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ANNEX 1

ANNEX 1-Hansard, HL Deb, 28 October 1996, vol. 575, col. 134,
http://hansard millbanksystems.com/lords/1996/oct/28/address-in-reply-to-her-
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ANNEX 2
ANNEX 2 — J. Rotblat, Science and Nuclear Weapons Where Do We Go From Here?
(The Blackaby Papers) (Abolition 2000 UK, No. 5 2004) p. 7,
http./fwww.abolition2000uk.org/Blackaby%6205.pdf
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ANNEX 3
ANNEX 3 - D. Blair, ‘UN nuclear watchdog: Trident is hypocritical’, Daily Telegraph,
20 February 2007
hitp://fwww.telegraph.co.uk/news/uknews/1543248/UN-nuclear-watchdog-calls-
Trident-hypocritical html
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| ANNEX 4
ANNEX 4 — Statement by Hon. Mr. Phillip Muller, Minister for Foreign Affairs

Republic of the Marshall Islands, UN ngh Level Meeting on Nuclear Disarmament
26 September 2013,

http:/Awww.un.org/ em’ oa/68/meetings/nucleardisarmament/pdf/MH en pdf
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ANNEX S

ANNEX 5 — Letter dated 22 June 1995 from the Permanent Represeﬁtative of the
Marshall Islands to the United Nations, together with Written Statement of the
Government of the Marshall Islands, htip://www icj-cij.ore/docket/files/95/8720 pdf

itself. Land is considered security in the Marshall Islands customs and mores;
in fact, a common saying: “Without land a Marshallese is nobody-it is land
that makes a person Marshallese” suggests the Bikinians and Ronglapese are
nobody as long as their lands are un-inhabitable. The severity of this assertion
can only be understood by the Bikinians parnculariy as several of their islands
were vaporized durning the tests.

With a total of only 170 square kilometers of land, Marshall Islands views this
loss of lands as a severe renting of their cultural fabric. This will never be
compensated for by those responsible for their destruction. Mindful of this
land constraint of land for settlement, Ronglapese and Bikinians have been
forced to reside in the two urban centers as well. This in turn has cause a
major concern as Ebeye, on of these urban centers, a 66 acre island, housed a
population of 9500. This is a major increase from its original population of 16
persons.

Other social problems associated with the overcrowding in the urban centers
are major hurdles to overcome today.

4. Marshall Islands interest in nuclear disarmament

Given its extensive first hand experience with adverse impacts of nuclear
weapons, Marshall Islands decision to ratify the Nuclear Non-Proliferation
Treaty this year is understandable. This objective of the treaty of “the
cessation of the manufacture of nuclear weapons, the liquidation of all their
existing stockpiles, and the elimination from national arsenals of nuciear
weaporns” is wholly consistent with Marshall Islands’ foreign policy of
peaceful co-existence as well as with the overarching goal of the international
scommunity to achieve global peace.

5. The need for a Court Opinion .

Given the legal and moral implications attached to the use or threat of use of
nuclear weapons, and owing to the international community's goal for
achieving global peace, this issue presses on the need to consider it in legal
terms to achieve total consistency with other legally binding agreements
which call on the international community to a common undertaking.

On this very issue, Marshall Islands is of the view that the use or threat of use
of nuclear weapons is not permitted under international law. It has been
clearly documented in the Marshall Islands and elsewhere where nuclear
testing has been conducted that the severity such tests have on health and the
environment are enormous.

Additionally, any use of nuclear weapons violate laws of war including the
Geneva and Hague Conventions and the United Natons Charter. Such laws




ANNEX 6
ANNEX 6 — T. Ruff, “The health consequences of nuclear explosions,” in B. Fihn, ed.,
Unspeakable suffering — the humanitarian impact of nuclear weapons (Reaching
Critical Will, 2013),
http://www.reachingeriticalwill.org/imaces/documents/Publications/Unspeakable/Uns
peakable.pdf

nuclear explosions

Dr. Timan A. Ruff

Infroduction and gortext:

sobial haalth on a knife-adge

Nuyclear weapons constiute the greatzst immediate threat to global
survival, health and sustainability. While the total number of
nuclear weapons has been reduced from thelr 1986 peak of 20,000
0 14,000 now, their capacity to produce a global catastraphe
ieopardizing the survival of complex life forms is undiminished.
Retention of nuclear weapons makes their eventual use inevitable.

A fundamiental requirentent of respensible public policy isa

firm: basis in evidence: in this case understanding the physical,
bistogical and ecological conssquences of nuclear weapons,

The physical realities at the heart of nuclear dangers are that the
physical processes inside an atomic weapon and a auclear reactor
are fundamentaily similar; that both increase the radioactivity
present i the starting marerials at least 1 million times; and

that fissile materials will be both toxic and weapons-usable for
geologicsl periods that make the fimeframes of huntan institutions
irralevant. Therefore 2 spurd policy approach mast be based on
primary prevention and the inherent dangers of nuclear weapons
and fissife materlals, and niot the changing complexion of political
Eeaders, elliances, governments, o7 societies. However, evidence
of the effects of nuclear detonations has frequently not baen

collected, ar has been covered-up or disregarded by goveraments
in subservience 1o the nryths thas nuclear weapons can be used
to enhance security and serve legitimate military ptrposes. The
relentless trend of accumulating scientific evidence about the
consequences of use of nuclear weapons has been that the stzkes
are even higher than previously understood; the mote we know
the warse it looks,

