because we have done this climate prediction for a
number of years, to start to assess that.'™

Professor Paul Hardaker, from the Royal Meteorological Society, agreed that “what the
early models predicted is largely what has come to pass in terms of our observations™."” Mr
Hirst added that there was “a difference between making a forecast for tomorrow when
you experience tomorrow very quickly” and “going back and modelling how the climate
has evolved in history to make sure that our models replicate what actually happened™.'™
The Royal Meteorological Society added that there was “no more computationally complex
problem in science” than simulating the climate.'™ Despite the difficulties in assessing
climate models, both the Royal Meteorological Society and the ECMWEF considered that
the Met Office was widely acknowledged as a world-leader in climate modelling and
prediction.'

Atmospheric dispersion

50. The Met Office uses its Numerical Atmospheric-dispersion Modelling Environment
(NAME) model to “predict how material will be dispersed in the atmosphere and
deposited on the ground”.'"" In recent years, NAME has also been used for events such as
the 2005 Buncefield oil storage depot incident, the 2008 Bluetongue outbreak over Europe,
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the 2010 and 2011 volcanic eruptions, and the 2011 Fukushima nuclear incident.'™ The
Met Office told us that it was difficult to verify the accuracy of dispersion models “b?cause
dispersion events occur infrequently and it can be difficult to obtain reliable, quantifiable
observations of the distribution and concentration of material”.!** This was an area of
particular interest to us following our recent report, Scientific advice amf ew'.dence_ in
emergencies, in which we questioned the suitability of the Met Office’s dispersion
predictions in relation to volcanic ash." In response to our report, the Government t-:}ld‘ us
that an independent review of the NAME model had been commissioned by the Civil
Aviation Authority.'™ This review concluded that NAME “represents a state of the art
dispersion model”."® In its submission to us, the US National Oceanic and Atmospheric
Administration National Weather Service agreed, stating that “NAME is robust, peer
reviewed, and good for ash dispersion modelling”'* We note that the Met Office
continues to work with its American counterparts to improve collaboration during future
volcanic eruptions.'

51. The Met Office is consistently within the top three centres internationally in
weather prediction and is widely recognised as a world-leader in climate prediction.
However, we note that the climate model did not accurately predict the extent of the
flattening of the temperature curve during the last ten years. We have heard that the
accuracy of short-term forecasts is easier to assess than the accuracy of longer term
forecasts and infrequent events, such as volcanic ash dispersion. We encourage the Met
Office to work with partners in the UK and internationally on developing metrics to
assess the accuracy of longer-term forecasts of weather and climate and of forecasts
based on infrequent events.

Communication of forecasts

52. A forecast, however accurate it is, is of little use if it is not communicated well and
understood by the customer.'® The National Oceanography Centre told us that most of the
public perception of forecasts is via television broadcasts.'” Professor Paul Hardaker, from
the Royal Meteorological Society, considered that it was the responsibility of both the
forecaster and the broadcaster to ensure that forecasts are accurately communicated.™
Given the inherent uncertainty in forecasting, one of the ways in which communication
could be improved would be through providing more information about probability.
Professor Brian Hoskins told us that MOSAC has “always encouraged the Met Office to
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produce more information about likelihood” but that “media pressure” on weather
forecasts meant that there was only a short period of time to communicate forecast
information."™ Sir Brian did not consider that there was an easy way to get this
information across in a 30 second broadcast."” However, the use of the Internet and digital
technology, such as the BBC's “red button” facility, means that more detailed forecast
information could easily be made available to those who want it."

53. Professor Hardaker told us that “many countries make much greater use of
probabilistic information in their forecasts than we do, even in their broadcasts™.'* Sir
Brian cited a recent example:

Let us take [...] the hurricane that was likely to inundate New York. US television was
showing 12 possible tracks provided by 12 different models for the hurricane. I do
not believe that that sort of information is difficult for the public to assimilate, and
we should not underestimate the public’s ability to take on odds and make their own
decisions based on those."™

We asked the Minister whether he considered that the communication of such detailed
information could be improved in the UK. In response he told us that the Met Office was
considering the matter.'"” The trade union, Prospect, confirmed that the Met Office “has
recently invested significantly in enhancing the presentation of site-specific information on
its public website™."™ The Met Office is currently testing these changes on the beta version
of its public website.'”® Prospect added that the Met Office “is also seeking to enhance the
presentation of probabilistic weather forecast information”.” The Royal Meteorological
Society told us that “if the Met Office was able to provide more information about
uncertainty in its forecasts, it may be less subject to the criticism it has seen from time-to-
time from public and media alike™.*

54, An area where the Met Office has been particularly heavily criticised in the recent past
is in seasonal forecasting, for example, during the bad weather that followed its 2009
prediction of a “barbecue summer”.* Philip Eden, a Fellow of the Royal Meteorological
Society, told us that predictions like this “go to the very heart of what weather forecasts are
for”; he questioned whether they were a public service, or entertainment.*” Nick Baldwin,
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Chair of the Public Weather Service Customer Group (PWSCG) told us that following the
barbecue summer prediction, the PWSCG was:

heavily involved in a discussion about withdrawing the previous seasonal forecasting
approach. The consultation we undertook showed that people did not find it very
useful in the way it was presented, and that they would rather have received a
shorter-term forecast so that the three-month forecast was replaced with a 30-day
rolling forecast. A lot of work has gone on since then with the Met Office, and over
the next week or so it will introduce a new seasonal forecasting methodology for civil
contingency communities, which includes a better explanation of the uncertainty
facing us. [..] It is important that people are organised and have a good
understanding of that forecast. We have been funding that information and it will be
released through the Cabinet Office.”™

While it may be the case that seasonal forecasts with an accompanying explanation of the
uncertainty are more useful for civil contingencies than, for example, the general public,
the Met Office is bound by clear rules that state that if it makes this information available to
the Government, it must also be made available publicly.” It was also suggested that
seasonal forecasts were useful across a wide range of industries, for example, insurance,
power generation, construction, agriculture, tourism and retail.*

55. The Met Office should continue to produce longer term (“seasonal”) forecasts as
they are useful for civil contingencies and a wide range of industries. These forecasts
should always be communicated carefully and accompanied by explanatory notes
describing the uncertainty. We recommend that the Met Office develop a
communications strategy that sets out, for example, how it intends to enhance the ways
in which it presents probabilistic weather forecast information.

56. The Met Office should also work closely with broadcasters, such as the BBC, to
ensure that forecasts are communicated accurately. In particular, we are keen to see
broadcasters make greater use of probabilistic information in their weather forecasts,
as is done in the United States. Broadcasters should also make more use of digital
technology to ensure that probabilistic forecast information is available to those that
want it.

Access to data

37. In generating weather and climate forecasts, the Met Office generate huge quantities of
data. The Government told us that:

The PWSCG require the Met Office to provide a meteorological library and archive
service available to anyone with an interest in the weather or climate and an
approved place of deposit for meteorological information under the public records
Act (1958). [...] There is also a legal requirement handed down to the Public Weather
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Service from the Lord Chancellor’s office to archive meteorological data on behalf of
the UK Public.®

We heard contrasting views on how well the Met Office is meeting its requirement to
provide public access to library services and to historical data. Among those who thought
the Met Office was doing well were Research Councils UK and the National Oceanography
Centre;*™ while the Committee on Climate Change and others appeared to be less satisfied
with the current arrangements for accessing data from the Met Office.”™ Issues raised by
the latter group included that the Met Office charges heavily for access to electronic
records and that while some older records are available in paper form for photocopying,
this was not the case for more recent data, which often originated in digital format.”"* Nick
Baldwin, Chair of the PWSCG, told us that the Met Office was looking at ways in which to
expand the data that were publicly available but that this needed to be done in a cost-
effective way.”"" Mr Hirst added that the Met Office tried to address every specific request
or issue that was raised with it on data accessibility.*"* In order to gather views on how
historical data could best be provided online, we heard that the Royal Meteorological
Society and the Met Office were running a consultation with the wider community.* It
was also suggested during the course of this inquiry that the Met Office could learn from
other countries—including the United States and Australia—where data were considered
to be more freely accessible.”*

58. We heard from a number of witnesses that freeing up access to data might help to grow
a more vibrant private sector that could, for example, develop specialist weather and
climate services.”® This view was shared by the Minister.”'® Driving innovation and growth
by freeing up public data is one of the main aims of the Government’s plans for a Public
Data Corporation (PDC).*"” The Met Office has been consulted by the Government on the
development of the PDC.**® Further details on the PDC were outlined following the 2011
Autumn Statement by the Chancellor of the Exchequer, when the Government announced
that it would establish a Data Strategy Board and a Public Data Group that would
“maximise the value of the data from the Met Office” and other organisations. The
Government stated that the release of Met Office data under the Open Government
Licence represented “the largest volume of high quality weather data and information
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made available by a national meteorological organisation anywhere in the world™**
However, the possibility of the PDC adding “an unnecessary and unhelpful level of
bureaucracy” was raised by Professor Hardaker, from the Royal Meteorological Society, as
a potential problem.™

59. We note that there are contrasting views on how easy it is to gain free access to Met
Office data. While we take some reassurance from the fact that the Met Office tries to
address specific concerns about this as and when they arise, we consider that the
current consultation in collaboration with the Royal Meteorological Society on access
to data should help the Met Office to deal with the problem in a more strategic manner.
We recommend that the Met Office also look to other countries for best practice on
making data more freely available. Alongside this, we welcome the Government’s
initiative under the Public Data Corporation to make more Met Office data available to
drive innovation and growth. The Government should continue to work with the Met
Office to ensure that the new arrangements are effective and do not add an unnecessary
level of bureaucracy.

Collaboration and partnership

60. Throughout this report, we have touched on the subject of collaboration between the
Met Office and the wider meteorology community, both in the UK and abroad. In this
section we look in more detail at the ways in which the Met Office collaborates with the
research base, with the Government and other public bodies, and with international
partners.

Research base

61. Professor Sir Brian Hoskins, Chair of MOSAC, told us that “collaboration in the UK
was quite rocky 20 or 30 years ago” but that this had improved significantly.””! The Met
Office now appears to be well connected to the research base.** John Hirst, Met Office
Chief Executive, told us that a “head of [science] partnerships” post had been created and
that the Met Office was acting on the need to collaborate.* The Met Office stated that in
2010, its scientists served on 39 committees related to the UK research base and that
representatives of the UK research community were included on MOSAC and the Hadley
Centre SRG.** The Met Office’s Chief Scientist is also a member of the Natural
Environment Research Council’s (NERC) council® The Met Office’s science strategy

recognises the importance of collaboration and outlines the activities that the Met Office
will undertake.**
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62. One activity we heard a lot about during the course of our inquiry was the Joint
Weather and Climate Research Programme (JWCRP).*” The JWCRP is a joint programme
between the Met Office and NERC which aims “to ensure that the UK maintains and
strengthens its leading international position in weather and climate science”.*** Professor
John Pyle, Chair of the Hadley Centre SRG, told us that while the intentions of JWCRP
were “excellent”, it would be “foolish to underestimate some of the practical difficulties”.*™
He explained that such a collaboration, on an institutional level, would “entail some loss of
sovereignty [and] effective management of joint programmes [would] be a challenge”.**
He implied that progress with the JWCRP was understandably moving slowly,”! but that a
more strategic approach was now being taken.** Other activities include the Met Office’s
work with NERC on the cross-Government, cross-Research Council programme, Living
with Environmental Change,”™ and its collaborative relationship with individual
universities.”

63. The Government told us that it fully endorsed the Met Office’s proposal for stronger
partnerships and collaboration; however, it added that “the proposed science partnerships
should also include representation from government to provide additional context to
proposed research programmes”™.*" In response, Mr Hirst told us that he didn’t understand
the thoughts behind this and that the Met Office needed to understand precisely what these
representatives would want to do.” Professor Julia Slingo, Met Office Chief Scientist,
noted that the Met Office needed to be careful, particularly with its academic partners, that
this did not conflict with the Haldane principle (the traditionally accepted view that
detailed decisions on research should be made by researchers, not government).”” The
Haldane principle does not apply to research funded by the Met Office; it does, however,
apply to research that is funded by the Research Councils.*** The JWCRP, for example, is
jointly funded by the Met Office and NERC. Government representation on the JWCRP
might therefore be questionable. We sought clarification from the Minister; he explained
that “the suggestion that the Government should be represented on the science
partnerships was, frankly, to ensure the links between the Government and policy-relevant
research and that any potential research overlap is minimised” and added that he did not
believe there was a conflict with the Haldane principle.”” The Government subsequently
wrote to us clarifying that it did “not necessarily envisage Government representation in all
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scientific collaborations engaged in by the Met Office” and that where representation was
desirable, it would most likely be at the Chief Scientific Adviser or official level.**

64. We recommend that the Government consult with the Met Office on the need for
Government representation on Met Office science partnerships. While such
representation may be desirable to ensure strong links between the Government and
policy-relevant research, care must be taken to ensure that there is no conflict with the
Haldane principle—particularly where partnerships are co-funded by the Research
Councils.

Government and public bodies

65. The Met Office works with the Government and public bodies to deliver the
operational services required by the public sector under a range of contracts (see paragraph
9). For example, under its Public Weather Service contract, the Met Office produces severe
weather warnings and works with the emergency planning and responder communities
(see Annex A). This is an area in which it is especially important to have good coordination
with the Government and public bodies. Prospect told us that Met Office links with the
emergency responder community had “greatly improved” in recent years. As a result, the
Met Office has a better understanding of “how improved forecasts and warnings can help
to mitigate some of the impacts from severe weather”.*"' The Government added that “the
Met Office [had] also developed the “traffic light’ system of four colours which highlights
the weather maps and advisories it sends out. This simple system alerts emergency
planners and the public to the level of risk and certainty of the weather event”.**

66. A good example of effective collaboration that was raised by a number of witnesses was
the Flood Forecasting Centre (FFC), which is a partnership between the Met Office and the
Environment Agency, staffed by members of both organisations. The FFC was set up in
2009 following the report by Sir Michael Pitt, Learning lessons from the 2007 floods, known
as the "Pitt Review”, which recommended that the “Environment Agency and Met Office
should work together, through a joint centre, to improve their technical capability to
forecast, model and warn against all sources of flooding”.*** Professor Paul Hardaker, from
the Royal Meteorological Society, told us that it was important for the Met Office to be
effectively joined up with other agencies that were involved in issuing warnings.** The
Government stated that the ‘traffic light’ system “is now used across all early warnings
distributed by the Met Office, Flood Forecasting Centre and Environment Agency”*
Professor Hardaker considered that while it was still “early days”, the FFC appeared to be
working well.** Mr Hirst told us that the Cumbrian floods occurred just after the FFC had
been established and as a result, the Met Office and Environment Agency “were able to
give 24 hours’ better notice than we had ever been able to do for a level of rainfall that was
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beyond any historic record of rainfall in this country”.*” Other examples of collaboration
include the relationship of the Met Office with the aviation industry to improve the
understanding of the spread and effect of volcanic ash,** and with the Highways Agency
on the impact of weather on the road network.* A number of other examples were given
by the Government in its submission.*®

67. Following the success of the FFC in providing joined up scientific advice to
Government and emergency responders and in recognition of the need for a similar
approach to other potential natural hazards, the Met Office has set up the Natural Hazards
Partnership (NHP).*' The NHP brings together thirteen collaborative government
agencies to coordinate advice through a single contact point.** Within a year of being
established, the NHP has “piloted a multi-hazards warning service and the expertise is
being integrated into the Cabinet Office National Risk Assessment process to ensure the
best use of scientific evidence in planning and preparing for natural hazard events” ***

International partners

68. In order to achieve the scientific advances required to improve weather and climate
services, it is important to collaborate both nationally and internationally.” International
collaboration is particularly important “to provide the observations on which the Met
Office depends” (see paragraph 28).** The Met Office represents the UK in the European
Organisation for the Exploitation of Meteorological Satellites (EUMETSAT), a
collaboration that funds and operates a coordinated satellite network, which provides
weather and climate data 24 hours a day, 365 days a year™ There are also
“intergovernmental arrangements” between Europe and other countries, “for the real time
exchange of weather and climate related satellite data”.*" While there are clear advantages
in sharing the cost of obtaining satellite data, there are also some problems with relying on
international partners for crucial meteorological observations. For example, on 24 October
2011, the Guardian reported that budget cuts in the United States Congress could affect a
“critical weather satellite” that is relied upon by the Met Office and other national
meteorological services around the world.” When we asked the Minister about the extent
to which the UK Government could influence its international counterparts in such a
situation, he responded:
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I am not sure whether it is a question of Ministers phoning their counterparts and
having strong discussions; it is more a question of ensuring that strong collaboration
and co-operation across the globe is maintained. We certainly recognise that various
Governments are under many cost pressures. The best way to apply pressure is to
work together through those cost pressures and to understand their longer-term
implications.™”

We also asked how the specific problem highlighted in the Guardian article was being dealt
with. The Minister was initially uncertain about the discussions occurring between the UK
and the United States, but was eventually able to clarify that Mr Hirst was in discussions
with his American counterpart and that exchanges were not taking place at a Ministerial
level.* The Government also later added in a supplementary memorandum to us that
“this is a US political issue and therefore Ministerial involvement is unlikely to be of
assistance at this time, however support has been offered to Mr Hirst on this matter should

the situation change”.*

69. Beyond EUMETSAT, there are also close links between the Met Office and Europe
through the European Centre for Medium-Range Weather Forecasts (ECMWF), a part of
the “European Meteorological Infrastructure”, which coordinates meteorological activities
in Europe.® The Met Office is one of 19 Member States of the ECMWE.* The ECMWE
provides a “complementary” service to the Met Office as it looks at longer-range
forecasts.” Professor Sir Brian Hoskins, Chair of MOSAC, told us that MOSAC had called
for the Met Office to improve its collaboration strategy with the ECMWF and that there
were now moves in that direction.”® While there is no mention of the ECMWF in the Met
Office’s science strategy, we note that it is referred to in the science strategy
implementation plan.™

70. The Met Office also represents UK interests at the World Meteorological Organization
(WMO).*" The Met Office plays an “active role” in the WMO and “participates in a
number of the WMO Commissions and Working Groups”.™ For example, Met Office
scientists are actively engaged with the WMO’s World Climate Research Programme,
World Weather Research Programme and The Observing System Research and
Predictability Experiment (THORPEX).* The WMO is also used as a forum in which to
discuss collaboration on severe weather events, such as space weather.”™
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Conclusions and recommenda}ions _

Ownership

Ia

We welcome the Minister's comment that the Government has no plans to privatise
the Met Office and agree with him that it would be deeply irresponsible to do so on
the grounds of the need to fill a hole in the Government’s coffers. (Paragraph 5)

We consider it too early to comment in detail on the Met Office’s move from the
Ministry of Defence (MOD) to the Department for Business, Innovation and Skills
(BIS). However, we welcome the potential for closer links between the Met Office
and the research base, as well as the opportunity for the Met Office to develop its
commercial activities further. (Paragraph 6)

Contracts and customer relationships

3.

n

.

As a matter of urgency, the Government should ensure that its Customer Service
Agreements (CSAs) with the Met Office are signed and that these CSAs are truly
multi-year agreements. Furthermore, we recommend that the Government sets out
its minimum funding commitment to the Met Office for each year of the current
Spending Review period by the end of this financial year. (Paragraph 10)

It is our view that the Hadley Centre Climate Programme (HCCP) should be
managed by a single Government department, as previously recommended by the
Government Chief Scientific Adviser. A less satisfactory alternative would be for the
Government to ensure that the Memorandum of Understanding between DECC and
Defra is signed as a matter of urgency. (Paragraph 12)

We recommend that the Government and the Met Office reassess whether the
existing mechanisms intended to support a strong customer relationship between the
Met Office and departments such as MOD, DECC and Defra are effective.
Specifically, we invite the Government and the Met Office to consider, and report
back to us, on whether there is a need for a Defence Customer Group and a Hadley
Centre Climate Programme Customer Group, analogous to the current Public
Weather Service Customer Group. One of the benefits of introducing these new
customer-focussed groups would be that scrutiny of Met Office science could be

streamlined under one review group, as we discuss later in paragraph 25.
(Paragraph 14)

We recommend that the Met Office continue to expand activities that generate
commercial income; however, mechanisms must be in place to ensure that these
activities do not put core services for the public sector or the Met Office’s

international reputation at risk. We invite the Met Office to explain in its response to
us how this will be achieved. (Paragraph 16)
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Oversight of Met Office science

T

Given the move towards integrating weather and climate science, and with the Met
Office Science Advisory Committee’s (MOSAC) remit being expanded to include
both areas, we question whether it is sensible to impose additional scrutiny by the
Met Office Hadley Centre Science Review Group (SRG). We recommend that the
Met Office consult with DECC and Defra to determine whether the Hadley Centre
SRG is required in its current form. Our view is that it would be more sensible to
formally review all science under MOSAC, whilst retaining a Hadley Centre Climate
Programme Customer Group, as described in paragraph 14, to ensure that customer
needs are being met. (Paragraph 25)

We recommend that the Met Office publish MOSAC's terms of reference on its
website. We also advise MOSAC to consider the Code of Practice for Science
Advisory Committees (CoPSAC) at its next meeting, specifically considering
whether MOSAC would benefit from adhering to the principles contained within it.
(Paragraph 26)

Models and supercomputers

9.

10.

1.

Met Office models are highly regarded across the UK and around the world. It is a
testament to the Met Office that its Unified Model is licensed to other national
meteorological services. Collaboration with these international partners helps the
Met Office to further test and develop its models and should be encouraged.
Similarly, collaboration with the wider UK meteorology community should be
encouraged to stimulate the development of Met Office models. We note that the
MONSooN project has been held up as a particularly good example, providing a
joint supercomputing system that allows scientists to collaborate on research into
modelling issues. We encourage the expansion of MONSooN and recommend that
NERC work closely with the Met Office to develop plans for the next phase that are
suitable for the research community’s needs. (Paragraph 35)

It is of great concern to us that scientific advances in weather forecasting and the
associated public benefits (particular in regard to severe weather warnings) are ready
and waiting but are being held back by insufficient supercomputing capacity. We
echo the recent conclusions of the Government Chief Scientific Adviser and others,
that a step-change in supercomputing capacity is required. We acknowledge,
however, that affordability is an issue. The Met Office has over recent years built a
good case for increased investment. However, we have not in the course of our
inquiry assessed investment in supercomputing over recent decades. We
recommend that the Met Office provide an overview of historical investment in
supercomputing resources in its response to us. We encourage BIS to complete a
formal business case on supercomputing, however, we do not consider that this
process should take anywhere near the 18 months suggested by the Government. In
our view, the Government should finalise the business case in the next six months.

(Paragraph 40)

Given that supercomputing capacity for weather and climate forecasting is a
recurring issue, we recommend that the Met Office work with the Research Councils
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and other partners in the UK and abroad to develop a ten-year strategy for
supercomputing resources in weather and climate. This should include an
assessment of which areas in weather and climate research and forecasting might
benefit from low-cost options to enhance supercomputing capacity. (Paragraph 44)

Accuracy of forecasts

12.

The Met Office is consistently within the top three centres internationally in weather
prediction and is widely recognised as a world-leader in climate prediction.
However, we note that the climate model did not accurately predict the extent of the
flattening of the temperature curve during the last ten years. We have heard that the
accuracy of short-term forecasts is easier to assess than the accuracy of longer term
forecasts and infrequent events, such as volcanic ash dispersion. We encourage the
Met Office to work with partners in the UK and internationally on developing
metrics to assess the accuracy of longer-term forecasts of weather and climate and of
forecasts based on infrequent events. (Paragraph 51)

Communication of forecasts

13.

The Met Office should continue to produce longer term (“seasonal”) forecasts as
they are useful for civil contingencies and a wide range of industries. These forecasts
should always be communicated carefully and accompanied by explanatory notes
describing the uncertainty. We recommend that the Met Office develop a
communications strategy that sets out, for example, how it intends to enhance the
ways in which it presents probabilistic weather forecast information. (Paragraph 55)

The Met Office should also work closely with broadcasters, such as the BBC, to
ensure that forecasts are communicated accurately. In particular, we are keen to see
broadcasters make greater use of probabilistic information in their weather forecasts,
as is done in the United States. Broadcasters should also make more use of digital
technology to ensure that probabilistic forecast information is available to those that
want it. (Paragraph 56)

Access to data

15.

We note that there are contrasting views on how easy it is to gain free access to Met
Office data. While we take some reassurance from the fact that the Met Office tries to
address specific concerns about this as and when they arise, we consider that the
current consultation in collaboration with the Royal Meteorological Society on
access to data should help the Met Office to deal with the problem in a more strategic
manner. We recommend that the Met Office also look to other countries for best
practice on making data more freely available. Alongside this, we welcome the
Government’s initiative under the Public Data Corporation to make more Met
Office data available to drive innovation and growth. The Government should
continue to work with the Met Office to ensure that the new arrangements are
effective and do not add an unnecessary level of bureaucracy. (Paragraph 59)
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Oral evidence

Science and Technology Committee: Evidence Ew 1

Taken before the Science and Technology Committee
on Wednesday 26 October 2011

Members present:

Andrew Miller (Chair)

Stephen Metcalfe
Stephen Mosley
Pamela Nash

Graham Stringer
Roger Williams

Examination of Witnesses

Witnesses: Professor Paul Hardaker, Chief Exccutive, Royal Meteorological Society, Professor Ed Hill
OBE, Director, National Oceanography Centre, and Professor Alan Thorpe, Director General. European
Centre for Medium-Range Weather Forecasts, gave evidence.

1 Chair: For any members of the public who are a
lintle confused about the rapid change of subject, there
is no connection  between our  previous  sel of
witnesses and our next set of witnesses, who are here
to help us in our exploration of the effectiveness of
the Met Office. 1 would be grateful if the three new
witnesses could, first of all. introduce themselves.
Professor Hardaker: 1 am Paul Hardaker. I am the
Chiet Executive of the Royal Meteorological Society.
I am a visiting professor in the Department of
Meteorology at the University of Reading.

Frofessor Hill: 1 am Professor Ed Hill. 1T am the
Executive Director of the MNational Oceanography
Centre, which is owned by the Nawral Environment
Research Council.

Professor Thorpe: | am Alan Thorpe. T am the new
Director General of the European Centre for Medium-
Range Weather Forecasts.

Q2 Chair: Before we proceed, I have 1o declare a
small interest in that my davghter is employed by the
National Oceanography Centre. There is inherent
uncertainty to any “forecast”. How often can the Met
Office and other organisations be expected to get their
weather forecasts nght”?

Professor Thorpe: The skill of forecasts depends how
far into the future the predictions are made for. We
make an assessment of how accurate weather forecasts
are using a set of metrics compared with what actually
happens. We track, collectively as a meteorological
community, the accuracy of the forccasts. The
distance that you can predict into the future has been
advancing at about a day per decade. For example, a
five-day weather forecast today is as accurale as a
three-day forecast was 20 years ago. This
demonstrates  the development of the science,
computational power and observations of the
atmosphere and occans that go into making up a
weather forecast. Which aspects of the weather you
can predict depends on which aspects you are talking
about and on what lime ranges.

Professor Hardaker: Some of the things that define
the improvements in accuracy are the quality and
amount of observations that you have, how
appropriate they are for the forecast and the
resolutions of the model that you are using. Most of

the developments that we have seen, that Alan was
talking about, in terms of decade on decade, have been
the result of more resolution, which has come with
more computing resources, better data and betler use
of that data with the models.

Q3 Chair: One of the frustrations of living in the
norih-west, as | do, is thai when one listens o the
television forecast it tends 1o be a bit London-centric,
like many things. Do forecasters ake into account
local factors that influence weather patterns? What
level of local or regional information is it reasonable
o expect national forecasters to provide, or 15 it just
that the media are very selective in what they take
ol you?

Professor Hardaker: It is very much the case that
you would expect forecasters to be building into their
forecasts local knowledge about the nature of the anca,
the geographic features and how that will affect the
weather. That is very much taken into consideration.
The other significant thing we have seen in the Mat
community over recent years is that the Met Office
models have now come down o a much higher
resolution. That has happened only in the last 12 w
24 months: so the ability w forecast at that high
resolution has been very much improved, It sounds a
trivial thing to say that we take something that is, say,
a 10 km grid and bring it down o 1 km—that is just
more grid poinis—but. in doing that, a lot of science
goes into being able to predict individual features like
thunderstorms at high resolution. That move down 1o
this high resolution is probably as big a step as the
introduction of some of the carly modelling
capabilities that we had many years ago. Our ability
o forecast at a local level is much improved now,
Professor Thorpe: The European Centre s now
forecasting globally and the effective resolution of the
model is about 16 km globally. The Met Office, for
example, has a fine scale model that is embedded just
over the UK. At the moment it is 4 km resolution, and
they are looking 1o improve that down to about 1%
k. As Paul has said, over the vears more and mone
local specificity in terms of the forecast is available,
but alse there are more local observations as we
brought in new technology, such as  radar
measurements, which are  able to  define more
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accurately the sianing conditions for these forecast
models.

Professor Hill: That is about the weather. Of course,
the weather has impacts and some of those relate 10
the seas, in particular storm suwrges, which can be
generated by weather conditions. It is very imporant
to be able 1o forecast the impacts of those locally.
Coupling storm surge models of the right scale with
the right resolution enables one to get forecasts of
some of the impacts of that weather on events like
SlOTm SUrges,

Q4 Chair: To what extent does the Met Office use
forecasts from the Euwropean Centre for Medium-
Range Weather Forecasts and other groups? Is it
common for different groups to contradict each other?
Professor Thorpe: Perhaps [ had better pick this one
up. The European Centre for Medium-Range Weather
Forecasts exists to provide forecasts in the time range
from thrée days ahead to 10 days and beyond. The
Met Office, like many couniries in Europe that are
part of this consortium, gets these forecast products
which complements what the Met Office’s own
models are producing. We provide a complementary
part of what the Met Office needs to look at the
shightly longer mange, going forward, and the
forecasters regularly use ECMWF's predictions. They
also see the forecasts from other international
forecasting offices, such as the United States, Japan,
Australia and so on. The advantage of having this
range of predictions is being able to look ai the risk
that any one model is more or less extreme. By having
that range of models, you can stan o assess what the
most likely weather will be but assess the nsk of it
being more or less extreme. Having this range of
rather competitive quality models is very helpful w
the Met Office in being able to forecast most
accurately.

Professor Hardaker: Metcorology is a  very
collaborative science, so it is quite common for the
national met services in different countries to share
the data and model information with each other,
because the heart of it is about providing warnings for
the protection of life and property. By exchanging all
of this information. we are able to inter-compare with
each other and it is a valuable part of that process. In
addition, in the UK, most people will probably have
heard of the Met Office and they will have seen the
forecasis on the BBC, but they may not know that
there are over 30 private sector providers in the UK.
From time to time. it is not uncommon that among
that broader community you might get some
contradiction in the forecasts,

QS Chair: In terms of the sharing of data, one point
was made to me by a research fellow who was paired
with me under the Royal Society's Pairing Scheme
this year—I was out in Liverpool Bay with him—and
we were lalking about one of the wind farms. | said,
“What's that mast over there?”, and he said, “That’s
their data collection point.” | asked him, “Do they
share it with you?", and the answer was “No." [s that
common? Are there data sets out there that you ought
to get your hands on to help improve your capacity to
do your job?

Professor Hardaker: 1L is not common o my
knowledge that there are data seis out there ihat are
not exploited, but others might know.

Professor Thorpe: There is a global collection of
measurements of the atmosphere and oceans thai s
taken every day and is shared by all countries that are
within the world meteorological organisation network.
There is a remendous international co-operation in
sharing the raw observations.

Q6 Chair: This is private sector information.
Professor Thorpe: Okay. Those daia—the raw
observations—are, | believe, freely available',
Chair: That is interesting.

Professor Hardaker: 1 was looking at some statistics,
irying to estimate broadly what percentage of data is
collected by the Met Office compared with what they
use. Aboul 2% or 3% of what is used in producing
these forecasis is collected by the Met Office. The rest
of it is exchanged with other organisations. A
tremendous amount of leverage is going on as parl of
that process.

Frofessor Hill: The private sector cerainly
contributes to the collection of weather data. For
example, out in the oceans, ships of opportunity
regularly collect met data. It is an important part of
the data stream. It would not be possible without
them. They do contribute,

As o the particular case of the wind farm that you
were talking about, [ do not know whether that data
are available via the Met Office or not, but it would
appear that it was not directly available to the
researchers concerned. That is not to say that it is not
available indirecily,

7 Stephen Mosley: May | ask about seasonal
forecasts, because | know that Philip Eden, who is
a former Vice President of the Royal Meteorological
Society, has asked: “Are they a public service or
enterainment?’ What are seasonal forecasts for?
FPrafessor Hardaker: Seasonal forecasts are used for
many things. We tend to think of their value in a UK
context, but the nature of how seasonal forecasts are
produced means, at the moment, that they are much
more useful in certain parts of the world like the
Tropics where they have much more inherent skill. As
you come towards our latitudes, the skill level does
tail off, That is, in large part, because we have these
weather systems in the mid latiude that can change
the scasonal characteristics quite markedly. We have
had a good example of that in the past couple of
weeks where we had this high pressure that was
blocking the weather patterns coming in and changed
the nature of our weather for two or three weeks.
Because of this they do have less skill in our latitudes.
We often forget that seasonal forecasts are used quite
a lot around the world in British interests: in defence,
international development, aid programmes and trade
events in which we are involved. They have a
significant value in those activities.

' Note by witness: | believe that on the day | misheard or
miginterpreted what the Chair was ssking here. | thought he
was asking whether the observations were available 1o the
private sector—bul on reading this transcript it appears he
may have been asking aboui the availability of observations
collected by the private sector,
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In the UK they are valuable provided the people who
are wsing them—the end users—understand  the
limitations for our latitudes and how 10 use them.
They tend to be more probabilistic in nature. That can
be harder for people 1o interpret and undersiand
without some clear guidance on how to make use of
that information. They are much more  than
entertainment value, for sure,

Professor Thorpe: I is nol a static situation. We are
doing a lot of research internationally on exactly what
is predictable  on  that  scasomal time scale.
Predictability comes from patierns, for example, in sea
surface temperature, which influences the atmosphers
not only locally but globally. For example, one big
source of potential predictability comes from the El
Mifio phenomenon in the Pacific, which is a hig
change to the sea surface temperature. That affects
weather patterms around the world, As Paul says, it
does not necessarily mean that it affects north-west
Europe particularly 1o give predictable signals, A lot
of research is going on to understand those remote
connections and whether they allow us to be able to
predict on seasonal time scales. It is nol a stalic
position. It is something that the research is
developing all the tme.

Profeszor Hill: They certainly are more than
entertainment. If one could have reliable seasonal
forecasts, the potential is enormous, The kinds of
users would be everything from the insurance sector,
the power generalion industry,  consiruction,
agricullure,  tourism, the retail  industry—
understanding what products o put on the shelves at
what time—manufacturing  and  transport.  The
potential is enormous. Particularly where large
investments are at stake, any information that can add
some level of insight into what is going on on those
lime scales is worth having. In particular, il you arne
into activities which are a linke akin o bewing, then
something that is a good deal better than evens may
well help out with those investments. T am thinking of
some of the insurance business in that respect. This is
why it is a really important area for research, to see if
one can improve the skill and be able, as Professor
Thorpe has said, 1o try and understand how we can do
this in some of the more difficult regions of the world,
including our latitudes,

Professor Hardaker: The interesting conclusions that
we have come up with in fairly recent times in the
research community is that resolution, although it is
not the whole answer, is going 1o help us a lot in terms
of understanding some of these global connections,
both in the oceans and the atmosphere.

Q8 Stephen Mosley: Can | pick on something you
said in your first answer about there being less skill at
our latitudes? Did you mean less skill, or did you just
mean that it is a loi more difficult o predict in our
latitudes?

Professor Hardaker: We are looking at patterns and
relationships. Those patterns and relationships are
much stronger in certain parts of the world than they
are at our latitudes. In the meteorological language,
you call it a signal. You are looking for a signal above
the noise. The signal is much weaker at our latitudes
for some of these connections.

QY Stephen Mosley: There is a perception among
the general public that the Met Office’s seasonal
forecasis are not all that reliable. We all remember
2000, was it, when they were predicting a barbegue
summer and it poured down with rain pretty much the
whole lime? You have explained the difficulties at our
latitudes. Are there any organisations, for instance, the
ECMWE that provide better seasonal forecasts than
the Met Office?

Professor Thorpe: We are working in collaboration.
There is a project that the Met Office, ECMWF and
some other met services are involved with called
EUROSIP, which is a seasonal prediction project, 1o
bring together seasonal forecasts from our model,
from the Met Office’s model, from Météo France and
from others as well. We are trying not only 1o inter-
compare the predictions from different systems, but
there is benefit in having that range of models because
it gives you a more risk-based prediction. From time
o time, some models will be better in cenain regions.
By having a range of models, you can get a better
feeling for the nsk of cenan outcomes. There is
regular interaction and collaboration on this. but |
emphasise the fact that this area of forecasting is sill
emerging and a lot of research is still being done on
it. Whatever state we are in al the moment in terms of
the skill of those models and forecasts. the potential
exists for this 1o improve as research resulis come on
stream. Whatever the position is today in terms of the
relative capability, it is an anca that, | am hopeful, can
improve in the future. We will have o wait and see
what the research shows,

Q10 Stephen Mosley: Is the effon going in to make
this happen?

Professor Thorpe: Absolutely. A big effort is going
on in the research community, in the UK
internationally and among the major meteorological
services, including ECMWF and other major centres,
such as Canada, United States. Japan. France,
Germany and the UK. Quite a bit of activity is going
on.

Professor Hill: You prefaced your remarks by
referring 1o the public perception. This is an issue that
is both about the science needed to improve seasonal
forecasts and an issue about communication. Many of
these seasonal forecasts are offering probabilities such
as a 60%—a two in three—chance of this kind of
event happening. That is useful for some people for
some industrics. When the third event does not
happen, that is very easily misinterpreted as, “They
got it wrong”. It was a two in three chance of the
circumstances arsing. One does have 1o understand
the situation in those terms. For example, if someone
offered that they could give you a chance that two out
of every three horses that you bet on would come in
as a winner, you would, probably, take that prety
seriously, and you would feel a bit churlish. if that
was indeed the success rate, to go and complain about
the one third of your horses that were predicted to win
but did not. That is the kind of setting. You need to
understand i, Where sophisticated  industries are
prepared to operate at those levels of probability, they
will not perceive the situation in guite the same way.
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Q11 Stephen Mosley: The probability issue is
something we have picked up in previous inguiries.
It might be worthwhile our taking that off separately
afterwards for consideration.