A brief history of medical evidence
regarding nuclear weapon effects

The first foreign doctor to arrive In Hiroshima after the nuclear
bombing was ICRC delegate Dr Marcel fanod, whose telegrams
make chilling reading. On 30 August 1945 ke reported:

visited Hiroshima 30tk conditions appalling. Clty wiped out

80% all hospitals destroyed or seriously damaged inspected 2
emergency hospitals conditions beyond description. Effect of bomb
miysteriousty serious. Many victims app ddeni

iy recovering Iy
suffer fatal nilapse duz to decompesition of white blood cells and
other internal injuries now dying ir: great nurnbers. Estimated

still over 100,000 wounded in emergency hospitals located
surroundings sadly lacking bandaging meterials medicines.
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Within a distance of 4.7 km in every direction, all

living things would die almost immediately-vapourised,
crushed, charred, irradiated. 7.5 km in every direction,
essentially everyone would be killed or seriously injured.
Stretching to out 22.6 km in every direction, everything
flammable would ignite, and thousands upon thousands
of fires would coalesce into a giant firestorm. Wherever
they were, most living thing would die from burns and
asphyxiation. Still further out, hundreds of thousands of
people would be seriously injured. And everywhere the
invisible, silent, lingering danger of radiation would persist.

fnpaant o Biealth

« 50 15-kt airbursts targeted af urban zones in
different countries would produce up lo 17.6
million immediate deaths from Blast and fives
in the case of alrbursts, up 0 9.3 million similar
deaths with groundbursts, and up to 2.6 million
shovt term radiation deaths in the case of
groundbursts. The highest number of deaths among
the 13 countries evaluated ccctirred in China,
Jollowed by India. The total casualties for Ching in
the case of 50 15-kt airbursts was estimated at 32.2
million; 20.6 million in the case Qf'grmmdbursts.”
The weapons invoived would constitute less than
0.04% of the total explosive yichf aad Tess than
0.3% of the number of weapons in the global
nuclear arsenal.

A 5-Mt nuclear explosion

In an attempt {o make the unigue destructive

power of nuclear weapons more comprehensible,

the health -related effects of a single 5-Mt nuclear
weapon exploded over a major city will be described.
Such a weapon is the largest known to be currently
deployed. The equivalent ameunt of TNT kigh
explosive would fill a freight train 2414 km long,
Sufficient energy would be released by the explosion
of such & bomb to twrn 5 million tons of ice to steam.
‘Within a thousandth of a second, conditions akin

to the centre of the sun would be produced—100
millien *C and 100 million atmospheres of pressure
in a fireball, which would rapidly expand ro0 1.8 km
across, releasing a massive burst of radiation, heat,
light, and blast,

‘Within a distance of 4.7 km in every direction, winds of
750 km/h and a blast wave over 140 kPa would crush,
callapse, or explede all buildings including those of steel
and reinforced concrete and tern the debris into missiles
with lerhal velocity. Glags and steel would melr; concrere
would explode. Wherever they were, all living things
would die abnost immediately—vapourised, crushed,
charred, irradiated.

Out to about 7.5 kin i every direction, winds of 460 kun/h
and blast pressures of 80 kPa would break apart concrete
and stee] buildings and sweep out their walls, floors, and.
ceilings. Aluminivm would be vapourised. Adults would
De hurled over 100m at high speed. Essentially everyone
would be killed or seriously injured, inclading by crush
injuries, mptured lungs, transected spinal cords, severe
haemotrhage, and deep burns.

As far as 12.3 ke In every direction, winds of 260 km/h
and blast pressures of 35 kPa would crush wooden and
brick buildings Including houses, schools, shops, wnd
many factories. People would be hured 7o, Asphalt
would melt. Windows would be fragmented into more
than 4000 projectile glass shards per square meter. Glass
and other debris would penetrate people like shrapnel.
Many psople would have ruptured eardrums, In less than
10 seconds the city would be compietely devastated.

Stretching to out 22.6 ki in every direction, over an area
of 1665 ka?, everything flammable would ignite—wood,
paper, clothing, plastics, perrol, and oil from ruptured
tanks and cars; Rl of this would be fuclled further by

ruptured gas pipes, downed electricity lines, and leaking chemicals,
Within half an hour, thousands epon thousands of fires woald
coalesce inlo a giant firestorm 45 kun across with temperatures of
more than 800°C, sucking in air creating winds of more than 320
km/h, consuming all avallable cxygen. Wherever they were, every
living thing would die fron: buums and asphyxiation, Shelters would
become crematoria.

Still further out, windows would be shattered, buildings damaged,
the air Ailfed with broken debris tuned into missiles, The streets
woukd be impassable, There would be no ambulances, fire engines
or police, no power or communications, People woeuld be trapped
under buildings, cars, and fallen debris. Beyond the raging firestorm
hundreds of thousands of peaple would be serlously injured. Crush
injuries, fractures, deep lacerations, and internal bleeding would
abound. Many would be deaf from ruptured eardrums; many
blinded by retinal burns after huving glanced reflexively at the
ficeball. All would be deeply traunmatised. Many would iose all will
or capacity to function. Everywhere the invisible, silent, lingering
danger of radiation would persist. Flundreds of thousands of people
would have severe second and third degree burns, requiring the
most intensive medical resources and care, but none would be
available. Hospitals would have disappeared or be damaged. If

they were still standing they would likely have no power or water.
Laberatories, operating theatres, sterilisers, ventilators, infusion

The vast majority of
injured people would die
alone without so much
as a human hand or
voice to comfort them
and without any relief
for their agonising pain

pumps, cardiac monitors, and other equipment would either be
smashied, burned, or not working from the electromagnetic pulse
and loss of power, The few wha could reach hospitals or clinlcs
would find that most of the doctors, nurses, and other health
professionals would be themselves dead or injuredd. The few not
consumed with their wn injuries, losses, or loved ones, whe might
be able to assist, would quickly run out of any medical supplies they
managed 10 salvage. The vast majority of injured people would die
afone without so much as a human hand or voice to comfort them
and withou any relief for their agonising pain.

Most current nuclear weapons are smaller than 2 5-Mt bomb—the
mast nwnerous in the US arsenal are between 100- and 455-kt; the
most numerous in the Russian arsenal are between 100- and 800-kt.#
However, multiple smaller nuclear weapons are more efficient at
delivering destruction over a wider area, so a single large detonation

underestimates the destruction that would be caused by unleashing
alarge part of the available nuclear arsenals, Recent studies have
shown that in nudear terms “low” yield (Hiroshima size} weapons, it
targeted at city centres, can produce 100 times as many fatalities and
100 times as much smoke from fires per kt of explosive yield as high
vield weapons.™

When the fires ignited by a nuclear explosion had gone out, any

survivors, whether injured or not, would likely face a ity inhospitable
beyond recognition. Safe water, food, shelter, wirmtly, electricity,

fisel, basic goods, assistance, and information would be hard to find.
Most of the life-supporting and health-enabling infrastructure and
services of modern societies would be severely disrupted. Sanitation
breakdown, malnutrition, social disintegration, profound mental
traura, and the ever-present, cngoing, tnvisible, indiscrimlnate, and
inescapable hazard of radioactivity would combine to fuel increpsed
vulnerability to and spread of endemic and epidemic infections
diseases.

Humanitarian response capacity

Health professional staff, hospitals, and other heakh care

resources are concentrated in urban centres, and would likely

be disproportionally affected by a nuclear weapons attack. In
Eiiroshima, of 300 doctors 270 were reported dead, of 1780 nurses
1654 were dead, and of 140 pharmacists 112 were dead; 42 of 45
hospitals were non-functional® The most recent available U8
Department of Hemeland Security {DFS) assessment of response
planning factors following a single 10-lt nuclear groundbuyst in
Washington DC demonstrates the wide gulf that exists betwreen the

In Hiroshima, of 300
doctors 270 were
reported dead, of 1780
nurses 1654 were dead,
and of 140 pharmacists
112 were dead;

42 of 45 hospitals were
non-functional®?

potential casualties of a single relatively small nuclear explosion and
the health care resources available to respond to its aftermath, even
in one of the most resource-rich settings (Table).

The 2007 City of Hiroshima assessment of another nuclear attaclk
on the city conclades: “no matter how povernment bodies tried
to deal with the situation, the effect would be merely to reduce

the cagualties on a minute seale”™ They note that if prior warning
could be given to enable people to take shelter indoors, ncute
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stal injurad person Hion
Parsons suffering trauma; 343,000
Moderate-severe trauma; 267,000

-Persong suffering acute radiation sicknes
BOT,000 i e L

Note: The effects of fires are not included.

casuallies may be reduced, and that in arcas far removed from
ground zero, evacuation may be effective in reducing casualties,
Exposure to early radioactive fallout ¢ould be reduced by early
shekering and delayed evacuations following a small number

of dispersed nuclear explostons, but the gulf between available
medical resources—even if they could be effectively accessed in
time—and need, even in the United States foliowing a single small
nuclear explosion is salutary.

The Hiroshima Committee of Experts concluded unequivocally:
“It is not possible to protect civilians from a nuclear weapons
attack. To protect civilians, there is no measure other than to
prevent a nuclear weapons attack from occurring, whether

it be deliberate or accidental. To prevent the use of nuclear
weapuns, there is no way other than to ubolish nuclear weapens

5

themselves.

The substantial ¢ivi! defence programimes against nucleac aitacks
that became widespread in the 19505 were discredited and largely
abandoned in the carly 19805 hecause of the work of physicians
and scientists demonstrating that these programmes were
ineffectual, deceptive and wasteful.®

The second WHO report {19877 concluded o relation to
management of casualties following a nuclear war: “Obviously
the health services of the world could in no way cope with
such a sitiation, In sum, in the event of a nuclear war triage
would at best be Insignificant, rescue work scarcely other than
makeshift [...] The great majority of casualties would be left

Impsacton Lealtly

without medical attention of any kind {...] When treatment is
ineffective, the only solution available to the health professions is
prevention. Preventlon is obviously the only possibility in case of
a nuclear war”

Mermnbers of emergency services, other disaster responders,

heulth care professionals, other personnel providing essential
services, and the imany who may be called to assist in responses

o humanltarian emergencies would face unigue dangers und
difficulties following any nuclear exploston, with widespread and
persistent radicactivity severely complicating and hampering
access and refief efforts. Many such roles are normally voluntary,
and informed consent is required. [Msaster response planning
should not be based on unrealistic or frankly fictional assumptions
about what is possible following nuclear disaster, and responders
should not be expected to do the impaossible or place themsclves at
unaceeptable danger.

Recent assessments by senior experts of the Red Cross/

Red Crescent movement, the world’s largest humanitarian
arganisation, make clear that there are ne imernational plans or
capactty for assisting the victims of nuclear explosions®-" The 2011
resakation of the Council of Dejegates, the highest governing bady
of the Iternational Red Cross/Crescent movement, “Working
towards the climination of nuclear weapong”, 1n its first operative
paragraph; “emphasizes the incalculable human suffering that

can be expected to result from any use of nuclear weapons, the
lack of adequate humanitarian response capacity and the absolute
imperative to prevent such uge>™

Members of emergency services, other disaster
responders, health care professionals, other
personnel providing essential services, and the

many who may be called to assist in responses to
humanitarian emergencies would face unique dangers
and difficulties following any nuclear explosion, with
widespread and persistent radioactivity severely
complicating and hampering access and relief efforts.