Professor Hardaker; May 1 come back 1o your
guestion about whether one is better than the other,
because there are a number of organisations out there
providing seasonal predictions? A number in the
private sector do that as well. One of the challenges
of assessing whether one technique is better than the
other is that you do not have many seasonal
predictions. You only gel four a year. The spring and
autumn ones tend not to be as reliable as the summer
and winter ones. We do not get many and it takes a
long time 1o collect some sensible statistics to do a
comparison that has any real science in it which says,
“This method is better than that one.” It is a long haul
in understanding where significanl improvements anc
coming in this area.

Q12 Roger Williams: We have heard already how
important it is for private individuals and commercial
organisations 0 have some indication about extreme
weather that they may be going to experience. How
robust are the forecasts of extreme weather events as
done by the Met Office?

Professor Hardaker: One of the challenges of
extreme weather events is, thankfully. that they
happen far less frequently than much of our weather.,
You have less hazardous weather to deal with and,
therefore, fewer case studies that help you improve
your prediction in these areas.

The point we mentioned before about improving the
resolution of the models, to make themn much higher
resolution, is helping a lot in terms of improving the
capabilities 0 forecast hazardous weather, It is a
priority for the Met Office science programme. | have
seen some rescarch runs of the model looking at the
Boscastle floods that show that with the very high
resolution models you can pick up the convergence
and the formation of the rainfall much easier. That is
not to suggest that we will capture all such cases, but
at these higher resolutions we are more likely o be
able to pick up these local features that can often
cause significant weather events.

As you move to dealing with these significant weather
events, you have to do two things. The first is that you
become more probabilistic in terms of what you ane
trying to provide in terms of information. There is a
deal of uncenainty that needs to be represented in a
probabilistic fashion. The second is that you need to
work closely with other agencies. It is not jusi about
the Met Office being accurate in terms of its forecast
unless it is joined up with the other agencies involved
that arc issuing those wamings. An example is the
bringing together of the National Flood Centre with
the Met Office Operations Centre. That is a good
example in terms of getting those wamings more
effectively and efficiently out to the public. Again,
there is a close relationship between the Met Office
and the Highways Agency, which is also helpful for
!J'm cases that are impacting on the road network. It
15 a real partnership in predicting and communicating
hazardous weather,

Professor Thorpe: 1 would entirely agree with that. It
is imponant to say that the Met Office is one of the
world-leading weather services in the world in terms
of the skill of its forecasis from extreme weather right
up to other aspects of the weather that we have been
talking about. There is regular intercomparison of the
international and national weather services, and the
Met Office is one of the leading met services.
Therefore, the general answer to how good their
forecasts are is that they are as good as anybody else
in terms of being close to world leading. It is
improving all the time as well, as | was trying to say
at the beginning. Of course, we would like the
forecasts to be betler. As the computational power, the
observations and the models improwve, il is improving.
As Paul said, it is something that the rescarch is
focusing on, because it is crtical for the public,

Q13 Roger Williams: [ sal on a previous inguiry into
the flooding that we experienced in this country a
couple of years ago. One of the criticisms then of the
Met Office was that it was not well integrated into
the Environment Agency and other agencies. Has that
integration been achieved? Is it working well?

FProfessor Hardaker: 1t is early days, My perception
from the outside is that it is working very well. The
establishment of the new National Flood Forecasting
Centre, which is a parinership between the
Environment Agency and the Met Office and bringing
all that together into the operations centre in Exeler,
has had significant benefits. Sitting hydrologists and
meteorologists next to each other has been a real
positive. The Met Office and the Environment Agency
have come to the Society o ask us if we can provide
help and support to them in terms of professional
development. to give a development path for those
working in hydrology to come through to gain
professional chaner status in the meteorological
gualifications and vice-versa, That is a real positive
and there is a real ambition to do more with it.

0014 Roger Williams: Are there any limiting factors
within the Met Office as to future improvements in
forecasting extreme or hazardous events?

Professor Thorpe: There are limitations for all centres
in terms of the ability 1o have the computational
power to analyse the increasing volumes of
measurements and also to make the predictions using
the numerical weather prediction models. It is a
challenge for all centres, including mine and the Met
Office, to keep competitive in terms of the amount of
computer power thal we have to devote to this. In
many respects, we can have more finely resolved
models and, therefore, a better description of smaller-
scale events, such as extreme weather, if we have the
best and most powerful computers. OF course, this
comes at a cost. There is an issue about being able 1o
afford the most powerful computers. Meteorology and
weather forecasting has been a prime driver of super-
computer capability worldwide. It remains a challenge
o be able to afford the amount of computational
power we need.
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Q15 Roger Williams: It is the computation of the
data rather than the collection of the dma that is the
more limiting faclor.

Prafessor Hardaker: | would say that it is a mixture
of the two.

Professor Thorpe: It is a mixiure. There are many
more observations than there used to be, particularly
because of the satellite component. We are getling
access roulinely in the met offices to the majority of
those data. OF course, then it is a matter of analysing
those data and doing the weather forecasting. That is
where the computational power comes in. As Paul
says, we need both. 1 was just highlighting that 1o give
you an example when you asked where the limiatons
are, and that is certainly one of them.

Prafessor Hardaker: The lack of computing resources
is by far a greater limitation than the lack of data in
the curment enwironment, although there are some
areas, particularly in oceanography, which Ed might
wanl W say something about, where we are a bit oo
data- sparse. We have fallen a long way behind the
curve in terms of the computer capability keeping
pace with the science. The problem as well is that it
does not scale linearly, Every time we increase the
resolution, we must do that in three dimensions. There
is a time element (o this as well, Tt is an exponential
increase in the requirement of computing power,
Professor Hill: | would like t©0 comment on ocean
data. It is probably more relevant not so much for
extreme and shor-term events as it is for longer time
scales, such as climate time scales and seasonal
forecasting that we were referring (o before. Ocean
observations, particularly on those longer time scales,
to which you might want to retum, is an important
limiting factor and will be going forward.

Q16 Roger Williams: Professor Hill, in your wrillen
contribution you stated that the insurance and re-
insurance industries benefit from robust forecasts of
extreme evenis. Do they contribute 1o the cost of those
forecasts in terms of data or compatational processes?
Professor Hill: 1 do not know the details of what they
do and don’t contribute in terms of obhservations. It
would be pretty Fair 1o say that it is very unlikely
that they contribute significantly to the underpinning
observations. There is a much wider issue here. You
picked on one particular sector, but the beneficiarics
of weather information, whether it be on shor time
scales right out even to climate time scales, arc
numerous and varied. Some of the beneficianies
probably do not even know that they are benefiting
and possibly care even less about where (he data are
coming from. We probably have a siation where, if
left 10 those who directly benefit, you would end up
with a classic market failure if you were going 1o
expect them to pay. Indeed, you can very rang!y. if
ever, draw a golden thread from some particular
measurement system (o a particular forecast that has
some indirect benefit. This is an area where,
traditionally, the public purse is called upon to provide
the underpinning datasets, on the understanding that
there is benefit, including real economic growth
benefit, somewhere downstream from the direct
observation. That is ultimately where the cost is
recouped from through taxation and so forth.

Q17 Roger Williams: The furher you can look
forward. the greater mitigation you can put in. It is
not just the insurance industry, is it?

Professor Hill: Absoluely. It is health, retail,
transport, encrgy and the whole thing, Indeed, the
further one can forecast ahead. the greater is the
ulimae prize. Clearly, there is a lot of economic
benefit to be had if those forecasts are reliable and
actionable.

Professor Hardaker: A ot of focus is going into
decadal prediction at the moment. That is the time
scale where some of these big capital expendine
issues are most important. Replacing the capital assel
and how you design and equip that is a big challenge.

Q18 Graham Stringer: Professor Hardaker, 1 will
read a shon senience  from  vour submission:
“However, for climate prediction and its application
o Climate Change Risk Assessment (CCRA), there
remains a fundamental unsolved guestion of whether
the estimated™ United Kingdom Climate Projection 09
“probabilities are actually reliable (for example, does
an estimated 90% probability of an event mean the
event is somehow very likely 1o happenT)” Whatever
does that mean?

Professor Hordaker: The point we were tiving 1o
make there is that the way the predictions wene
produced this time was based on vanations of a single
model with o siatisiical generator of  weather
associated with it. We think a better approach going
forward for the next generation of these scenarios
might be 10 look at a combination of a range of
models that arc nepresenting the different physics of
what is going on in the atmosphere, and that will give
you a more realistic representation of what the
probabilitics are rather than using just a single model.
I agree that the language is a bit confusing.

Q19 Graham Stringer: | am no statistician, but it
says “an estlimated 90% probability™. Does that mean
it is likely to happen? 1 would have thought it was
self-evidently true that it was,

Professor Hardaker: The point is about how you are
creating that probability distribution. Are you doing
that in the most efficient way that is representing the
full range of probabilities of what you are trying to
get 1o the bottom of? 1 can creale a probability
distribution by tossing a coin and getting heads and
tails. The more coins | wse or the more intricate
method 1 use, the more chance 1 have of sampling the
full range of probabilitics. Have we really exploited
our current understanding. knowledge and models o
represent the full range of probabilities?

Q20 Graham Stringer: Is it fair to say that you are
looking to put together more models in order to get a
better prediction?

Professor Hardaker: More models and, perhaps, a
more robust way of creating our probability
distributions than we did last time round. To say “last
time round” sounds a bit over-critical of UKCPO9, but
those model runs were the first time we moved 1o
probabilistic predictions. That was a major step
forward and we leamned a great deal from that process.
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This time round we can move that on more
significantly.

Q21 Graham Stringer: How would that be moved
on?

Prafessor Hardaker: Because we have a lol more
understanding about how to work with these
probabilistic projections than perhaps we had when
we began that process some time ago. The report in
2008 was a three or four-year programme in creating
those scenanios. We ane a long way on. In terms of the
science, we have moved on. Now there is a move (o
be much more engaged with the communities who
will use those predictions to get a sense from them
about what they look to the science community ito
provide them.

022 Graham Stringer: Is any work being done on
the theoretical limits 1o predictions? You are dealing
with a linked chaotic system, are you not?

Professor Hardaker: Yes.

Q23 Graham Stringer: Is there any theory that says
you can go so far bul no further?

Professor Hardaker: The chaos theory suggesis theng
are some limits to predictability. There is no
suggestion, interestingly, that we are anywhere near
reaching those at the moment. The other complication
of that process is that some weather conditions are
more predictable than others. There is not a single
limit that bounds everything. The nature of the
aitmosphere and the oceans is such that sometimes
there is a greater degree of predictability in the
atmosphere than at others. It does vary depending on
the state of—

Q24 Graham Stringer: Do you know when that is?
Professor Hardaker: There are obvious examples. IT
you are getting very varied local conditions, lots of
thunderstorms and the weather is changing rapidly. the
predictability is less easy compared with when you
get stable pressure palterns in place which give you
more long-term predictability,

Professor Thorpe: One of the scientific advances in
my centre has been to create what is called an
“ensemble prediction”, which means that, by looking
at the chance that the forecasts could be more or less
extreme than the central estimate, depending on the
shape of that distribution, we are able to give a
prediction of whether the future weather is prediciable
or not. 8o we can predict the predictability. As Paul
was saying, the signals on some occasions are
inherently stronger and it is more predictable. By
using these techniques we can distinguish those events
where it is more predictable from those events where
it is less predictable, That is a big advance in the
science. It is critical o know, not only regionally but
locally and, from time to time, that the predictability
vanes hugely in terms of what you can predict.

QISI 'Grlhnm Stringer: That predictability of the
predictions is done on an empirical basis and not a
theoretical basis,

ﬁufenarlrhapﬂ No. It is done in terms of using the
mathematical physical models that we use for weather

forecasting. The Evropean Centre, for example, every
day produces 50 parallel forecasts where we have
slightly different stanting conditions for the forecast,
and also we vary within the range of uncertainly some
of the representations of the physics in the model. We
then star o build up a much better description of the
uncertainty and are able o predict when it is
predictable and when it is not. It is not empirical in
that sense. It is using the physics thal we know about
and the range of uncertainty in that physics that we
know abou.

Q26 Graham Stringer: Both you and Professor
Hardaker walked about recording and testing how
accurate the predictions had been on three, four and
five-day weather forecasting and on seasons. Have
you tested the predictions since you have been using
maodels for climate change? Have you tested whether
those models are predicting what is happening on an
annual or a biannual basis? 1 do not know when they
stanied, but have they predicted what has been
happening over the last 10 years?

Professor Thorpe: Absolutely. The Hadley Centre for
Climate Prediction and Research, which is part of the
Met Office, has been producing detailed hindcasts of
the climate of the 20th century, for example, to look
at the fluctuations in the climate. We know what has
happened, but we can use our prediction models 1o
see how accurate they are relative to what happened.

Q27 Graham Stringer: | am asking something
slightly different from hindcasis. Since 2000, the
climate has shifted a bit over that period of time. In
20000, were the predictions accurate or to what level
were they accurate?

Professor Thorpe: 1 will give an initial answer and
others may want 1o contribute. As vou know, there
have been several IPCC scientific assessments on
climate change going right hack to 1990, In 1990,
when the scientific assessment was made, there were
real-time predictions of what the climate, subsequent
to 1990 going forward, would be. We are now in a
position of having a record of what actually happened
relative 1o the predictions that were made then of the
climate from 1990 to the present time. Those
comparisons show that the models of the day—of
course, the models have improved since then—if
anything, under-estimated the amount of global
warming that has subsequently happened. We are able
now, because we have done this climate prediction for
a number of years, (o start (o assess that.

Q28 Graham Stringer: It is often said that they did
not predict the fMattening out that happened after 2000,
I5 that true or not true?

Professor Thorpe: Two processes are going on here,
There is the slow trend due to the fact that greenhouse
gases are increasing, which is the trend that we are
interested in in terms of global warming. Then there
is the year-to-year variability that comes from a
phenomenon such as the El Nifio. We know that El
Nifio variations can lead to fuctuations in the warmth
of the planet on these time scales of decades. What we
think has been happening is the slow trend of global
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warming but superimposed on that are the fuciuations
On year-lo-year.

Q29 Graham Stringer: That is only pant of the
point. Did you predict the change in the gradient?
Professor Thorpe: Not me personally.

Graham Stringer: But as a profession,

Professor Thorpe: | think | am speaking oo much.
Professor Hardaker: As Alan said, the continuation
of the assessment report studies have shown that what
the early models predicted is largely what has come
10 pass in terms of our observations. In the very early
days of the climate models, that intercomparison with
the observations was very imponant. By doing that
intercomparison in the early stages of the process is
how we discovered that we were missing the acrosol
component in our models. which was a cooling effect
on the climate.

Prafessor Thorpe: The slow trend of global warming
is a forcing from something we are doing 10 the
atmosphere gradually and in a secular way over time.
Some of these luctuations from year to year, o come
back to our earlier discussion about seasons, are more
predictable using these models than others. Seasonal
to decadal is an area where we are doing a lot of
research, To answer your specific guesiion of whether
we can predict year on vear the variation of El Nifio
going forward five or 10 years into the future,
probably, not yet, but this 15 an area on which there is
aclive research. We can get the zon of siatistical
vanation, but the precise future chance of a particular
El Nifo or La Nifa happening is still wvery
challenging.

Q30 Pamela Nash: The Government Chief Scientific
Adviser in the review of the Government's needs for
the Climate Science Service has recommended that
a step-change increase in supercomputing capacity is
required within the UK. Would each of you agree with
that statementi? Professor Hardaker, you are nodding.
Professor Hardaker; Those who use supercomputers
will say more, but ves, absolutely. I recognise that
there is an affordability issue and we have 1o make
prioritics, but il is a significant limitation on our
capability at the moment. in terms of what we can do
with the modelling of the oceans and the atmosphere.
Prafessor Hill: 1 would certainly endorse that. 1 am
particularly concerned with the ocean pans of the
problem, which on these longer time scales is a crucial
component of it. We believe thal increasing ocean
mesolution will take out a number of well-known
hiases that exist in things like sea surface temperature,
which, when coupled to atmospheric models on longer
time scales, produce biased effects. One classic
example is that low resolution models tend 10 cause
the Gulf Stream to break off from the coast at lower
latitudes than they should, leaving that arca of the
nornth Atlantic anomalously cold compared with what
we observe. This then feeds through when you couple
it into atmospheric models. As you increase model
resolution, as we are at the moment. to a quarter of a
degree and, in due course, to one twelfth of a degree
and Gulf Stream separation happens in the right place,
the sea surface anomaly issue stans o resolve itself.
There are many other examples like that where

increased resolution, being able 1o resolve eddies in
the system, has an imponant effect as you stant to
couple it with stmospheric models. To achieve those
resolutions  certainly  needs  increasing computing
oW,

There are things that we would like 1o do with ocean
midels in the future which are a little beyond weather
lorecasting but are imponant for marine forecasting.
For example, 1o forecast harmful algal blooms, which
is very important, would involve coupling ecosystem
models o ocean models. Once you start o do thar,
you get into 4 whole new ballgame in terms of the
compuling power reguired to represent the different
biogeochemical processes and plankton species as
well, From both the climate and weather point of view
but also from ocean forecasting. the answer is most
certainly ves. We also need—this is a crucial point—
the data to go with it. You cannot separate these two
155015,

Prafessor Thorpe: The answer from me is yes.

Q31 Pamela Nash: So that [ am clear, you mentioned
funding being a limiting factor. Are we talking abowt
funding for the purchase of echnology or purely for
rescarch  and  development  in  creating  that
supercompiiting capability?

Professor Hardaker: 1t is always a combination of the
iwe. You need to have the technology in the first place
and then you need 1o be able 1o exploit that by putting
the science on to that technology platform. Itis a mix
of the two. [ sense that the biggest cost in this is in the
physical computing itself’ because, as we mentioned
before, when you start trying o ook at the whole-
earth system, the biosphere, the ecosysiem, the
chemistry and the carbon cycle, the complications of
that are such that vou need (o make a step-change in
curment capabilitics,

Professor Thorpe: You can see very easily that it is
the technology. There was a time when weather
forecasting applications in terms of the use of the
world's top computers were high upon that list. It has
shid gradually further and further down from the
highest capability to much lower. That change has
prevented us from advancing as quickly as we could
have done. 1 fully endorse the fact that this is a real
limitation now. It is very challenging from a financial
point of view because of things as mundane as
exchange rates, for example. When purchasing
computer power in pounds, il depends on the relative
exchange rate with respect to the dollar and so on.
because many of the computer manufaciurers are
miernational. Our purchasing power 15 also a factor
as well.

Professor Hill: One should not underestimate what a
complex problem this is. It is not just aboul more
computer power and more calculations per second. It
is also about disc storage, mass storage for storing the
resulis, posi-processing facilitics 1o analyse them, high
bandwidth communications o move data around, and
there is also a people dimension to i, In respect of the
oceans, one of our problems is having the manpower
to be able to process, analyse and interpret the data,
Then there is the question of re-engineering some of
the software, the codes in the models, so that they are
able to run on massively parallel machines. [t is not
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just a question of buying a big box with lots of
processors in it. All of those dimensions require the
investment.

Q32 Pamela Nash: Thank you for those answers.
The partnerships that the Met Office has with
international  meteorological  organisations  have
already been alluded to in this session. To what extent
is the Met Office working and pooling its human and
computing resources with those of instilutions across
the world?

FProfessor Thorpe: From my point of view, the Mei
Office is incredibly connecled intemationally to all of
the most important networks in weather prediction,
forecasting  and  meleorological  science  more
generally. It is a major member state within my own
organisation, which is a co-operation among 19
European countries. The Met Office is a major pariner
in that capability. That is on the operational weather
forecasting side. On the research side. there is strong
collaboration between Met Office scientists and, for
example, the academic community in the UK,
supported by the Nawral Environment Research
Council. There is a relatively new initiative called the
Joint Weather and Chimate Research Programme,
which joins together, in a much more structured way
than before, research in the Mei Office and in UK
mstitutes and academia. My answer to your gquestion
iz that the Met Office is highly connected and clued
into  that international science and forecasting
nerwork.

Professor Hill: One panticular example of how they
have been working internationally and strategically is
that a number of countries, including Korea and
Australia in panticular, have adopted the unified
madel, which is their workhorse code for weather
forecasting. This has a number of benefits for those
countries that have adopted the model, which is a very
good computer code. Also, because those are being
operated  in differemt weather and  climate
environments from our own country, they gel tested
in different regimes. That means there are more hands,
eyes and experience in using that particular code o
be able, collectively, to learn the lessons. That is a
very good example of working strategically with other
countries to get leverage and benefit from that
development.

Professor Hardaker: | mentioned earlier about the
percentages of data that are collected locally versus
those that are used. [ said that 97% or 98% of the data
that we use is collected elsewhere. If you look at the
modelling function, only about 50% is developed in-
house by the Met Office. The rest is obtained through
the types of collaborations that we have talked about
in terms of driving and developing these models. You
can get a sense, both from the data and modelling,
that it is a very collaborative programme. The Met
Office, as Professor Thorpe said, is one of the world's
leading met services. You can imagine that as pan of
this international network it plays a very important
role not just in the UK but in inemational
meteorology.

Q33 Pamela Nash: Just 1o move on from that,
Professor  Hill, the evidence from the Mational

Oceanography Centre states: “Supercomputing is a
fundamental requirement for undersianding ocean and
atmospheric processes and will require continued
funding, collaboration and ‘joined-up’ working to
maximise potential.” As you said, Professor Hardaker,
there are challenges. What are the panicular
challenges in encouraging this collaboration and how
can we overcome them?

Professor Hill: A number of these are being
addressed already. It is fair 1o say that the Met Office,
over the last five or 10 years, and five years in
particular, has shified in being much more open to
collaboration. For example, in the ocean area, we have
worked together on lining up the model code we use.
The oceanographic community and the meteorologists
were using completely different models. We have now
converged on that, which is a European model, so we
have a wide community of users. We have a joint
ocean-modelling programme, which is pant of the
loint Weather and Climate Research Programme,
whene scientists are defining a clear set of ohjectives
and programme of work. They are working together
in order to maximise the impact across the science
community. That is a very good example of things
that are happening already.

Could we do more of it? Probably, yes. There are
barriers. There are funding issues. There are also, |
guess, some real cultvral barriers as well, The Met
Office is an operational forecasting agency and works
to rigid timelines and works in a very methodical way,
which is what you would expect from an operational
agency. The research community operates on differemt
time scales. Bringing these things together does nol
always quite mesh, The research community has o
work in more disciplined ways when working with the
Met Office, which is good, but perhaps that is at the
expense of some innovation at times and having to
work with existing operational systems. For me this is
an example of something which, in other circles, is
called “translational research™ It is the process by
which basic research—a fundamental understanding
of the system—gets tumed in a systematic way into
something that is usable and operationalised.
Probably, a much more explicit recognition of the role
of translational research would do a Iot to break down
the barrier that sometimes exists, which is as much
cultural as anything in terms of the basic science
gelting into operational use in a timely way. That is
one arca o work on.

Chair: We have three more very important guestions
that we need 1o get through fairly quickly.

Q34 Stephen Metealfe: 1 will try to be as quick as
possible. 1 would appreciate it if you could keep your
answers quite brief. I want to talk about access to the
historical data that are held by the Met Office. We
have had conflicting reports about how readily
available they are. 1 would be interested in your
comments on what you think. Also, regardless of how
readily available they are now, do yvou think they
should be made freely available to all at no charge?

Professor Hardaker: For some context, the Met
Office is operating within the rules bounded by the
Government's policy on data, and it is also guided by
some  international agreements thal exist on this
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subject. OF all the European met services, | would say
that the Met Office makes more of its data available
than any other European met service, and it has tried
o go a long way to do that. We are working with
the Public Weather Service at the moment to run a
consultation for them with the wider community in
the UK about what will be the requirements for more
of that historical data online and how could it best
be provided. The Met Office and the Public Weather
Service components are mindful of the fact that there
is a demand for more data out there, OF course, there
is a cost in providing that. It would be a valuable thing
to make more of that data available, but somewhere
someone needs to pick up the cost of making that
possible. That is a barrier in itself,

Putting much more data out into the community may
help to grow the markets for meteorological services,
but we, in the Society, have a real concern that it
might help W grow very poor, low-quality services,
because technology is such that you can easily take
low- quality raw data and produce products and
services of not very good quality. We want to focus
on the idea of developing a quality siandard for the
sector that would identily those guality providers.
There has been a strong push from the big customers
of weather services in the UK to establish, in
partnership with us, a quality mark for the sector,
FPrafeszor Hill: The principle is that publicly funded
basic data should be available at minimal cost and that
the value is generated by the creation of added value
products. The caveats 1o which Paul has referred do
apply. The creation of the Public Data Corporation,
which is being trialled, is about doing that, trying to
make more data more accessible,

In erms of accessibility 1o the research community,
we have very effective means of working with the Met
Office. That is generally not an issue. Their data are
generally widely available for research purposes.
Professor Thorpe: 1 am not sure that 1 have anything
to add.

Professor Hardaker: | would like 1w make a quick
point about the Public Data Corporation. 1 am not up
to speed on the full detail of it, but | have seen some
of the developments. | have some concern that we
meed a clear policy and stalement on how the
Government are dealing with data. [ get the sense
from the outside that bits of Government are pulling
in different directions in terms of where they want o
go with this. My hope is that the Public Data
Corporation is not going to add an unnecessary and
unhelpful level of bureaucracy. We need some simple
form of clarity that does not add an unhelpful layer
of bureaucracy.

Q35 Stephen Metcalfe: You said that. by making the
data more freely available, there are potential services
and spin-offs, and commercial activity could come
from that. Is there any way of putling a value on that
commercial activity, in making sure that a quality
standard is in place 10 make sure that it is not abused?
How would one even begin to understand  how
someone might make money and what that would be
worth 1o us as an cconomy?

Professor Hardaker: There have been a couple of
goes al this over recent times. We had a picce of work

published fairly recently by the European grouping of
private sector meteorplogists. I cannot recall the
figures, but I could certainly send the Comminee the
paper—it was published aboul two years ago—which
highlighted some figures associated with what was
expected from this. In some regard, there was a vested
interest, Il was created by a community that stands o
benefit from that process. There is no reason not o
trust the figures and they are a helpful guideline. It
would be helpful 1o have an independent review of
the value that this data might add.

Q36 Graham Stringer: | will roll all my questions
into one, i 1 may. First, will the Met Office move to
BIS and its new research structure help with
collaboration with the research base in this country
and elsewhere? What will the changes be? Secondly,
you have talked glowingly about the collaboration tha
goes on. There must be problems. Where could that
be improved? Where is there a lack of collaboration?
Professor Thorpe: The BIS move will help from two
points of view. One is the connection into the research
base, which is located. as you know, in BIS. At some
bevel, it seems a more natural home. As we were
saying just now. there is great potential from weather
forecasts for commercial and business activity in the
economy in general, including opportunities to reduce
costs and mitigae risks, as well as genuinely new
business that can emerge. which is a clear focus of
BIS as a Department. For me, it seemed to be a good
move to bring the Met Office into BIS. It will help
with the connection to the research base. [ would not
want 1o characterise that o mean that, in any sense,
there was a major problem before. We worked hard,
as Ed has mentioned, dunng the last five years or so
to up our game in connecting the Met Office research
with the general research base in the UK, even when
it was in the MOD. That is already bearing fruit. [ can
only see the move 1o BIS as helping that process.
Professor Hill: In terms of lack of collaboration, |
would point to one issue that is, probably, not lack of
collaboration but it is a lack of join-up. Az we have
said before, important new observations are crucial in
order o improve seasonal and climate issues, which,
essentially, centre around the oceans. Ocean science
has become sufficiently mature now that we have the
iechnologies to make reliable measurements, whereas
probably even a decade ago we did not, There is a
whole new stream of data that is potentially available
through new technology such as Argo floats and other
automated systems, which will make, in due course, a
significant impact.

The problem is that we do not yel have a sufficiently
joined-up mechanism in Government 1o do a number
of things. First, there are multiple Depaniments that
are interested in the outcomes of this, so the idea of
sharing the costs of this is not well developed. Second,
we have the issue of iranslaiing  measurement
technigues which, essentially, have been in the domain
of basic science into the operational arena. Some of
these ought o fall, ultimately, within the remit of the
Public Weather Service, but that simply cannot be at
the expense of displacing existing vital measurements.
We have something new coming on stream here,
There is a real challenge about how to resource new
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things that are adding value. The ultimate answer, in
my view, is that they are adding new value to the
forecasts, An increased economic value can be put on
them. We have not yet discovered, as a nation. the
mechanism o translate these measurements from
hasic science to operational and, indeed, 1o share the
resources fairly across multiple Departments of
Government that benefit.

Professor Hardaker: We mentioned earlier the Joint
Weather and Climate Research Programme (JWCRP).
That is helping 10 bring these two different
communities and their cultural differences together, It
is early days for that. Some of the limiting factors
within that framework are that we need o be able o
get the models and data on to a common platform so
that those two communities can work together
effectively. We have some resources to do that, but it
is the stan of a process. Until we can get all of tha
on 1o those platforms and being used actively, we are
not leveraging that partpership as strongly as we could
be. However, we are moving very much in the right
direction.

037 Roger Williams: | was brought up in a farming
family and the weather forecast was sacrosanch
Everybody would be quiet and listen to it It is not
quite 50 much a national treasure now but it is still a
very important part of our lives. Who is responsible
for accurate communication of the forecast? Is it the
Met Office or the broadcasting company?

Professor Hardaker: The answer 1o that is both of
them and as well as organisations like us in terms of
educating the public about how to get best value from
those forecasts. We talked a lot about accuracy and
how good we are in the UK al producing those
forecasts, but it is wasted if we cannot communicate
that to the public. It means that organisations have to
waork together (o gel the message across.

Q38 Roger Williams: Is there a place for jokes?
Some of the wurist operators get very upset when they
hear, “Here comes another Bank Holiday. Here comes
another downpour”, or, “Don’t go to Wales because
il’s always wet.”

Professor Hardaker: | am nol going to comment on
the Wales hil because my wife is Welsh. 1 will not
make any comment on that. What is interesting is the
development of the internet as a way of providing
weather information and the move to digital channels.
I know that organisations like the BBC are exploring
the potential that has to add a whole layer of new
information that will provide a detail that they cannot

offer in a single broadcast. The public will be able 1o
waltch a national and a local forecast and then use the
red button functionality or the intemet 1o drill down
into more and more detailed information that might be
useful and specific to them. That is a really interesting
innovation. Many countries make much greater use of
probabilistic information in their forecasts than we do,
even in their broadcasts, Perhaps with some of this
digital technology and the internet, we have not been
bold enough 1o explore the potential of that in lerms
of delivering more probabilistic information and then
working to help the public better understand it and
how better to make use of it. That is a role that,
perhaps, we could play a part in as well,

Prafessor Hill: It is certainly the case that there is no
shortage of weather information. That is not the issue,
Indeed, the Met Office website is excellent in terms
of the sheer depth and range of information you can
getl if you are looking for il. The issue is about
communication, using new technologies and so forth
to be able to get information w people in the form
that they want and when they want it. This is a social
problem as much as one of information, generation
and dissemination.

039 Roger Williams: Professor Hardaker, you ane
the chairman elect of Sense About Science, are you
not?

Professor Hardaker: Yes, that is right.

40 Roger Williams: Has that  organisation
something to  contribute in  terms of public
understanding about the things we are talking aboul—
probabilities and those sors of issues?

Professor Hardaker: | hope so. That group has been
working a lol on trying to help the public with
statistics. We have published a book on weather and
climate. We are hoping to publish something next year
on working with uncertainty, That is a big issue,
Science looks at uncertainty as knowledge and focus,
whereas often the public look at uncertainty as “Well,
they don’t know. They haven’t got an answer for me.”
That is a big gap to bridge. A better explanation of
how science works and how the public can make
better wse of uncemainty information is of real
importance in terms of their making use of it and the
media communicating it more effectively.

Chair: Gentlemen, this has been a very informative
session. We are very grateful for your time this
moming. We are looking forward to our visit to Exeter
to see how you produce all this fantastic data. Thank

Vi,
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Q41 Chair: Welcome, everyone. | weleome in
particular the Royal Society peers who are sitting in
the audience. 1 hope that they find it a fruitful sitting.
Will the first three witnesses kindly introduce
themselves?

Nick Baldwin: 1 am Nick Baldwin, the independent
chair of the Public Weather Service Customer Group,
Professor Hoskins: | am Bran Hoskins. | am at
Imperial College and the University of Reading. 1 am
also a non-executive director of the Met Office and
chair of its scientific advisory commitiee.

Professor Pyle: | am John Pyle from the University of
Cambridge and the National Centre for Atmospheric
Science. | chair the Met Office Hadley Centre Science
Review Group.

Q42 Chair: Thank you very much indeed. May |
start with you, Mr Baldwin? In your role, you are both
intelligent customer. and watchdog and guardian of
the Public Weather Service. s that a difficult balance
1o achieve?

Nick Baldwin: 1 don't think that it is a difficult
balance to achieve. Perhaps it would help il | elucidate
each role. We are the intelligent customer on behalf
of the Government and the general public for free at
the point of use weather forecast and information
services. We have a group of people who are mostly
from the resilience community, and are therefore
experts in the area of the services that we are buying
and using. As a customer, we are responsible for
buying service from the Met Office through a
customer-supplier  agreement, which  essentially
defines the oulpuls we gel [t defines performance
measures so that we know that we are getting what
we paid for, It defines a price, and it also sets the Met
Office a 3% annual efficiency target to reduce the
costs of the service that it provides. 1 am supported
by a very small secretariat, which keeps in day-1o-day
contact with the Met Office to ensure that it is aware
of developments as the informed customer.

As a watchdog, we conduct consultations with both
the general public and our users to ensure that we are
getting what we ask for, and that we are aware of the
needs for future developments in cerain areas. The
final part of our role as the guardian leads, in part, to
the inguiry of the Committee in that we hold the
funding of the Public Weather Service, We're the ones
who sign off the invoices and ensure value for money,
and we're doing that to ensure that the Met Office

maintains iis core underpinning of 15 operational
capacity and its research and development
programme. 50 1 think we are well established to
conduct those three roles.

Q43 Chair: You set the key performance indicators,
and | undersiand thai last year the PWS achieved all
of them. Doces that mean that the indicators were not
challenging enough?

Nick Baldwin: That's an interesting debate, which we
have at every one of our meetings as we go through
the year. We are running a rolling scorecard in the
course of the year, using the traditional traffic light
colours of red, amber and green. We tend to find that
we siari with a number of reds and ambers and a
proportion of greens and, as the year goes on, the
focus is brought to bear on all those that are not hitting
their milestones or are not at the level of quality that
is expected. It is for the Met Office (o hit those targets
and it’s up to the Met Office to reallocate ils resources
to ensure that it does hit the targeis. We put the
pressure on it to make sure i gets there, rather than
this being a case of soft largets.

Q44 Chair: Notwithstanding any external pressures,
what would be on your wish list 10 add w the
pressures that you'd like 10 put on the system?

Nick Baldwin: | don’t have a wish list of additional
pressures that 1 would like on the system, [ have a
wish list of what I want more from them—

45 Chair: What improvements do you want?

Nick Baldwin: | want more accurale forecasts and
longer lead times on severe weather events, because
those are the two fundamental things that we're abou:
providing accurate and timely forecasts and ensuring
that severe weather events are forecast in advance so
that the resilience community can prepare for them
and take action.

(46 Chair: Why can't you have that?

Nick Baldwin: It takes time, basically. The Met Office
has a scientific rescarch programme, which 15 all the
time improving its methodologies of forecasting. In
the time that |'ve been doing this job—since 2007—
we've been able 1o see improvements in forecast
accuracy. But my understanding—my illusirious
colleagues mnext to me  will have a better
understanding—is that we are dealing with emerging
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research and culting-edge technologies in the forecasts
that we are producing, so 1 do not feel that the Met
Office is falling behind; it is leading the way.

Q47 Chair: Some of us who were at the Met Office
yesterday heard about the expansion of the site-
specific forecasts wp to 5,000 Has that led w0
improved forecasting at local level and, all other
things being left out of the equation—ijust looking al
the objectives of the service rather than dealing with
costs and so on at the moment—do you think that
should be further expanded?

Nick Baldwin: We have encouraged the Met Office o
move from what was, only a few years ago, 400 sites
o 5,000 sites. It will soon increase that again with
further forecasts for beaches around the country—an
area where there are panticular safety concems. That
iz on ihe back of iis increased computer capability. So
we've moved guite a long way forward in being able
to provide much more local information for people.
We're down to the mesolution of the computer
programmes now to enhance the position further.

Q48 Hoger Williams: Sir Brian, in your writlen
submission, you said that the Met Office was very
well placed o pursue the seamless approach 1o
modelling. Could you tell us first what the benefits of
that approach are?

FProfessor Hoskins: 1 am very happy to do so. 1 should
perhaps declare my bias to stan with, because | think
| created the name “seamless” in the intermational
sphere. The idea is that the aimosphere knows no
particular bounds at any particular time scale. There
are phenomena that occur on daily time scales and
weekly. I'm thinking of the low pressure systems and
the blocking highs. These things occur on all sors of
time scales. Equally, the models that we use o look
at those phenomena have very much common
ingredients, so there's a lot to be gained by using, as
much as possible, the same system (o look on all sons
of different time scales. You can evaluate a model that
may be used mainly for seasonal, but make sure it
works well with a daily weather system, because if it
doesn’l, can you trust it for the seasonal? Then, by
looking at a model on a seasonal time scale, you can
perhaps leam something about the land surface that
tums out o be uselul for a few days. The idea—from
even below a day right through to a century—is that
there is no boundary between the phenomena and the
models used. A lot of the technigues and information
are much better if you are using a common system
and can learn from one scale to another,

The Met Office is uniquely well placed to deal with
this. I don't think there are any other centres around
the world that have developed in terms of the weather
and the climate to the extent that it has. | was not
pushing this on an international scale because my
home institution—the Met Office in the UK—was
going to be the one to really flourish, but by accident
of design, the Met Office is in a great place to do this.
It has the same basic model in terms of the atmosphere
that it uses for less than one day out 1o a century,

Q49 Roger Williams: Thank you for thai. Professor
Pyle, you have described the success of  the

MONScoN project in facilitating joint development.
Can you tell us what the barriers are to expanding
thiz project?