Conclusion: a need for evidence-based policy

Evidence of the unacceptable, catasirophic consequences

for the health of the human population in case of any use of
nuclear weapons is unassailable. Incontrovertible evidence of
unacceprable humanitarian effects has been key to the substantial
progress made in banning the use of and ¢liminating other types
of indiseriminate, inbumane weapons - biological and chemical
weapons, anti-personnel landmines and most recently cluster
munitions, Nuclear weapons are far more indiscriminately
destructive than any of these.

As noted above, evidence-based advocacy has repeatedly been
effective in relation to nuclear weapons. Public and heaith
professional pressure based on evidence of the widespread
presence of radieactive fallout including strontium-90 in the
deciduous teeth of children in the 1950s and 60s played a major
role in the end of atmospheric nuclear tests; in repeatedly
extended Soviet nuclear test moratoriums during the 1980s and
the eventual near-complete cessation of nuclear test explosions.
Serious discussion at the 1985 Geneva and 19868 Reykjavik
summits between General Secretary Gorbachev and President
Reagan on the complete abolition of their nuclear arsenals

over a 15 year timeframe owes mmuch to the work of scientists
and physicians in spreading awareness about the catastrophic
consequences of use of nuclear weapons and the impossibility
of any effective response short of prevention. This was reflected
iy the joint statenient by Gorbachev and Reagan at their 1985
summit that “[a] nuclear war cannot be won and must never be
fought”** Garbachev wrote that the 1980s research on nuclear

winter had a preat influence on him* and that without IPPNW s
efforis, the abolition of US and Russian intermediate range
nuclear missiles and other disarmanment initiatives “would
probably have been impossible”# Physicians played a significant
role in New Zealand's nuclear Free status; Prime Minister David
Lange saying at the 1986 IPPNW World Congress: “You have
made medical reality a part of political reality”*

In recent decades there has been widespread deliberate dental of
the datly existential threat to global health and survival posed by
nuclear weapons. In the last generation, no national government
or international agency has produced a comprehensive public
report on the effects of use of nuclear weapons, addressing
squarely the risks posed to human and global security by
current arsenals, or their continued modernisation. On the most
acute threat to human health identified by the World Health
Crganisation, we have nothing like the Intergovernmental Panel
of Chimate Change, whereby the world's foremost scientific
expertise is harnessed to update and analyse the evolving
evidence and pul it hefore the public and decision-makers. Thus
far, only one government—that of Switzerland—has invested,
modestly, in examining, validating, and extending the extensively
published and peer-reviewed evidence, gencrated through

the initiative and courage of a small number of independent
scientists, on the danger of nuclear famine following use of 2
tiny fraction of the world's nuclear arsenal. This must change.
The biggest challenges deserve the greatest attention. Policies on
nuclear weapans must be based on the best evidence regarding
their actual effects. Qur survival depends on it
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ANNEX 7
ANNEX 7 — President Barack Obama, Prague speech, April 5, 2009,
https://www.whitehouse.gov/the press office/Remarks-By-President-Barack-Obama-
In-Prague-As-Delivered

THE WHITE HOUSE
Office of the Press Secratary

FOR IMMEDIATE RELEASE April 5, 2009

REMARKS BY PRESIDENT BARACK DBAMA
Hradecany Sguare
Prague, Czech Republic

10:21 AM. (Local)

Mow, understand, this matters lo people everywhers. One nuclear weapon exploded in one ity — be it New York or
Moscow, Islamabad or Mumbali, Tokyo or Tel Aviv, Paris or Prague ~- could kit hundreds of thousands of people.
And no matter where i happens, thete is no end to what the consequences might be - for our giobal safety, our
securily, our society, our ec;onomy‘,' {o our ulfimate survival.

Some arque that the spread of these weapons cannot be stopped, cannot be checked — that we are destined fo
five in 3 world where more nations and mare people possess the ultimate fools of destruction. Such fatalismis 2
deadly adversary, Tor if we believe that the spread of nuclear weapons is inevitable, then in some way we are -

admitting fo ourselves that the use of nuclear weapons i nevitable, 3

Just as we stoad for freedom in the 20th cenfury, we must stand together for the right of people everywhers fo five
free from fear in the 21st century. (Applause.) And as nuclsar power — as a nuclear power, as the only nuciear '
power to have used a nuclear weapon, the United States has a mora responsibility to act. We cannot succeed in
this endeavor alone, but we can lead it, we can start it. - - S S




ANNEX 8
ANNEX 8 — Report and Summary of Findings of the Conference presented under the
sole responsibility of Austria, Vienna Conference on the Humanitarian Impact of
Nuclear Weapons, 8 to 9 December 2014,
http://www bmeia gv_at/fileadmin/user unload/ZentraIe/Aussenpohtlk;Abmestung/HI
NWI14/HINW14 Chair s Summary pdf

Vignna Eonfarence an the Humsaitariaa Impact of Budew Weapons
8 to b Dacembar Hitd
Report and Summary of Findings of the Conference
prasested under the soly respanaibility of Ausids

Ths Vasing Conferencs on the Humanitadan fmpast of Nocear Waapong ik plass Fom 3§
te 8 Deckmber 2004, It sddresed the homasitedan conseguantes of any wie of nudesr
HEEpOnS, mgﬁ{ndmg affuts o baaihan heglth, the anviammens Syrleuitin i fond seourity,
wigration dnd the sitonmmy b3 woll m the iy sod Bhelthood of the authorized o
ursithodired use of nudesr weapns, international response capabilttes snd the spplabis
nofinative amewnork

Delegations rpresenting 158 States, the United Nations, the Tntarnutional Committee of the
Radd Cross, thie Red Crods amd Red Crescent movement, civil sociity crpaniations snd
atEdurnia particlpated in s Confarsncs,

Thi UM Szcratary Ganerst st Pope Frands tomreyed mesagss to the Conferance. The
Pragidant of the ICRC addreised the particioonts. Hibalusha, the swvivers of the nucdesr
siplosions in Hiroshime and Magassu, and victims of thi effects of nuclear mssting alio
participated in the Conderance and gave thelr testhmanies and sspedences. Their plesimos
aad comdribitions sxemplifed the unspeskeble suffedng cased bo ordiesry oilams by
sclear wasgnes.

Thie Wienna Confersnie hidlt upon the fact-based distussions st thi St and sacoad
Lonferences on the Humanitaren Impact of Mudear Weapons, huld respectively in Onlo and
Mayarit, snd contributed © & deeper understaraling of the consssuences and the actual risks
posed By nuclesr weapons. Moreover, thess further discussions undeslined the ssdrems
chatlengss for humanitarian response in the event of nudesy weapen sxotosinns in populsted
areas. Furthermars, it presented 3 “bird's eye view” on imtemational norms and the
bumanifarian impact of nodesr wespors. ¥ey condusions from e substantive seedang
inciuded the following:

*  The impact of & nedear weapen detonation, drespecive of the tause, woild aot be
constrained by national barders and cowld heve regioral snd sven gichal consequencas,
eausing destruction, daath and displocernest as well a5 profound and long-term damags
ot the ssironment, climate, human health and well-being, Secdoscnnomic develgpraent,
sozial order and could even threaten the surdval of humankind.

+  The stops sesle and interrelstionship of the hemaniaden ronsaquences caussd by
ruclear weapon defonstlen oes catastrophic mnd more complex than commonly
understond. Thess corsetuanices can be fsrge se@le and potentislly breversible,

= The use snd tecting of nudear weapors have demonstrated thelr devastating Immediate,
widh snd fong-teem affects. Muclear testing I soveral parts of the world has left 3 legagy
of saripus heslth and ervironmental consanuences. Redicadive condernination froms these




ANNEX 9

ANNEX 9 — M.J Mills ef gl., “Multi-decadal Global Cooling and Unprecedented
Ozone Loss Following a Regional Nuclear Conflict”, Earth’s Future Research Paper

2014, at p. 161,

hitp://climate.envsci.rutgers.edu/pdf/MillsNWeft224.pdf
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which two countries each used 50 Hiroshima-size (15 k) nuclear weapons, creating such urban firestorms.,
Using the global climate modet GISS ModelE (Goddard Institute for Space Studies, New York), they cal-
culated that nearly all the 5 Tg of smoke produced weould rise to the stratosphere, where it would spread
globally, reducing the global average temperature by 1.25°C for 3-4 years and by more than 0.5°C for

a decade. This effect was longer lasting than that found in previous "nuclear winter” studies, because
older models could not represent the rise of smoke into the stratosphere. Mills et al, [2008] then used

a chemistry-climate model to calculate that the concurrent heating of the stratosphere by up to 100°C
would produce global ozone loss on a scale unprecedented in human history, lasting for up to a decade.

Recently, Stenke et al. [2013] used a third independent model to confirm the major findings of these two
previous studies. That study used the chemistry-climate model SOCOL3 to assess impacts on climate and
stratospheric czone for a range of inputs and particle sizes. The study coupled a mixed-layer ocean with
a depth of 50 m and a thermodynamic sea ice module to a high-top atmospheric model, which calcu-
lated chemistry effects in agreement with Mills et o/, [2008]. Unlike Robock et al. [2007b], the study did not
consider active ocean dynamics, and hence could not incorporate the climate effects of changing ocean
circulation. The inclusion of only the top 50 m of ocean limits the thermal inertia effects that occur in the
presence of a deep ocean, making surface temperature responses too rapid, as the heat content of the
deeper ocean is not considered.

Here we present the first study of this scenario with an Earth system model, coupling a chemistry-climate
model to interactive ocean, sea ice, and land components.

2. Model Description

2.1, CESM1{WACCM)

We revisit the scenario of nuclear war between India and Pakistan, each side using 50 Hiroshima-size
weapons in megacities on the subcontinent, using the first version of NCAR'S Community Earth System
Model (CESM1), a state-of-the-art, fully coupled, global climate model, configured with fully interactive
ocean, land, sea ice, and atmospheric components [Hurrell et al., 2013]. For the atmospheric component,
we use the Whole Atmosphiere Community Climate Model, version 4 (WACCM4), which is a superset of
version 4 of the Community Atmospheric Model (CAM4), and includes all the physical parameterizations
of that model [Neale et al., 2013]. WACCM is a "high-top” chemistry-climate mode! that extends from the
surface to 5.1 % 1078 hPa (~140 km). It has 66 vertical levels and horizontal resolution of 1.9° latitude x 2.5°
longitude. WACCM includes interactive chemistry that is fully integrated into the model's dynamics and
physics. Heating the stratosphere, for example, feeds back onto chemical reaction rates. Photolysis rates
are calculated based on extinction of exoatmospheric flux from overhead czone and molecular oxygen,
and are unaffected by aerosal extinction, WACCM uses a chemistry module based on version 3 of the
Maodel for Ozone and Refated Chemical Tracers (MOZART) [Kinnison et al,, 20071, tailored to the middle
and upper atmosphere. The chemical scheme includes 59 species contained in the O, NO,, HO,, CIO,,
and BrQ, chemical famities, along with CH, and its degradation products; 217 gas-phase chemicai reac-
tions; and heterogeneous chemistry that can lead to the development of the ozone hole. For our simula-
tions, CESM1 includles the active land, ocean, and sea ice compenents described by Lawrence et al. [2011],
Danabasoglu et al. 2012), and Holland et al. [2012], respectively. The full ocean model extends up to
5500 m in depth, and includes interactive, prognostic ocean circulation. The nominal fatitude-longitude
resclution of the ocean and sea ice components is 1°, the same as in CESM1(WACCM) simulations con-
ducted as part of phase 5 of the Coupled Model Intercomparison Project [Marsh et al., 2013].