Professor Pyle: Let me just clarify. First, MONSooN
is a facility outside the firewall of the Met Office
computer. It is used to develop work co-jointly by the
academic community and the Met Office. Prior to
MONScoMN, when we did develop work together, it
was very slow, very laboured and not particularly
efficient, so MONSooN has made a huge difference
to the academic community's ability 1o contribute to
what the Met Office delivers to Government. Equally,
of course, there have been benefits 1o the academic
COMMUNILY.

There are sirategic issues, of course, as to the direction
of computing in academic circles, and those are
important, but financial issues constrain what happens.
Initially, MONSooN is a relatively small additional
companent to the Met Office computer and is paid for
jointly by the Met Office and the Natural Environment
Research Council. 1 think NERC is contributing a
little less than £1 million a year. If you want to make
it bigger, you have to put more money in, and the
question is where the money comes from—that is the
issue. The Met Office will upgrade a computer next
year, and MONSooN will become bigger along with
that, but [ suspect that the demand, particularly from
the academics, which, as I say, helps the Met Office,
will not be met by that service. So this 15 largely a
development service; it is not being used in large part
to do very long integrations—il is aboul proofing
code.

Q50 Roger Williams: Can you tell us how the Met
Office could make sure that its models are more
user-friendly?

Frofessor Pyle: Again. 1 think il is a guestion of
somebody being able to find the resource to make
models more user-friendly. The reference I made was
to mesoscale models, which Professor Hosking has
just mentioned, in this range. Some of the academic
community have found using mesoscale models guite
difficult. In consequence, they have been picking up
codes from north Amencan sites, which probably are
not as good, but are easier to use, and the academic,
like everybody else, has targets to meet, and wants Lo
publish papers. A number of people in the UK
community have gone down that route.

My own feeling is that we ought to be investing
substantially in the unified model—the Met Office’s
model—as an academic community, but that is a little
more difficult to do. Because of that, some people vote
with their feet. Essentially, you would need to devote
more effort, more people and more resource o making
those models portable and therefore usable by the
academic community.

Professor Hoskins: May | come in on that? It is worth
looking at the history on this. The Met Office provides
an operational effort for the UK. There are places in
the world whose aim has been to produce a
community model, so those places that have the
community models—in general, those are developed
o be easy to use. The Met Office model started off
being for the operational purpose; what we are seeing
is an atiempt to move across 1o make them more like
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those community models, But there is an overhead
with it: if you have something that is only being run
for woday’s weather forecast all the time, it comes
streamlined for that and it just runs like tha I it is
going o be used by all sorts of users, it has 10 be
mayhe slightly less efficient at that, and it is a lot of
work 1o make it more usable,

051 Roger Williams: What more could the Met
Office do to ensure that it has access 10 more reliable
data 1o put into the model?

Prafessor Hosking: There is a continuing programme
of looking for observations that are both different and
more accurate on all time scales. The MOSAC
committee that | chair, for instance. when the 1.5 km
model—a very dewiled model of the UK—was
coming forward, put pressure on to say, “Do you have
the right ohservational capability to make the most of
that model™ As always, one would like more and
more observations, but there is a question of getting
the right mix so that, together with the model. you can
actually inierpret what a5 really there in  the
atmosphere and it is enough for initial data.

All the time the continuing satellite programmies are
incredibly imponant, as is searching for new data
sources and the ability 10 use those data sources. To
use radar, to put into a model, for instance, the model
has to be good enough that you almost have the right
answer, and then the radar information can slightly
comect it. So there is an iteration between the model
and the observations, and the range that is available;
but it is incredibly important that the observational
system that is currently available is continuous, and
that we look for ways of gelting new information all
the time, but there is no golden bullet of, “This is the
more accurate data that could be available.”

()52 Chair: Just for clarity, those observational
points can belong 1o anyone, and the key is that we
have good co-operation.

Professor Hoskins: Absolutely. 1 think meteorology
has been unigue in the world. Even in warime,
countries have communicated their meteorological
ohservations to one another. The world system that
produces that observational capability is unique and it
is 50 important (o the whole operation. Clearly, if you
are looking at the details of the UK, it becomes, “Do
we provide enough observations for our locality, as
well™ So if we are looking at the Olympics, do we
have enough observations to really get the detailed
forecasting for the Olympics? That has been
something that we on the MOSAC commitiee have
pushed the Met Office to look at, o which the Met
Office has responded very positively.

Q53 Roger Williams: Would anyone like to add
anything to that?

Professor Pyle: The global data sets that Brian has
just been talking about are crucial and, of course, they
are provided without the Met Office. They are
provided internationally and continued provision, as
has just been said, is absolutely essential. The Met
Office then has a great record of interpreting those
data sets and developing usage of those data sets.

It is also worth saying—this is something that the
Science Review Group has been pushing the Hadley
Centre on—that, as the models become mone complex
and as they contain more types of processes, then
lesting those models al a process  level—nol
necessarily with global data sets but by high-guality
local dala sets so that you can understand the
process—becomes more important. That is one of the
things that we have been pushing very hard: to make
sure that the Met Office nes (o access appropriate
data sets to st individual elements of its new models.

054 Roger Williams: Do you agree that representing
uncertainties in modelling is a eritical area for future
research?

Professor Hoskins: 1 think that it is incredibly
imporiant for future research, and 1t s imporant in
communicating the resulis of the models 1o the users
and the public in general. One of the developmenis in
the subject over the past decade or so is o try 1o get
a real handle on the uncenainty that is present in
forecasts. The running of the single model is not
sufficient 1o give you thal, Jusl giving one answer is
not sufficient. One needs somehow to see the ange
of possible answers, given the chaotic nature of the
atmosphere. Even il the model were perfect, the
butterfly would flap its wings and it would be
different.

The technigues are there now o explore the range of
possible outcomes. MOSAC has been putling pressure
on the Met Office o try, first, o produce that
uncertainty. There have been greatl strides in that: the
MOGREPS system at the Met Office has made great
strides. The fine resolution model that is o be put in
place for the UK will again have a measure of the
uncertainty. So, we have technigues for exploring that,
If you are going 1o look at those for the uncertainty in
extreme weather, for instance, then you have to
calibrate the system. Suppose vou run 50 models—50
realisations—and 2 of them say there is going to be
extreme rainfall, you have 1o be able o interpret that.
That is only by using your same system over past data.
You can then say, “Well, in the past, when it said this
would happen 2 times oul of 50, it has happened
maybe 5 limes or not at all.” By looking at the past
you get a way of calibrating what that model system
is telling you.

MOSAC has very much encouraged the actual
production and the communication—maybe you are
coming on to that later. Communicating that
uncertainly to people in a realistic manner is very
imporiant.

55 Roger Williams: Would the other two
gentlemen like to comment on how the Met Office is
addressing this particular issue?

Nick Baldwin: We have spent a lot of time discussing
with the Met Office how Lo represent to the general
public uncertainty. One development we recently
funded was the “Invent” section of the Mel Office
wehsite, where it puts up experimental methodologies
o try to represent what is going on. We have been
using that to show variability in temperature
associated with different areas, to get people (o start
understanding that. As we go into longer-term
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forecasting it becomes more imporntant to explain. The
Met Office is currently working on ways [0 represent
the uncertainty with its longer-term seasonal forecasts.
With our support, it will spon publizh material o help
people understand.

One problem we find is that the populace at large is
not well educated in probabilities and how  vou
measure uncertainties. People  completely
misunderstand the risks they are taking or not taking
in regular day-to-day events. For instance, it is more
dangerous to drive to the airport than fly, yer most
people would think it is the other way round. We have
the same problem explaining weather forecasis.
People do not understand when you say that
probability is attached to it. Thal is pan of the
education that we are encouraging the Met Office lo
do,

Roger Williams: | think we will be coming on to that
in a few guesiions.

Q56 Stephen Metcalfe: Good moming, gentlemen.
On our visit yesterday we heard about the importance
and the dependence on supercomputing capacity, and
that the science is available now but not necessarily
the computing power 1o realise that science. Do you
consider that a step change in supercomputing
capacily is required, as opposed 1o just an upgrade?
Professor Hoskins: In the past. meteorology and its
application in both weather and climate had available
to it the cutting-edge computers. That is no longer the
case. ILis a job to argue that weather and climate are
now less important than they were in the past. There
is no doubt that big advances could be made, pushing
the science to the limit, if the supercomputer power
took that step change. For instance, with global
models we know there are real advances to be made
if you can take the grid down o 10 km or so. We
know that is needed for weather. Again, we come to
whether we can be confident of seasonal or climate
time scales, if we are not resolving the scale that we
know is essential for weather. IT you are going to run
models, either on a very fine resolution for one or two
days on a kilometre scale or even smaller or on the
10 or 20 kilometre scale for centuries, and not just do
one—because of uncertainty you need to do many—
then you need the step change in computer power, We
would know how to exploit it. It is not just to do
the runs, it is also to analyse the results of the runs.
Sometimes it seems as if it is just going to produce
results, but you need the whole system, which enables
you o look at those results as well,

Professor Pyle: Again, | agree very strongly with
what Brian is saying. If you look at the Met Office, it
has an absolutely fantastic record, and is something of
which I think the UK ought to be very proud. It seems
to me that it has also delivered very important
products for Government. You have to ask yourself
whether you want to maintain the position wherehy
the Met Office covers that range of activities, in terms
of the product that it delivers for the forecast and how
it delivers information about climate change and the
importance of that. Do you want the Met Office o
continue to play that leading-edge role? 1 do, and |
think that if you want that to happen, you have to
invest in the appropriate computing, because, as Brian

says, the challenge has become trying o understand
things at a finer and finer resolution.

There is no point forecasting for 5000 sites if you
have only one grid box covering the UK. You have o
have models that run at very fine resolution 1o be able
lo forecast al that kind of number of sites. | am
speaking as a scientist, and the science drive is 1o
those higher mesolutions. The interesting science,
interesting questions and interesting answers come oul
of nunning the models at very high resolution, and for
that, the Met Office has slipped down the league able
substantially in terms of the computer power o which
it has had access. 1 would like to see it right up at the

top again.

Q57 Stephen Metcalfe: What level of investment
would be required to get it right back up to the top
again and over what period would that investment
need to be?

Professor Hoskins: It is not just a single slug of
money and that is it. It has to be a strategy, whereby
you say, “We're going to keep to this level.” These
days, you do not usually buy computers with a load
of banknotes and that is it; it is a more continuous
process. | have not looked at the details of the cosis
these days, but one must think in the order of £10
million to £20 million per year as an ongoing thing,
if you are to stay at that level. As John said, it is the
UK staying there and I believe it is the UK in terms
of the Met Office and academia. We have a leading
role in the world and we have been acknowledged as
having that, and that is panly because we work
together very well, but the whole community needs
this sort of thing to stay at that cutting edge. Japan
and Korea have this, and, yes, we can do our litthe bits
of theory or whatever, but we will not be at the top
table unless we have that son of support.

Q58 Stephen Metcalle: Do you agree with that,
Professor Pyle?
Professor Pyle: Absoluiely.

Q59 Stephen Metcalfe: And do you agree with the
amount of investment required? Is that a number you
would recognise?

Professor Pyle: Yes, 1 guess it is. John Beddington's
report talked about a factor of four, and what Brian
says is consistent with that.

Q60 Stephen Meteallfe: Whe should fund  that?
There's the crunch.
Professor Hoskins: The UK.

Q61 Stephen Metcalfe: Okay. As simple as that.
Are there any economic benefits that you can identify
that come back into society by investing in this, by
improving the resolution and the accuracy of
predictions? Is there a benefil o the wider economy
that would justify the investment?

Professor Hoskins: Well, I think you can take this on
various scales. | have mentioned extreme weather. If
we are (o make progress on the floods that have
occurred in the past few years, the snowslorms and
the high wind events—you name it—there is clear
economic benefit on that time scale from the extra



Science and Technology Committes: Evidence Ev 15

2 November 2011 Nick Baldwin, Professor Sir Brian Hoskins CBE and Professor Jahn Pyle

information that you can give to the user. They can
then say, “Well, vou're welling me now that there is a
60% chance of this event somewhere in this location.”
You are refining gradually as we get closer to the
eveni, and you should be able w take measures to
combal it.

On the longer tme scales, climate change is clearly
such an imporiant issue, whatever the economic
situation, and there are decisions o/ be made on
infrastructure in terms of adaptation. and mitigation in
terms of actually knowing the latest. The amounts of
money involved in putting in thal infrastruciune are
just too large. Last year, for instance, the Depariment
for Transpont was asking, on the shomer time scale,
“Are we going o get more winters like this™ That
would have huge implications for the roads, the
airports and the rmailways, If one could get more
information to help in such decisions, the economic
benefits have zot 10 be huge,

Professor Pyle: | am just looking at the John
Beddington report. He says that “extemnal research on
the value of the Mel (Mfice’s public weather service
has shown that the service contributes at least £614m
o the economy, based on a sample of the services™.

Q62 Stephen Metcalfe: Assuming that we can't
make thal economic argument convincingly enough to
persuade the UK o top up the cash, are there any
lower-cost  alternatives  that could provide the
computing capacity needed (o get up o the levels that
you are talking about?

Professor Hoskins: 1 said UK, Met Office and
academia, 20 one could imaging there being a shared
facility in that way, which would slightly reduce the
costs for one organisation. The facility would not be
for academia in general, because the weatherfclimate
problem is rather differenmt from any of the other
supercomputing problems. So 1 don't think it would
be a joint-purpose academia machine; it would be a
shared dedicated weather/climate machine. Tha
would be a way of reducing costs for one organisation.
There has always been discussion aboul a European
solution, which seems 1o remain as far away as ever.
One can imagine that it might happen at some time in
the future, but there doesn’t seem to be any immediate
prospect of a European solution. But on a decadal
time scale there may be a reduced number of centres
around the world that have such computational power
available to weather and climate, which would then
be shared with the region. | don’t think we can look
on that as the solution now. Japan and Korea have
their power now, and there is no sign that Europe will
find such a solution within the next few years.
Professor Pyle: The Met Office already docs come
up with this. Brian mentioned Korea, and there is a
subsiantial collaborative programme with Korea
There are benefits. in terms of a bit of computing
power, that that brings. The Koreans do some things
in collaboration with the Met Office. A long-term
solution that relies on that rather  piecemeal
approach—a bit of Europe, a bit of Korea and a bit of

Australia—is not sustainable, in my view.

Q63 Stephen Metcalfe: Are there technical barmiers
to doing that that you would identify? Or is it that you
would rather have the capacity here?

Professor Pyle: | think there are logistical bamiers. It
takes effor to put a code on a different machine. For
example, the unificd model was put on a very high-
power machine in Japan a few years ago by scientists
from the University of Reading. It was a hig effort 1o
move the code from there to somewhere else. If you
say. “Well, let’s try to do that in several places,” you
need several groups of people to be making that effon,
which is not very cost-effective.

Professor Hosking: There 15 runming a model and
there is actually looking at the results, which is often
the more difficult thing if it is un remotely because
you have this huge mass of data—this is very much
the weather and climate problem—and you have o
look at them and analyse what is going on. Do you
bring those data back from the remate computer? That
has difficultics, so where we are going to analyse
those data is a real problem, too,

Q64 Graham Stringer: | shall ask a couple of
guestions in this area. Professor Hoskins, you are
dealing with non-linear chaotic systems, aren’t you?
Is there a limit. a theoretical limit at least, 1o what you
can predict?

Professor Hoskins: There are different guestions thal
one must iry to answer on different time scales, If you
are thinking about a projection through to the late 2151
century, you would not try to predict the weather on
| January 2080. So the idea that the system is chaotic
and our ideas of what may be predictable and what is
not, change on the different time scales. There is no
particular limit that we know of in terms of slightly
improving on different tme scales. There ame
phenomena that oceur on all sonts of time scales and
the more we can understand those phenomena, the
more we have the data to initialise those states of the
climate system, the betier one can hope for the
prediction.

Let me give an example: on the multi-decadal time
scale, there is an overurning circulation in the
Atlantic that may well have predictable parts to il We
think there are and if we can have data, undersiand it
better, get data for the ocean in the Atlantic and maybe
the global ocean, one can hope to have an element of
predictability on the decadal time scale, even though
the weather will Auctuate around that.

So there is no time at which everything disappears
into a chaotic mass. There are predictable items that
we can pick oul and try to use those ideas of
uncertainty and get more predictive power for them.
Whether that predictive power in all time scales will
be useful, we don’t know until we have explored it

Q65 Graham Stringer: May | put a case against
whal you are saying for the investment? | should be
imterested in  hearing your or your colleagues®
comments. You wani exira compuiing  power.
Computing power gets cheaper over time according Lo
Moore's law, so if you wait nine years, il is a lol
cheaper, so you have to give the benefit of doing it
now as opposed 1o over ning years,
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The scientific community has come to a consensus, as
far as climate modelling is concerned, that there is a
O0% certainty that climate change is happening. Given
those two factors and the fact that you are competing
for money against, say, stem cell research, which
could provide a cure for Parkinson's disease, or the
search for the Higgs boson, which could give us
knowledge that was known before so we do not know
where that is leading, where is your case? It is very
weak when vou talk about being at the top table or at
the leading edge. Where is the hard benefit in that?
Professor Hoskins: On the mitigation side, | would
agree that we know enough that we should be
reducing our greenhouse gas emissions. In terms of
the international discussions, it will be very useful if
we could say, “These are the implications for China
and these are the implications for India.” That could
be quite persuasive, At the moment those ideas are
rather vague.

But [ malked about adapiation where the decisions are
being made now for the next Thames barmer for all
soms of infrastructural things with huge amounts of
money associated with them. If we say, “Okay, we'll
go out of the race for 10 years and we'll rely on what
information we can get from others around the world™,
I don’t think they will be too keen to provide their
information for our infrastructural decisions. On
shorer ime scales down to seasons, and if you ang
thinking about the benefit 1o humanity, then 1 would
suggest that if we could refine the seasonal forecast
and the imphcations for regions in Africa, it would
have huge implications—perhaps more than some of
the other things you have discussed.

Om the daily tme scales, again, with exiremes, there
are major human decisions that have o be made and
benefits that could be attained. So it is not that we
could just put this off and other things are more
heneficial; 1 think this is as beneficial as any.
Professor Pyle: The science question has changed. It
is no longer a guestion of whether greenhouse gases
will warm the climate; it is about what will happen,
for example, to areas of the United Kingdom in 2030,
What will climate change look like at that kind of
scale? That is why we need an invesiment. We cannol
do that with our current modelling infrastruciure. We
can't do it very well. We would like to do it much
hetter.

Q66 Pamela Nash: Mr Baldwin, while customer
satisfaction with the metcorological library and
archive service is reporied as being extremely high,
the Committee has heard evidence that the bulk of
the available data is only accessible to the public on
payment of very high data charges. In the US,
however, that data is more widely and freely available.
Is that a complaint that you have heard often? Do you
think it is possible for the Met Office to make that
information more widely and freely available?

Nick Baldwin: It is not a question that 1 have heard
often, but | have heard it from a number of sources.
The important thing to recognise first is that we
already provide a lot of data via the Met Office
website that is free and downloadable. We also
provide a lot of historical records through the
archives. I people want 1o gel large amounts of data

from the archives and want it pul into an electronic
form, that costs money. Therefore, we have to have a
process to recover those costs. We do not have
budgets to fund all requests from people who are alter
large amounts of historical data. The intention is that
people are charged the recovery cost for that.

We have been in long discussions with the Met Office
about what further data information we can make
freely available, We would of course actively want o
encourage thal, because, from our perspective, the
more information that people have and understand, the
more useful it is to them. The guestion is how o do
that in a cost-effective way. In the way we work at the
maoment, there is no bottomless pit from which we can
fund everything that people want.

Q67 Pamela Nash: But it is being looked ai—
whether it is possible to expand the available
information.

Nick Baldwin: It certainly is, yes.

Q68 Pamela Nash: If you could achieve improved
access o the information, how do you think thal
would affect the private sector in this country?

Nick Baldwin: We have had a number of discussions
with private sector providers about this, and it 15 quite
clear that there are a number of areas where private
sector providers believe that if more dala was
available to them, they could produce different and
potentially better weather services than we currently
provide. If they can, it is great idea, because the
intention is that we are providing a national resource
and if we can do that, that would be a good idea. It
goes back to the point that you have to find a way of
providing the data cost-effectively. The current way
that we are structured and our funding does not mean
that we are a bottomless pit able (o provide everything
that everybody wanis.

Q69 Pamela Nash: If more funding was available to
vou, that would be something—

Nick Baldwin: Yes. | am sure that the Commiltes is
aware of the ongoing discussions about the
consultation on the creation of a public data
corporation, and the debate about what is a financially
viable business model o release more data is a key
part of that consultation.

Q70 David Morris: Sir Brian, do you see a polential
conflict of interest between your roles as chair of
MOSAC and as a member of the Met Office board? If
so, can you clarify how that would work in practice?
Professor Hoskins: 1 was chair of MOSAC before |
was aciually a member of the Met Office board. My
membership of that board has provided a very good
conduit from the science that occurs in the Met Office
and the independent view of that science through to
the board. Personally, 1 feel no conflict whatsoever. |
am a pretty independent sort of guy, and 1 assure you
that I do not let it hold me back in any way.

As a member of the Met Office board, | suppose vou
might think that my chairing of MOSAC might be
influenced by that, but it cerainly is not. Our
discussions are frank and that is encouraged. They are
consimuctively critical, and they are attended by more
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than just those who are presenting to us. Many
members of the Met Office come into those
discussions. It all works, and | am pleased with the
way it works. | produce a repont at the end, which is
agreed with the members of the committee, and | can
then communicate that directly to the board with all
the wans that it implies. [ think that puls me in a very
strong position o do that.

Q71 David Morris: How are members appointed o
the vanious weather service groups—MOSAC, the
Met Office Hadley Centre, the Science Review Group
and the Public Weather Service Customer Group?
Professor Hoskins: | will answer for MOSAC first, |
ask them fo take pant in it [ clearly consult the Met
Office on who should be a member of it. but in the
end it is my decision.

To tell you the membership, at the momem we have,
I think, six academics, one of whom is a professor in
a German Max Planck institmte, and five are from the
UK. The other seven members are the equivalents of
chiel scientists in met services elsewhere around the
world. | sometimes have to explain to the rest of the
bhoard, who feel that this is actally parading our
programme in front of our competitors, which is not
normally done in industry, that this is the way that
real progress is made in science, and in science-based
organisations. | make sure that the input we are getting
from these other chief scientists is real input. so that
they arc not just a sponge of what they are getting,
and actually. the input that we get from academia and
from these chiel scientists al met services is very
valuahle,

Q72 David Morris: Do you think the different Met
Office advisory groups maintain their independence
from one another? For example, do they adhere 1o the
code of practice for scientific advisory commillees?
Professor Hoskins: 1 don’t think anyone would say
that we do not act in a very independent manner. |
think we do. but perhaps 1 should defer 1o John,
Prafessor Pyle: 1t is worth explaining that the Science
Review Group that | chair is tasked by the Depariment
for Environment, Food and Rural Affairs and the
Department of Encrgy and Climate Change. which are
the primary funders of the climate programme at the
Met Office, to ask whether the Met Office is
delivering science that is appropriate o the needs of
DEFRA and DECC. We are actually a DEFRA/DECC
committee, looking at the Met Office programme; we
are not a Met Office committee, which MOSAC is.
We are subily differeni—well, not very subtle, but we
are different. We operate in very much the same kind
of way that Brian does. We have a rotating
membership and people typically serve for three
years. They are all scientists, half of whom are from
overseas, Scientists like o argue and disagree with
one another and that is where the health of the
committee comes in. People are there because they
enjoy being better than somebody else, and that is the
way the commitiee works. It has been effective.

I think there is an issue, from the Met Office
perspective, about whether it is being over-reviewed.
li is reviewed by MOSAC, and there is an overlap
with the annual review that happens through the

Science Review Group that | chair. On top of that. the
Met Office has had a number of ad hoc reviews in
recent years, such as the Sir John Lawton review, the
Beddington review, and so on. It is entirely
appropriate that it should be accountable for what it
does, but I wonder whether it is being asked to do the
same thing oo many times.

Professor Hoskins: May | add something 1o that? The
equivalent for the Hadley Centre on the weather side
is the Core Customer Group, so the manager of the
Public Weather Service is present al our discussions,
as is the head of operations. My chair’s repon goes
through o the customer group, and 1 have presented
it personally, or the Chief Scientisi has presented ii
to them.

Q73 Chair: Before we move on, Sir Brian, you
referred 1o the international players with whom you
co-operate. 1 am intrigued by that, although it is not
the core of our inquiry. In other sectors where UN
treaties drive co-operation, the tendency is for things
o move at the pace of the slowest, Why does that not
happen in the met service?

Prafessar Hoskins: The drive to produce the forecast,
which has been a collaborative operation often way
before these UN hodies started 1o oversee il, has made
evervone realise that this is the only way io progress
the matter. The spirit of collaboration is probably
unmique in the weatherclimate area. Everyone is
competitive in the sense that they would like their
masdel to be up there, but they are collaborative,

It very much reflects the mixture of competition and
collaboration in academis—there is always an edge. a
tension between the two, This is an operational area
in which creative tension has managed to continue to
ihe benefit of all. It has been a fantastic way of
progressing, Rescarch is shared and the research of
oday becomes the operations of tomormmow, The
medium of journals and conferences is always a
sharing operation of what we are doing. In weather
and climate. it is a pretty shon time from research
taking place to its really making a difference at the
coal face,

Q74 Gavin Barwell: | should like to ask questions
about collaboration, which several of you touched on
in answers 0 previous questions. To start with a
general question, are there arcas in which the Met
(¥ffice could do more to collaborate either with the
academic community or others in the UK, or on an
international level?

Professor Hoskins: Il you had asked me that 10 or 20
years ago, | would have come in with a load of
comments, saying that the Met Office could be doing
more. The collaborations and parinerships are so
much betier now, and they are progressing in the nghi
way. Perhaps in the spirit of my previous answer. the
individual scientisis have always collaborated very
well around the world. Met Office scientisis have
played a very important role in the international scene,
Collaboration in the UK was quite rocky 20 or 30
years ago, but we have reached a point al which
academia-Mel service collaboration is probably just
about the best in the world.
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Intemationally, again, in the past | would have said
that the Met Office tended to be slightly, “Hands off!
We've developed this model; we have the 1P; we are
not going to let you into this.” There is a very different
attitude now of realising that the partnership of others
using your model is extremely important. A few years
ago, MOSAC said that the strategy with the European
Centre for Medium-Range Weather Forecasts should
be rather better, with the scientists collaborating, but
there are moves o get that in place.

S0 we are looking at a pretty good scene now. We are
realising the values of collaboration and partnership.
The UK is Na. 1 helped by the collaboration in it, and
intermationally, that is essential to the Met Office place
in the world scene. [t is very productive to get the
input of others into your framework as a way of
having a bigger effor. This 15 realised now and there
are very good programmes for doing it

Professor Pyle: When | talked about MONSooN, |
referred to the collaboration between the Met Office
and the academic community, MONSooN is part of
something called the Joinmt Weather and Climate
Research Programme between the Met Office and the
Nawral Environment Research Council. As Brian
said, that is a very new thing and we all welcome it
We are all aware that this is not moving guite as
quickly as perhaps we would like. That is for perfectly
good reasons on both sides as the Met Office and the
academic community leam  how o effect
collaborations in the most  effective way.
Collaboration is great, and 1 am looking forward to
seeing il get better and betier.

)75 Gavin Barwell: To pick up on a couple of
specifics, Sir Brian, in the written evidence that you
submitted to the Committee, you said that you thought
the requirement on the Met Office o gain financial
reward from its producits might be damaging io
collaboration. Will you elaborate?

Professor Hoskins: Certainly., Let me talk from the
paint of view of an academic, for instance, who might
be collaborating with the Met Office to improve the
ability to produce seasonal forecasis for India.
Understanding  the Indian monsoon would  have
tremendous impact on the ground, so that research is
for the good of the subject and the good of humanity.
But academics might not be guite as willing to share
in the collaboration il they felt that the Met Office, al
the next moment, would use that research to make
money for itself. That is a tension that has o be
handled. Recognising the difficulty is pant of the
solution. If, as the commercial pressures hecome
stronger, this becomes more difficult. it becomes true
with the data problem as well. If you make all your
data freely available and do that before you exploit it
yourself, you will not make as much money out of it
as you would il you did it the other way round. There
will always be a tension between the commercial
operation and working for the good of all. We have o
handle that tension.

Q76 Gavin Barwell: To probe a little on the example
you gave, if in that situation the Met Office was
looking to commercially exploit the model or forecast
it had developed in relation 1w India, would the

financial benefit from that be shared with the
academic community that had been involved in
developing that work?

Professor Haskins: 1 am not sure | know of a
particular example where that has happened. In
general, we are talking about the academic working
with the Met Office o do research that will be
published. In general, the academic will get their
reward in that way from that extra inpul to their
career. That would be the natural way. There has to
be a clear line between that and the commercial
operation, which will exploit some of the benefits tha
have been obiained through that research and others.

Q77 Gavin Barwell: Professor Pyle, yvou said tha
the JWCRP was a good thing, but that it was not
moving as quickly as you would like. Can you explore
in & bit more detail for the Committee what you see
as the barriers to making the progress that you want
o see?

Professor Pyle: | think that there is just a bit of
institutional inertia. As | have said, two sides have 1o
come together to collaborate, although this is mone
than collaboration, essentially. In a sense, what
happens is that if 1 was collaborating with another
scientist, | would do something and the scienmtist
would do something. We would pull those two things
together and hopefully have something that is better
than the two individual things.

What we need as pant of this JWCRP is a mone
strategic consideration of the collaboration. As an
example, I collaborate currently with the Met Office,
We have been potting atmospheric chemistry schemes
into the unified model—the climate model. The way
that that has been done is that my group has done that
work and we have then added it to the Met Office
model. The best management way of doing that would
instead have been to have somebody with sole
responsibility for that. who could 1ell people in the
Met Office or in my group at the university exactly
what to do. At the moment, | tell my people what o
do and people at the Met Office tell their people what
o do and hopelully we build the thing that way.

I can see that there are big advantages to the United
Kingdom, both for the academic community and the
Met Office community, if we have a more strategic
approach. That, in part, is how JWCRP is going. It is
not that there is anything wrong; it is that people are
perhaps gradvally getting used (o having to lose a linde
bit of their sovereignty. It is not just a question of
collaborating: il is a question of being involved in the
management structure rather more than they have
been in the past. We scientists don't like management.

Q78 Gavin Barwell: | have one final question to
probe further on how JWCRP works. Is there a
programme director? To take your example, is there a
single person that is directing that programme or is it
a loose negotiation?

FProfessor Pyle: | am trying to remember exactly what
the structure looks like. There is a commitlee
responsible for science and there is a committee
responsible for facilitics—I cannot remember what
they are called—and each committee has two chairs,
one from the Met Office and one from the academic
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community. There is the discussion currently about
the development of a UK eanh sysiem model. There,
the idea of this management structure that | have
talked about will take place. There will be somebody
whao is responsible for that. This is stanting to happen.

Q79 Stephen Mosley: In the evidence we received,
the Mational Oceanography Centre stated that there is
a common public perception that the Met Office does
not provide reliable seasonal forecasts, largely due 1o
sensationalist media reporting and shofcomings in
how probability and risk are understood by non-
experts. Do you think that is a fair assessment?
Professor Hoskins: It probably is, yes—we're putting
in probabilities. The scasonal forecast is a very
interesting scene. Any retired van driver can look at
the berries in his garden and produce a forecast, and
a newspaper can take that to get a headline that will
sell newspapers, It is then a difficull space for the
Met Office to be in and giving likeliboods of differem
outcomes, but that is the way it has o be done. [t has
to be done in the manner of probabilities based on the
best possible science,

MOSAC—and | in  paricular—have always
encouraged the Met Office 1o produce more
information about likelihood than has tended 10
happen in the past. Again, all the media pressure tends
to be on the weather forecast; it has a shorter time,
and the manner of communication becomes more
important, There is so much  information 1o
communicate now, which I believe the general public
as well as more sophisticated users would find useful.
Let us take the example of the hurricane that was
likely to inundate Mew York. US television was
showing 12 possible tracks provided by 12 different
models for the hurricane. 1 do not believe that thal
sont of information iz difficult for the public o
assimilate, and we should not underestimate the
public’s ability to take on odds and make their own
decisions based on those,

For many years we have encouraged the provision off
more likelihood information, although | don’t think
the BBC was too keen on that. These days, with red
buttons to press or websites, it is possible to provide
sophisticated information for those who want 1o dig
deeper, and the Met Office, with its great strength
based on science, is well placed to provide that
information. The tabloid headline will never be a good
way of communicating the seasonal forecast. That
leaves the Met Office vulnerable, but that is the world
we have o live in.

Nick Baldwin: We were heavily involved in a
discussion about withdrawing the previous scasonal
forecasting approach. The consultation we underiook
showed that people did not find it very useful in the
way it was presented, and that they would rather have
received a shorter-term forecast so that the three-
month forecast was replaced with a 30-day rolling
forecast. A lot of work has gone on since then with
the Met Office, and over the next week or so it will
introduce a new seasonal forecasting methodology for
civil contingency communities, which includes a
bener explanation of the uncertainty facing us. I am
sure that everybody is aware of the work that is going
on at the moment in preparing for the winter, and the

desire to warmn people w0 be ready for potential
extremes in the weather, It is important that people
are organised and have a good understanding of that
forecast. We have been funding that information and
it will be released through the Cabinet Office.
Professor Pyle: | think the communication issues are
quite difficuli. If you say that there is a 60%
probability that winier will be colder than average, ii
means there is a 40% probability that it won't be. How
do you decide after one winter whether your forecast
was right or not in a probabilisiic sense?

Professor Hoskins: | totally agree with that. You can
never say that you are right or wrong al the end of
one winter, given a probability forecast. What you can
do as a responsible organisation, however, is say that
in the past, when we have said that there is a 60%
chance of a cold winter, that has happened on 55% of
those occasions. Unforienately, that ngour of
evaluating how good a forecast has been is not always
present in those who produce the tabloid headlines.

Q80 Stephen Mosley: The way you have described
it, it is very understandable, but pant of the problem
we have is that most people get their weather
information, whether long term or short term, from
the TV, and of course with the pressure on TV
schedules, the amount of time that weather forecasts
are on for has shrunk. s there an casy way of getiing
that information across in, say, a 30-sccond weather
forecast?

Professor Hosking: 1 don't believe there is in a 30-
second weather forecast, but | believe there 1s a way
of opening it up o saying, “And il you want more
information in the form that you are increasingly used
o, you can find it here.,” That sort of likehhood
information should be readily available to people. We
now have the 5,000 sites with the information. There
is no reason why we cannot give the probability
information on all time scales and make that available
to those who wish to delve. People are pretty good
ihese days ai pressing the red button or saying, “Yes,
I want to find out more about this,” and going to their
computer. Then, a responsible organisation such as the
Met Office can say, “We do evaluate these things, and
ithis 1s the skill we have—the reliability of our
forecasis.” People will get this as an iterative thing
and have confidence in it. We have to believe that the
public are able 1o assimilate this son of information.
They do in their daily lives. I don't see why they can’t
for the weather,

Q81 Stephen Mosley: From time to time, ["ve seen
American weather forecasts, which quite fregquently
say. “There's a 20% chance of rain here and a 40%
chance of being sunny.” Occasionally you see that on
the UK channels, but not often. Do you think that son
of presenting might be a way forward?

Prafessor Hoskins: One of the points, of course, is
that that television channel is probably beaming down
only o the particular cily you're in, so il's able w0
handle that dewiled information, and those channels
seem 1o think they have more time o handle it and
that it's of more public interest, oo, so0 you find that
their weaiher forecasis are longer, As long as one can
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access (o what that 209 probability of rain means and
that is communicated, it is extremely useful to have it.

Chair: Thank you very much, gentlemen. This has
been a very informative session.

Examination of Witnesses

Witnesses: Phil Evans, Government Services Director, Met Office, John Hirst. Chief Executive, Met Office,
and Professor Julia Slingo OBE, Chief Scientist, Met Office, gave evidence.

Q82 Chair: We now move on o our second panel
of witnesses, [ would be grateful if you introduced
yourselves for the record.

John Hirst: My name is John Hirst, and I'm Chiefl
Executive of the Met Office.

Professor Slingo: | am Julia Slingo and I'm the Chief
Scientist at the Met Office.

Phil Evans: I'm Phil Evans, the Dircctor of
Government Services at the Met Office.

(83 Chair: Thank vou for coming before us today.
I also place on the record our thanks for your very
informative tour of the facility in Exeter yesterday.
We have heard already this moming aboutl issues
relating to money, and I'Il start at that messy end of
the business. How should long-term funding for Met
Office services be secured?

John Hirst: That is a very short question for a quite
complex arca, First, it is important to understand that
we don’t receive voted money. We sell our services Lo
Government  Depanments and  public  sector
customers, just as we sell our services to the private
sector. We have contracts from the Public Weather
Service Customer Group. That is the only contract that
wie have that runs for more than a year. The climate
programme has an unsigned contract as yel, and the
defence programme has a contract that is for no fixed
term. That creates some uncertainties and difficulties
in resource allocation over the medium to long term,
and as we're in an area of activity that requires a long-
term perspective for the scientific and operational
development, that causes some tensions.

The benefit of having a contractual relationship is that
it focuses the customer and us, as the supplier, on
exactly what the customer requires and what the
benefits are so that we are directing our activities to
make sure they get what they want. We are bringing
new ideas to their service. 1 can’t think of anybody in
the world who wouldn't wamt a  longerterm
perspective on the funding, so that we had a better
planning horizon o operate in.

Q84 Chair: Are there ways in which non-
governmental revenue could be increased? Some of
the very sophisticated tools you have are of enormous
value to the insurance industry and a wide range of
sectors of the UK economy.

John Hirsi: We have major customers in a whole
range of different areas—utilities, for example; water
utilitics and power utilities. Insurance companies
work wilth us, particularly the reinsurance sector
where they are pricing their risk over the long term
against historic climate records and frequencies of
extreme weather events, and the destruction that they
cause. We do build, and have built over the past few

years, the revenues we gel from those customers by
deploying our expertise in their service.

It is a pretty tough economic time at the moment, so
it is slightly harder to sell those things than it might
otherwise be. But we continue to make steady
progress. Moreover, becanse of the collaborations we
do around the world and our sharing, we leverage
other people’s spend in the area that we have o reduce
the burden of cost. We are also now drawing the
attention of national met services around the world,
which see that we can deliver benefits in terms of
products and want o take advantage of the
experience. We have got to help them and take our
products under licence.

My current estimale from that funding is that we
reduce the burden on the public purse by about £20
million to £25 million a year. Our ambition is to build
on that so that we give the UK’s Public 'Weather
Service increasing value for money as we go.

QB85 Chair: In terms specifically of the Hadley
Centre, has the DECC-DEFRA relationship provided
a sensible, stable funding mechanism?

John Hirst: We have very good relationships with
DECC and DEFRA. They have been very good in
supporting our Hadley Centre programmes over many
years, We do, of course, see their struggle with
funding, challenges and the money that they have
available 1o spend, so they are constantly challenging
to see whether they can do things in a different way.
I refterate that it would centainly be betier if we had a
slightly longer term perspective over a couple or three
years in the funding that was clearly committed and
supported. It is not quite there at the moment.

Q86 Chair: In wrms of things that could change,
your plea would be for longer term time honizons?
John Hirst: That would be very welcome.

Q87 David Morris: Do you accept that the Mel
Office needs to make its models more user-friendly?
If s0, what will you do to address this issue?

John Hirst: We do, for a number of reasons. The
more we can get people 1o collaborate with us, the
more our science and our services will advance,
because we bring in the scientific capabilities of other
people who use our model 1w develop and do their
experimentation. That could be in the academic
community around the UK or internationally. or even
between us and our national met service partners that
wse our models in South Korea, Australia, MNew
Zealand, South Africa, Norway and others, who bring
to us their expertise and some support in funding.

We have permanent stress that [ think you have
already heard about. We are having to run our model
so that we deliver many thousands of forecasis for



Science and Technology Committee: Evidence Ev 21

2 November 2011 Phil Evans, John Hirst and Professor Julia Slingo OBE

various users every day, and do the sciemtific
development and ¢xperimentation we need o0 do 1w
roll the science forward. It is probably slightly better
in the climate area than it is in the weather area where
there have already been some commitmenis from ihe
academic community to build that relationship and put
in the resources to make sure that the things are
tranclatable and easier o use. We are now working
with the weather academic community 1o do the same
thing and make it easier 1o use, recognising the
constrainl that we have 1o deliver the forecast every
day.

Q88 David Morris: What more should the Me
Office be doing to ensure that it has access o, and
makes more use of, accurate source data to input into
its models?

John Hirst: One of the benefits you have heard about
is the fact that in the metcorological community,
which is a subject of fascination o me coming from
the private sector in the past. there is massive
collaboration. Of the data we use to produce our
forecasts, we ourselves produce something less than
4%, The rest comes from the world community of met
services and academia.

We stretch continuously o find additional sources.
One | use, for example, is that mobile phone
companies try to remove the distorion from their
signals. Quite a lot of that distortion is cawsed by
atmospheric conditions, so we work with Ofcom to
see whether we can get those distortions, which we
will interpret o understand where moisture and
atmospheric disturbance are. We do that all the time.
We also work collaboratively to deploy buoys in areas
of the ocean where we do not have good data, and
there is a rolling programme of development. You will
never satisfy any met service that it has enough, but
wi do work hard on building that network.,

Q89 David Morris: Professor John Pyle described
the success of the MOMNSooN project in facilitating
joint model development. Do you intend to expand on
the MONSooN project? How else can you encourage
the joint model to develop?

John Hirsiz Yes, we do. In our last procurement and
in the delivery of new capacity in the second phase of
that, we are building the size of the allocated space
for the MONSooN project, and we are already in
discussions with NERC about the next phase to
develop that.

Q% David Morris: Do you agree that representing
uncertainties in modelling is a eritical area of fulure
research? How is that being addressed within the
Moet Office?

John Hirst: We have a number of serious challenges
in the organisation. There are big scientific challenges.
Representing and understanding the uncertaintics in
the science is an issue in itsell. As you have already
discussed, representing the uncertaintics in @
communications sense, so that people understand
what it really means, is also a big area. | think it is an
area we have addressed over the past few years much
more intensively than in the past, because we have
leamed from focus groups, academic studies and work

with experts at Cambridge University, how difficalt it
15 for people to understand uncenainty and integrate i,
I had conversaiions with international colleagues. A
couple of weecks ago | was wlking o the guy who
heads the Canadian met service, where they have used
concepls of uncerianiies and probabilities a lot. In
their survey work, although people are used to i, they
do not always understand what is exactly
communicated by  those  uncemainties  and
probabilities. That is an area that will keep us busy
for some time.

91 Graham Stringer: You were in the room
listening to a discussion about the case for increased
supercompuiing capacity making a big step change.
How important is that?

John Hirgt: I is vital. We have an aim in the
organisation (o provide to the UK the best weather and
climate service in the world. The aim is not because it
is a good thing in itself, but because the earlier you
can give wamings of extreme weather events, the
more you can give reliable indications of emerging
weather and  climate  patierns, and the mone
Governments, communities, businesses can use that
intelligence to plan their activities, save lives and cost,
and build their businesses. Being the best is about
pushing those barriers down, ensuring you can gel
more reliable information out earlier.

If you look at the insurance industry, which has done
a lot of work on this, two-thirds of the world’s insured
losses are as a result of natural hazard events. Wind
kills more people, water causes more cost. Curves on
graphs show that the earlier you can wam makes a
significant improvement (o the losses that they
Cngage in.

Professor Slingo: 1 was also sitting through that
discussion, when the question was asked about
possibly waiting nine years or whatever until Moore's
law takes you to the power that you need. It is clear—
as the panellists said—that the science is ready and
waiting. We know we have science; we understand:
we have models ready and waiting to roll out, and we
are lesting them.

Investment now will give a very rapid return on that
in terms of the economic value to the UK and its
interests nationally and internationally. That is perhaps
distinct from other investments you could look at in
research. This is not entirely for research: it is science
ready and waiting. It just reinforces the comment that
Sir Brian Hoskins made that weather forecasting and
climate predictions sit very close to the bleeding edge
of research. As an organisation and through our
partnerships. we are now very skilled m taking the
latest science through into our operational defivery, so
vou will get a very rapid returmn on the investment.

Q92 Graham Stringer: You talk about the insurance
companies” curves that show the savings that can be
made. As was discussed before, that is very difficult
o communicate through the Daily Mail or the Daily
Mirror. Is it possible 1o give a real example of where
you have focused on an extreme weather event and—
saving lives is particularly difficult to demonstrate—
you have stopped damage to property and, in all
likelihood, saved lives?
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John Hirst: There are a couple. When the Cumbrian
floods occurred a couple of years ago, we were
working jointly with the Environment Agency and
our—mnewly  esiablished a1 that  stage—flood
forecasting centre. We were able 1o give 24 hours’
better notice than we had ever been able to do for a
level of rainfall that was beyond any historic record
of rainfall in this country. So the level of the
confidence that we had from the quality of the science
that we had gave the responding community there an
opportunity to get things in place and manage the
event much more effectively.

There is another example that Phil talks about, which
is Tewkesbury, where the fire chief, having had three
or four days’ indication of likely floods, was able to
bring boats and inflatables to that area from Cumbria
and the Lake District. He was therefore able to get
people out of their houses and to safety in a way that
they would not have done had they not had that
advance notice to shift the equipment to the right
place.

Q93 Graham Stringer: Is it possible o gel the exira
computing power by collaboration, using something
akin to the Airbus model, rather than just putting it all
into ong supercompuier in Exeter or anywhere else?
Professor Slingo: That has been looked al over many
years by the intemational community in weather and
climate science, and the problem is that the nare of
the problem that we are irying (o solve
computationally does not lend itself w0 distnbuted
computing. It has been tried and we cannot get either
the efficiency, in particular, or the timelincss.

In weather forecasting, you have a very small time
window before the forecast is out of date and beyond
its shelf life, so you have to work within that very
tight ime window, Thai means that you have o be
able to both run the model very efficiently and also
gather and process hoge amounts of data. That
réquires a very specific type of machine architecture,
The nature of the codes that we use means that we
require large memories per processor, which is not
true for many other sciences. We also require very fast
inlerconnects  belween  processors,  because  we
exchange a large amount of data. Finally, we need
very large bandwidih to get the data out of the
maching, because we are producing huge amounts of
data as the model runs, and on to a huge data archive.
Those sors of sysiems are not typical of the sons of
architectures that are around and available on group
computing or other set-ups like thal. That is the
conclusion that we have come to, but it is one that all
the major weather and climate modelling centres
around the world have also come to. We look at it
every year and assess these things.

(94 Graham Stringer: That is very interesting. |
have one final question. I can see how you can verify
the accuracy of your forecasis over a day; you just see
whether it has rained or not. Even seasonally, you can
check the probability over a few years. In terms of
your climate predictions, which you have only been
doing for 20 years or so, Professor Hardaker 1old us
last week that you had predicted the flattening of the
lemperature curve over the past 10 vears or so, We

have heand evidence at different inquinies before the
Committee that doubts that. Can you give us
documentation that shows that you got the shape of
that curve for temperature change over the last 10
years right?

Professor Slingo: What you have to understand is that
we have done a lot of work to understand how that
flattening of the curve has arisen. It is part of the
natural variability of the complete system. Professor
Hoskins talked about the slow—

(95 Graham Stringer: | understand that. What [ am
interested in is whether you have got it right in
advance.

Professor Slingo: When we initialise, this would have
to be only through our decadal prediction system
because that flattening was a result of the current state
of the full coupled climate system at the end of the
20th century, in the 1990s. If you initialise the model
from that state and run it forward then, yes, we gol
some of that fattening.

If you are running a free-running climate change
prediction model, it would not exactly replicate that
particular 10-year period, but what it would have,
within the richness of its projections, is decadal
periods where the rate of change in temperature would
slow down or it might be a bit faster. That is all within
the nawral variability of the climate system. So the
atiribution of that flattening is that it is part of the
natural system.,

There may also be a contnbution from increased
acrosol loading. Again, if you were predicting that
ahead of time we would not know that. That is an
anthropogenic  forcing, but looking back we can
reproduce that and say, “Yes, the acrosol loading
would have that effect on the temperature curve.” As
you know, we are now picking up again. The final
area here is that we are also going through quile a
deep solar minimum. So if you combine aerosols,
deep solar mimimum and the slowly varying ocean
circulation, it is very easy to justify that short-term,
decadal-time-scale, decline in the rate of nse of
lemperatun:,

John Hirst: It may be helpful to express something
that 1 leamed when 1 joined the Met Office abowt how
the science has developed. The easiest example is a
weather example. When we introduce new science for
models, we go hack o an event in history that we
might not have got precisely right, reinitialise the
model and run it through that event to see how much
better we get it. That proves the quality of the science.
That builds our confidence as we go forward that if
that or similar events occur then we will get it right,
or righter than we did in the past.

The same applies to the way we develop climate
modelling. We will go back and initialise the model
20, 40, 50, 80 years ago and run it through and make
sure that we are replicating the observed trends in the
Eanth’s atmosphere. So il is not that we do not have
any checking. Clearly, there is a difference between
making a forecast for tomorrow when you experience
lomormow  very quickly, but we are going back and
modelling how the climate has evolved in history to
make sure that our models replicate what actually
happened. That, again, gives us the confidence that we
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have the chemistry and physics right which will help
us predict the future.

Q96 Stephen Metealfe: Can [ take you back 1o the
supercomputing capaciiy? In the first session we heard
an estimate of around £10 million o £20 million per
vear to provide the capacity. Is that a number that you
recognise”? Do you think it is more or less?

John Hirst: We always need (o say what problems we
are solving. There are short-term problems than we
can get better atl. There are longer term problems that
we can better at. We need 1o balance the availability
of science, the availability of infrastructure, including
observations o verify and check how we are going,
and the supercomputing capacity. It is not just about
saving, “Here is a cheque for a supercomputer.”™ I
was quite rightly observed that we have science now
waiting for application and a lot of scientific
experimentation  wailing for computing  capacity,
despite the fact that we run this preity efficiently.
Having thought about this a bit, | think that if you
lake specific examples in the short term, getling
weather events more precisely, you could allocate
capacity and other bits of about £7 million a year 10
that in the next three o four years. Then if you take
the monthly and seasonal forecasting that we do—I
am trying to not call it seasonal; 1 am trying to call it
the three-month rolling forecast—you would allocate
some £7 million a year to the problems that we have
ready. [t comes to about £14 million over three o
four years. During that period, you would constantly
review what the next challenges are and what the next
science availability is. so that you would refresh that
as you go forward.

97 Stephen Metcalfe: That is quite a kot of money.
There were suggestions about where that £14 million
might come from in the carlicr session. | am sure you
have your own ideas and | do not want o get caught
on that. Have vou done a cost-benefit analysis on that
additional spending and what the benefit is to the
wider economy?

John Hirst: Yes we have. When we did our last
procurement we had three A, B, C and [ cases. The
case we weni 0 was not pushing the envelope as lar
as would have been ideal, because it was based on
affordability—not that we were not grateful for it. At
that stage, we had a return ratio of 10:1. That meant
that every £1 invested got £10 return. That is not in
the next week, but it builds progressively over months
and years. We could have justified that same ratio with
a computer three times bigger. That ratio still exists.
Again, it joins with the earlier question of why we
would not wait 9 years, bul we are losing £2 billion a
year in losses to the community, because of disruption
due to non-preparedness for extreme events. You can
save that money as you go and get the returmn.

Q98 Stephen Metcalfe: You said that it is 10:1,
which happens to be a very round ratio. Can you
justify that in any way? Can you give practical
examples of where the additional computing capacity
could lead to a bewer prediction, which could save
x pounds?

Johin Hirst: Most of that 10:1, al the time, was built
around preparcdness for floods. It does not include
ithe kind of benefits that we have explored with the
Department for Transport for beter preparedness for
extremes in winter. There are many guotes on how
much the disruption in winter last year cost. You can
build that in. | am confident that we would not fall
short of that 10:1. It 15 a rounded fgure, because it
would be spurious to say that it is 9.687:1. The
estimates that you would have o make over several
years ane just not that accurate.

Stephen Metcalfe: But there is practical application
hehind that number, so it 15 justifiable.

Q9% Pamela Nash: | want to tum to the science
strategy of the Met Office now. To what extent did
you consult with external organisations and the
meleorological communily when you were forming
the science strategy ?

Professor Slingo: As Chiefl Scientist, it is my job to
define the science strategy for the Met Office 1o ensure
that it is fit for purpose in 10 years' time and o guide
the science to deliver our operational requirements. |
came, as you know, from the NERC community,
where | led 115 climate modelling programme. There
was consultation through the Met Office Scientific
Advisory Committee, so it was involved in the
development of the straegy. Colleagues werne, of
course, involved. As Sir Brian said, we have six
academics sitting on the Scicnce Advisory Commilitee
who were engaged in those discussions. At the end of
the day. our science strategy has to be one that I am
confident is right for us as a business and as a public
sector onganisation that has to deliver our public task
and one that | believe is achievable within our own
resources—ihat does not mean that 1 do not welcome
the consultation with the academic community; as we
develop the implementation plan, that is very much in
our minds. Al the end of the day, it has to be my
judgment that this is the science that we need 1o do to
provide the highest-quality, most useful forecasts
going forward, whether it is a few hours ahead, or out
to a cenlury ahead, in response 1o what | now know,
or understand, as the cross-government needs.

It is clear—I see this very clearly having come from
the academic community—that the Met Office
research programme has to be very directed towards
our public task, whereas in academia you follow the
Haldane principle, which says that you do the best
research for research’s sake. The development of the
stralegy would be wvery different for me as Chiel
Scientist in the Met Office o the strategy thar 1 was
developing as head of the climate science programme
in NERC at Reading University. | sit on NERC
committees and 1 know what the big science
challenges are. It is not surprising that the academic
community would recognise the same challenges.

Q100 Pamela Nash: Did you feel that the level of
consultation that ook place was adequate?

Professor Slingo: It was absolutely appropriate for
the job.

John Hirst: May 1 offer a thought as well? There are
masses of exchanges of information that go on all the
time in the Met Office. It is a structure and almost an
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osmotic process. There is MOSAC and other advisory
boudies. There are the bilateral arrangements that we
have. There are hundreds of collaborations with
scientists in academia in other institutions around the
world that go on all the time. It is impossible for those
not 1o help formulate the strategy. When the strategy
has gone out, it is commented on all the time and will
evolve progressively as people make comments aboul
polential gaps or things that are emerging in science.
Wi operationalise those contributions. There are both
structured and nawral flows of information. so
consultation is almost unavoidable.

Q101 Pamela Nash: [ appreciate that, but my
guestion has arisen oul of the memorandum that we
received that said that the research councils would
have appreciated a greater opporiunity o have been
consulied on when the science sirategy was being
developed. Why were the research councils not given
a2 greater opporunity o contribute  during  the
consultation?

Professor Slinge: | was rather surprised by that
comment because the director of the National Centre
for Atmosphenc Science, who 15 the most obvious
MERC representative, 15 on our Scientific Advisory
Committee. The strategy was discussed with them.
One of the things that 15 sometimes misundersiood is
that a sirategy 15 nol an implementation plan. The
MERC community tcnds to see strategies as
implementation plans, NERC is mentioned throughout
the strategy. MNow that we are going into the
implementation plan, as Professor Pyle talked about,
the role of the Joint Weather and Climate Research
Programme with MNERC will be critical to the
implementation of that strategy. It s at the
implementation  level that yvou really can work
together. As Chief Scientist, it is my job to define the
scientific direction of the Met Office so that it is fit
for purpose in operational weather forecasting and
climate prediction for policy decision making by
Government.

John Hirst: We have already agreed that we will go
back and ask what panticular areas they might have
been consulted on and what concerns they have
because we want to draw in that information in a deep
and thorough way.

Q102 Pamela Nash: On the implementation plan, [
understand that the science stralegy was published a
vear ago ioday, vet the implementation plan was only
published last week. You said that those are two
different things and it might have been misinterpreted.
Why has there been that year of delay in producing
an implementation plan?

Prafessor Slingo: Clearly. it takes time to develop an
implementation plan. It does not mean that we have
been doing nothing. We have actually implemented an
awlul lot of what is in that science strategy in lerms
of the science pannerships and the integration and
restructuring of the science programme. Many of the
recommendations  have already been followed
through, but we have 10 sec the science
implementation plan as par of the corporate plan. We
have gone through a major refresh of our corporate
plan in the last year. The science implementation plan

has 1o be then pul in the context of our business
implementation plan and our implementation plans for
Government services. There is a imetable o that and
a year is what it has ended up being. We have
implemented an awful ot of things during that time.

Q103 Pamela Nash: Would you not agree that a year
is a long time? Has a level of uncertainty been
fostered between Met Office scientists and external
collaborators who are having to wait such a lengthy
period of time?

John Hirst: No, it has not. 1 do not make my
judgment about that on the basis of details within a
science strategy, but, on having published that, the
other mel service in the world that is ranked in the top
two or three, and which we respect very much, is the
Japanese mel service. It is on the MOSAC advisory
committee and said, “This takes the stralegic science
strategies of all mer services o a different level, and
we will be following it.” That is a kind of peer
acknowledgment.

Une of the things that we strive to do in being the best
is attract first-class collaboration. We want the best
scicnlists to want 1o collaborate with us, and there has
been no let-up in that collaboration. People see what
we arg doing on a day-to-day basis, and want o come
and work with us and share their expertise. The
number of scientific papers that are published jointly
with other institutions and leading scientists around
the world are in the hundreds. 1 do not see any let-up
or delay in that.

Q104 Pamela Nash: It has remained the same over
the past year,
John Hirst: It has improved; it 15 increasing.

105 Stephen Maosley: In the previous session we
heard that some people are saying that only a tiny
fraction of the available historic weather information
is accessible to the public without incurming large data
charges. Do you recognise that as a widespread
complaint?

John Hirse: 1 hear it. Some people complain about it
quite a lot and persistently, and others don't complain
about it at all. Every time we get a specific request or
issue, we iry and address it and ask, “What precisely
do you want?” For example, | received a letter that
was addressed 1o the Ministry of Defence about a vear
ago, grumbling about the lack of data. 1 went to the
person and asked, “What 15 it you'd Like?” I haven't
received any response. Sometimes complaints are a
general perception about history, and sometimes they
are genuine things.

I am not diminishing the fact that there are data that
people would like access to. Some of that swif is still
held in paper format in the archives, and it would cost
money to put it all into digital form so that it can be
readily accessed. We are constantly managing a
tension between how much money should be spent
o develop that and whether it would satisfy specific
requirements more directly and more cost-effectively,
or whether we need 1o make all those things accessible
because there is a general demand. At the moment
there is a general demand in some areas and, in
consultation with the Royal Meteorological Society
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and others, we are looking at how much data we need
o put ino that Kind of calegory o make the
information more readably available, We are testing
demand in other arcas to see whether it persists and
would provide good value for money, or whether it
should be done in a dilferent way. It is pretty open,
and we make what data we can available,

Q106 Stephen Mosley: You were talking about the
different types of data—I guess you have raw data,
previous forecasts, actual weather forecasis and the
effective results of what actually happened. What are
people actually interested in when they contact you?
John Hirst: It varies a ot from people who want to
know what the weather was like on the day they were
born—it stans with very small things—to people who
are conducting mesearch experimentis in areas of
prepanedness for wind evenis or parficular areas of
science. There are people who are writing books about
the developmem of the coal industry in south Wales
and want tw look at weather events. It ranges
massively over a whole spectrum, The most consistent
demand is from private seclor weather providers, and
wg make data available as we can. It is wonh noting
that through our international relationships 1 help the
UK private secctor get access (o data in other countries
where there is not as much openness and flexibility as
in this country.

Q107 Stephen Mosley: You are talking about private
weather forecasiers and the private sector. Do you
think that if the information could be made more
easily available and more cost-effective, it would help
grow a more vibrant private sector?!

John Hirse: To a cenain exient, yes. Some private
sector providers, | have to say, are concermned about
the amount of data that we are providing free of
charge. The 5.000 sites that are being made available
in the Public Weather Service will cause some distress
1 some private sector providers, because that is the
kind of thing they have been doing and charging
customers for. There is a wide range of different kinds
of providers. Clearly, some are much more
sophisticated and some less so. There is not one
answer that applies universally to all the private secior
providers, but clearly, the data available are a key
issue. We have a commitment to move up the volume
and relevance of the data that we make available,
When you listed some of the things that you talked
about, very few people want yesterday’s forecast, o
tell you the truth.

Q108 Stephen Mosley: | think Graham Stringer
wanted 15 years ago.

John Hirsi: The information is time-expired. We try
and make available, as pan of our mission, as much
of the data as we possibly can behind the forecasts
and behind the observations that we have, so that they
can be used, checked, developed, enhanced and
ahsorbed into other people’s activity.

Q109 Stephen Mosley: Last week, on Thursday 27
October, the Govemment consultation on the public
data corporation finished. Are you in favour of the

Met Office forming pan of the PDC. and what impact
do you think that it will have?

John Hirse: You are asking me 1o comment on an area
of public policy, which is nol—I will respond to the
Government’s decisions on this.

The consuliation, as | see it is pan of shaping what
the PDC might be and how it might operate. We have
been working with the teams in the Cabinet Office
and in BIS w0 help them understand what we do
already and what contribution we make. We can do
some things collectively, but whether they are worth
investment is for other people’s judgment. We have a
plan to develop partnerships with other environmental
science organisations, which we have called the
environment science 1o service pannership, and which
works with colleagues in the NERC instinutes to help
bring them some of their science—~lantastic, world-
leading science—out into greater use, by developing
applications and uses for that science across the
boundaries between us. I we can make use of the
PDC as a vehicle to do that kind of thing, it would be
very beneficial.

Q110 Stephen Mosley: Surely you responded 1o the
PDC consultation, did you no?

John Hirse: It is a public consultation, and 1 am in
the process of writing a leter recommending some
things that should be taken into account. However, as
it is a public consultation and given that | am not a
member of the public in this role. 1 have not
responded o it. There is a different route.

Q111 Gavin Barwell: [  wam 1w explore
collaboration, which | touched on with members of
the previous panel, and 1 think you were all in the
audicnce al that Lime.

First, a general question for all three of you: do you
think that the widespread use of common modelling
systems encourages collaboration, and if so, are there
specific systems that you think the Met Office should
be sharing more widely?

John Hirsi: 1 will ask Julia io comment on some of
these things in a second. One thing 1o make clear is
that we recognise that it is impossible for us 1o do all
the science that we need in order o deliver the best
service possible ourselves. We cannot do it, so we
reach out in a very structured way now to draw in the
best science collaborations we possibly can, and 1o
operationalise that for the best benelit of the UK and
our customers. An underlying philosophy is that we
collaborate. We have created a post; one of our very
senior scientists is now head of parnerships. He
works on developing the parinerships on the unified
model  and  on  developing  collaborations
internationally berween us and scientific institutions.
We are acting on that nead 1o collaborate.

Julia, it is probably wornh quoting some of the
numbers from the collaborations that we do, and how
much we rely on il

Professor Slingo: As John said, as part of the science
strategy. we highlighted the role of science
partnerships in a much more formal way than hitherto,
where it would have just been going on at a grass-
roots level. We have a head of science partnerships
who was in charge of our climale programmes and
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who has now moved info this. He is a leading
scientist.

We have started a process of quantifying the benefits
that we accrue from such partnerships. Our statistics
for last year show that we had 165 projects with an
estimaied value of £15 million, within year, so that is
a third of our science budget within the Office.

Q112 Gavin Barwell: So that was 165 projects, with
an estimated value of £15 million?

Jokn Hirst: That is leveraging to value assigned o
other people’s efforts.

Prafessor Slinge: More than a third of thal came
through the Joint Weather and Climate Research
Programme that we established with NERC, which
John Pyle talked about. That is now developing very
strongly. 1, with the dirccior of operations at NERC,
chair the strategic programme board. Between us we
have implemented what [ think is a very good
structure to allow the programme (o take off.

About another third comes from our international
parinerships, which is the leverage we get from the
countries that use the uvnified model within their
operational weather and climate predictions, where,
again, we now have much more formal arrangements
in place. It is more about partnership and ownership
than licensing. To begin with we licensed the model,
but now they have implemented the model in their
forecasting systems and are beginning to do research
and development on that model, we are coming to a
much tighter pantnership arrangement. We recognise
that we are all in this together.

The benefits this vear are £15 million. Within the past
year we have also launched the academic partnership
scheme with three major universities, which draws
together about 1,000 scientists working in HEIs, rather
than just in the research councils. That is a different
leverage, a different way of stimulating science within
the academic community, as well as translating that
science into improved services. | imagine that, as the
JWCRFP gathers momentum, that £15 million will
grow and grow over the next few years. We need to
quantify that year by year, and we will.

113 Gavin Barwell: In their memorandum to the
Committee, the Government strongly support the
proposal for stronger partnerships in the science
strategy, but they said that the proposed partnerships
should inclode Government representation. Do you
think that is appropriate? If so, how do you intend 1o
facilitate tha?

Professor Slingo: We need to be careful that,
particularly with our academic panners, we don't
conflict with the Haldane principle, which we necd
[0 recognise.

The science partnership programmes are presented at
MOSAC, and we make it clear to the Hadley Centre
Science Review Group that they are the collaborations
that benefit the climate programme. | think that is
appropriate al this stage. As the JWCRP gathers
momentum, we could include somebody from the
appropriate Government Depariment, probably BIS in
this case, on the stralegic programme board, alongside
myself and Phil Newton from NERC.

John Hirst: Having also read that memorandum, I
don't understand the thoughis behind it. We need io
understand precisely what people want to do.

Q114 Gavin Barwell: It came as a surprise to you?
John Hirsi: Yes. We need to undersiand a bit more
about what people would like to achieve, and we will
work hard 1o accommodate that.

Q115 Gavin Barwell: | want to give you the
opportunity to answer the question 1 asked Sir Brian,
In his written evidence, he said thal the requiremsent
on you o gain financial reward from your products
could damage collaboration. You heard me put that
point to him in the earlier evidence session. What
would you like to say about that?

Jakn Hirse: 1t is a tension that | think is quite healthy.
Al the extreme there 15 a nsk. In the past there has
been some confusion about what is the best way to
develop this, but we have a clear view that the more
we collaborate, and the more we develop our science,
the more we will be able to brng in supportive
revenues 0 our operations. It is not in the data; it
is in the interpretation and contextualisation of that
information, interpreting it for different users and
understanding their requirements, where we neally
aitract the right kind of revenues.

The benefit of having real customers who require real
delivery and pay money for it is evident throughout
the organisation. That keeps us focused on delivering
and making sure that we are efficient and that we work
in a businesslike manner. Although there is a risk that
we must be aware of, it does not drive any
inappropriate behaviours in the organisation—indeed,
1o a certain extent, it drives better behaviours than if
we did not have customers.

Q116 Roger Williams: There is a perception that the
Met Office’s seasonal forecasts are unreliable, 1s that
because the forecasts are unreliable, because of how
you communicate them to the public. or because the
public do not understand probability and risk in such
matters?

John Hirst: Long-range forecasting is an area of
developing science and significant  scientific
challenge. But it also has massive potential benefit,
because it addresses arcas that businesses and
responding communities are thinking about in
preparing o make their activities more efficient.

In that whole area, the Met Office is one of a small
number of leading instiutions in the world. We are
breaking down scientific bamers as we go. We
prepare those forecasts principally for professional
use, because they are quite complex at the moment.
As Brian Hoskins said, these are not the kind of
forecasts that say, “You can take your deck chair to
Weston-super-Mare beach on 15th of whenever”
They are about general patterns. likelihoods and
probabilities of general patterns emerging. They are
useful in the UK for professional users. utilities
companies and the civil contingencies secretariat.
They are useful intemationally for Govemments—
planting and developing crop plans in Kenya, for
example, where we have examples of people
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benehiting from our input as they help feed their
population. So there are real benefits,

Long-range forecasting is a complex arca of science
o0 communicate. In refreshing owr service o
Government, we are saying, “Hene are the limits and
the extents of what you can decide.” We are also
working hard to find out how we can communicate
that information to make it more simple o undersiand,
I have said a number of times that | have been
responsible in my past, when 1 was a group freasurer
in a major international corporation, for buying and
selling £14 billion or £15 billion worth of foreign
cummrency a year. Even at this siage, given thai i is
based on physics and chemistry, some of the
seasonal—Ilong-range  output—forecasting is - mong
reliable than some of the economic forecasts 1 was
using 1o make purchases.

Q117 Chair: Tell that 1o the Treasury.

John Hirst: They are not Treasury-given forecasts;
they are commercially available. We have a loi of
work to do in the arca.

Q118 Roger Williams: Obviously, the work is 1o
explain it to the public, but it is a bit like a chicken
and egg situation isn't it? 1s it your job 10 educate the
public to have a better understanding of probability?
John Hirst: We cannot say, “Here is our
information—il’s up to you now.” That would be
derogation of duty., Buot we must understand  what
people do with our information and make il available
in as digestible a form as we can to help them make
the right decisions and understand the implications of
whal we are saying.

Q119 Roger Williams: [ think it was Mr Baldwin
who said that his group had suggesied that that type
of forecast should be made available not to the public
but to particular groups.

John Hirst: We have clear rules that state that, il we
are going to make information available 1w the
Government, it must be made available publicly—iu
has 1o be put on websites. We have an obligation 1o
ensure that the limits and uses of information are
clear. We have tables that state what kinds of things
10 use a one-day, three-to-five-day, monthly, seasonal
or decadal forecast for, so that people understand the
coniexi thai we are operating in. But it will take a
liule while for people 1o get used to that kind of
uncenainty and probability.

Q120 Roger Williams: You mention making greater
use of your website. How will you give that
information?

John Hirst: It will be available on our website. First,
we have improved the context and amount of data in
that forecast. It will be made available with
explanations of the kind of things that are on there,
what kind of use you could put them to and what the
uncertainties do. and we will give a commentary
around the data. That is what we are doing. That will
now evolve over months as we develop the service.

Q121 Roger Williams: What should the Met Office
be doing to communicate to the public the

underpinning science of the forecasting you do? Can
| just say that putting up maps and having symbols
for the sun, rain and such things is rather dumbing
down the science, nol  giving people  better
understanding?

John Hirse: May 1 challenge that? That is not the way
of describing the science, 1o be fair. I is a way of
communicating in a very short period what the general
weather patierns will be. That is not the way we
communicate the science. We have other plans (o
commumicate the science, It is very helpful for people
to understand a little more of this, and we co-operate
with broadcasters—we have had two film crews in the
office this week studying the science and how it can
be communicated to build an understanding of what
underlies i Julia, would you comment on ithe
science?

Professor Slingo: | came in as Chiefl Scientist and
I have really pushed the need 1w be more open and
transparent about the science we do and 1o get much
more information on to our web pages. For example,
we now have a research link on the from page that
takes you into all our science areas and tells you what
we do and who does whai, so if you want to find
out who a scientist working in a particular arca is,
you can.

We have just launched “Research news"”, where there
are hot topics of the moment—one of which went up
this week on declining Arctic sea ice—presented in
language suitable for an interested member of the
public. We have started looking at all sorts of other
ways of communicating science, such as YouTube
videos on topical issues, which get a lot of hits
actually—an increasing number. We use Twitter and
all sors of media. We have just staned a whole senes
of educational posters with accompanying videos, to
explain the very basics of how the climate system
works, for example, and therefore why one thing—
carbon dioxide—changes everything.

The whole business of education is really imporiant
and it is really very difficult, but 1 think we have a
clear aim within the science programme o put far
more information out aboul where you are publishing
and who is doing what. | hope that the “Research
news” page will take off as somewhere o which
interested members of the public will go and say, “1
wonder what the Met Office has been doing this
month. What's the latest stuff on the role of the sun™”
The sun is another story on there at the moment.

2122 Graham Stringer: Roger Harrabin at the BBC
is sening you a test. comparing your forecast, both
shor and medium term, with private providers. How
do you feel about that? Will you co-operate?

John Hirst: | would not say he was setting us a task,
I think we are semting a task together to explore the
area. We have had lots of conversations with Roger
and the colleagues he has gathered around him
helping to shape that study. To be fair, it is an area of
verification and comparison that has been very
challenging and has eluded a conclusive answer for
the meteorological community for many decades. It is
not a trivial exercise.
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Q123 Graham Stringer: Can you expand on that a
bit? Why isn't it trivial?

John Hirsi: If you say, “We are forecasting showers”,
did the shower occur in your garden or someone
else’s? Therefore, in terms of showers in that area,
was the forecast right or wrong? Forecasts for specific
uses can vary. The information we would provide a
fast-jet pilot on crosswinds on a runway he is going
to use for take-off would not be appropriate for the
person running the farm next door.

Ensuring you have the right conlext, purpose, lime
scales and degree of granularity is really important.
Then you need to go over a sufficient period of time—
to go back to what Brian Hoskins was talking about—
to make sure that you're not checking just one event,
but a whole seres of events o see the aggregate
performance.

Q124 Graham Stringer: Do 1 take it that you will
co-operate?
Jokn Hirse: We are co-operating.

125 Graham Stiringer: You are in the process.
You® ve said it 15 difficuli. Do vou have any assessmeni
atl the moment of how your medium-range forecasts
compare with those of the private sector? To go back
to the tabloids, the Daily Mail regularly says that Piers
Corbyn—to name just one person—does it better than
you do. Do you have any assessment?

John Hirst: Yes. We are collecting information on our
and other people’s forecasts in this domain, and we
now have a growing database that shows that actually
our forecasts are generally more reliable than most
others. We look at that for two reasons. One is to make
sure that we understand whether the claims made are
right or wrong.,

There's also an issue of sensible homility. If
someone’s getting it right more than us—if someone’s
doing better than us—we want to find out why and
make sure that we 1ake advantage of their
understanding. There are a number of people—I don't
know whether to talk about names—who claim these
things but don’t publish anything about their work and
don't share information aboul the science, if there is

any, behind what they do, 80 it is sometimes difficult
to make comparisons that have underlying scientific
sense, That creates a difficulty,

Professor Slingo: Particularly in the area of seasonal
forecasting, which 1 think Roger mentioned, it's a
probabilistic forecast, 0 you'ne not night or wrong and
you necd a whole history of forecasts o decide the
level of skill and what we call the reliability of the
forecast. As an international community, we have still
o come together and work out how to do this in a
way thal makes sense.

Again, Roger’s initiative is pushing us in that
direction, so 1 welcome it, but we have to be careful,
particularly when we're going o probabilistic
forecasts, that we don't go into this in a naive way
and try to approach verification in the way that we
would for a deterministic forecast, which is what
we've been doing for years, in terms of owr
performance measures.

For the things thal Nick Baldwin talked about earlier,
where we are set targets, we have had, with the World
Meteorological Organisation, a long history of
defining robust, verifiable targets or indices of forecast
skill. We have now to go through that process for
dealing with probabilistiic forecasts and  seasonal
forecasts as an  intemational community. We're
beginning that process, but it will take some time.

Q126 Graham Stringer: | don’t know whether my
final question is answerable, but given the difficulties
that you've just been through, is there anyone in the
private sector or other national agencies who you feel
is ahead of you in terms of their ability to do medium-
range forecasting?