2.2. CARMA

We have coupled WACCM with version 3 of the Community Aerosol and Radiation Model for Atmospheres
(CARMA3), a flexible three-dimensional bin microphysics package that we have adapted for the treat-
ment of black carbon (BC) aerosol. This allows the BC to experience gravitational settling, and obviates
the implementation of molecular diffusion, which the gas-phase tracers in WACCM experience at high
altitudes. CARMA originated from a one-dimensional stratospheric aerosol code developed by Turco et al.
[19791 and Toon et al. [1979] that included both gas-phase sulfur chemistry and aerosol microphysics.
The mode] was improved and extended to three dimensions as described by Toon et al. [1988]. Extensive
updates of the numerics continue to he made. For this study, we limit BC to one size bin of fixed radius.
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As described below, we performed an ensemble of runs assuming a microphysical radius of 50 nm, to be
consistent with the optical properties of BC assumed in the model’s radiative code, which are derived from
the Optical Properties of Aerosols and Clouds (OPAC) software package [Hess ef al., 1998]. Qur previous
studies of BC in the stratosphere from nuclear war and space tourism used these same optical properties,
but with a radius for sedimentation that was twice as large [Mifls et al., 2008; Ross et al., 20101 We also con-
ducted one perturbation run using the same 100 nm radius for sedimentation as those previous studies,
for comparison in the coupled model.

We do not allow calculated particle populations to change radiatively of microphysically other than by
rainout, sedimentation, and transport. The particles are assumed to be completely hydrophilic from the
start, and hence are subject to rainout in the troposphere. We assume a mass density of 1g cm3 for each
BC particle, consistent with measurements of atmospheric BC particles coilected on filters, which are com-
posed of smaller, denser particles aggregated in fractal formations with spatial gaps [Hess et af., 1998].

As Toon et al. [2007] point out, coagulation of BC is likely to form chains or sheets, which would have the
same or higher mass absorption coefficients as smaller BC particies. Drag forces would decrease sedimen-
tation of such chains or sheets compared with aerosols that grow as simple spheres. Our neglect of coag-
ulation, assuming a monodisperse distribution of 50 nm radius spheres, should more accurately predict
stratospheric lifetime under conditions with fractals than a treatment of growth into larger spheres with
faster sedimentation, Toon et al. [2007] also indicate that the BC is likely to become coated with sulfates,
organics, and other nonabsorbing materials, which could act as lenses, refracting light onto the BC. This
effect might increase absorption by ~50%, leading to potentially greater impacts than those we modeled.

2.3. Model Setup

We have performed an ensemble of three “experiment” runs initialized with 5 Tg of BC with 50 nm radius
over the Indian subcontinent. A fourth experiment run includes the same mass and spatial distribution
of BC, with 100 nm sedimentation radius, We compare these experiment runs to an ensemble of three
“control” runs without this additional BC. Each.of these seven runis simulated thé time period from 1-Jan-
uary 2013 to 1 January 2039, with concentrations of greenhouse gases and other transient constituents
changing with time according to the specifications of the “medium-low emissions” Representative Con-
centration Pathway (RCP4.5) scenario [Meinshausen et al,, 2011], a baseline for climate projections. We
also tried starting the simulated conflict on 15 May, as was done by Robock et al. [2007b] and Stenke et al.
[2013], and found that the different season did not significantly affect the stratospheric distribution or cli+
matic impact of the BC. Because of the prolonged surface cooling that we calculated, we extended our
runs beyond the 10 year span used in previous studies to 26 years.

In the experiment runs, 5 Tg of BC was added to the initial atmospheric condition in a constant mass mix-
ing ratio of 1.38 x 10~ kg/kg air between 300 and 150 hPa in a horizontal region spanning 50 adjacent
model columns roughly ¢overing India and Pakistan. The BC heats the atmosphere to extrema conditions,
requiring a reduction of the models standard time step from 30 to 10min. Because this reduction in time
step produces a significant increase in cloudiness in the model due to dependencies in the cloud param-
eterization, we reduced the time step consistently in the experiment and control runs. We also tried an
alternate approach of increasing the dynamical substepping in the model, but found that the 16-fold
increase in the number of substeps required to produce a stable result produced a similar increase in
clouds to our criginal approach. We diagnose the effects of reducing the model time step in section 2.4.

The three members of each ensemble were configured with different initial conditions for the ocean, land,
and sea ice components, derived from the ensemble of three RCP4.5 CESM1(WACCM) runs conducted

as part of CMIPS [Marsh et al., 2013). These components interact with the atmosphere, producing a
representation of natural climate variability among the three runs in each ensemble. As we will show,

the variability that we calculate within each ensemble is small compared to the differences between the
experiment and control ensemble averages, indicating that the effects we calculate are not attributable to
model internal variabitity.