John Hirst: We are pant of a consortium of leading
met services working together under the auspices of
the World Meteorological Organisation to develop
these skills. Therefore we're already engaged with
scientifically based people doing this kind of work.
Although we always keep an open mind, 1 don’t think
there is an institwtion or a provider thal gives a
consistently and traceably reliable forecast better than
the kind of work we're doing. :

Chair: Thank you very much for a very informative
session.
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Q127 Chair: Good moming, Minister. Thank you
very much for coming here today. We were expecting
David Willetts—we meet him guite frequently and
occasionally give him a hard time over various
things—bul we welcome you.

The Government’s statement aboul the division of Met
Office  responsibilities  states;  “The  Minister
responsible for ownership of the Met Office is now
Edward Davey MP; with the Rt Hon. David Willets
MP responsible for customer functions...and the
customer for the Public Weather Service, receiving
advice from the Public Weather Service Customer
Group”™, Can you explain what that actually means?
Where do the divisions actually lie?

Mr Davey: OF course | can, and thank you for inviting
me 1o give evidence. | have only one brain, so 1 am
sure you will be softer on me.

The division of responsibilities between Ministers
reflects the fact that the Govemment are both owner
and customer of the services provided by the Met
(Mfice. It is an imporant divide, and it does not
always receive the necessary recognition  and
emphasis. We need w consider the assels and the
governance of the Met Office as the provider of these
services, but there is also the customer aspect. As you
know, the Governmeni purchase information for the
Public Weather Service but also for the MOD, the
Maritime and Coasiguard Agency and so on. That
divide is important. The Secretary of Stale and the
Prime Minister both agree that that division of
responsibilities should be reflected in our ministerial
responsibilities. You have seen a lot of David, and we
thought that yvou might want 1o see a little bit of me,
especially as some of the issues that most concem
your inguiry relate to the ownership function rather
than the customer function. However, if you have any
guestions on the customer function 1 shall try my best
o answer them.

Q128 Chair: On the question of ownership, have the
Government now put to bed the idea of privatising the
Met Office?

Mr Davey: We have no plans to privatise the Met
Office. You will note that there has been a machinery
change in Government; the Met Office has moved
from the Ministry of Defence to the Depantment for
Business, Innovation and Skills. It is now in a virtual
holding company called the Public Data Corporation,
sitting alongside Ordnance Survey, Her Majesty’s
Land Registry and Companies House. We will make
more announcements on this, probably at the end of
this month, but we believe that many of the

efficiencies and synergies that we would like w0 see
for the Met Office and the other assets held by the
Public Data Corporation can be achieved through this
move, While the PDC will create a vehicle for private
involvement and investment, potentially, there are no
plans for privatisation.

Q129 Chair: Can we be clear about it? Is having “no
plans for privatisation™ driven by the global scientific
case for keeping it as a public facility, or is il a
Treasury-driven commercial case?

Mr Davey: If one stands back and thinks abouw
privalisation, there are many reasons  why
organisations have been privatised. If one is cynical,
one might say that it is sometimes done to fill a hole
in the Government's coffers. Although there is a rather
big hole in the Government’s coffers at the moment,
it would be deeply imesponsible for a decision to
privatise the Met Office 1o be taken on those grounds.
The Met Office is a world beater, and we should be
extremely prowd of it and those who work for i 1
therefore think that those sorts of reasons for
privatising it would never be considered. There are
other reasons why things get privatised, such as the
necd to drive efficiencies. However, the Met Office is
prewy  efficient and we have come up with other
models to drive efficiency, so | hope that [ have given
you some reassurance on that.

On the iniemational poini, not only is the Met Office
a world leader, but the way that it operates requires i
to engage with the intemational community, not only
in terms of meteorological sciences but with the
intelligence services and through the information that
it provides 1o the Ministry of Defence and our armed
services. A number of arcas are reserved, so when
people considered privatising the Met Office they
found it quite difficult to get over those hurdles. It is
not widely recognised that the Met Office only owns
4% of its data, It represents the UK at the World
Mewcorological Organisation and, through that, it is
able to exchange huge amounts of data internationally.
Its work is dependent upon that data. Therefore, one
has 1o iake account of global opinion and those global
relationships in how we manage and think abowt the
future of the Met Office.

Q130 Chair: Is it that we simply would not be at the
table, especially with the Americans, if it was entirely
a private business?

Mr Davey: There would be challenges.,
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Q131 Chair: In twerms of the changes, the MOD
clearly still has an imporiant need for the highest
quality Met Office service. What structures are in
place to ensure that it continues to gel the support that
il needs?

Mr Davey: There are quarierly meetings between
officials from the Ministry of Defence and the Mei
Office to ensure that the customer service agreemenlt
is up to date and being met, It is a close relationship.
There is obviously a historical relationship, and,
although the change to BIS has broken it to some
extent, it is still very close. We certainly would not
want to put that relationship st nsk, [t is wvery
imporiant to this country.

132 Chair: One of the prized documenis on display
in the Met Office library 15 the weather chan for D-
day. In any conflict situation, it is clearly mission-
critical 0 maintain that accurate data, Are you
confident that the mechanisms that you describe will
continue (o meet the needs of the MOD in the future?
Putting it another way, if the MOD shouted for more
help, can we be assured that it would be forthcoming?
Mr Davey: The MOD is a customer. [t pays money to
the Met Office for the services that it receives and the
Met Office would like to have the Ministry of
Defence’s money.

Q133 Chair: In the case of conflict, | would see
things slightly differently. 1 would expect a publicly
or even a privalely owned company o be responsive
to the nation's need in those circumstances. Can we
be assured about that?

Mr Davey: You can be totally reassured about that.

Q134 Roger Williams: The Met Office depends
upon  customer service agreements with various
Departments for its funding, They are intra-
government  agreements and  are  not  legally
enforceable. Sir John Beddington said in his review
that these arrangemenis do not give the siability
required and are unlikely to provide stability in the
future, Why is it that the defence customer service
agreement—and, indeed, the Met Office Hadley
Centre climate programme agreemeni—have not been
agreed beyond the financial year 2011-127

Mr Davey: | can understand why people have
concerns about this and why the Met Office would
like 10 see changes. If you go back in history, thene
have never been very long funding arrangements, so it
is nothing new, but the current financial circumstances
have made it more challenging. We need to consider
whether these customer service agreements and the
funding behind them can be put on a longer time
scale, but that would be work in progress by the
varous parties. | cannot say that it will happen, or that
it will happen by a certain date, but the point you
make, Mr Williams, is very well made.

Q135 Roger Williams: The Hadley Centre climate
change programme is now jointly managed by DECC
and Defra, but that does not seem to have given it
the required stability. Would it not be betier if it was
managed by only one Depariment?

Mr Davey: As | understand it, DECC and Defra are
coming together o sign a memorandum of
understanding—1I shall be comected if 1 am wrong—
in order to give the Hadley Centre the reassurances
that it seeks. That is imponant because it is doing
some critical long-term research,

Q136 Roger Williams: You say thal Departments are
looking at how to provide more stability for funding.
Would that include making these customer service
agreements legally enforceable?

Mr Davey: 1 am not sure that the legally enforceable
bit is the critical factor. While this purchaser-provider
or owner-customer split is very important and very
rcal, there are real negotiations about the contract. |
somelimes think that people see it as a pretence, but
it is very real. Because they are Government to
Government and on a Crown to Crown basis. 1 am
now absolutely clear that they are not legally
enforceahle.

Q137 Roger Williams: Under the Civil
Contingencies Act 2004, the Met Office is the
preferred supplier for advice and services o the
Government. Does that give any more stability and
cerainty about future funding streams?

Mr Davey: One can be clear that these soris of
services ang going to be needed into the future; they
are nol services that we can jettison or do without. In
that rather profound way, there can be cerainty. As
for the exact levels of funding and so on, it is always
difficult to say, but we have gone through the spending
review and the big totals are there for all 1o see. [
think that should give some comfort.

Q138 Stephen Metcalle: As well as having the
Government as a customer, the Met Office eams about
15% or 16% of its income from additional commercial
activity. Do you think that that proportion—the
physical amount—should be increased, and, if so,
what are the pros and cons of doing so?

Mr Davey: We have no target figure to work toward,
but there would be attractions to having one if the Met
Office were o develop its commercial arm. [t would
need to do so carefully, but now that it is within BIS,
under the Shareholder Executive for which 1 am
Minister, and under PDC, there will be extra support
for those activities, and exira advice and guidance,
given the skills in the Shareholder Executive,

One of the reasons for developing PDC was 1o attract
private investment. It may well be that joint ventures
that might be needed 1o develop these commercial
activities could be a lot easier to arrange than in the
pasi. There was a joint veniure five or six years ago,
but it was not as successful as people had hoped.
Perhaps under the new model we will see more
examination of those options o provide the sons of
things you are talking about. But we should be clear
that the services that the Met Office provides to the
public sector, the Ministry of Defence and so on are
absolutely critical. While it would be possible to
expand its commercial activities, we must not at any
stage put those other services at risk.
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Q139 Stephen Metcalfe: We would probably all
agree with that, but do you see any advantages for
the Met Office itself, and the science that it does, by
increasing  joint  ventures and s amount of
commercial activity?

Mr Davey: Potentially, it can bring more money and
investment into the Met Office. That has the attraction
of supporting the science, but all the best
meteorological scientisis are probably  already in the
Met Office. These are early days in the job for me,
but | am not aware of a huge cadre of meteorological
scientists sitting outside that it could then pariner. The:
attractions of it are the ability w think through new
ideas and provide new capital that might make things
more accessible and more  atractive. You are
abzolotely mght that it is an arca that should be
explored—it has been explored in the past—and what
we are doing will facilitate that.

0140 Graham Stringer: The Met Office clearly
believes that 1o stay at the forefront of global warming
science amnd meteorological science it needs more
supercomputing capacity. Do you think that it should
have it?

Mr Davey: A very good case has been made for that.
In BIS, we are building a business case for investing
in supercomputers. That work has stared, and it is
happening with a degree of urgency. We want 10 press
ahead with building a business case for the high levels
of investiment that will be necded. One has fo
remember that technology is changing so fast that we
have to ensure that these investments are done in the
right way. That is why we have to ensure that the
husiness case stacks up. Bul the scientific case to
which you allude in your guestion is clear and 1s

Q141 Graham Stringer: You say that a good case
has been made. Will vou el us what it is?

Mr Davey: | am nol a scientist, but | understand that,
when you are irying 1o crunch the huge volume of
data involved in forecasting, and especially in shon-
run forecasting, which has to be done incredibly
quickly, you need very powerful computers. Equally,
when you are doing long-term seasonal or decadal
forecasting, you need computers that can handle even
more data. 1 am not sure that [ have explained that
very well, but that is my understanding of why, as we
try to be more ambitious in accuracy and in our
longer-term forecasting, we need ever faster and
cleverer computers. That may sound a bit basic.

Q142 Graham Stringer: It does, but you are nol a
scientist. Are you aware of Moore’s law—twice a

year?! !
Mr Davey: Twice a year. yes.

Q143 Graham Stringer: My back-of-the-envelope
calculations say that, if you wait nine years, you will
get 64 times the computing capacity at one sixty-
fourth the cost. That is a big differential from buying
now. Whatever the business case, would it not be
better to wait nine years, or whatever? The longer you
wait, the cheaper and better the computing capacity.
Why now?

Mr Davey: If vou use that approach, you would never
buy anything, would you? There are other reasons for
purchasing, given the output that is required. 'We want
an ouipui from the science, bui we also need io
consider alfordability and so on, which is why we
need 10 make a proper business case. 1 do not want o
give you the impression that making a business case
i trying to put hurdles in the way of investment, It is
a proper thing that all Governmenis do,

Q144 Graham Stringer: | do not agree. It does not
mean that you would nol necessarily buy it Il means
ihat vou would not necessanly buy it now, as it would
be a lot cheaper and better in a few years' time, What
15 the case for doing it now?

Mr Davey: With respect, Mr Sinnger, that 15 why we
are doing the business case. We have staned work on
it. You do not do a business case knowing what the
answer will be before you stant.

Q145 Graham Stringer: You said that you did not
know about science, but the business case seems o be
that the scientists want it. That s a bit of a circular
argument. Have you read what was soid at our last
evidence session?

Mr Davey: No, | have not read that evidence.

Q146 Graham Stringer: You didn’t. In the last
evidence session, we asked the Mer Office whether,
when it was looking at its climate models, it had got
the predictions right for the fAanening out of the
increase in lemperatore that has taken place over the
last 10 years. It said that it had not—not quite in those
terms, | admit—but that it understood why it hadn't.
Further, it said that it was very good at “hand casting”,
which means cormecting the models over that period.
Does it not worry you that that is a different kind of
science? It looks at computer models and then corrects
them historically. but it does not get it right when they
are predicting the future,

Mr Davey: 1 speak as an economist, and [ know that
when economists come logether they are always
trying lo predict the economy, spending huge sums on
their work. Often, but not invariably, they get it
wrong. That is the problem with forecasting. whether
of the weather or the economy. The gquestion is
whether it is a good idea to be able to forecast and
predict the economy or the weather better than we do
now. Yes, [ do think it is a good idea, and, while you
have to build a business case. il is sensible 1o invest
in the scientists and the facilities needed 10 improve
forecasting. | am trying to understand what you are
driving at, Mr Stringer. Are you against better
forecasting?

(147 Graham Stringer: 1 am talking about the Met
Office’s global warming predictions. 1 am saying that
there is no evidence so far in terms of the predictions
of climate change that it is getting it right. When it
has gone hack, it has been able 1o correct the models
so that, had it changed the starting position, it would
have been right. That is the real point. | am doubting
whether it is science as we know it, really. That is
what | am asking, and 1 am trying to separate tha
aspect from weather forecasting. Forecasts over the
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four or five-day period have clearly become more
accurate over the last 15 or 20 years. That is verifiable,
because you can go back to see what had been
predicted and it has improved its performance. There
is a difference, and |1 am asking whether you are
waorried about it

Mr Davey: | would imagine that climate change
science is at an earlier stage than weather forecasting
because, obviously, they are different things, as I am
sung you appréciale, The potential cost and damage 1o
the planet of climate change. if people are comect, is
such that investing in scientisis and computers to
assist in improving this relatively new science seems
io me a sensible thing o do. | am sune that there will
be challenges along the way. | am not a climate
change scientist or an expert on the matter, but I know
that the Committee has already looked al the question,
However, from where | am standing, having just read
things like the UN's Intergovernmental Panel on
Climate Change, 1 know that the world's best
scientists have come together, no doubt sharing the
predictions of many different computer systems, and
they think that we should be seriously wormed abowt
it, Given a United Mations panel of scientisis of that
calibre, 1 as a mere economist would not want to
challenge it. 1 think that we should take their
predictions seriously and try 1o develop the science.

Q148 Graham Stringer: It would have been helpful
if you had read the evidence that we heard last week,
because | asked a question along those lines and |
would be interesied in your answer. Given that 90%
of scientists accept that global warming is taking
place—it is not a 100% consensus, but 90% is
acceplable—why do we need any more investment in
that science anyway? We accepl thal there is a
difference within scientific opinion about whether the
world will have warmed by 2° or 4° over the next 40
or 50 years, If that is the scientific consensus, why do
we need o invest millions and millions of pounds
now, when we know that it is happening?

Mr Davey: First, we should remember that the
investment in the computers we are lalking about
would be used for weather forecasting as well as for
climate change science. They would be dual purpose,
if you like. You could, therefore, justify the
expenditure—when we examine the business case we
will obviously be considering such matters—through
the improvements that we will get in forecasting the
weather. The fact that you can use that compuler
power also for the climate change science seems to be
another win. If | was to forgei—

149 Graham Stringer: Do you know that that is
the case?

Mr Davey: Do | know that what is the case?
Graham Stringer: Do you know whether the
improvements in weather forecasting require precisely
the same increase in supercomputing capacity that you
need for predicting climate change?

Mr Davey: | am told thal the model that will be used
will be used for both purposes.

Q150 Stephen Mosley: May | return to something
that you said carlier about the Public Data

Corporation? You seemed to be talking in the present
tense aboul the Met Office being part of PDC. |
thought that consultation on the matter finished only
a couple of weeks ago, and that, although the intention
is to move the Met Office to PDC, the decision has
not yet been firmly or formally made. Has that
decision been made yet?

Mr Davey: You are right 1o pick up on that We
announced our decision on PDC in January, and we
are consulling on a range of mallers such as licences,
data release and so on. That consultation has only just
finished, and we have not yet responded 1o it
However, it has always been our clear intention to set
up PDC, Itis like a virtual holding company, 5o saying
that it has started and is now in being is a bit tricky.
We are not irying 1o put these organisations ogether,
There are three organisations, and it would be useful
to comect the record and be clear about it. In the
machinery of Government change, you have the
Ordnance Survey, Her Majesty’s Land Registry and
the Met Office coming in to BIS. 1 am also the
Minister responsible for Companies House, another
big data user. As we envisage il, those three assets
will come together in an organisation called PDC. The
actual start button will not be determined by the
consulltation: the consultation is aboul other matters
as well,

Q151 Stephen Mosley: Moving on o Met Office
data, | know that the Committee on Climate Change
has called on the Government to ensure that data
already collected by the Met Office is made more
readily available. It highlights and contrasts what
happens in the UK with what happens in the United
States, where, apparently, weather data is much more
freely available. Are there lessons 1o be leamed from
the US? Could improved access to data help us
creaie a more vibrant private sector?

Mr Davey: Yes and yes. As I said, the Met Office is
the world leader in this area in weather forecasting. It
has already released huge amounts of data, but our
ambition is that it should release more quality data
than any of its counterparts. We certainly have huge
ambitions for it. For example, we are already
consulting with the relevant people in the community
on releasing historical data, which is available more
freely im the US. We will cerainly have
announcements to make on this in the coming weeks
and months, as we finalise the PDC decision,

0152 Stephen Mosley: One concem that we have
heard from the Met Office is that it has massive
amounts of raw data. [t wanis to make that data more
available, but it will be difficult to do so unless it is
provided in a useful format. Do you think this will
have any impact? How useful will large amounts of
data be when compared to the effort that would be
necessary o put it in a useful format?

Mr Davey: Those are all the right questions that we
are asking as part of the process of bringing PDC
together and of considering the various assets in that
way. The Government are committed to open data,
and I am commitled to ensuring that the models that
we put forward will enable and facilitate that. One
reason why we are building PDC as this viral
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holding company is tw learn lessons from those
Government assets in order 1o facilitate the release of
that data. We will be looking at all those issues. You
are right 1o say that some of the raw data will be guite
difficult for people 1o interpret immediately, but we
want il to be presented in a useful format. As | said
carlier, we have the ambition to release more data than
other equivalenm services. The question is how it is o
be done and not whether we will do i,

Q153 Chair: | struggled with one sentence in the
Government memorandum. It states: “The proposal
for stronger partnerships and collaboration is fully
endorsed and will be a crucial element of the success
of the Science Stralegy, although we suggest that the
proposed science partnerships should also include
representation from government to provide additional
context 1 proposed research programmes.” What on
earth does that mean?

Mr Davey: Well—it means that we believe in
parinerships, Mr Miller, and we think that they can be
developed o the benefit of all involved. The
suggestion that the Government should be represented
on the science pannerships was, frankly, 10 ensure the
links between the Government and policy-relevant
research and thai any poiential research overlap s
minimised. That seems sensible.

Q154 Chair: We have heard the Government say that
they believe in partnerships, mamage and so on, but
does this nol drive a coach and horses through the
Haldane principle?

Mr Davey: Through what?

Chair: The Haldane principle.

Mr Davey: 1 do not believe it does.

Q155 Chair: What is the role of Governments in a
science body? I they are secking 1o sieer things, it
would run totally counter to what the Science Minister
has 10ld this Committee before. What is the role of
Governments in such an organisation?

Mr Davey: As | said, it is to ensure that research
overlap is minimised. 1 do not believe that it is to
lead the research. Following Haldane, no Government
would wish 1o be that interventionist. We strongly
believe that research should be directed by the
academic community, and not through Government

policy.

Q156 Chair: The word is “government”. Il does not
say the research councils or the Technology Strategy
Board or Universities UK. It says “government™.

Mr Davey: In this context—that is why we included
it in the memorandum—the Met Office is nol a pure
science body. It does not get funding from the research
councils as do other parts of the academic community.
It is a delivery body that uses science. Ensuring that
it is linked to the science community seems a sensible
thing to do. We do not seek to direct the science
community, but we want to ensure that those links
are strong. My understanding is that the relationship
between the science community, academia and the
Met Office is stronger and better than in the past.

Q157 Chair: That | agree with, but the reason for my
questioning is ol simply because it is my view. In
response (o that staement, the Met Office’s chief
scientist told ws, “We need to be carcful that,
particularly with our academic parners, we don'l
conflict with the Haldane principle. which we need
1o recognise.” The Mei Office’s chiel executive said,
“Having also read that memorandum, 1 don’t
enderstand the thoughts behind it. We need 1o
understand precisely whai people want o do.”

Mr Davey: | hope that what | have said will give them
some reassurance, [t was not our purpose in the
memorandum o go across the Haldane pnnciple. We
want to keep to those principles. Let me make it
absoluiely clear for the record, thanks o your
question, Mr Miller. that research should be directed
by the academic community and not Government
policy.

Q158 Chair: If there is any further clarity on that
subsequently—

Mr Davey: | am sure that my right hon. Friend the
Minister of State for Universities and Science would
be happy to give clanty on that.

Q159 Chair: 1 am sure he will. To what extent do
the Government exert pressuré on other nations (o
maintain  funding for shared resowrces such as
weather satellites?

Mr Davey: You will appreciate that pressure can be
applied in different ways. [ am not sure whether it is
a question of Ministers phoning their counterparts and
having strong discussions; il 15 more a question of
ensuring that strong collaboration and co-operation
across the globe is maintained. We centainly recognise
that various Governmenis are under many cost
pressures. The best way 1o apply pressure is 1o work
wogether through those cost pressures and o
understand their longer-term implications. As 1 said
earlier, the Met Office owns only 4% of its data; it is
very reliant on data from other intemational bodies
and other couniries. Therefore, we need to be clear
about what will happen to the collection and provision
of such data in future. Were gaps to oecur in the
future, we would need o think through how o0 meet
them. | am not surc if it was that son of pressure that
you were looking for, Mr Miller, but [ believe that we
should ensure that the relationship is a collaborative
one and not a troubled one.

Q160 Chair: | understand that, but, clearly, some
shared invesimenis will have sigmificant ¢conomic
payhacks in protecting various stakeholders in society.
I put it specifically in the context of the polar orbiting
saiellites that have been delayed because of changes
in the US budgetary process. What discussions have
the Government had with their US counterpants io
make a case for the Met Office on this?

Mr Davey: 1 believe that there are discussions on how
those cuts should be Factored into future planning. We
know that the delays in agreeing funding for the next
generation of US polar orbiters have increased the risk
of a US data gap. It is something that we have to
take seriously. We know that the US is attempting to
mitigate the problem and 1o see whether the lifetime
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of the existing programme can be extended. We are
aware of their efforis to mitigate thai. John Hirst has
been speaking 1o the Met Office’s national equivalent
in the US, and the matier is being mised al
Government level. We take the matter seriously, and
it is impomant that we find a way forward.

Q161 Chair: You started your response by saying “1
believe™ that there has been a dialogue.
Mr Davey: | am more cerain now.

Q162 Chair: You are now more certain by the magic
of inspiration that has sprung in front of you. Tha
was al John Hirst's level, but has there been any
ministerial dialogue?

Mr Davey: | believe that there has, and 1 will be even
more cerfain in a moment. | am wrong: there has not.

(163 Chair: Would it not be useful if the relevant
Ministers started having this discussion? It is a very
sensitive area and, as 1 said, it has a significant
CCONOMIC impact upon scientists.

Mr Davey: 1 will ensure that we walk w John Hirst
and find out what extra support he feels is needed
from Ministers,

Q164 Stephen Mosley: A couple of years ago, we
were promised a barbeque summer, vet it seemed o
do little more than rain.

Chair: You can blame the Labour Government for
that,

Stephen Mosley: The perception is that the Met
Office does not provide reliable seasonal forecasts. Is
that a fair perception?

Mr Davey: My understanding is that it is the best
forecast in the world if you look at it over time, but it
is not always going to get it right. However, if you
lock at satisfaction ratings and other criteria 1o check
its performance, it does well.

Q165 Stephen Mosley: To be fair, the National
Oceanography Centre said that many of the problems
were due o sensationalist media reponiing and 1o
shoricomings in how probability and nsk are
understood by non-experts. To what extenl are
probability and risk factored into the way that the
Government use the seasonal forecasts?

Mr Davey: For the Government usage of them, the
probability and risk issues will be central 1o how they
are considered. For example, if the Ministry of
Defence was using Met Office forecasts for ils
planning, it would obvicusly be asking il what
cenainty there was. It would be very clear about thal
| imagine that military planners would base their
assessments on that advice. For those who really
understand probability and are reliant on the data, it
will be fundamental to their thinking because they will
have w plan more than one scenario if weather

dependency is imporant.

Q166 Stephen Mosley: When it comes 1o
communicating this information to the general public,
people wend o read the newspapers and waich the 30-
second weather forecasts on the BBC. That level of
risk and probability is not put across all that well in

this country, unlike in the US. When the hurricane
was due to hit New York, [ believe that 12 scenarios
were broadcast, showing differemt routes for the
hurricanc and the different probabilities of each route
oceurring, Could communication of this detailed
information be improved in the UKT

Mr Davey: | know that the Met Office is working with
a number of people to consider how best o get over
such risks and probabilitics. We know that other
countries use percentages to get the information
across. Broadeasters, who are information providers,
want to know how the information that they are
communicating is perceived and taken on board. They
want 1o ensure that they get it nght. It is imporiant
that the Met Office does proper research to analyse iL.
The Met Office is beginning to use a lot of probability
data on its website, including fan charts and so forth.
This is the dircction of travel, but il we are o move
away from, “It is likely to rain™, or, “It is very likely
to be foggy” or whatever phrase we hear or see now
on our TV screens, it needs to ensure that we end up
with something with which the British public feel
happy.

You are right to raise the question. The Met Office is
considering the matter, but 1 do not pretend o know
what the final answer will be. As Minister, | want 1o
ensure thal it is done properly so that the general
public get the nght messages and are able to use them
in their daily lives.

Q167 Stephen Metcalfe: Would you clarify what the
Government use seasonal forecasts for? It is all very
amusing o talk about barbeque summers, bul why do
the Government need that som of information, and
what do they do with it?

Mr Davey: 1 can imagine a number of things that they
would do with it. The Govemment do a lot of
contingency planning in a whole range of areas. As
you can imagineg, the contingency planning
community will want this data for everything from
emergency planning o grilting the roads in the winter.
There is a whole range of different things for which
you might want seasonal planning as that would
change your purchasing decisions and planning.

168 Stephen Metcallfe: How do the Government
factor in these probabilities? | understand that it is all
about probabilities. Indeed, [ believe that the barbeque
summer was a 60% probability, which of course
meant that there was a 40% probability that it would
not happen. Who deals with that data, and how are
decisions taken on what we should do o prepare for
the coming winter, if it is all done on probability?
Mr Davey: Let’s remember that it 15 on probability
because that is inherently the case. We do not have
perfect foresight. Therefore, it is not a fault of
Government  that  people have o make these
Judgments.

You have 1o look at planning as a series of decisions.
There are longer-term decisions. Seasonal planning
might be a three-month scenario, and you might be
thinking about what you need to do o prepare in case
a particular scenario happens, but you will be
reviewing those decisions the nearer you get to the
point. Ultimately, of course, you will be looking at the
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Written evidence

Written evidence submitted by the Met Office (MO 00)
1. InTRODUCTION

1.1 The aim of the Met Office is to provide the UK and its citizens with the best weather and climate service
in the world, measured by the usefulness and quality of its products and services and the value for money it
delivers. The guality of ns services has a direct impact on public safety and national security and resilience.

1.2 International benchmarking of global weather forecasting skill is supported through the UN World
Meteorological Organization (WMO). A range of metrics are used which all show that the Met Office is
consistently within the top three centres globally, This position has been achieved through sustained investment
in research, observations and supercomputing.

1.3 Underpinning this reputation is the delivery of ouistanding science and the reliability and continuous
improvement of Met Office products and services, This reputation is essential 1o building UK and international
partnerships: which deliver significant cost benefits and enable the Met Office 1o achieve far more for its
customers than it could on its own.

1.4 Weather and climate science is used by Government, emergency responders, commercial companies and
the public to inform decisions, [t is used as military intelligence to suppon strategic and tactical operations and
by others 1o manage and mitigate the impacts of natural disasters, at home and abroad. It provides the scientific
evidence base for Government policymaking on climate mitigation and adaptation, and informs major national
infrastructure projects. Increasingly, it is seen as vital for helping society w be better prepared and become
more resilient in a world becoming more exposed and vulnerable 1o weather and climate extremes.

1.5 Commercial companies depend on weather and climate information to inform a growing range of
business and operaling decisions—ensuring aircraft have enough fuel to Ay safely, informing risk assessments
by insurance companies, and supporting energy demand calculations by utility companies.

1.6 The Met Office is unique, globally, in providing both weather and climate advice from a single
organisation using the same computer model and drawing from the same scientific, technical and delivery
infrastruciure. Other countries express a wish to emulate this approach.

1.7 The weather and climate services the Government and public rely on. sit at the cutting edge of the
science. The delay between scientific advance and the help it offers, through improved services or policy
advice, is very shont indeed. The Met Office science programme is therefore very directed and has a high pull
through of science into services. In 2010-11, 80% of weather research is estimated to have been used in
forecasting with 50% having significant and positive impacts on weather forecast scores,

1.8 The guality of and advances in Met Office science and services depends critically on reliable observations
and conlinuing access o significanl supercomputing resources that are robust and available 24/7.

1.9 The impact of weather and climate on public safety,' national security® and the global economy?®
makes it essential that the Met Office remains at the cutling edge of understanding, modelling and predicting

the atmosphere, oceans and full climate system. The Met Office Science Strategy is designed to maintain
that position.

110 A 2007 assessment’ of the Public Weather Service's (PWS) contribution to the UK economy
concluded that:

(a) PWS delivers an exceptional return on investment—as a conservative estimate it delivers value of
£7.40 for every £1 invested;

(b) PWS saves lives—hundreds of lives are saved cach year® as a result of the services provided;

(c) PWS output is world class—the international meteorological community endorses this quality with
numerous other meteorological services licensing the Met Office forecast model; and

(d) greater benefit could be achicved with even more accuracy; the more accurate weather forecasts
are, the more likely people are 1o ake action.

' For example the Aoods of summer 2007 resulted in 13 deaths, 7,000 people 10 be rescued by emergency services and Nooding
in 550000 properties.

The Mational Security Sirategy describes a major accident of natural hazard which requines a national response as a Tier | risk
and states that the effects of climate change are likely 1o become increasingly significant as a risk multiplier, exacerbating
existing tensions around the world.

For example, it is estimated that severe winter weather in 2010-11 reduced the UK's GDP by 5%. with wavel disruption alone
codting the UK economy £280 million per day

¥ The Public weather Service's contribution to the UK economy:

hietp:harwrw.metoffice. gov.ukfabout-usiwhat/pws/value

For example due to inilistion of safety policies in industry, improvement of road, flight and marine safety and through the
preparation and practice of contingency procedures for national emergencies
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(f) Royal wedding.
(g) Pope's visit
2.4 Wamnings and forecasts are communicated through the Mer Office website, s iPhone app, Weather
Widget and through television and radio broadcasts.
(a) During the cold weather of December 2010 the Met Office website received 40 million visits (12.9
million unigue visitors) with 3.6 million visils on just one day.

{b) Since its launch in January 2010, the Met Office iPhone app has been downloaded more than 1.8
million times, and is regularly the lop free weather application,

(¢) The Met Office Weather Widget is currently embedded in over 2000 other websites.

2.5 Information on the UK's climate is also made available on the Met Office website'! including written
summarics, maps of monthly average tiemperatures and rainfall, anomalies from long term averages, values for
specific locations and records relating to extremes of weather for the UK, England, Wales, Scotland and
Northern Ireland.

2.6 Paper based records of the nation’s climate are held in the National Meteorological Library and Archive
which is open to the public and maintains a comprehensive library collection for general, historical and
academic use. The Library and Archive acts as a registered Place of Deposit (under the public records act) for
paper-based meteorological records and physical anefacts related 10 meteorology. There are archives located
in Exeter (for England and Wales), Edinburgh and Belfast.

Public awareness and satisfaction

2.7 The PWSCG routinely underiakes public perception surveys [o assess salisfaction with the forecast and
warnings service. These results are summarised in the PWSCG Annual Report and published on the Met
Office website!2:

(a) the November 2000 survey indicated that nine out of ten people found weather forecasts useful
and just over three quaners found them accurate;

{b) wamings of snow and gales are generally considered more useful than warnings of heavy rain;

(c) averaged over the eight surveys conducted following severe weather events in 200011, 77% of
respondents had seen or heard the waming and of these 89% of respondents found the wamings
very or fairly useful;

(d) three surveys were carried out related 1o wamnings for snow in Nov-Dec 2010 (27 Nov, 1 Dee, 13
Dec). In all three cases more than 90% of respondents found the wamings “very™ or “fairly” useful.

2.8 Surveys of emergency responders are conducted routinely (o assess their satisfaction with the PWS and
wamings service. The Feb-March 2011 survey indicated:

(a) satisfaction with the PWS was extremely high with 97% of responders saying they are satisfied
and almost three quarters (73%) saying they are “very satisfied”, This has increased markedly
since 2008 when only 58% of responders were “very satisfied™;

(b} 62% of responders were “very satisfied” with the last weather waming received compared to 56%
in 2008; and :

{c) 90% of responders who have had contact with a PWS Advisor were “very satisfied” with the
service provided, compared 10 86% in 2008,

Continuous improvement

2.9 The accuracy of Met Office forecasts are evaluated against observations on a daily basis. The PWSCG
specify accuracy targets for forecasts of maximum and minimum temperatures, rain, sun, wind speed and wind
direction, In 2000-11 all targets were met. As of August 2011, on average (over a 36-month period) the
percentage of forecasts accurate to within £29C js:

{a) B87.6% of maximum temperature forecasts on the day the forecast is issued (target for 2011-12
85%) and 78.5% of minimum temperature forecasts (target 76.5%);

(b} B1.1% of maximum temperature forecasts on the second day of the forecast (target 79.5%) and
T1.7% of minimum temperature forceasis (target 69.0%).

2.10 Improvemenis are possible by making forecasts more local. In 2010-11 PWSCG tasked the Met Office
with increasing the number of UK locations for which it provides forecast from approx. 350 1o approx. 5,000
updated hourly. This gives people local weather forecasts to help plan their activities.

211 Following the launch of 5,000 siies Mark Smith, Director of Bournemouth Tourism stated that “These
new forecasts from the Met Office communicate weather forecast information in clearer, more appropriate and
user friendly ways that allow tourists and tourism operators to better plan activities. As weather is a key
driver for tourists, | am sure that this improved communication will have a positive economic impact on our

' hp:iwwwometoffice gov.ukiweatheriuk/iclimate. himl
2 www.metoffice.gov.uk/about-us/who/accuracy/vour-say
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industry and will improve the overall quality of life for British residents through more productive use of their
leisure time.”

2.12 Public consultation also indicated scope to improve how the National Severe Weather Warning Service
is communicated. and the service was upgraded in March 2011. The main improvements are:

(a) impact-based alerts and wamings are now based on both the expected weather conditions and the
potential impact they may have, recognising that the same weather can have a different impact in
different parts of the UK, at different times of the year and depending on preceding conditions;

(k) improved wehsile display—making it easier for the public 1o find information relevant o them,
assess the risk and the option o drill down o more detail; and

{c) easier to understand—warmings have been made simpler and clearer using less technical language
and the categories of warnings have been simplified.

2.13 Increasingly, advice is based upon the outputs from multiple forecasts (ensemble modelling)'* which
enable customers and stakeholders 1o make properly informed decisions based on probabilities and levels of
risk. From September 2001 the 5,000 site forecasts will include the probability of rain and in 2012 the Met
Office will introduce an ensemble of short range forecasts using the very high resolution UK version of the
forccasting system o support the Olympics.

3 Is the Met Qffice’s Science Strategy 2000-1 5 robust and achievable and how will the strategy help 1o
deliver a better service?

3.1 The Science Sirategy drives improved capabilities and efficiencies through sciemtific and technical
advancements, by delivering a highly coordinated programme of research and development across weather.
climate and marine science. 1t sets the agenda to meet the challenge of maintaining the Met Office. and indeed
the UK. as a world-leader in weather and climate prediction. It drives ongoing development and improvements
to its range of services, to deliver more robust advice to end-users.

3.2 The Science Strategy builds on the strong scientific reputation of the Met Office. Its R&D programme
has always been, and continues to be strongly dirccted 1o improving the quality of its weather forecasis and
climate predictions to deliver greater benefits to the UK. This focus is regarded as a major factor in the success
of the Met Office and in the world-leading status of the UK in weather and climate prediction.

3.3 The Science Strategy:

(a) develops and exploits the significant synergies that exist in the science' and operational
infrastructure'® that underpin all Met Office services;

(b} enahles the Met Office to respond to the increasing demand for seamless prediction systems o
supper planning and adaptation decisions across all timeseales from hours to decades;

ic) breaks down the traditional barmiers between weather and climaie, which are widely recogmised as
hampering progress;'®

(d) enables the Met Office to respond 1o, anticipate and shape the changing requirements of curment
and future stakeholders and customers; and

{e) recognises and incorporates the excellence of atmospheric and climate science within UK academia
and NERC, and in leading international institutions and forecasting agencies.

3.4 The Science Strategy focuses Met Office research around four major cross-cutting science challenges
which are designed to drive significant improvements in capability:
{a) longer lead time and more accurate local forecasts and wamings of severe weather, including
extreme rainfall and flooding. enabling Government, emergency responders and other organisations
to be better prepared and more resilient:

{b) significant improvements in assessments of future changes in weather patterns, especially the
intensity and frequency of severe weather events, to enable more robust planning and decision-
making around infrastructure investments to adapt to climate change:

{c) more confident regional predictions of changes in the global water cycle to underpin assessments
of future challenges to water availability and global food security;

1" Ensemble forecasting involves running multiple forecksts with slightly different initial conditions or madelling parameters (o
provide a probabilistic assessment of possible outcomes and risk : .

M The GCSA’s report states “The case for the Hadley Centre’s continued integration in the Met Office is compelling. given the
stiong srlergm' with the public weather service and modelling. and the shared infrastructure and comman capabilities which
link to this. Significant efficiencies arise from this relationship. It will be important 1o recognise ll'u_!: synergy and how it can be
continued in any discussions about business models for the Met Office as a whole.” Whilst the Lawton repont states that “The
Met (Hfice Hadley Centre estimates that climate model development muy Benefit from the Met Office’s research and development
programme 1o the tune of more than £12 million per annum”, :

' Including 247 supercomputing. ohservations, modelling and forecasting capshilitics

% Eg Hurrell et al (2009), A Unified Modeling Approach to Climate System Prediction. published in Bulletin American
Meteorological Society, doi: 10,11 752009BAMSITSL.1 hup:fijournats ameisoc. ongfdoifabs! 10,11 TS2009BAMS2752. |
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id) delivery of a comprehensive monthly to decadal forecasting service 10 enable improved operational
planning across all sectors that aré vulnerable 1o vanations in weather and climate, especially in
the developing world;

{e) ensuring thai Government receives the best possible scientific evidence on potential risks of
dangerous climate change by maintaining a strong base in climate change detection and attribution,
and by developing a world-leading Earth system model; and

() underpinning Government policies on climate change mitigation with robust scientific assessment
of their impacts at both the global and regional level.

3.5 Two independent groups review the integrity of Met Office science ensuring it is fit for purpose:

(a) The Met Office Scientific Advisory Council (MOSAC) reviews PWS funded science. It is chaired
by Professor Sir Brian Hoskins FRS, who is also a Non-Executive Director on the Met Office
Board. It comprises leading scientists from UK academia and research heads from leading Mational
Meteorological Services. The Committee meets annually (o review progress, ensure research plans
address future customer requirements and monitor the effectiveness of collaborations. The Chiefl

Scientist is required to respond to the Chairman’s report which is presented both to the PWSCG
and the Board.

{by Climate research is reviewed by the Hadley Centre Scientific Review Group (SRG), joimtly owned
DECC and Defra and comprising UK and international climate science experts. Membership of
the Group is determined by DECC and the current Chair is Professor John Pyle FRS. The Chair
of the SRG also sits on MOSAC to ensure cohesion across the entirety of the Met Office scientific
research. The Group meets annually and operates in a similar manner to MOSAC.

3.6 In 2000 MOSAC reviewed the Science Strategy. The Chair's report stated *The Met Office is in a unigue
position Lo react to the move towards considering the seamless natune of the weather-climate prediction problem
and produce a range of services based on predictions for time-periods from hours to a century...... the guiding
principle of seamless prediction was very strongly supported. The benefits to the Met Office in terms of both
its unity and the mobility around it of ils scientists are also significant.”

3.7 A year later the 2010 MOSAC Chair's report stated “Tt is important to keep in mind the full range of
challenging and imporiant prediction problems included in the new seamless science perspective: from
kilometre scale weather forecasting on hourly time-scales, through the weeks to decades time-scales, and on
to century time-scale Earth System/climate projection. The range of talks presented and the discussions
stimulated by them showed that the approach 1o R&D based on the seamless nature of the weather-climate
prediction problem is already well embedded and the advantages are starting to be realised.”

3.8 The Scicnce Strategy Implementation Plan has since been developed and sets out the target vision,
timeline and actions required to deliver the Strategy. Considerable progress has already been made by the Met
Office, and pariners, in implementing the Strategy and maintaining and building its scientific quality and
reputation across its weather and climate science. In 2010, MOSAC “considered that remarkable progress had
been made in developing and implementing the new organisational structure™ and “recognised the high quality
of the science presented to it, the relevance of this science to customer requirements, and the enthusiasm of all
those who presented and discussed it”.

3.9 Met Office research is now communicated to a general audience through the Met Office website,!”
which describes the science and profiles Met Office scientists.

3.10 Al the core of the Science Strategy is the development of much sironger science parinerships. The Mel
Office recognises that the increasing breadih and depth of the science means that parnering with the best
scientists in the UK and abroad will be essential for delivering the range of weather and climate services that
will be required in the future. With its expertise in bringing science to market the Met Office has a key role to
play in integrating and facilitating research.

311 In 2010-11 the Met Office engaged in 165 collaborative science projects, estimated to be worth over
£15 million in additional resource, equivalent to a third of the Government-funded Met Office science budgel.
Formal structures are being established to bring pariners’ knowledge and expertise through into improved
science and services. A new programme on Science Partnerships as outlined in the Science Strategy has been
established to coordinate and develop a range of directed collaborative activities, which include:

{a) realising the benefits of the shared dependence on the performance of the Met Office Unified
Model (UM} with our international panners in Mational Met Services'™ For example, a shared
operational seasonal forecasting capability has been agreed with South Korea, which will enable
the Met Office to employ a model resolution and ensemble size that would not be possible with
UK supercomputing resources alone;

(b) developing the Met Office/NERC Joint Weather and Climate Research Programme (JWCRP) 1o
ensure that the UK’s national capability in weather and climate science is sustained. This includes
joint research strategies (eg UK Eanth System Modelling Strategy) and the development and

' hitptiweww.metoffice. gov.ukiresearch
* Curment partners are Norway, Australin, South Korea, South Africa, India, Mew Zealand and the US Air Force,
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maintenance of major investments in joint research facilities (eg BAeld46 research aircraft). A
Joinly funded programme, the first of its kind, has been established on the Development of Next
Generation Computer Codes. The shared supercomputing service (MONSooN)'" to support
JWCRP collaborative projects has proved highly successful, currently supporting 15 projects
involving more than 150 scientists. Ultilisation is running at 93%;

{€) launching the Met Office Academic Partnership in 2010 o create a cluster of research excellence
with the universitics of Exeter, Leeds and Reading. Joimt Chairs have been funded at each
university and joint research plans are in development. In 2010-11 the partnership covered 41
projects worth £1.8 million in additional gearing;

(d) supporting 72 industrial PhD siudentships across 15 UK universities.

Further development of the Science Partnerships programme is expecied to deliver increasing levels of
gearing from national and intemational collaborations,

312 The Science Strategy also addresses the challenges of mainiaining and developing the research
infrastructure, along with a world-class scientific work-force, required 1o deliver a world-class service.

3,13 Supercomputing is critical to delivering the Science Strategy and a range of options are actively being
pursued. This includes exploring international opportunitics (eg in the USA and China) and engaging at a high
level in European discussions around future supercomputing initiatives. With NERC, a major project has just
heen approved which will enable cutling edge research on high resolution climate modelling and scalability of
computer codes to address future supercomputer architectures.

.14 The 2010 GCSA review of Government’s needs for Climate Science Service recommended that a step-
change increase in supercomputing capacity would be required to most effectively meet the Government’s key
evidence and advice needs. More recently, the House of Commons Transport Select Committee stated that
benefits would be realised if funding was made available for additional supercomputing resources. This would
enahle the latest scientific capability to be used to deliver scenarios of hazardous weather in the next 20-30
years o inform infrastructure investment decisions. and provide more robust monthly and seasonal forecasts.

3.15 The improvement in service quality delivered through achieving the Met Office Science Strategy will
continee to be dictated by how effectively scientific advances are translated inlo operational capability and
improved advice o stakeholders and customers. In 2000-10. 81% of weather rescarch is estimated 1o have
been used in forecasting improvements, with 49% having significant and positive impacts on the weather
forecast. In 20010-11 these figures were B0% and 50% respectively.

4 Whar are the roles of the Met Office’s Chigf Scientific Advisor and its other senior scientisis? How do they
provide comprehensive and up-to-date scientific advice?

4.1 The Met Office does not have a Chief Scientific Advisor in the sense of Govemnment Department
Advisors. It has an Executive-level Chief Scientist who reports to the Met Office Chief Executive and Met
Office Board. This is a 2* Senior Civil Service appointment.

4.2 The Met Office Chief Scientist has responsibility for leading and delivering the Met Office Science
programme, consisting of 490 scientists and a budget of £44.6 million. The Chiefl Scientist is nesponsible for
selting the strategy, ensuring that the Met Office science programme drives improvements in the quality and
reach of the full range of Met Office services, and that the scientific integrity of those services is of the
highest standard.

4.3 As outlined in the Science Strategy, in 2010 the Chief Scientist brought together all Met Office science
into a coherent programme, establishing a senior management structure and a single administration function.
The Senior Management Team is constituted from the Deputy Directors of Foundation, Weather and Climate
Science, along with the Heads of Science Administration and Science Partnerships. This has delivered a more
flexible structure that enables the Met Office 1o respond more effectively to emerging issues and Government
needs, and to re-prioritise its science and resources accordingly.

4.4 The Chief Scientist is Head of the Science Profession and oversees carcer development and teaching

and learning opportunities. In September 2011 a formal programme of Continuing Professional Development
opporiunities was established.

4.5 The Chief Scientist and the senior staff ensure the Met Office delivers high quality and timely scientific
advice by engaging pro-actively with government departments, industry and the public through a range of
channels. Iniernal structures are in place to ensure that Government requests for advice are dealt with swifily
and that the appropriate scientists are engaged in the process. A senior-level Knowledge Integration post has
been established to support DECC and Defra’s needs for climate science advice. During hazardous weather,
scientists work with PWS Advisors 1o ensure the advice provided is robust and scientifically sound.

4.6 The Chiel Scientist works closely with the GCSA,* providing advice and information across the range
of Met Office science and services. She ensures that key expert scientists across the Met Office are engaged to

' MONSooN provides a supercomputing platform for collaboration  with NERC gt woww metoifice. gov.ukiresearchd

collaboration/fwerpimonsoon-hpc
2 g |-15 with Govemnment Chiel Scientific Adviser in 2010-11. plus 26 other meetings amd events
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support the Scientific Advisory Group for Emergencies (SAGE). Recent examples include representation at the
SAGE during the Eyjafjallajékull eruption in 2010 and the Fukushima nuclear incident in 2011. The Met Office
provided written and oral briefings to GCSA and Secretary of State for Transport during winter 2010 and the
Grimsviitn 2011 eruption.

4,7 The Chief Scientist regularly engages with a range of Chief Scientific Advisors®! and hosts an increasing
number of visits to the Met Office to promote in-depth discussions on specific policy needs. She fulfils high-
profile public speaking engagements on weather and climate science, natural hazards and computational
modelling. In December 2010, she gave the keynote Frontiers of Geophysics lecture at the American
Geophysics Union.

4.8 The Chief Scientist is also instrumental in fostering new collaborations and ensuring effective alignment
of research plans with our panners, particularly NERC, ECMWE, UM Partners and WCRP2? In 2010 she
initiated a parinership with the US NOAA Space Weather Prediction Cenire which has resulied in the delivery
of operational space weather services in the UK.

4.9 The Chief Scientist and senior staff ensure that high quality, comprehensive and up-lo-date advice is
provided by maintaining a cutting-edge science base across all key areas, and working effectively with pariners
o deliver integrated knowledge and services. As pam of this process, Met Office scientists engage in
international programmes and publish in the top joumnals:

(a) In 20010, Met Office scientists served on over 180 key national and intemational committees. These
committees set research agendas, influence investment decisions and define the delivery of science
10 Services.

(by In 2000, Met Office scientists authored 263 papers, 80% of which were co-authored with extemal
pariners. These scientists came from 441 different institutions across 44 different countries.

{c) In November 2009, a survey published in The Times Higher Educational Supplement ranked the
Met Office Hadley Centre as the world's leading geophysical institution, ahead of Harvard and
Princeton, in terms of the influence of its peer reviewed publications. According 1o ISI Web of
Enowledge, the Met Office impact factor (*h-index™) of 123 for papers published since 1991 is
higher than any other equivalent weather or climate research institute in Europe. A landmark was
recently reached when the first Met Office-led paper exceeded 1.000 citations.

(d) The Met Office is providing eight lead author or co-lead authors for the forthcoming IPCC 5th
Assessment Report, which will draw heavily on Met Office climate research for its evidence,

5 How robust are the models used by the Mer Office for weather forecasting, climare predictions,
armospheric dispersion and other activities?

Weather and climate models

5.1 The Met Office uses fundamentally the same model (Unified Model) across all timescales from daily
weather forecasting o centennial climate change predictions, and for all space scales from the local to the
global. For forecast lead times of a month or longer the Unified Model (UM) also includes a global ocean
maxdel; and for climate change projections, Earth system processes, such as an interactive carbon cycle and
atmospheric composition, are included. This is a unique capability that no other National Meteorological
Service 2":' research institution possesses and it delivers significant scientific and operational efficiencies and
benefits. =

3.2 The bedrock of all Met Office modelling and prediction is the weather forecast version of the UM. Iis
performance is evaluated against observations on a daily basis in weather forecasting mode and its performance
monitored and benchmarked against other world-leading models.

3.3 To deliver much finer scale forecasts over the UK, the Met Office uses a system of nested models. In
2009 it imtroduced a 1.5km resolution model over the UK providing a step change in capability. This made it
possible to issue wamings of the 2009 Cumbrian floods 48 hours in advance, enabling much greater
preparedness than would previously have been possible. The utility of this model in providing local information
on the potential impacts of climate change is being explored.

5.4 Whilst accuracy is clearly important, an operational weather forecast model also has to be robust, mn
on secure, resilient infrastructure and able 1o generate outputs fast enough for them o be useful. Typically the
delay between the latest observation used in the model and a customer receiving a global forecast has to be
less than eighty minutes for it to be useful. This places costs upon an operational centre such as the Met Office
and constraints on the formulation of its weather forecast model.

16 1zl in 2000-11, 25 external visitors to Excter including three Secretaries of State and six Chief Scientific Advisors

* The Chief Scientist is a member of the NERC Council (Natural Environment Research Council), the ECMWF Science Advisory
Council (European Centre for Medium-range Weather Forecasting), and the Joim Scientific Committee for WORP (WMDY
UNESCO/MOC/ICSU World Climate Research Programme)

' In 2009 it was estimated that combining weather and climate prediction in the Met Office saved approximately £12 million per
annuom.
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3.5 The skill of Met Office global weather forecast model has improved systematically (Figure 1), with a
rate of increase in skill of one day per decade. This means that a three-day forecast today is as skilful as a
one-day forecast was 20 years ago. This increase in skill is attributed 1o more sophisticated atmospheric physics,
higher model resolution and more comprehensive observations, especially from meteorological satellites.

5.6 International benchmarking of the performance of global numerical weather prediction systems is
supported through the WMO. A range of metrics are used and all show that the Met Office is consistently
within the top 3 centres internationally—an example is shown in Figure 2.

5.7 Similar metrics are not yet available for longer range forecasts. This is partly because these forecasts are
probabilistic in nature and appropriate methodologies do not yet exist, and partly because verification statistics
are much more limited due to the shont length of the observational base, especially in the ocean. The quality
of its performance against other cenires is assured by including the UM in all mode]l comparisons and in the
European Scasonal to Inter-annual Prediction (EUROSIP) ensemble of models, and reinforced by its use in
other countries (eg Australia and South Korea) as the basis for their own seasonal forecasting systems. The
Met Office i1s one of twelve centres which have been designated by WMO as Global Producing Centres of
long-range forecasis,

5.8 The Met Office also participates in objective comparisons of climate model performance, which have
been integral to the international community since the first climate models were buili. A 2008 paper®™ assessed
the realism of such models in simulating the mean current climate wsing data from the Coupled Model
Intercomparison Projects (CMIP) which underpin the Intergovernmental Panel on Climate Change (IPCC)
Assessment Repons. It indicates that the skill of all climate models increase notably with time and that the
state of the ant climate version of the UM was ranked in the top two models for all three CMIP projects. ™

5.9 The robustness and skill of the UM-based forecasting system is evidenced by the increasing uptake by
other National Met Services. The Met Office licences the UM o other National Met Services for operational
use; the licence fee is waived if mesearch effont is provided in kind to help improve the model. Current
operational users are: Norway, Australia, South Korea, South Africa, India, New Zealand and the US Air
Force. This intemational UM partnership is becoming increasingly imponant as the operational expertise of
the panticipating members grows, and the model is tested against weather conditions across the world,

Dispersion modelling

5.10 During volcanic eruptions, pollution events and other scenarios when potentially hazardous material is
emitted into the atmosphere, the Met Office uses its NAME® model to predict how material will be dispersed
in the atmosphere and deposited on the ground, NAME uses the weather forecast data generated by the UM,
together with estimates of the amount of material emitted, the height to which it is emitted and the size of the
particles to estimate the distribution of material. Examples of events in which NAME has been used include:

{a) Pollution resulting from the Kuwaiti oil fires (First Gulf War).

(b} 2005 Buncefield oil storage depol incident.

{c) 2001 and 2007 Fool and Mouth disease outbreaks.

{(d) 2008 Bluetongue outbreak over Europe.™

{e) 2010 and 2011 volcanic eruptions (Eyjafjallajiikull, Grimsviin, Chile, Eritrea).
(N 2011 Fukushima nuclear incident.

5.11 It is much harder to verify the accuracy of a dispersion model, because dispersion events occur
infrequently and it can be difficult to obtain reliable. quantifiable observations of the distribution and
concentration of material. Confidence in the Met Office MAME dispersion model has therefore been established
over time based upon subjective comparison of predicted spread of material and observations of the extent of
the spread and engagement in intercomparison exercises. These, combined with the knowledge that the input
meteorological forecast data are amongst the best in the world, have helped to generate confidence in the model
and in the forecasts it provides.

5.12 The 2010 eruption of Eyjafjallajokull sparked considerable interest in and scrutiny of NAME. Since
this event a number of papers have been published in the peer reviewed literature that demonstrate the capability
of NAME and the potential for further improvements. The Civil Aviation Authority also asked Professor David
Fowler FRS to conduct an independent review of the model which concluded that “the NAME maodel represents
a state of the art dispersion model...The presence of a globally leading UK-based team dedicared to the
development and application of a state of the art dispersion model and its application using a stale af the art

H Rei How well do coupled models simulate today’s climate? Bulletin of American Meteorology Society,
ﬁ?&?ﬂlﬁm:ﬂ{ﬁjl and CMIP 2 (1997) were used in the 3rd IPCC assessment and the UM was ranked first for both
intercomparisons, and CMIP-3 (2004) in which the UM was ranked 2nd was used in the 4ih IPCC assessment.

* The current generation of climate models will form CMIP-5, to be reponied in the forthcoming IPCC Sth Assecsment,

¥ Numerical Atmospheric-dispersion Modelling Environment model (NAME) ! ‘

A repon by DTZ mwm.m.ummmmfwmam;.pﬂ estimated that by preventing a major Bluetongue
outbreak from affecting the UK's agricultural sector, the Institute for Animal Health and its partners (which include the Met
Office) contribute to protect British farmers from a potential £485 million loss in their annual income as well as to protect
10,000 jobs throughout the UK's economy that would otherwise be last.
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NWP model is considered a high strategic priority for both the development of the science and its practical
application to a wide range of scienfific isswes™,
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Figure 1: 40 year timeseries of Met Office weather forecast skill for surface pressure across the North Atlantic
region for forecast lead times of one day (T+24hrs) up to five davs (T+12hrs), and compared with
persistence—forecasting the weather will be the same tomearrow as it is foday.

;__ErjMEt Office International Benchmarking
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Figure 2: [2-month running mean root mean square error of three-day forecast of Northern Hemisphere Mean
Sea Level Pressure in Pascals. The lower the statistic, the better the forecast. ECMWF has the lowest error
throughout. However, this is offset by the additional time available to ECMWF to produce the forecast. Met
Office forecasts are in second place throughout, and have converged on the ECMWF accuracy in the past vear
or so. The dramatic improvement in the Australian scores over the past vear reflects the implementation of the
Mer Office Unified Model (the gradual improvement is due 1o the use of a 12-month running mean score).
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6 How effectively does the Met Office coordinale its activities with government departmenis, non-
departmental public bodies, the UK research base and its international counferparts?

6.1 As a Trading Fund the Met Office needs to constantly prove the value of its services Lo customers in
both the public and private sector. There is therefore a permanent, constructive tension that encourages
understanding of need, realisation of benefit and continuous improvement and innovation. Moreover, given that
the Met Office and its services are always in the public eye there is active scrutiny.

6.2 The Director of Government Business is responsible for ensuring Met Office delivers products and
services contracted by Government depariments and NPDBs, including the PWS and for seeking opporiunities
o help Government meel iis policy objectives through effective use of Met Office science and services. All
customers have service level agreements with negotiated delivery schedules.

Coordination of activities with the research base

6.3 The Science Strategy recognises the imponance of collaboration and partnerships. Activities with the
UK and intemational research base are coordinated through the Science Partnerships Programme, overseen by
the Chiefl Scientist and Head of Science Partnerships.

6.4 In 2010, Met Office scientists served on 39 committees related to the UK research base, The inclusion
of representatives from the UK research community on MOSAC and the Met Office Hadley Centre SRG, along
with Met (ffice Chiel Scientist’s membership of NERC Council, all help to ensure alignment of scientific
strategy.

6.5 Met Office scientisis serve on several steering groups for major NERC Research Programmes and
increasingly act as key parners within those programmes. The JWCRP has been established o improve
coordination and pull-through of NERC and Met Office science. There is also engagement with the EPSRC
{eg Nood protection) and BBSRC (eg animal health), and more recently with the MRC and the Wellcome Trust
on weather, climate and health,

6.6 The Met Office engages strongly with EU Framework Programmes, in several instances providing
leadership and management®™ In 2010-11 the Met Office was involved in 22 FPT projects with a value of
£2.3 million.

Coordinating infermational activitics

6.7 The Head of Intemnational is responsible for coordinating activities with international counterparts. The
effectivencss of these collaborations is assessed by targets set by the PWSCG for the achievement of
international objectives. In 2010-11 the Met Office achieved all of its agreed international objectives.

6.8 Intemational collaboration is essential o provide the observations on which the Met Office depends.
Observations are exchanged in real time between the 189 states and temitories who are members of the WMO.
As a major node on the WMO Global Telecommunications Network the Met Office outputs 6,000,000 messages
a day, equivalent to 70 messages a second.

6.9 Within Europe, collaboration also exists through the European Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT) 1o fund and operate the constellation of metcorological satellites
required to provide weather and climate-related satellite data, images and products—24 hours a day, 363 days
a year. Intergovernmental arrangements exist between Europe and other countries, including the US, for the
real time exchange of weather and climate related satellite data.

6.10 In 1otal the UK generates and owns less than 4% of the observational data on which it relies to deliver
the PWS. less than 1% if satellite data are included.

6.11 As part of delivering the Public Weather Service the Met Office represents the UK at WMO, the
European Centre for Medium Range Weather Forecasting (ECMWF) and EUMETSAT, with the aim of gaining
best value for money from the UK's financial contributions. Membership also places obligations on the Met
Office through the convention or treaty of the organisation including payment of the UK's financial
contribution,

.12 The views of the broader UK meteorological community are incorporated into the UK hﬂcﬁngsll'ur
WMO Congress through a consultation meeting with the Met Office arranged through the Royal Ml:lm{lﬂg:cnl
Society. The UK Space Agency is invited 1o provide input to UK bricfings ahead of EUMETSAT meetings.

6.13 The Met Office plays an active role in WMO and at the 2011 Congress meeting ils_ Chiel Executive
was re-elected as a member of the Executive Council. He is Chair of the WMO Audit Commitice and the Task
Group on Continuous Improvement of Processes and Practices, which aims to reduce burcaucracy, improve
efficiency, deliver better alignment to regional priorities, and seek pannership with other international
organisations so that more moncy can be focussed on delivery of strategic initiatives and in particular capacity
building in developing countries.

:-. example 38w : EL-funded integrated research project coordinaed by the Met Office Hadley Cenine
f:fpmm ﬂf:£MiF$m: for El.ﬂ':llP! 1o help inform researchers, decision makers, business and the public.
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6.14 The Met Office also participates in 2 number of the WMO Commissions and Working Groups. It is
currently vice chair of the Commission for Aeronautical Meteorology which aims to further the application of
meteorology to aviation and works closely with ICAO and TATA. The Chief Scientist is a member of the Joint
Scientific Committee which provides scientific guidance for the World Climate Research Programme (WCRP)
and consists of 18 scientists sclected by mutual agreement between the three sponsoring organisations. The
Met Office also chairs the Working Group on Nemerical Experimentation (WGNE) which links weather and
climate forecasting. Participation in these groups enables alignment of research plans, global collaboration
between scientists and intercomparison of approaches and techniques, thus allowing best practice 1o be shared
and improvements made in weather and climate prediction globally.

6.15 ECMWF and the Met Office work closely together in scientific research and model development to
maintain their positions as leading global numerical weather prediction centres in the world. Each organisation
is represented on the corresponding scientific review committees. For the last three years the Met Office has
provided the Chair of the Technical Advisory Committee. The complementary remits of ECMWF and the Met
Office are mutually beneficial, and can be shown to help drve excellence in Met Office science.

Coordination of activities with Government and NDPBs

6.16 The Flood Forecasting Centre (FFC), which has been operational since April 2009, co-locates
meteorological and hydrological forecasters from the Met Office and Environment Agency in the Met Office
24/7 Operations Centre at Exeter.™ The FFC was established in response to Sir Michael Pitt's independent
review of the 2007 summer floods and has quickly become a key pant of flood risk management in England
and Wales through improved communication and consistency of weather and flood wamings.

6.17 The establishment of the FFC was an important first step in Government agencies working together to
provide joined up scientific advice to Government and emergency responders. However, the Met Office
recognises that the response to many other natural hazards requires a joined up approach from a range of
Governmeni agencies.

6.18 With this in mind the Met Office has been leading the creation of a Natural Hazards Partnership,®
with the suppont of the Cabinet Office Civil Contingency Secrétaniat, The Parnership 15 working to deliver
cross-partner joined up services making use of shared data, skills and other assets with the aim of improving
the communications, preparedness and response capabilities of the UK civil contingency community. The Met
Office has also established a 24/7 Hazard Centre with underpinning infrastructure, systems and funetionality
for Met Office staff and partners to better manage major natural hazard related incidents and their impacts,

6.19 The DFID—Met Office Climate Science Research Pantnership was established 10 work in consultation
with African stakeholders to advance the scientific understanding of climate vanahility and change in Africa,
o build capacity in Africa in climate science, and (o bring new sciénce inlo use.

Delivering greater bencfit from the UK's investment in science

6,20 There are also significant opportunities for Met Office science to be used to support the global needs
of the aid, disaster reduction and insurance communities, The Met Office is leading a consortium, comprising
IBM, Impenal College and the Grantham Institute for Climate Change to establish a sustainable business model
for the provision of value-added services, standards-compliant data, applications and models through an internet
cloud hosted platform, known as the Open Platform. Funding for the imitial 15 month project (o prove the
concept has been provided by the Technology Strategy Board,

6.21 A recent series of Open Platform workshops in the US received a very enthusiastic response. There is
considerable interest from the World Bank whose primary objective is 1o ensure their funding decisions are
based upon the best and most current projections of the climate, The Open Platform will facilitate this by
providing easy access (o both free and premium climate and environmenial information via a self-sustaining
marketplace which allows users to rate the quality of the data, products, applications and models.

.22 The Met Office believes there is an opportunity 1o deliver greater economic benefit from the UK's
invesiment in environmenial science. Parnership and collaboration with others actively undertaking research
in related branches of environmental science will stimulate innovation, enabling improved and more efficient
ways of delivering existing services. More importantly it enables the creation of new services designed 1o
address a much broader range of natural hazards, and help the private sector exploit environmental information
1o advantage. Achieving this goal requires mulli-disciplinary research, with scientific expens working with
public and private sector partners to co-develop products and services.

6.23 Most importanily this research needs to be pulled through to routinely deliver products and services.
The Met Office has been working to establish an Environmental Science to Service Partnership with other

government depantments and agencies®' to help realise this vision, The partnership is very much in its infancy,

* The FFC relocated from London o Exeter in 2011,

"' Panners currently include: British Geological Survey (BGS). Centre for Ecology and Hydrology (CEH), Environment Agency
(EA), Government Office for Science, Health Protection Agency, Met Office, National Centre for Atmospheric Science, Mational
Oeanography Centre, Ordnance Survey and the UK Space Agency.

" Pamners include: Met Office, Defra, EA, NERC—represenied by CEH and BGS and Ordnance Survey.
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Further supplementary wrilten evidence submitted by the Met Office (MO 00b)

BEMNEFITS OF INCREASED SUPERCOMPUTING RESOURCE FOR MET OFFICE WEATHER AND
CLIMATE FORECASTING

1. INTRODUCTION

1.1 The Met Office is widely recognised as being one of the best weather and climate services in the world.
Being the best means prowviding more accurate and reliable forecasts and predictions over all imescales, and
earlier wamning of extreme weather events. Both allow greater protection of life and property, facilitate
improved risk and operational management of public services and private enterprise, and provide more
substantial underpinning of Government policy—all of which contribute to economic growth.

1.2 For many decades the Met Office has measured and demonsirated steady improvements to forecast
products and weather services, These measurements demonstrate, among other things, that short range forecasts
improve at a rate of about one day per decade, so a three day forecast today is as accurate as a one day forecast
was 20 years ago. Improvements come from advances in scientific understanding, more and better use of
weather observations, and improved modelling techniques—all of which demand supereomputer power.

1.3, Currenily, the Met Office has developments available which have been demonsirated in research-mode
o deliver more accurate forecasts. However, it is nol possible to implement these improvements in the Met
Office’s operational forecast model because of limited supercomputing resource. With increased
supercomputing resource the Met Office would be able to improve shori-range weather forecasts, long-range
predictions, and climate change projections—all of which would deliver considerable socio-economic benefit
1o the UK.

1.4 This is an opportunily to enhance the Met Office’s current supercomputer and therefore speed up the
application of currently available science and the delivery of associated benefits. Furnther economic benefit as
a consequence of ongoing advances in the science will be delivered through the routing scheduled replacement
of the current supercompuier currently planned for 20135,

2. ImPrOVED SHORT-RANGE WEATHER FORECASTS

2.1 At short range, the following enhancements (in prionty order) could be provided with additional
supercomputing resource and would enable much more accurate forecasts and warnings to be provided to
government and commercial customers and to the public:

2.1.1 new capability to run ensemble®® forecasts at 1.5km resolution, thus better-forecasting areas of
embedded convection which result in the highest and most damaging rainfall rates;

2.1.2 implementation of more-sophisticated techniques for assimilating the latest observations into the
high resolution model (current resources will only allow this to be tested over South East England
for the Olympics); and

2.1.3 new capability for use during rapidly evolving situations, to introduce hourly forecast updates for
very short range customer products issved by the joint Met Office /Environment Agency Flood
Forecasting Centre (currently it is only affordable to issue updates every six hours).

2.2 Examples of where these enhancements would deliver improved advice to users, and impact their
response, arg included in the case stodies at Annex A.

3. ImprOVED OPERATIONAL MONTHLY TO DECADAL PREDICTIONS AND CLIMATE SERVICES

i1 Al longer timescales, increased supercompuling resource would enable models o be run at higher
resolution {equivalent to the resolution used for one to five day global forecasting 10 years ago). Increasing
the resolution of long range models would yield enhanced forecasts through improved simulation of the
impomant drivers of mid-latitude weather, for example through better representation of sea surface temperatunes
and more realistic representation of phenomena such as El Nino. Improved advice on conditions over monthly
to decadal timescales, including improved information on the likelihood and impact of severe weather events
such as snow, heat waves and flooding, would provide more detailed and robust suppon to contingency planners
and. in tum, enable betier-informed investment and planning decisions across the public and private sectors,
including those relating to resilience investments.

3.2 These opportunities are consistent with the 2010 Beddingron Review™ which recommended further
invesiment in supercomputing and associated hardware to meet cross-government needs for climate services.

" An ensemble forecasting system samples the uncertainty inherent in weather prediction to provide more information about
possible futune weather conditions, Rather than producing a single forecast, multiple forceasts {members) are produced by
making small alicrations o the stariing conditions for the forecast. The ensemble forecast sysiem is designed so that each
member should be equally likely, so that the ensemble can be used to forecast the probabilities of different possible owtcomes.
Where all the members in an ensemble are similar the Met Office can be more confident in the forecast; where they differ more
accouni must be aken of uncentainty,

* hitp:ffwww.bis.gov.uk/go-science/science-in-government/global- issues/climate-change
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Figure

TOTAL RAINFALL PREDICTED BY THE 1.5KM MODEL RUN AFTER THE EVENT FROM DATA
AVAILABLE AT 3PM THE PREVIOUS AFTERNOON
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Case STuny 2: CumMBRIAN FLOODS, NOVEMBER 2009

Extreme rainfall amounis, breaking previous records, fell over Cumbria on 1820 November 2008 as a result
of a depression bringing very warm, moist tropical air north-castwards across the UK. Rainfall amounts wene
viery strongly enhanced by uplift over high ground resulting in totals of more than 300mm recorded at locations
in the Lake Districl.

General forecasts for this event were very good with an extreme weather warning issued through the Met
Office National Severe Weather Waming Service more than 24 hours ahead of the event.

The 1.5km model was available in trial mode at this time, and the results are shown below. While the
difference from the 4km model on the left appears modest (10mm in the maximum), the detail in the shape of
the 128mm precipitation contour 15 crucial for determining which rivers will flood and by how much. At this
stage, however, the uncertainty in the detail of the distribution is unknown. An ensemble capability and frequent
updates of the 1.5km model. coupled 10 a river flow model, would enable proper risk assessments to be made
for the rivers and the potential impacts on communities, enabling confident early warnings to be issuved o
emergency services and the public.
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CASE STUDY 3 SNOWSTORMS, FERRUARY 2009

The main snowfalls occurred in the period 2-6 February, On 2 February, initial falls of 10cm in central
London and up to 30cm in the suburbs seriously affected transport into the capital. Later falls of snow caused
major disruption in many paris of the country. The final fall on & February produced localised accumulations
in Devon that resulted in many molorists being stranded overnight on the A3R/A3B0 south of Exeter.

The initial snowfall in London and the South East was very well forecast, and an extreme weather warning
issued (one of only two in 2009—the other being for the Cumbria fAoods). The subsequent snow falls were
also well forecast in general. However, the localised nature of the event west of Exeter was too small to be
adequately captured by the forecast models available at the time,

While the overall performance was good, assessment of the risk in the early stages was limited to county-
scale information because of the resolution limitations of the medium range forecasts two to three days ahead
of the event. With higher resolution ensembles at these ranges, the features of the Downs and the urban areas
would have been better resolved and could have permitied more focussed warnings. The Exeter case has not
been simulated with the 1.5km model. but performance in other case studies indicates that the better resolulion
of the sieep orography to the west of Exeter would have led to better forecasts of the local conditions.

Cask stupy 4: HEavy Raw v Dorser, 18 Avcust 2011

Intense, shori-duration and localised downpours affected parts of Dorset on 18 August 20011, A number of
localised incidents of surface water Mooding were reporied, resuliing in the Fire Service dealing with over 100
incidents in a 2 hour period.

While the deterministic 1.5km resolution UK forecast model output provided some indication of heavy rain
to occur over pans of southern England up to two days in advance, significant differences from forecast run to
run lead o considerable uncertainty in the location of the heaviest rain. A low confidence “Extreme Rainfall
Allent” was issued on the moming of 18 August, indicating a 20% risk of 50mm rainfall across parts of Dorset
over a 6 hour period. The short lead-lime waming and low confidence is very likely o have contributed 1o
limited preparedness.



Science and Technology Committee: Evidence Ewv 55

Investment in enhanced supercomputing power would have enabled a number of high resolution ensemble
forecasts to be run. Running multiple forecast scenarios for this event would have provided forecasters with
improved indications of the probability of severe rainfall across southern England, by sampling the uncertainty
in the initial conditions and reflecting the chaotic nature of convective weather systems. This would probably
have allowed more confident wamings, better indications of possible peak rainfall intensities, and longer lead
time information on the potential sk, to be issued.

Annex B
SOCIO-ECONOMIC VALUE OF THE CURRENT MET OFFICE SUPERCOMPUTER

I. Government policy setling out how the costs of public sector investments must be justified in terms of
their likely socio-economic benefits is set oul in HM Treasury’s Green Book, The appraisal in the Met Office’s
2008 supercomputer Business Case complied with this policy and was approved by MoD's Chief Economic
Adviser.

2. Since the primary beneficiary of the improved products and services underpinned by the supercomputer
is UK society (albeit that climate information has global benefit), the investment appraisal caplured benefits 1o
UK society rather than benefits to the Met Office or benefits to MoD.*® More-powerful supercomputing
capability enables both enhanced Public Weather Service (PWS) and climate science products. Socio-economic
benelits atiributable 1o each service sector were quantified separately.

3. The PWS methodology estimated the bencfits that would acerue through higher quality and more-timely
actionable information for decision-makers™ made possible with improved supercomputing capahility. A five-
year NPY* was calculated for several supercomputing options (varying in price) over a baseline of
maintaining current functionality. The methodology followed these steps:

(a) A single benefits sector, flood damage mitigation, where it is possible to quantitatively estimate the
economic benefit of extended lead times of high impact weather wamings, was selected;

{by The supercomputer upgrade enables an enhanced suite of Numencal Weather Prediction (NWP)
models 1o be mun and therefore allows the Met Office to issue actionable wamings at longer lead
times, Lead times were estimated for each supercomputer upgrade option and converted to an
economic benefit for the Mooding example;

(c) The total socip-economic value to the UK and the associated uncertainty in this value was then
estimated using Monte Carlo analysis,*' varying the following assumptions within reasonable bounds:

(i) the economic benefit of cach supercomputer upgrade option;
{ii) the percentage attribution of the economic benefit to the Met Office;
{iii) the percentage of the Met Office’s economic contribution attributable to supercomputing:

{iv) the number of additional sectors which may benefit to the same degree as the flooding sector—
while it is possible 10 name many,* the total number of benefit sectors including flooding was
assumed, prudently, to be in the range 1 to 3, with an expected number of 2.