2.4, Model Validation
To understand the effects of changing the model time step on our conclusions, we diagnosed the cli-
mate of one of our control runs for years 20232038, 16 years starting 10 years after the change in time

MILLS ET AL.

® 2014 The Authors. 163



@ AG U Earth’s Future 10.1002/2013EF000205

step, with reference to the climate of the same years from one of the CESMT{WACCM) CMIP5 runs for
RCP4.5, the same forcing scenario used in our runs. The effect of increased low clouds is to change the
global shortwave (SW) cloud forcing from —55 to —62 W m~2. Observations from Clouds and Earth’s Radi-
ant Energy Systems {CERES) Energy Balanced and Filled (EBAF) put this forcing near —51 W m™, so the
change produces a more reflective planet than is observed (A. Gettelman, persenal communication). This
may lead to an underestimation of the surface cooling anomaly in our calculations, because the effect

of extinction in the stratosphere would be reduced if less SW radiation reaches the surface in both our
control and experiment runs. At the same time, global longwave cloud forcing increases from 30 Wm™2
in our CMIPS run to 34 W m™2, Observations from CERES ERAF put this forcing near 26-27 Wm™2, so the
change is toward more greenhouse warming from high clouds than is observed. This 4 Wm™ increase in
cloud forcing partially offsets the surface cooling effects of the 7 W m™ decrease in the SW. The changes
in cloud forcing occur mostly in the tropics.

Because we started from an RCP4.5 scenario in 2013, the initial atmosphere is not in radiative balance,
but is warming in response to anthropogenic greenhouse gases. The radiative imbalance at the top of the
model is 0.977 Wm™2 in our CMIP5 run for years 2023-2038. The effect of increased clouds is to reduce
this by a factor of 10 to 0.092 W m~2, bringing the model close to the radiative balance that would be seen
in a steady state, such as the static conditions used for previous nuclear winter calculations. We ran an
additional case in which the 5 Tg of BC is added in year 10 of the control run. These calculations confirm
that our calculated BC mass, and surface anomalies in SW flux, temperature, and precipitation are not
significantly affected by any transient adjustments after the initial change in time step.

We also diagnosed effects on stratospheric chemistry by comparing the ensemble average column ozone
from our control runs to the ensemble average from the CESM1{WACCM) CMIP5 runs for the first 6 years
after we introduced the change in time step. We found no significant differences in either the global mean
or latitudinal distribution of column ozone due to the change in time step. The effects of changing the
model time step are relatively minor compared to those of 5 Tg of BC in the stratosphere, which is the
focus of our study.

3. Results

3.1. BC Rise and Meridional Transport

As in previous studies of this scenario [Robock et al., 2007b; Mills et al,, 2008], the BC aerosol absorbs

SW radiation, heating the ambient air, inducing a self-lofting that carries most of the BC well above the
tropopause. CESM1(WACCM) has 66 vertical layers and a model top of ~145 km, compared to 23 layers
up to ~80 km for the GISS ModelE used by Robock et al. [2007b] and 39 layers up to ~80 km for SOCOL3
used by Stenke et al. [2013). As Figure 1 shows, we calculate significantly higher lofting than Robock et al.
[2007b, compare to their Figure 1b], penetrating significantly into the mesosphere, with peak mass mixing
ratios reaching the stratopause (50-60 km} within 1 month and persisting throughout the first year.
This higher lofting, in conjunction with effects on the circulation we discuss fater, produces significantly
longer residence times for the BC than those in previous studies, At the end of 10 years, our calculated
visible-band optical depths from the BC persist at 0.02-0.03, as shown in Figure 2. In contrast, Robock
et al. [2007h] calculate optical depths near 0.01 only at high latitudes after 10 vears, a level that our
calculations do not reach for 15 years.

3.2. BC Burden, Rainout, and Lifetime

During the first 4 months, 1.2-1.6 of the 5Tg of BC is lost in our 50 nm experiment ensemble, and 1.6 Tg in
our 100 nm experiment, mostly due to rainout in the first few weeks as the plume initially rises through
the troposphere (Figure 3a). This is larger than the 1.0 Tg initially lost in the study of Mills et al. [2008],
which used a previous version of WACCM. This is likely due to the difference in our initial distribution of
BC compared to that previous study, which injected 5 Tg into a single column at a resolution four times
as coarse as ours. The more concentrated BC in the previous study likely produced faster heating and rise
into the stratosphere, mitigating rainout. Qur calculated rainout contrasts with the lack of significant rain-
out calculated by the GISS ModelE {Robock et al., 2007b], which assumes that BC is initiatly hydrophobic
and becomes hydrophilic with a 24 h e-folding time scale, The mass burden reaching the stratosphere and
impacts on global climate and chemistry in our calculations would doubtless be greater had we made
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Figure 1. The time evolution of BC mass mixing ratio (kg BC/10° kg 2ir) is shown for the average of the 50 nm experiment ensemble.
The horizontal axis shows time in years since the emission of 5 Tg BC at 150300 hPa on 1 January.
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Figure 2. The time evolution of zonal mean total column BC eptical depth in the visibla part of the spectrum is shown for the 50 nm
experiment ensemble average, The vertical axis shows latitude. The horizontal average shows time in years.