4. The Monte Carlo approach described above gave an estimated mean NPV bencfit of £341 million for a
TCO* of £25 million, a ratio of 13:1.

5. The climate science methodology was developed by Dr Chris Hope,* a contributor to the Stern Review
on the Economics of Climate Change® and uses Monte Carlo analysis to assess the benefits of reducing
uncertainty in the future climate sooner rather than later, Hope allowed a number of parameters (such as climate
sensitivity to CO; riscs and impact costs of adapting to climate change) in his analysis 10 vary across a range
of values and re-ran his model thousands of times whilst randomly varying these parameters within plausible
probability distribution functions. The result was a probability distribution of likely economic benefits of
reducing uncenainty carlicr. The analysis estimated NPV benefits of £165 million for a TCO of £26 million, a
ratic of 6:1.

6. The aggregate benefit ratio was 10:1 (£506 million benefit for £51 million TCO), calculated by combining
the PWS (13:1) and climate science (6:1) ratios.

™ The Met Office’s Owner in 2008,

* inchsding the public, emergency responders and paliticians,

' MNer Present Value

1 Green Bowk page 87: “Momte Carlo analysis allows an assessment of the consequences of simultaneous unceriainty about key
inputs, and can take account of comelations between these inputs. It involves replacing single entries with probability distributions
of possible values for key inputs. Typically, the choice of probabilistic inputs will be based on prior sensitivity testing. The
calculation is then repeated a large number of times randomly (using a compuier program) to combine different input values
gelected from the probability dissributions specified. The results consist of a set of probability distributions showing how
uncertainties in key inputs might impact on key owcomes”, ;

4 g chemical, biological, radiological, nuclear (CBRN) incidents, outbreaks of foot and mouth and blue tongue disease. aviation
safety and efficiency, wind-storm damage. road and rail transpor, maritime safety, utility company operafions.

% Tonal Cost of Ownership ie annual depreciation and running costs,

4 hppeffeww s cam ac ukirescarch/Tacultyhopec himl .

5 ppifwebarchive nationalarchives gov ub/+/Mitpswww hm-treasury. gov uk/stemmeview_index.htm
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7. The appraisal also showed that more-expensive supercomputer upgrade options (unaffordable at the time)
would have delivered additional socio-economic benefits.

November 2011

Written evidence submitied by Professor John Pyle (MO 03)
DECLARATION OF INTEREST

I am the 1920 Professor of Physical Chemistry at the University of Cambridge and a Co-Director of NERC's
National Centre for Atmospheric Science (NCAS). I chair the Met Office Hadley Centre Scientific Review
Group and am a member of the Met Office Scientific Advisory Committee. [ was a member the committee
chaired by Sir John Lawton which recently reported on the Hadley Centre.

I have a long-standing. successful collaboration with scientists at the Met Office to develop and exploit
atmospheric chemistry schemes within the Met Office climale model, The nature of research is such that | am
also in competition with scientists from the Met Office.

The views [ express are my own. [ will confine my comments mainly to the area of climate research.

CWERVIEW

1. The Met Office Hadley Centre (MOHC) is a world-leading climate research centre—one of very few—
with a justifiably outstanding reputation. Its research has been prominent in the various reports of the
Intergovernmental Panel on Climate Change (IPCC); scientists from the MOHC have played leading roles in
all the IPCC reponts. The MOHC Scientific Review Group, which | now chair, has consistently been impressed
by the wide range of world class climate science being performed and considers it “fit for purpose” to support
UK Govemnment policy needs in the climate agenda. The MOHC is excellently placed 1o continue to develop
its world class climate capability,

Is the Science strategy robust and achievable?

2. The sciemtific foci in the science strategy address important and developing themes in the global weather/
climate research agenda. There is a clear policy/societal need to understand climate change and vanability at
small spatial scales and on times scales from years, through decades to centuries. Delivering this understanding
is a central part of the strategy. The emphasis in the strategy on Earth system processes is also a necessary
advance on previons work: understanding how the climate system could change involves more than an
understanding of meteorology and physical oceanography. Chemical, biological and cryosphere process are
also key.

3. The MOHC rightly recognise that collaboration, eg in Earth system modelling, is essential. They are
unlikely ever to have in-house, world class expertise in all these science areas so that developing appropriate
collaborations is crucial (see 8).

4. A key part of the sirategy is the restructuring of Met Office R&D. There seem to have been vanouns
atlempts al reorganisation in récent vears, This looks to be a good model bul only tme will ell. 1 particularly
wilcome the establishment of a Foundation Science directorate. This looks to be an excellent development and
one that could ease some of the tensions in developing a single Unified Model, which is used for both weather
forecasting and climate research,

3, The strategy draws attention to the need for substantially increased computing power. The MOHC
Scientific Review Group has expressed concemn that the Met Office have slipped down the league table in
terms of its computing resource; the funding to maintain a higher rank has not been obtained. It is impossible
1o deliver world class weather and climate science without access to adeguate computing capacity. The levels
of funding for high performance computing will be a concemn in the future,

SENIOR SCIENTISTS

6. I have found a very positive attitude from senior scientists at the Met Office o the development of an
optimal relationship with academic scientists (see 3-9). They have also been extremely responsive 1o
comments, suggestions and any criticism from the MOHC Scientific Review Group.

The MopELS

7. The Met Office modelling strategy revolves around the use of the Unified Model, in principle a flexible
modelling system that can be used to do modelling from very short spatial scales—local weather—through
regional weather forecasting to global climate predictions. In all these areas the Met Office model is very
highly regarded and in many is world leading.
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COLLABORATION

8. The Met Office and NERC, representing mainly the academic community, have recently entered into a
collaboration agreement via the Joint Weather and Climate Research Programme (JWCRP). This aims to build
joint research activity in a number of areas, including climate. Earth System modelling is an arca where the
Met Office needs these collaborations in order 1o maximise its scientific impact. The intentions of JWCRP are
excellent but it would be foolish o underestimate some of the practical difficulties, for both panies.
Collaboration will likely entail some loss of sovereigniy: effective management of joint programmes will be a
challenge. While collaboration between individuals is a longstanding feature, this more institutional
collaboration is to be welcomed and encouraged.

9. Among the practical issues being addressed through the JWCRP, there are a number which relate to
modelling. The MONScoN project allows Met Office and NERC scientists to work on the same compuler
codes by sharing a machine hosted in Exeter. This is a major advance allowing much more effective
collaborations, Previously (partly due to security issues) work had to be carred out on different computers,
using, inevitably, slightly differem codes, This made, for example, joint model development a very slow,
frustrating and cumbersome affair. | welcome MONSooN enthusiastically: I would like 1o see it expanded.

10. The Unified Model architecture is often difficult w negotiate and many UK academic meteorologisis
employ other, easier-to-use numerical models for specific rescarch projects (eg mesoscale modelling). The Met
Office neads to consider this seriously. [ believe the intellectval exchange with the academic community will
be increasingly important for the Met Office: if instead, UK academics use other. rival maodels, this will
certainly be to the detriment of the Met Office. and UK science, in the medium and longer term. More thought
needs 1o be given o making their models “user friendly”,

{OTHER

11. World-wide there is a momentum towards “climate services”. Definitions vary but this would include
the provision of a wide range of climate information to a number of different customers. There are still many
major challenges in climate science, which the Met Office strategy properly recognises. I am concerned that a
premature commercialisation of climate science could distract the Met Office from its core activity, as detailed
in the strategy. There is, of course, increasing pressure on the Met Office to attract non-government funding.
There needs 1o be continued scrutiny to ensure that the balance is correct and does not detract from delivery
of the Met Office’s public service function.

Professar John Pyle
September 2011

Wriiten evidence submitied by the European Centre for Medium-Range
Weather Forecasts (MO 04)

European CENTRE FoR MEDIUM-BANGE WEATHER FORECASTS

I. The Euwropean Centre for Medium-Range Weather Forecasts (ECMWF) is an international
intergovernmental organisation supported by 34 States. including the UK, based in Reading UK where it
employs about 240 staff and houses a state-of-the an supercomputer and data storage Facility.

2. ECMWEF was established in 1975 in recognition of the need to pool the scientific and technical resources
of Europe’s meteorological services and institutions for the production of medium-range weather forecasts and
of the associated economic and socictal benefits. Medium-range refers to time periods of three to 10 days
ahead: however, increasingly, extended forecasts are being produced for monthly to seasonal time-scales.

3. ECMWF's annual budget of about £40 million is funded almost entirely from annual contributions from
the Member and Co-operating States according to a scale based on their gross national income. The LK
contributes around 16% of the ECMWF budget.

4. ECMWF is the acknowledged world-leader in global medium-range numerical weather prediction, the
advanced computer ohservation-analysis modelling technigue used to predict the weather. It has a wide-ranging
programme of research and development as well as an operational capability that produces weather forecasts
every day that are sent to Member State national meteorological services (in the UK, the Met Office) for

their use.

5. ECMWF provides specialist training for scientists, forecasters and technicians including those from the
Met Office. It also provides employment opportunities including for UK meteorologists. computer echnicians
and administrative staff,

6. The Director-General of ECMWF is Professor Alan Thorpe who took up his_mlt on | Jui_!r 2001 afier
previously being Chief Executive of the UK's Natural Environment Research Council and the Chairman of the

Executive Group of Research Councils UK.
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ECMWEF SuBMIssioN To THE [MouiRy
How effectively is the Met Office fulfilling its Public Weather Service remir!

7. ECMWF provides the Met Office with medium-range weather forecasts from which its forecasters can
produce forecast products for their customers including the public. As ECMWF is the recognised world-leader
in medium-range prediction, this assists the Met Office in delivering the best possible forecasting information
o its users. All global weather prediction models are routinely evaluated by the World Meteorological
Organisation using independent and objective measures of skill; the ECMWF and the Met Office models are
in the world-leading category.

Is the Met Qffices Science Strategy 2010-15 robust and achievable and how will the sirategv help to deliver
a better service?

8. The Met Office has a justified worldwide reputation for the scientific quality of s research and
development in metcorology, climate change and weather forecasting, It has many well-respecied scientists
who publish their research in the international peer-reviewed literaure. The new Science Strategy reflects well
the key areas of development needed to maintain the Met Office’s position within Europe and worldwide as a
leading national meteorological service.

9. There is a fundamental need for national and international partnerships to achieve the scientific advances
required to improve weather forecasts; no national meteorological service can deliver what is needed on their
own. The Met Office Science Strategy recognises this need.

10, Met Office scientists collaborate extensively both nationally with the NERC-funded ascademic rescarch
communily and internationally both in Europe (such as with ECMWF) and worldwide. This is an extremely
effective way in which the required science can be drawn into the Met Office w0 improve their models and
services. An example is the four-dimensional variational data assimilation method developed at ECMWE,
which has since been used by the Met Office.

11. In particular, the Met Office and ECMWF collaborate very effectively together on the science of weather
prediction with many joint projects, exchange of stalf and participation in training and workshops,

What are the roles of the Met Office’s Chief Scientific Adviser and ifs other senior scieniisis? How do they
provide comprehensive and up-to-date scientific advice?

12. One role of the Met Office Chief Scientific Adviser. Professor Julia Slingo, is as a current member of
the ECMWF Science Advisory Commitiee (SAC). Other senior scientists from the Met Office have also in the
past been members of the SAC as well as other ECMWE advisory bodies. The SAC brings together Europe’s
leading scientists 10 discuss the science of weather prediction and 1o advise ECMWEF on its draft programme
of scientific activities including new lines of enguiry to take and on research developments.

How robust are the models used by the Met Office for wearher forecasting, climate predictions, atmospheric
dispersion and other activities?

13. There are exiensive objective international comparisons carried out continupusly regarding the skill of
global numerical weather prediction models from the Met Office and the other major intemational forecast
centres, including ECMWE The ECMWF and the Met Office models are in the world-leading category. Over
the last thirty years the skill of sech weather forecast models has improved very significantly, including over
Fecent Years.

|4, Regarding climate change, the Hadley Centre is acknowledged as the world leader on climate change
madelling, projections and attribution. ECMWF is involved in climate monitoring using re-analysis techniques
but otherwise it is not involved in climate change activities,

I5. The Met Office has its own regional modelling capability that is used for forecasting fine-scale detail of
UK weather over the period up to two days ahead. This capability is recognised internationally as being at the
cutting-edge of shon-range weather prediction. (Note: this is outside of the scope of the European coordination
on global medium-range forecasts associated with ECMWE)

How effectively does the Mer Office coordinate its activities with government departments, non-deparimental
puibilic bodies, the UK research base and its international cournterparis?

16. The UK, via the Met Office, is a Member State of ECMWE, which is a key component of what is known
as the “European Meteorological Infrastructure™. This infrastructure coordinates meteorological activities in
Europe for the benefit of the national meteorological services by increasing effectiveness and efficiency. The
Met Office is a member of all the ECMWF advisory committees and of its Council.

17. The Met Office has helped ECMWF and EUMETSAT (that provides the coondinated European weather
satellite network) to become European success stories. This in tum has helped the Met Office 1o eéxcel al what
it does,
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that a Report from me as the Chair is agreed by the Committee and is presented by me to the Met Office Board
and discussed by it A written response from the Chiel Scientist is sent oul 1o the Committee following this
Board meeting. (Relevant to #1, 2, 4, 5)

8. Throughout its existence, MOSAC has been notable in a number of ways. Its membership comprises top
atmospheric science academics in the UK and the equivalent of chiel scientists from a number of Met Services
around the world. Its discussions have been very open on both sides, and the discussion by MOSAC has been
probing bul supportive. Recommendations made by MOSAC appear to have always been considered carefully
by the then Chief Scientist and the majority have been acled upon by the Met Office. (Relevant 1o #1, 2, 4, 5)

9. As the atmospheric scientist on the Met Office Board, 1 act on behalf of it 1o agree with the Metr Office
the technique the application of it for setting its annual weather forecast targets. [ then advise the Board on the
accepiability of the proposed targets. This process has led to significant modification of those targets in some
years. (Relevanr to #1}

Professor Sir Brian Hoskins CBE, FRS
Seprember 2001

Wrilten evidence submitted by the National Oceanography Centre (MO 09)
1.0 Apout Us

The National Oceanography Centre www.noc.ac.uk was formed on | April 2010 by bringing together into a
single institution the MNatural Environment Research Council’s activity at the National Oceanography Centre,
Southampton (NOCS) and the Proudman Oceanographic Laboratory (POL) in Liverpool. The NOC works in
close partnership with the wider marine science community to create an integrated research capability. Research
priorities include the oceans’ role in climate change, sea level change and the future of the Arctic Ocean.

2.0 DECLARATION OF INTERESTS

The National Oceanography Centre (NOC) and our parent body, the Matural Environment Research Council
(NERC), have a long-standing close scientific collaboration with the Met Office including secondment of staff,
research contracts, shared ocean and atmospheric modelling activity and joint location of facilities, for example
the Met Office ocean scientific moorings team and specialist facility is based at the National Oceanography
Centre in Southampion. This team is responsible for a network of marine ohserving equipment, including ning
moored buoys which provide carly warning of severe weather conditions, and technical support for drfiing
buoys and Argo float deployments. The team have collaborated with NOC scientists participating in the Rapid
Climate Change and Porcupine Abyssal Plain observatory programmes. In addition, Professor Julia Slingo is a
member of the NOC Advisory Council, and NOC director Professor Ed Hill had a reciprocal role at the Met
Office Hadley Centre,

3.0 RESPONSES TO QUESTIONS RAISED BY THE COMMITTEE
1.1 How effectively is the Mer Office fulfilling its Public Weather Service remin?

3.1.1 The Met Office is certainly able to produce shor-range weather forecasis of sufficient accuracy for
“the UK public 1o make informed decisions about day-to-day activities”. It is able 1o wam people and
organizations about extreme weather with adequate waming to protect life, property and infrastructure. It is
only able to do this through continued access to high quality staff, computing infrastructure, and observations
from a wide array of platforms and sensors located in space, the atmosphere, the sea surface and below the
sea surface (ie the “Argo” network). Many of these platforms are expensive to buy and operate, but the value
of the lives and infrastructure that they protect—a single example would be by providing waming of storm
surges for London—vastly exceeds the cost of acquining data. See for example:

hutp:fiwww.nerc_ac.uk/using/casestudies/documents/storm-surge-report. pdf

3.1.2 Improved fine-scale modelling and understanding of fundamental processes should lead to enhanced
accuracy and robusiness of regional forecasts. This should benefit the insurance and re-insurance industries
who need probabilities of extreme events for their insured losses on timescales of one to two years ahead.
There is a common public perception, however, that the Met Office does not provide reliable seasonal forecasts,
largely due to sensationalist media reporting and shorntcomings in how “probability” and “risk” are understood
by non-experts. However in contrast to this public perception, significant spending decisions are made based
on seasonal forecasts, ranging from a farmer’s choice of crop o major construction projects. Private weather
forecasting companies are now often called upon to make these seasonal predictions, suggesting that this is an
aspect of the Public Weather Service remit where the Met Office service could be improved. The accuracy of
forecasts by these private companies needs o be carefully evaluated on a long-term basis. On individual
occasions it is quite likely that a private forecaster may outperform the Met Office. Also, the accuracy of the
Met Offfice forecasts should be compared with other national weather agencies. There is also the problem of
communicating the forecast. Most of the public perception is via TV broadcasts but the time available for the
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information to be presented has been shortened, However, more detailed information is available than used to be
the case, so the forecasters and weather presenters have difficult choices 1o make about what o concentrate on,

313 The Met Office is demonstrating steady improvement in weather and climate predictions through
research. For example the improved understanding of the location and duration of slow-moving heavy
precipitation events, or intense rainfall from convective rainstorms such as Boscastle, is a result of improved
modelling skill, the use of ensemble short-term predictive systems, and investment in supercomputing
infrastruciure.

3.1.4 Access 1o historical weather information is good, with straightforward access via the web portal. The
Met Office website also provides a large amount of useful information on daily weather with the ability 10
select specific regions of the UK. Attempts should be made to widen its use among the general public: it
contains much more information than 'the BRC.

3.2 Is the Met Office s Science Strategy 2010-15 robust and achievable and how will the strategy help to
deliver a better service?

321 The Met Office Science Strategy 2010-2015 is a comprehensive, robust and achievable strategy that
is welcomed by the science community at the National Oceanography Centre. The proposed four main prioritics
of Forecasting Hazardous Weather from Hours to Decades; Water Cycle and Quantitative Precipitation
Forecasting: Monthly 1o Decadal Prediction in a Changing Climate; and Sensitivity of the Earh sysiem io
Human Activities provide a wide spectrum of research expentise to meet the challenges faced by the UK and
the rest of the world through the 2151 Century.

3.2.2 The Strategy recognises that the separation between weather and climate research is no longer required
and that there is a need for a seamless approach o modelling and prediction. The proposed new structure for
delivering Met Office research and development will encovrage joined-up working across all weather/elimate
scales and should foster a closer research partnership with the very capable UK and international research
community that is located owside the Met Office, bringing all-round benefit.

3.2.3 The Strategy is underpinned by the emergent Met Office-NERC strategy on Earth System Modelling
which is being delivered through the Joint Weather and Climate Research Programme (JWCRF). This is a
strategic pannership which is fostering much closer working relationships between NERC and Met Office
scientists in building improved models to focus on climate change predictions on timescales of up to centuries.
Similar links exist through the NCOF (National Centre for Ocean Forecasting) parinership (also parnt of
JWCRP) which focuses on improved ocean forecasts on timescales upwards of a few days. By strengthening
links with the NERC community in these ways, the robusiness and achievability of the Met Office strategy 15
enhanced. as are the resulting services from their forecasting systems.

3.2.4 Access to cone scientific expentise will be necessary across organisational boundaries and the Strategy
advocates expanding the successful partnership with NERC on the Joint Weather and Climate Research
Programme and sees the Met Office playing a key role within the Living With Environmental Change
programme. The proposed three Directorates (Climate Science, Foundation Science and Weather Science) lend
themselves well o cross-organisational working and collaboration. 1t is further noted that even though Climate
Science and Weaiher Science are separate Directorales, they are working towards an integrated approach
through their adoption of the seamless modelling strategy, in which a traceable hierarchy of related modelling
systems will span all relevant time and space scales.

3.2.5 NOC welcomes the proposals to:
—  Bring together a more structured approach to partnerships with Unified Model users.
—  Strengthen and extend the Joim Weather and Climate Research Programme with NERC.
—  Develop a more effective relationship with the Research Councils and the LWEC programme.

3.2.6 We particularly welcome the establishment of a Met Office Academic Parinership Scheme and the
establishment of Met Office Industrial Fellowships.

3.2.7 Under section 6 of the Strategy the proposals to encourage retention and development of scientists by
allowing more opportunitics for advancement, creativity and innovation are very positive.

328 The “Expert Scientist” and “Research Fellow™ roles will provide excellent opportunities for
collaboration with the wider research community, though suitable financial arrangements will need to be set
up to allow the interaction (o take place. University and Research Council scientists are already heavily
committed and assigned to costed research programmes so formal partnerships and collaborations with the Met
Office will have to be paid for somehow.

3.2.9 The recommendation to provide more opportunities for Continued Professional Development is
imporiant.
3.2.10 We agree with the need 1o develop a much stronger capability in computational science and software

development. The multi-core, massively parallel petascale computers require a very large invesiment in
resources to achieve their full potential. NERC centres are well placed to work with the Met Office o help

address this resource requirement.
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3.2.11 Supercomputing is a fundamental requirement for understanding ocean and atmospheric processes
and will require continued funding, collaboration and “joined-up” working 10 maximise potential.

3.2.12 Observations are critical for advancing and testing the models and theoretical understanding the
ocean-carth-cryospherc-atmosphere system. The marine science community relies upon in-situ observations
from above, afloal and below the sea surface, and this requires platforms such as satellites, aircraft, ships,
buoys and autonomous floats such as the “Argo” profilers. The Strategy recognises these needs.

3.2.13 Space borne Earth Observation is tremendously important 1o marine scientists to “fill-in the gaps™ in
observations of the sea surface and increasingly 1o enable the full range of air-sea surface interactions (o be
measured. We look forward to working more closely with the Met Office, including through the Global
Monitoring for Environmental Security (GMES) programme, 1o se¢ investment in new instrumentation and
platforms, and to ensuring delivery of an operational product through calibration and validation. NERC and
the Met Office worked together in successful advocacy for UK panticipation in the Jason-2 and -3 altimetric
satellite missions.

3.2.14 The Met Office has an important role to play in International leadership, including continued suppornt
of the IPCC. WWRP and WCRP. The National Oceanography Centre will welcome a strong lead from the Met
Office in the relevant international fora,

3.2.15 Communicating science enables policy makers and the public to act upon the knowledge gained by
scientists and address the challenges that face the UK and the world in a century that promises to show the
impacts of climate change, reduced fresh water availability, growing human population, changes to land use
and many other parameters that require active management, stewardship and adaptation. These are highly
political issues. Communicating the underpinning science, with its associale uncertainties, o policymakers
and the general public requires particular approaches and skills that have not historically been pan of the
scientist’s toolkit.

The Met Office Strategy recognises that stafl will need training to become better communicators and that
there must he openness and transparency on research, methods and data,

1.3 Whar are the roles of the Mer Office s Chief Scientific Adviser and ity other senior scientisis? How do
they provide comprehensive and up-to-date scieniific advice?

The main roles of the Met Office Chief Scientist and other senior scientists are to take a stralegic overview
of, and to coordinate and rationalise, the scientific activity of the Met Office. The Chiel Scientist has a deep
and extensive knowledge of both the Met Office and external UK research capabilities and systems, and is
widely acknowledged as an international expert in her scientific ficlds. Other senior scientists are similarly
highly regarded in their fields, and have an extensive knowledge of Met Office capabilities. and a growing
appreciation of the skill base in the external UK community (eg through interaction with NERC in the IWCRP
programme and in the delivery of NERC's strategy through the development of Thematic Action Plans). They
are therefore in a strong position to provide robust and sound advice o HMG, UK and intermational scientific
institutions, and the IPCC assessment process,

3.4 How robust are the models wused by the Mer Office for weather forecasiing, climate predictions,
afmospheric dispersion and other activities?

Historically, the Met Office have been viewed as somewhat insular. However, the siluation is now much
improved through the adoption of common modelling systems and approaches, shared with the external (RC,
UK Academic, and European) research community. Specifically, NERC and the Met Office now share a
common computational platform, MONSooN. which is greatly aiding collaboration with the external
community, and pull through of research from the extemmal community 1o the Met Office. Furthermore, the Met
Office and NERC have adopted a common occan modelling system, NEMO, and have formed a strategic
partnership to develop and utilise this model within the JIWCRP framework. A common UK configuration of
NEMO has been adopled by NERC and the Met Office, implemented on MONSooN, jointly analysed by the
two groups, and now forms the backbone ocean model in use in the Met Office sysiems today. The work
programme is overseen by a joinl management committee. In addition, both the Met Office and NERC are
partners in the intemational NEMO consortium for the wider development of the NEMO ocean model. Through
such increased and effective collaboration with the extemal community, the robustness of the Met Office ocean
modelling systems is now excellent, with NEMO providing a world-leading system.

3.5 How effectively does the Mer Office coordinate its activities with government depariments, non-
departmental public bodies, the UK research base and its international counterparis?

3.5.1 Within the marine research community the Mel Office is represenied by a senior scientist on the
government’s Marine Science Co-ordination Committee and participates in work packages such as science
alignment and the co-ordination of long-term marine observations. The Met Office contributes 1o the work of
the Environmental Research Funder's Forum, and the Ocean Processes Evidence Group.

3.5.2 The Met Office is represented by a senior scientist as pant of the UK delegation to the Intergovernmental
Oceanographic Commission of UNESCO, and has contributed substantial technical expertise o componeni
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programmes such as GOOS (the Global Ocean Observing Sysiem), JCOMM (the Joint IOCWMO Commission
on Oceanography and Marine Meteorology) and tsunami waming systems, The possibility that a tsunami
warning system capability might be incorporated into the Joint Flood Forecasting Centre operated by the Met
Office and the Environmem Agency is being explored.

3.5.3 The Mer Office has a close working relationship with the Natural Environment Research Council
through the Joint Weather and Climate Research Programme (as already indicated in 3.4 for ocean modelling)
and is increasingly playing a key role in the cross-Govemment, cross-Rescarch Council programme on “Living
with Environmental Change” (LWEC) In addition the Met Office works closely with the UK marine research
community in many other areas, including the National Centre for Ocean Forecasting, national capability in
deep water moorings, technology development, the training of PhD students and seminar programmes. However
we would welcome a more joined-up collaboration with the Met Office in the area of future sea-level rise
research.

354 There is frequent interaction and exchange of staff berween the Met Office and the Research Council
and Universily research sectors, with scientists passing between employers and transferring ideas and skills,
Under the proposed Met Office science sirategy these links will be sirengthened, and Met Office scientisis
afforded the opportunity to enjoy university-style freedom 1o undertake curiosity-driven research for up o 20%
of their time. This will very much strengthen the science base of the Met Office and make it a much more
attractive employer o the brightest Post-doctoral researchers. However, it scems doubtful that this opportunity
could be afforded w all Met Office scientists.

3.5.5 In general some parts of the Met Office such as the Hadley Cenire work much more closely with the
outside world than the core part of the Met Office, which partly explains the international recognition accorded
to the Hadley Centre. Under the proposed science strategy the alignment of weather and climate research should
enable the Met Office to become more outward-focussed and better able to interact with a wider community.

3.5.6 Since its inception in 2000, the UK contribution to the Argo profiling floal programme has been
managed by the Met Office with strong support from NOC (Southampton and Liverpool). This function has
been carried out successfully against a background of perpetual funding uncertainties. The Met Office has also
bheen active in the imernational coordination of Argo.

1.5.7 The move of the Met Office into BIS, home of the Research Councils, should also facilitale an
enhanced interaction with a wider community.

This submission on behalf of the National Oceanography Centre prepared by Stephen Hall with inpur from:
Adrian New. Andrew Willmott, Kevin Horsborough, Jacky Wood and Trevor Guymer
National Oceanography Centre

September 2011

Written evidence submiited by the Royal Meteorological Society (MO 11)
How effectively is the Met Office fulfilling its Public Weather Service remit?

1. The Public Weather Service (PWS) is, in our view, a world class service, providing important wamings
for the protection of life and property from hazardous weather events. The value of the PWS is demonstrated
many times over each year through the impact it has in helping civil contingencies and raising public awareness
in events such as the London Bombings, the Buncefield fire, the 2009 floods. and the wider global impacts for
the UK. UK citizens overseas and UK international development initiatives, such as volcanic ash advisory
services and the radioactive atmospheric dispersion issues from the Fukushima power plant melt-down.

2. The role of the Public Weather Service Customer Group is key to providing an independent review of the
Met Office’s effectiveness in fulfilling the PWS remit. The Customer Group ensures that Government is
obtaining best value for money, setting and measuring performance against focused targets and ensuring that
the public are afforded the protection provided by the latest scientific knowledge and undersianding,

3, In our view the PWS Customer Group would benefit from widening its reach, nol necessarily in terms of
its membership. but in terms of those it consults to ensure that it is meeting the wider public need.

4. Further, it is important that there is a clearly defined boundary between the Public Weather Service
provided frec-at-the-point-of-use and those paid-for services which are provided through a competitive market
place by organisations such as the Met Office and the private sector weather provider community. In our view
a review of this boundary would be valuable and timely. This review should consider. amongst Pthur things,
the different models adopted in different countries and, with economists and meteorologists working together,
consider whether other models that make more public data and information freely available would help 1o grow
the UK’s private sector weather provider community and return greater economic value to the UK,
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Iz the Met Office & Science Strategy 200015 rmbust and achievable and how will the strategy help to deliver
a bener service ?

5. It is imporiant to begin by noting that the Met Office exposes its Science Strategy o regular scrutiny and
reviewed by an expert committee of national and international scientists.

6. We are aware that there are others from across our scientific community membership that are providing a
detailed contribution to this inguiry on the content of the Met Office’s Science Strategy, therefore our comments
focus on four more general 1ssues,

7. Firstly, we believe that the Sirategy does reflect well the key challenges and priority areas for achieving
the greatest return on the investment in the science and the research programme. In our view, the arcas of focus
are well chosen in terms of delivering maximum value to improvements in both weather and climate services.

8. Secondly, there is no more challenging problem in computational science than that of simulating the
Earth’s climate, and availability of computing resources continues to be a significant factor in limiting the skill
and reliability of weather and climate forecasts. Whilst we recognise the financial challenges the UK faces, we
do believe that a further significant invesiment in computing resources is required, over and aboul the current
commitmenis, This problem may only be solved by pooling resounces with our intermational partners (o provide
top tier supercompuling resources dedicated to the climate problem.

9. Thirdly, strong partnerships with the wider science community, both in the UK and internationally, is
essential in ensuring that the UK gains the maximum leverage from its investment in the Met Office.

10. Fourthly, across each of these science areas, it is imporant that the Met Office looks 1o exploit the value
of probabilistic forecasting methodologies. These methodologies allow uncertainties in the forecast, arising
from imperfect starting conditions and imperfect models, to be quantified. The reliability of weather-sensitive
decision-making will be improved enormously if flow-dependent predictive uncertainties can be properly
quantified. The Met Office has taken a lead in the production of probability forecasts for climate, through the
latest UK Climate Projections (LTKCPO9) project and its input into DEFRA's Climate Change Risk Assessment.
However, for climate prediction and its application to Climate Change Risk Assessment (CCRA), there remains
a fundamental unsolved question of whether the estimated UKCP09 probabilities are actually reliable (for
example, does an estimated 90% probability of an event mean the event is somechow very likely to happen?).
In the coming years, future CCRAs should ideally explicitly take into account predictions from a range of
models worldwide, not just the Met Office’s Hadley Centre Model. More generally, and looking further into
the future, representing uncertainties in weather and climate modelling is a critical area of cutting-edge research,
and new stochastic methods are emerging from the academic and other operational centres (for example the
Evropean Centre for Medium Range Weather Forecasting, ECMWF) from which the Met Office should be
able to benefit.

11. For day-to-day weather prediction the Met Office has much further 1o go in providing estimates of
forecast uncertainty to the public. If the Met Office was able (o provide more information aboul unceriainty in
its forecasts, it may be less subject to the crticism it has seen from time-to-time from public and media alike,
Here, working with the BBC (who have editorial control of the broadeast weather forecasts) is crucial, to
develop and broadcast graphical techniques for representing uncertainty. There may be some useful parallels
from other areas of public information, for example with the Bank of England’s methods to represent
unceriainty in ils forecasis of inflation rate and gross domeslic product.

Whar are the roles of the Met Office’s Chief Scientific Adviser and its other senior scientists? How do they
provide comprehensive and up-to-date scientific advice?

12. The Met Office is a science-based organisation and the work of the Met Office Chief Scientist, supported
by other senior scientists, is in our view essential in order to ensure world class scientific leadership; thal is:

— there is an organisational framework that promotes and fosters innovation and scientific excellence;

— the programmes of work remain connected to and focused on the key science 1ssues;

— there is scientific integrity in the work of the organisation:

— the Met Office continues its work in developing effective national and international scientific
partnerships; and

— those working in scientific programmes have the necessary competencies, training and
professional development.

13. The Met Office Chief Scientist and the senior scientific team remain actively engaged with the wider
work of the national and international science community. There are many examples of this, including the Met
Office’s continued commitment to ensuring that its early career scientists participate with the work of our
Socicty's student conference, the establishment, with the Research Councils, of the UK's Joint Weather and
Climate Research Programme, the introduction of the new academic partnership programme and the
international collaboration on numerical weather prediction, both with the European Centre for Medium
Weather Forecasting (ECMWF) and through the Met Office’s own partnership with Australia, New Zealand,
Norway, and South Africa (to recognise just some of the notable international partners).
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How robust are the models used by the Mer Office for weather forecasting, climate predictions, atmospheric
dispersion and other activities”

14. In our view the Met Office is widely and independently recognised as a world-leader in weather and
climate modelling and prediction. |

15. The whole suit of Met Office models are exposed to a rigorous testing, validation and verification
programme which is open to wider national and interational scrutiny. In particular performance against targets,
defined both intermally and externally, is widely publicised. Funther, the models are regularly verified again
observations and other models and this process is used 0 help in continually targeting areas for greater
improvement,

16, Having said that, ssmulations of climate are still far from perfect, and for many vanables, the biases of
the climate simulations against ohservations can be as large as the climate change signal which the models oy
to predict. There are a number of reasons for this, which evolve around the basic notion that climale is an
enormously complex multi-scale physical, chemical and biological system—as mentioned above, there is no
more computationally complex problem in science, In recent years, climate institutes have begun to develop
their chmate models 0 reflect this so-called Earth-Sysiem complexity, but the mstitutes, including the Met
Office, are constrained both by limited human resources, and computing resources (as highlighted above). In
the light of these constraints, there is an urgenl need to review whether the best way forward is continue with
largely institutional-based modelling effort (for example the Met Office Hadley Centre model, the Max Planck
Institute model, the Meteo-France model, the EC-Earth model etc), or to iry to pool human and computing
resources, for example within Europe, thus taking advantage of economies of scale. The establishment of the
Ajrbus consortium provides just one an analogy for such a development.

How effectively does the Met Office coordinate its activities with government departmenis, non-departmental
public bodies, the UK research base and its international counterparts !

17. The Met Office has only recently moved its owning department from the Ministry of Defence 1o the
Department for Business, Innovation and Skills. It is difficult to comment on whether this new governance
framework is working effectively.

18, Aside from this, the Met Office has a range of mechanisms through which it co-ordinates its activitics
with its stakeholders, several of which have already becn mentioned in this submission. A common theme in
these is the openness to external scrutiny and review.

19. In addition the Met Office represents the UK's interests in a range of international groupings such as the
European Centre for Medium Range Weather Forecasting (ECMWF), the European Metcorological Satellite
Agency (EUMETSAT) and the World Meteorological Organization (WMO). The UK benefits significantly
through this sharing of responsibilities. funding and coordinated planning with the Met Office’s intemnational
counterparts and partners. Without these parinerships in place it would simply not be possible to deliver the
range of services provided by the Met Office for the UK.

DEecLArRaTION OF INTEREST, DETAILS AND CONTACTS:

20. The Royal Meteorological Society is the UK's Professional and Leamed Society for Weather and
Climate. The Society is a registered charity, based in Reading, UK, and works to advance the understanding
of weather and climate, the science and its applications, for the benefit of all. The Society supports those with
an interest in weather and climate in the UK and around the world. Society members include scientists, students,
practitioners and amateur enthusiasts and the Met Office is a Corporate Member of the Society.

21. The current President of the Society is Professor Tim Palmer FRS. More details about the Society can
be found on our website at “www.rmets.org”.

Roval Meteorological Sociery
Seprember 2011

Written evidence submitted by the Government (MO 14)

The Prime Minister announced on 18 July 2011 that responsibility for the Met Office would pass from the
Ministry of Defence to the Department for Business, Innovation and Skills. The Met Office is a Itrm:ling fund,
operating as a self-contained commercial entity within BIS. The Minister responsible for ownership of |hedll-'lm
Office is now Edward Davey MP; with the Rt Hon David Willeus MP responsible for the customer functions,
including its wider scientific role. and the customer for the Public Weather Service, receiving advice from the
Public Weather Service Customer Group (PWSCG). The PWSCG commissions weather services on behalf of

government and the UK public.
This memorandum draws on advice from the Public Weather Service Customer Group, chaired by Nick

Baldwin and from the Government Departments which work with the Met Office or use its outputs. The Met
Office will be submilting a separate memorandum 1o the Committee.
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The Met Office is a major national asset. It is widely recognised as one of the leading weather and climate
forecasting centres in the world and has provided weather forecasting and related services for the UK for over
150 years.

The Public Weather Service (PWS) provides free-at-the-point-of-use weather information and severe weather
wamings for the UK public, including the general public and the resilience community who act on their behalf
to allow them to make informed decisions to plan day-to-day and longer-lerm activities. The PWS also provides
research and development activities to deliver required improvements o PWS forecast and waming services;
it meets international commitments on behalf of UK Government and it provides underpinning data for
stakeholders.

Funding for the PWS comes from four sounces:
{a) Through BIS (formerly MoD) on behalf of Government;
(b} Civil Aviation Authority on behalf of the civil aviation community;
{c) Marntime and Coastguard Agency on behalf of the marine community; and
{d) From other funding providers such as EU and NERC for specific projects and activities.

The price of the PWS to the PWSCG in FY11/12 (ie a. above) is £68.1 million. The additional lines of
funding ({b}~(d)) increase this to £93.4 million. This accounts for approximately half of Met Office annual

reEvEnLe.

In addition, based on the guality of its science and citations, the Met Office Hadley Centre (MOHC }—the
centre within Met Office dedicated to climatology research—has been recognised as the leading geophysical
institute in the world.*® Recent reviews of the MOHC,*™* recognised its value to Government and affirmed
that it "provides essential and world-leading climare modelling services 1o Government, and that it is uniguely
placed to do so. It represents a critical nattonal capability, with a central role of meeting the Governmeni'’s
requirements for climate evidence and advice.” The Met Office and its Hadley Centre have delivered scientific
credibility and influence for HMG in support of international negotiations and diplomacy. Met Office science
is trusted, and the quality of its climate science evidence recognised across the world.

I. How effectively is the Met Office fulfilling its Public Weather Service remit?

1.1 The Public Weather Service (PWS) provides a range of weather information and warnings to enable the
UK public to make informed decisions, to optimise or mitigale against the impact of the weather, and to
contribute to the protection of life, property and basic infrastructure. The PWS also fulfils international
commitments on behalfl of the Government.

1.2 The PWSCG acts as the formal customer for the public weather service, on behalf of Government
departments, and the general public, for free-at-point-of-use weather services, and ensures that these services
are aligned to the operational needs of public sector users of PWS outputs. PWSCG is an independent body
that also acts as funding body and guardian of the Met Office’s underpinning operational capacity. Background
on the PWSCG is attached at Annex A, with its terms of reference attached sl Annex B.

1.3 The PWSCG provides independent advice to the Minister for Universities and Science, and as such, its
evidence on “How effectively is the Met Office fulfilling its Public Weather Service remit?” is attached
separately from 1.13 1o 1.30.

.4 The Met Office’s Public Weather Service (PWS) provides a number of functions for the public (and
public sector panners) related to both basic weather information and weather wamings, and also weather
influenced events.

1.5 Legislation supporting the Civil Contingencies Act, 2004 requires Category | and 2 responders to have
regard to the Met Office’s duty to wam the public and provide information and advice, if an emergency is
likely to occur or has taken place. The Met Office, in our opinion, provides a world class service for emergency
planners and policy makers across national and local government, which is the envy of many other countries,

L6 The Met Office provides the following services under their PWS remit:
— Monthly, 15 day, five day and daily forecasts.
—  Sie specific UK and global forecasts.
— A range of other forecasts available via the Met Office websile.
— A range of specialist forecasts for interest groups (mountaineering, gardening etc).
— Seasonal Forecasts (three-monthly).
* Analysis of peosciences fnstitutes, worldwide. Times Higher Education Supplement; November 2008 [available on-line at:
hitpfiwww timeshighereducation.co.uk/story. aspTsectioncode=26& corycode=40918 | Le=1]
T Lawton (2009) The 2009 Sir John Lawion Review of the Mer Office Hadley Centre [available on-line at: hiip:ifasww bis.gov.ukl
asseis/hispanners/goscience/docs/s2009-sir- john - lawton -review-report. pdf]
* Beddington (2010) Review of climave science advice to Government and Mer office Hadley Centre role. governance and

resoreing [available on-line at: hitpaiwww bis gov.ukfassete/bispariners/goscience/docsin 10— 1 200-review-of-climate-science-
advice pdf]
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1.16 Between 2007 and 2010 the PWSCG has commissioned an independent annual survey (o gauge public
perception of the PWS. Approximately 2000 members of the pubic are surveyed each time. These surveys
have found that:

— Nearly all respondents consider forecasts easy to understand.

— Mine out of 10 think weather forecasts are useful (very or fairly).

— Between seven and eight out of ten think that weather forecasts are accurate (very or fairly).
— Most look at or hear a forecast at least once a day.

— Most (83%) consider severe weather warnings to be very or fairly accurate and more (90%:) think
they are very or fairly useful.,

The Public Perception resulls have remained stable year-to-year.

117 The PWSCG also commissions a biannual survey of the emergency responder community; in March
2011:

— Satisfaction with the PWS was found to be extremely high, with 73% saying that they are very
satisfied with its services and 97% either satisfied or very salisfied. This represents an improvement
from 2008 when 58% were very satisfied.

—  Satisfaction with the last weather warning received is also high, with 62% of responders saying
that they are very satisfied. This has strengthened since 2008 (56%).

— Satisfaction with the service provided by PWS Advisors remains very high (90% of those who
have had contact with them are very satisfied), and has increased since 2008 (86% very satisfied).

The PWSCG has ensured that the PWS is transparent about how well it is performing against targets by
requiring the Met Office to publish relevant statistics for iemperature, rainfall and sunshine that are updated
maonthly, on the Met Office web site: hitp:i'www.metoffice.gov.uk/about-uswhofaccuracy/forecasts.

PWSCG Consuliation Activities

1.18 PWSCG undertakes a programme of consultation that enables the PWSCG to make decisions based on
end-user benefits, and ensures that all PWS services are aligned to the operational needs of Public Sector users
of PWS outputs. As a result of the consultation programme, the PWSCG challenge the Met Office PWS 1o
deliver a set of development milestones. As a result of this the PWS has achieved some major and significant
improvements over the past lew years including:

— Review and introduction of an impacts based National Severe Weather Waming Serviee;

— [Expansion of the number of site specific forecasts from ~350 to ~5.000;

— Increased “reach” of PWS products and services through the introduction of new channels
including for example, an iPhone app, weather widget and mobile service. Information on reach
published in the Met Office website shows an increasing trend across cach of these platforms over
the past 14 months;

— Introduction of “specialised” forecast services eg mountain weather forecasts: avalanche forecasts.
1.19 In FY 20001401 the PWS achieved all its Developmenr Milestones,

Ohligations o other customers

1.20 The PWSCG acis as guardian on behalf of public sector users of the Met Office’s underpinning
operational capability. Thus, it supports Research and Development to ensure the Met Office is able to meet
future requirements. In order 0 ensure continual challenge, the PWSCG annually set key milestones for the
research areas of the Met Office. The PWSCG takes advice on the foundation weather science strategy and
direction from the Met Office Science Advisory Council (MOSAC) who peer review the Met Office science
plans.

L21 In FY2000/11 the PWS mer 14 out of 18 of iis research and development targeis.

1.22 Those targets that were missed were done so deliberately 1o de-risk delivery of higher prionity strategic
projects, following consultation and agreement between the Met Office PWS and PWSCG.

1.23 The PWSCG recognises its obligations to ensure the continued availability of research, forecast and
observational (Baseline Data) data required by the Met Office in order to deliver services to other Public Sector
customers, and to make the same data available to the Met Office’s commercial arm and the private sector, It
does this by setting annual targets of availability, timeliness and accuracy.

124 In FY2000/11 the PWS mer all 38 of its Baseline Data targets.

1.25 The PWSCG also ensures that the Met Office provides data to the private sector through a Data
Wholesaling Unit, in compliance with Competition Law, the Re-use of Public Sector Information Regulations
and the HMSO's Information Fair Trader Scheme. This data is derived from the Baseline Data. The PWSCG
requires that the Met Office review and update the catalogue of Wholesale Data annually.
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International Obligations

1.26. The PWSCG requires the Met Office PWS 10 fulfil commitments on behalfl of UK Government on
three designated international bodies:

(i) EUMETSAT.
(ii) Ewropean Centre for Medium range Weather Forecasting (ECMWF),
(i) World Meteorological Organisation {(WMO).

International subscriptions 1o the World Meteorological Organisation (WMO), European Centre for Medium-
Range Weather Forecasts (ECMWF) and EUMETSAT are funded through the PWS and overseen by the
PWSCG. These subscriptions deliver benefits far beyond PWS—through Met Office services to MoD. BIS and
others, and through other users of satellite and maodel data and observations, including academia, other
Government Departments and the private sector.

1.27 The PWSCG set and monitor targets to ensure the PWS and wider users and siakeholders receive the
best value for membership of the international bodies. The PWS is also required 1o repont to the PWSCG on
outcomes of international meetings. For example, it was recently informed on the outcomes of the UK
delegation to the WMO Congress where John Hirst was successfully reappointed to the Executive Council and
the newly appointed Dircctor of ECMWEF will be presenting his sirategy and vision for the Centre at an
upcoming PWSCG meeting.

1.28 I FY2000011 the PWS met all its International targets.

Meteorological Library and Archive Service

1.29 The PWSCG require the Met Office to provide a meteorological library and archive service available
to anyone with an interest in the weather or climate and an approved place of deposit for meteorological
information under the public records Act (1958). This is to enable the general public o research the UK's
weather and climatology and to access information that helps the public w0 understand the science and history
of meteorology. There is also a legal requirement handed down 1o the Public Weather Service from the Lord
Chancellor's office 1o archive meteorological data on behalf of the UK Public.

1.30 The PWSCG require the library and archive to report on activity each FY, In FY 10011
—  There were 187.270 pages viewed on the Library Catalogue,
—  Ower 99% of a towal of 2904 library and archive enguirics were answered within five working days.

— Customer satisfaction with the enquiries service was high: 3.9/4 rated for speed, relevance of
information, and whether customer is totally satisfied with the response.

2. Is the Mer Office’s Science Strategy 2010-15 robust and achievable and how will the strategy help 10
deliver a beiter service ?

2.1 Services o govemment currently make up the majority of Met Office business. The Public Weather
Service is the main component of this but other services provided to government include advice on climate
science and climate change impacts, advice for informing more specific emengency activities (for example
through the Flood Forecasting Centre), and operational advice 1o the armed forces,

2.2 The core function of the Met Office is weather forecasting. The accuracy of near term forecasting, up 1o
ten days oul, is now very high but there is greater uncerainty associated with predictions on longer timescales:
monthly, seasonal, decadal and beyond; and panticularly with respect to predictions at regional and local spartial
scales. Reducing these uncerfainties will enable more confident asscssments of fulure weather patierns,
including extreme events, More reliable future forecasting would be of great benefit o operational decision-
making and resilience planning in a number of sectors, including with respect 1 our vital infrastructure and
resources, HMG's priorities for climate science evidence and advice are well documented in the Government
Chief Scientific Adviser (GCSAYs 2010 review of climate science advice to government.

2.3 The context of the Met Office Science Stralegy is 0 develop a seamless approach 1o weather and climate
forecasting. It appears geared towards meeting government needs for more reliable forecasting and assessment
of impacts across the full range of time and spatial scales. Delivering improvements in forecast capability
requires advances in scientific understanding of how some earth system processes influence our weather and
climate, improved representation of these processes in models, and sufficient supporting infrastructure to enable
this. We believe the Met Office science strategy provides a generally clear and targeted framework for
addressing these issues.

2.4 We recognise that the underpinning observational and supercomputing infrastructure, and scientific
knowledge is the same for forecasting across all timescales, from days to centuries, and that synergies and

efficiencies can be delivered by co-locating weather and climate services. [t is judicious that the Met Office
strategy seeks to exploit these as far as possible through an integrated organisational structure and seamless

prediction system.
* Beddington (20010) op eir
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2.5 The need for increased model resolution is a thread which runs throughout the strategy. We understand
that, just as the accuracy of weather forecasts is significantly improved by high resolution modelling, so can
the regional and local specificity of longer-term climate forecasts be improved. A strong case for continued
investment in supercomputing capacity 1o enable climate models to be run at greater resolution was made in
the GCSA's review™ of HMG's climate science advice needs. This review also recognised the significant
near-term costs involved and the need for greater collaboration on supercompuling resources, including
internationally. siressing that long term development of modelling capability would likely require a European
solution. We welcome the Met Office plans to pursue this as pan of their science strategy and we support them
im this,

2.6 The challenges which the Met Office strategy identifies are global in nawre. Collaboration, both
nationally and intermationally, and across disciplines, is fundamental 0 addressing these challenges, and
advancing scientific understanding and new research, for example on climate and extreme event attribution.
The proposal for stronger parinerships and collaboration is fully endorsed and will be a crucial element of the
success of the Science Strategy, although we suggest that the proposed science parinerships should also include
representation from government o provide additional context 1o proposed research programmes.

3, Whar are the rofes of the Mer Office s Chief Scientific Adviser and its other senior scientists? How do they
provide comprehensive and up-to-date scientific advice?

3.1 The Met Office Chiel Scientist (CSc) is part of the network of departmental Chief Scientific Advisers
{CSAs) which. under the leadership of the Government Chief Scientific Adviser (GCSA). works collectively
to ensure that robust, joined-up science and engineering evidence and advice is at the core of decisions within
departments and across government,

3.2 As pant of this network the Met Office CSc contributes to discussions on cross-cutling issues, bninging
to bear specialist knowledge and also profiting from knowledge exchange with CSAs from other disciplines.
Being part of this neiwork helps to ensure the relevance of the science advice provided by the Met Office CSA
lo government.

3.3 The Met Office CSc also has regular one-to-one contact with the GCSA and deparimental CSAs. Met
Office scientists at all levels are also in regular—for some depantments, daily—contact with deparimental
science and policy officials, providing high-quality up-to-date science advice to these departments. The Met
Office Chief Executive, John Hirst, and his directors, also have good working relations with and are in regular,
direct contact with, senior officials of customer depariments.

3.4 The Science Strategy highlighis that the role of the Met Office Science Advisory Commillee (MOSAC)
will be enhanced in the near future. In considering changes 1o the remit and terms of reference of MOSAC we
would encourage the Met Office to reflect on the independence of the Committee and the Principles on
Scientific Advice o Government, noting the revised Code of Practice for Science Advisory Commitice
(CoPSAC) to be published in the Autumn. This identifies best practice guidelines and provides practical advice
on the operation of Science Advisory Commitiees,

4. How robust are the models used by the Mer Office for weather forecasting, climare predictions,
atmospheric dispersion and other activities ?

4.1 Models are powerful tools to understand future states but all good modelling (climate or otherwise)
produces a range of possible outcomes. Ensemble forecasting® methods used by the Met Office help provide
a better assessment of the uncertainties associated with weather and climate predictions. The Met Office Science
Strategy seeks to reduce modelling uncertainties through advancing our underlying scientific understanding
and exploring options for increasing model resolution. This will improve the confidence we can have that the
models reflect real climate rends and processes well, and provide the best possible input to inform climate
adaptation decisions and invesiments that we need to make in the near term.

4.2 We understand that the formal “skill” of the Met Office global numerical weather prediction (NWF)
maodel has improved consistently in the past decades and that, for example, the cumment three-day forecast is as
skillul as the one-day forecast was 20 years ago, in line with other leading forecasting centres. We also
understand that in international benchmarking of the performance of global NWP systems, supponed through
the World Meteorological Organisation (WM and using a range of metrics; that the Met Office is consistently
in the top three, alongside the Japanese Meteorological Agency and the European Centre for Medium-range
Weather Forecasts,

4.3 Met Office provides the large majority of climate, weather and ocean forecasting and related services
required by government. For Defence and the Armed Forces Met Office numerical weather predictions (NWF)
have significant use at all levels of military operational planning. At the strategic level, forecasts of seasonal
variations allow long term planning, whilst at the operational and tactical levels the current NWP output is
required 1o assess the impact of environmenial factors on weapon systems and manpower. Detailed assessments

*' Beddington (20100 ep off

*' Ensemble forecasiing involves multiple forecast runs with slighily different initial conditions for cach. in order 1o provide a
probabilistic assessment of possible outcomes
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of this impact are required over a timeline of hours, days and wecks and must be updated regularly and,
crucially, be within accuracy guidelines agreed between the MoD and the Met Office.

4.4 The MoD has worked in parntnership with the Met Office for a significant period of time and has
contributed 1o the development of a variety of meteorological and oceanographic models, used alongside the
NWP, to suppont current and anticipated defence operations. The MoD funds specific nested high resolution
models required 10 support military tasks worldwide, meteorological models to suppont ballistic and CBRN
(Chemical, Biclogical, Radiological, and Nuclear) downwind messages and dispersion modelling products and
their outputs, required for operational planning and evalvation. The MoD also has operational releases of
all Met Office Tactical Decision Aids and environmental information in agreed formats to support Mission
Planning Systems.

4.5 DECC and Defra co-fund the Met Office Hadley Centre and climate model development. Climate
modelling directly informs government policies on climate change mitigation and adaptation, by providing
assessments of the impacts of different levels of atmospheric greenhouse gas emissions nationally and globally
to inform planning and policy decisions. The 2009 Lawion Review®? highlighted a consistency of view across
expent contributors (o the review that MOHC was one of the leading groups of climate modellers in the world
and that it “werked ar the cutiing edge in many areas, for example in some areas of Earth Systems’ modelling
and in decadal prediction”. We understand that Met Office climate models have Petl‘nrmed well in the first
three international climate model intercomparison projects (CMIP-1 o CMIP-3*' coming 1st, Ist, and 2nd
respectively and DECC and Defra are confident that the MOHC's latest earth system models (HadGEM family)
will perform well in the current CMIP-5** which will be reported on in the IPCC Fifth Assessment Report.

4.6 The Met Office has long been developing a unified modelling system, wherein the same fundamental
science and modelling are used across the whole range of forecasting timescales, from hours to centuries (so
called “seamless science” and “seamless prediction”).

4.7 A decade ago, the Met Office invested in the development of a ground-breaking, low-cost, PC-based
regional climate model (PRECIS) for use locally, pimarily in developing countries. PRECIS remains one of
very few such systems and has received considerable approbation [rom users worldwide. PRECIS-2 is currently
being developed with DFID funding.

4.8 Met Office is a designated Voleanic Ash Advisory Centre (VAAC), responsible for monitoring and
forecasting the movement and dispersion of volcanic ash originating from volcanoes in the norih-casien pari
of the North Atlantic Ocean. The Met Office stmospheric dispersion model, NAME, underpins the advice
provided by the Mei Office in their capacity as a VAAC, and was used o suppori the work of the Scientific
Advice Group for Emergencies (SAGE) in the Volcanic Ash incident in March 2010, Since that time
enhancements have been made o NAME's operational functionality to improve the physical basis of ash
concentration forecasts. The World Meteorological Organisation (WMO) has also led work to compare the
modelling approaches of the nine VAACs*** and this work has shown a high degree of alignment between
the top tier models (including NAME) when run with the same source terms.*” This continuing programme
of model inter-comparisons will ideniify the strengths and weaknesses of different models and drive additional
improvements in all models. NAME has also recently been independently reviewed at the request of the
CAA.* That study, and the work by the WMO, has shown that NAME compares favourably with models
used by other imemational meteorological onganisations.

4.9 The Government recognises that the robusiness of Met Office models is contingent on the accuracy and
adequacy of supporting observational data. Observations directly input o models and o model development
(through enhancing our scientific understanding) and are the only means of verifying model outputs,

4.10 A global climate observation system is fundamental to continued improvement in weather and climate
forecasting and the 2010 GCSA review™ confirmed the need for long term high quality observations of the
climate system to underpin advances in forecast capability. Arguably, the Met Office is unigue in the world in
respect of its ability to link analysis of observations and climate modelling and this has been recognised by
several independent reviews.™ We are pleased that the Met Office Science Sirategy includes a strategic aim
to build appropriate collaborations on obhservations (for example, of essential climate variables) and we would
welcome a clearer view of progress on this.

1 Lawion (2009) op cif

BCMIP- | and CMIP-2 models were used the IPCC 3rd Assessment Report. CMIP-3 models wene used in the 1PCC dth Assessmem
R

M nT.Tw no CMIP-4, CIMIP was imercomparison for fully coupled models with an inferactive carbon cycle—hence mt
relevant here

5= & Witham, ef af (2007). Comyprrison of VAAC emogpheric dispersion models using the | November 2004 Grimavdo erupiion,
Meteorclogical Applications, Vol 14 (1)

* Ach dispersal forecast and civil aviation 2010, UNIGE—Ash dispersal forecast and civil aviation 2010—Resulis

*T It should be noted that the majority of studics have focussed on companison between dispersion models, rther than comparisons
of NAME coupled with different weather prediction models

* Review of the Met Office Trajectory and Dispersion Model NAME. Professor David Fowler Centre for Ecology and Hydrology

Edinburgh, July 2011

Beddingion (2000} ap cit

E.g Risk Solutions {2007} Hadley Centre Review 2006 Final Repon. a repon for MolvVDefra
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4.11 Consideration of observational capability was also the pnmary concem of the recently established
Volcanic Ash Observations Review Group, chaired by the GCSA at the request of the Secrétary of State for
Transpor. This group considered the robustness of the Met Office NAME model for predicting the location of
volcanic ash and concluded that understanding and improving our knowledge of the source term inpuls into
MAME was key to reducing the uncerainty in model outputs, This group also agreed that, given the recent
independent reviews of NAME, a further review of the model itself was not necessary at this time.

5. How effeciively does the Met Office coordinate its activities with gevernment depariments, non-
deparimental public bodies, the UK research base and its international counterparis?

Met Office has a sirong relationship both with its sponsoring deparimenis and other key customer
departments. A number of examples, which are not exhaustive, are described below. (The Research Councils
are providing a separate submission to the Inguiry, which will address how effectively the Met Office
coordinates activities with the UK research base.)

3.1 Since its formation in 1990, the MOHC has delivered policy-relevant climate science evidence and
advice 10 HM Government, primanly funded by DECC and Defra and their predecessors and by MoD until
2004, Since the current Climate Programme was set out in 2007, Met Office management has maintained an
excellent supplier-customer relationship with DECC and Defra, acting flexibly to deliver research that closely
meets departmental needs, as confirmed in the GCSA's review in 2010.*' Met Office climate scientists at all
levels are in daily contact with DECC and Defra officials, providing evidence and advice o inform policy.
This interaction has been encouraged, facilitated and strongly supported by senior Met Office scientists and
management and is seen by the depantments concerned as a critical component of a successful directed
research programme.

5.2 In 2009 Defra published the latest UK Climate Projections (UKCP0%), based on Met Office world class
science, breaking new ground in promoting climate risk assessment lo suppori the UK's preparedness for
climate impacts and ensuring climate resilience. The user interface and tools to exploit these sophisticated
climate projections have been developed to ensure a close fit with evolving user needs and to stimulate risk
assessment in the public sector (central and local), regulated industries and other businesses. Government's
own climate change risk assessment (CCRA), to be published in early 2012, is built on UKCP09. This directly
supports Defra’s objective of building resilience to climate change. Keeping the advice in the UKCP produets
up to date is likely to be important for future CCRAS.

5.3 The Met Office Hadley Centre leads a consortium of UK rescarch institutesto deliver the Avoiding
Dangerous Climate Change (AVOID) programme. AVOID was set up in 2009 specifically to provide policy-
relevant scientific and technical evidence to HM Government (DECC and Defra in particular) to inform naticnal
and international strategies on mitigation and adaptation. The findings of the programme have been used inform
the UK positions ahead of recent UN Framework Convention on Climate Change (UNFCCC) Conferences of
Parties and has contributed to intermational reports such as those by the EU® and UNEP*! on the
“emissions gap”.

5.4 Promoting awareness of global climate impacts with other governments around the world is a key pan
of HMG's strategy to change political conditions in order to promote a global legally binding trealy on
emissions reduction under the UN Framework Convention for Climate Change (UNFCCC). The Met Office
provides support on accessing, understanding and interpreting the latest climaie science which allows the FCO
to talk with an authoritative voice on climate change from a sound scientific evidence base. The Met Office
has also been able o provide unbiased scientific answers where there is disagreement on the basic issues of
the science which have proved sticking points in discussion. Met Office climate scientists have accompanied
FCO representatives on country visits, speaking at events organised by the FCO to raise awareness and
engagement on climate change issues.

5.5 The Met Office has undertaken a range of studies for informing discussion, such as a report on the
vulnerability of global energy infrastructure 1o climate change and a series of summarics of the impacts of
climate change for key FCO priority countries. The Met Office communicates the often complex and uncerain
science of climate change in a way that is most value to the FCO. This is to enable non-specialisis 1o engage
with the science and set a baseline of understanding of the impacts of climate change, from which UNFCCC
negotiations can be undertaken. This work often communicates research done by the Met Office on the
sensitivity of the climate to human activity, such as the “4 Degree Map™ which has been an extremely useful
influencing ool worldwide,

5.6 FCO has a keen interest in Met Office studies conducted for other Government departments, such as the
recently completed reports prepared for the Government Office for Science Foresight project on the
Iniernational Dimensions of Climate Change. The project on climate impacts which the Met Office is
implementing for DECC is a key part of HMG preparations for the UNFCCC Conference of Parties in Durban
in Movember.

“ Beddingron (2010) op cir

*2 Fee er al (2010): Scientific Perspectives afier Copenhagen: Information Reference Document, Furopean Union.

™ UNEF. “The Emissions Gap Repon: Are the Copenhagen Accord pledges sufficient to limit global warming to 2°C or 1.5°C7",
“ hoopodharsew fro.povuken/global-issues/climate-change/prionities/science/
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3.7 The Met Office has consistently provided high quality and responsive scientific advice and suppornt to
the GCSA-chaired Scientific Advice Group in Emergencies (SAGE), including provision of advice to the first
Fukushima SAGE on the 13 March with only an hour’s waming that a SAGE was being formed. During the
Fukushima emergency a 24 hour emergency response mechanism was established which would not have been
possible without the dedicated support provided by Met Office scientists. This mechanism enabled advice on
the potential consequences of a release of material from the Fukushima plant to be provided to UK citizens in
ﬁw;dlla_llancsc citics within half an hour of release, based on pre-calculated dose rates and predicted weather
conditions.

3.8 Both DECC and the energy indusiry found the Volcanic Ash Advisory Cenire to be of greal assistance
in ensuring the safety of helicopter operations al offshore oil rigs during the leelandic eruptions last vear, The
centre also provided good data quickly, t assist the department in assessing the potential risk to the UK cnergy
network through volcanic ash accumulating on overhead lines.

3.9 The MoD has maintained a close working relationship with the Met Office through Defence Intelligence.
The framework for this partnership is a Customer Supplier Agreement (CSA), supported by annual Service
Definition Agreements (SDA) covering the provision of meteorological and oceanographic support to Defence.
This is a detailed agreement specifying the support requirements for specific defence roles, exercises and
overseas operations, training and the infrastructure required to deliver this support. MoD research requirements
are progressed through the SDA framework after consultation within specific defence areas and where
appropriate with NATO partners. The pull-through of this research is monitored by Defence Inelligence 1o
ensure value for money is achieved.

5.10 The move of the Met Office from MoD to BIS in July creates a different working relationship between
MoD and Met Office that will be governed by a new Service Level Agreement (SLA), however. it is anticipated
that this move will not reduce the oulpuls and services already provided to MoD. In order 1o ensure a close
limison is maintained in the future, it is recommended that an RN OF5 (Meworological Specialist) post is
established within the Met Office in Exeter to firstly, balance the Met Office post currently funded by MoD
within DI ICSP and secondly, to add continued suppon o the valued and extensive contribution the Met Office
makes to Defence.

5.11 The Met Office already has very strong links with the climate and earth system science academic
community in the UK and abroad. DECC and Defra have strongly encouraged MOHC 1o build links with
MNERC and other UK institutions over the past few years and are pleased to see these have delivered new,
world class research and improved climate projections. For example, since April 2010, MOHC have published
165 peer-reviewed papers hased on Climate Programme research (many in very high profile journals) and in
2009~ 10 approximately 80% of their papers were co-authored by non-Met Office staff. This proportion has
been sieadily increasing since the Climate Programme started.

5.12 The Met Office has also conducted research projects funded or partly funded by the FCO and DIID, 1o
build capacity within countries, or 10 help further the dialogee on climate change issues within that country.
Examples of this include: the Met Office PRECIS regional climate model given to countries (o ¢nable them to
run their own climate change experiments; research in collaboration with counterparis in Brazil 1o understand
more about regional climate change in that arca; research in collaboration with Russian climate scientists to
improve the representation of Russian climate within climate models; a project on climate change and security
in the Sahel, jointly funded by the French Foreign Ministry and undertaken with OECD. The Met Office has
an excellent reputation worldwide and has a strong network of contacts with counterparts overseas.

5.13 We undersiand that several other major bilateral collaborative links have now been forged by the Met
Office, for example with Australia, New Zealand, Korea and Norway, among others, which are already
delivering improved modelling systems. In 2010, the Australian Bureau of Metcorology implemented the Met
Office’s Unified Model 1o deliver its national weather forecasts and a dramatic performance improvement (as
measured by skill metrics) has already been achieved. The Korean Meteorological Administration (KMA) also
used the Unified Model for their national weather forecasting and the Met Office and KMA. will implement a
joint seasonal forecasting system in 2012, Further evidence of strong international collaboration, encouraged
and supported by DECC and Defra, is MOHC's increasing work with UK, U.S. and other pariners in the
Auributing Climate Extremes (ACE) group which is building new and robust methods for atiribuling extreme
weather and climate cvents,

5.14 The Defence Oceanographic programme significantly benefits from the Met Office’s collaboration with
national and intemational partners, most notably through the National Centre for Ocean Forecasting (NCOF),
the MEMO consortia and European Commission research projects. The continued development of Global and
nested higher resolution models has supported the strategic deployment of the nuclear deterrent, Mission
Support and Planning (MSP), Mine Counter Measures (MCM) and Anti Submarine Warfare (ASW). Continued
development of models will support Tactical Decision Aids and acoustic range prediction models as directed

by MoD policy.
5.15 As Eanth systems models improve there are new opportunities to increase engagement with academics
in the impacts and biophysical modelling community. For example, understanding and reconciling differences

between integrated Met Office models and other specific impacts from elsewhere will improve the science of
both and increase consistency of advice for decision-makers. Some work is already underway in arcas such as
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waler availability and crop modelling and 15 highly promising. There may also be particular benefits from
working with more impacts specialists with expent local knowledge in particular regions around the world.
Further increasing data availability and accessibility will support collaboration efforts. There could also be
opportunities for developing new climate services by examining best practice in how forecasts and advice are
delivered and used around the world.

5.16 The climate system has no national boundaries and we believe that continued collaborations will
improve understanding of crucial phenomena such as ENSO (the El Nino Southern Oscillation), and eventually
lead to significant benefit and added value to the UK, We continue 1o encourage and suppont the Met Office
in building strong collaborations in the UK and internationally to deliver increased scientific capability and
knowledge exchange.

5.17 Following the fooding in 2007 Sir Michael Pin's Review recommended that the Met Office and
Environmem Agency worked much more closely together to ensure that future flooding events may be better
predicted and avoided. The Met Office and the Environment Agency set up the Flooding Forecast Centre,
(FFC), staffed by members of both organisations. They have over the past couple of years developed the centre
in its premises in the Met Office al Exeter. Daily flood forecasts are produced and distributed and the two
organisations work extremely closely and well wgether. The FFC have also taken responsibility for the Storm
Tide Forecasting Service. Using Met Office forecasts of coastal water levels and weather forecasts the FFC
alens the EA and SEPA 1o the risk of coastal flooding.

5.18 Additionally, the Met Office has established the Matral Hazards Partnership, with support from the
Cabinet Office and GO-Science. The Parinership brings together the leading public sector environmental
agencies to share expertise and develop multi-hazard services to reduce the impact of natural hazards on the
UK. Within a year of the Partnership being established, it has already piloted a multi-hazards waming service
and the expertise is being integrated into the Cabinet Office Mational Risk Assessment process to ensure the
best use of scientific evidence in planning and preparing for natural hazard evenis.

5.19 The Met Office has always worked very closely with a variety of other government depaniments. The
Met Office has a role in forecasting the spread of airborne diseases such as foot and mouth and blue tongue
for DEFRA. Numernical Atmospheric Modelling Environment (NAME) can be run using localised weather
data, and using Geographic Information System (GI5) and Ordnance Survey mapping systems overlaid to show
possible spread of the disease.

5.20 In collaboration with the Department of Health the Met Office have helped produce the Heatwave plan
for England and Wales. This plan, based on 4 levels and a series of regional threshold temperatures ensures
that hospitals and all medical practitioners receives information about potential hot weather and its potential to
cause excess deaths. Al Level 4 the nature and length of the heatwave would be such that a wide range of
government departments would be affected. DH and the met Office are now working on a Cold Weather plan
for the UK based on a similar set of principles and warning levels.

5.21 In the event of an incident caused by hazardous chemicals local fire or police services can coniact the
Met Office and request a CHEMET report. These chemical meteorology reports include plume modelling and
weather forecast information. The development of this service has involved the Met Office working closely
with the Fire Service and DCLG.

5.22 During the Buncefield fire and the emergency that followed, the service provided by the Met Office to
other government depantments was invaluable. As well as the CHEMETs: provided, the Met Office plane flew
through the plume to collect samples for analysis. As the plume moved towards the near continent the Met
Office provided modelling of where the plume might travel so the UK could fulfil its international obligations
to inform its partners of potential danger.

5.23 The Volcanic Ash Advisory Centre advises the Civil Aviation Authority about ash in the atmosphere,
usually, but not exclusively, fmom Icelandic volcanoes. This work is carmmied out on behall of the Depariment
for Transport (DfT). In the recent Icelandic volcano eruptions the Met Office have worked very closely with
DIT to provide ash plume monitoring. The Met Office contacts with the Icelandic Met Office have proved
invaluable.

5.24 During major emergencies or incidents the Met Office has been called upon to provide staff to attend
strategic command meetings both in COBR and the Scottish Government Emergency Room. For the first time
during the Icelandic volcano emergencies, the Met Office embedded a member of staff at the Cabinet Office,
and this was greatly appreciated, both by us and other government departments involved.

5.25. A member of the Met Office was also embedded in DIT during last winter's severe weather to ensure
that DIT received the most up to date information to assist in modelling for salt supplies across the UK. This
proved to be an imponant and valuable service.

5.26 The Met Office also works with DECC and DEFRA on the response to small scale nuclear incidents.
This followed the Chemobyl incident in 1988, The Radicactive Incident Monitoring Network (RIMMET)
enables any increase in radiation levels across the UK to be detected and automatic alens generated.

5.27 VisitEngland have had discussions with Met Office about sharing research opportunities. For budget
reasons this has not been possible, but they are open to future possibilities should the financial position change.
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FormaL MEETINGS

The PWSCG will normally meet at least twice a year to conduct its formal business. Other ad hoc meetings
may be called by the Chairman as required. A formal meeting of the PWSCG will be considered quorate
provided no more than two Members are absenl. Where necessary, voting will be on a two thirds majority
basis and the Chairman will have the casting vote.

DuraTioN

The PWSCG is established on an on-going basis until no longer required, when it will be dissolved on
instruction from the Mimster.

Supplementary written evidence submitted by the Government (MO 14a)

Arswers 10 THE QueEstions Posep Forcowing Orar Evinence Given By Epwarp Davey, MinisTER
For EMpLoyMENT RELATIONS, CoNSUMER AND PoSTAL AFFAIRS ON 9 NovEMBER 2011

1. The Minister mentioned that DECC and Defra would be signing a memorandum of understanding in
relation to the Hadley Centre Climate Programme. Can vou send us details of when this is happening and
can we see a copy of the memorandum please?

The current contract between DECC and Defra and the Met Office Hadley Centre for the Climate Programme
runs from 2007 unul 2012,

The Government Chief Scientific Adviser in his review of Climate Science Advice to Government and Met
Office Hadley Centre Role, Governance and Resourcing recommended that ideally, a single sponsoring
department should fund core science and modelling at the Hadley Centre.

The aim of this recommendation was to deliver stability of funding for the Met Office Hadley Centre.

Working within the spirit of the recommendation DECC and Defra Secretaries of State agreed that the two
departments would continue 1o fund a new programme jointly bul via a strengthened agreement, and would
develop a cross-departmental Memorandum of Understanding (Moll) for this purpose. This approach would
provide a greater level of stability than the current contractual relationship, while ensuring that both DECC
and Defra continue to have a strong customer relationship with the Met Office Hadley Centre.

Signing of the Mol was deferred earlier this year, due to uncertainty over the future status of the Met Office.
With the recent move of the Metr Office 1o BIS consideration is being given 1o the most suitable governance
arrangements for the future Hadley Centre Climate Programme. This is very much a live issue. but while the
details remain under discussion, DECC and Defra have commitied to continved funding supporn for the Met
Office Hadley Centre,

2. There was a discussion about BIS working on a business case for supercomputing resources. We would be
pratefil if vou cowld give us further details of this (any information you can share with us on the potential
refurn on investment), as well as details of the timetable for putting this business case together? The
Committee would alse like to know how BIS is working with other Government departments to develop this
business case (for example, is Defra making a case based on the benefits of potential earlier flood warnings).
The Commintee is also keen 1o know about the extent to which the Met Office and other organisations have
been feeding into this process.

Government recognises the benefits that increases in Met Office super-computing capacity would bring, in
terms of increasing the accuracy of forecasts across all time and spatial scales and with regards to climate
change modelling. We also recognise that the costs to gain these benefits are significant thus the case for
increased investment is a matter for detailed consideration around both affordability and value for money.

There is an opportunity to increase the capacity of the Met Office’s current supercomputer and therefore
speed up the application of currently available science and the delivery of associated benefits, as described in
the Met Office’s supplementary memorandum 1o the Committee on increased supercomputing resource.,

Separately, further economic benefit as a consequence of ongoing advances in the science will de delivered
through the routine scheduled replacement of the current supercomputer currently planned for 2015. Within
this context, the Mei Office, working closely with BIS has recenily commenced work on developing the
business case for the next generation of supercomputing capacity. This will be based on standard HMT
methodologies o assess value for money, including broader socio-economic benefits and capacity o deliver
improved performance against key government objectives, and will be balanced against affordability. The
current limetable sees this process taking up to 18 months.

As part of this planning process input will be sought from a range of government and non government
sources including, but not exclusively, HMT, DECC, DEFRA, the Natral Environment Research Council
(WERCY), the Public Weather Service Customer Group, MOD, and the broader science and research community.

Met Office continues 1o explore options for intemational supercomputing collaboration.
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