a similar assumption to the GIS5 ModelE. Stenke et al. [2013] calculate an initial rainout of ~2Tg in their
interactive 5 Tg simulations, which assumed BC radii of 50 and 100 nm in two separate runs. After initial
rainout, the mass e-folding time for our remaining BC Is 8.7 years for the average of our 50 nm experiment
ensemble and 8.4 years for our 100 nm experiment, compared to the 6 years reported by Robock et al.
[2007b], ~6.5 years by Mills et al. [2008], 4-4.6 years reported by Stenke et al. [2013}, and 1 year for strato-
spheric sulfate aerosol from typical volcanic eruptions [Oman et al., 2006). Due to this longer lifetime,
after about 4.8 years the global mass burden of BC we calculate in our ensembile is larger than that cal-
culated by the GISS ModelE, despite the initial 28% rainout loss. After 10 years, we calculate that 1.7 Tg of
BC remains in the atmosphere in our 50 nm experiment ensemble and 0.82 Tg in our 100 nm experiment,
compared to 0.54 Tg calculated by the GISS ModelE and 0.07-0.14 Tg calculated by SOCOL3.

The long lifetime that we calculate results from both the very high initial lofting of BC to altitudes, where
removal from the stratosphere is slow, and the subsequent stowing down of the stratospheric residual cir-
culation. The Brewer-Dobson circulation is driven waves whose propagation is filtered by zonal winds,
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Figura 3. The monthly global mean time evolution is shown for (a} the mass burden of black carbon {Tg), {b) the shortwave net flux
anomaly at the surface (Wm™?), (¢} the surface temperature anomaly (K), and (d} the precipitation anomaly (mm/day). The dark blue
dashed line and light blue shading show the average and range of our 50 nm experiment ensembie, The gold line shows aur
simulation assuming a 100 nm aerosol radius. The dark red dashed fine and pink shading show the ensemble average and range for
Robock et al. [2007a, 2007b] (data courtesy L. Oman). The grey and green lines show resulis from two 5 Tg BC simulations from Stenke
et al, [2013] (data courtesy A. Stenke}, with assumed aerosoi radii of 50 and 100 nm, respectively. Ensemble anomalies are calculated
with respect to the mean of the respective control simutation ensembles. Time 0 corresponds to the date of the BC injection (1

January in this study and 15 May in the other studies).

which are modulated by temperature gradients [Garcia and Randel, 2008]. As explained by Mills et al.
[2008], the BC both heats the stratosphere and cools the surface, reducing the strength of the strato-
spheric overturning circulation. Figure 4 shows the vertical winds in the lower stratosphere, which bring
new air up from the troposphere and drive the poleward circulation, for the control and BC runs. The
middle-atmosphere heating and surface cooling reduce the average velocity of tropical updrafts by more
than 50%. This effect persists more than twice as long as in Mifls et af, [2008], which did not include any
ocean cocling effects.

3.3. Global Mean Climate Anomalies

The global climate anomalies shown in Figure 3 respond very similarly in our 30 nm experiment ensemble
and our 100 nm experiment; here we discuss the 50 nm calculations, The 3.6 Tg of BC that reaches the
middle atmosphere and spreads globally absorbs the incoming SW solar radiation, reducing the net SW
flux at the surface by ~12 W/m? initially or about 8% (Figure 3b). This anomaly tracks the evolution of
the global mass burden of BC proportionally, similar to those calculated by GISS ModelE and SQCOL3.
The SW flux in SOCOL3 seems to be more sensitive to BC than CESM1{WACCM), calculating comparable
initial flux reductions with significantly lower BC burdens. In contrast, GISS ModelE and CESM1{WACCM)
have similar sensitivity, producing very comparable flux anomalies in years 4 and 5, when the global mass
burdens match most closely for the two models. After 10 years, our calculated SW flux anomaly persists at
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Figure 4. The time evoluticn of the tropical lower stratospheric vertical wind (mmy/s} 1s shown for {a) the control, (b} the 50nm
experiment, and (c) and the experimant minus the control. Yalues are ensemble averages for latitudes 22°5 to 72°N. The horizontal
axis shows time in years. The left vertical axis shows pressure in hPa, and the right shows approximate pressure altitude in km.

—3.8 W/m?, comparable to the maximum forcing of the 1991 Mount Pinatubo volcanic eruption [Kirchner
et al., 1999]. This is 2.7 times that of the flux anomaly calculated by GISS ModelE, with 2.0 times the mass
burden. SOCOL3 fluxes have returned to normal after 10 years as BC mass burdens become insignificant.
CESMT{WACCM) takes twice as long (20 years} to do the same.

Our calculated global average surface temperatures drop by ~1.1 K in the first year (Figure 3c). This
response is initially slower than that calculated by the GISS ModelE, due to the farge initial rainout, but
comparable to SOCOL3. The initial temperature anomalies for the three models correspond propertion-
ately to their initial SW anomalies. Our temperatures continue to decrease for 5 years, however, reaching
a maximum cooling of 1.6 K in year 5, 2-2.5 years after GISS ModelE and S0COL3 begin warming from
their maximum cooling of comparable magnitude. After a decade, our calculated global average cooling
persists at ~1.1K, two to four times that calculated by GISS ModelE and SOCOL3. For CESMT(WACCM)
and GISS Model E, this difference is roughiy proportional with the ratio of mass burdens calcutated. Our
calculated cooling fags the recovery in mass burden and SW flux, however. Global average temperatures
remain 0.25-0.50 K below the control ensemble average in years 20-23, after SW fluxes have returned
to the control range. The thermal inertia of the oceans, which have experienced more than a decade of
prolonged cocling, is responsible for much of this lag.

Precipitation rates drop globally by ~0.18 mm/day within the first year after the conflict, This 6% loss
in the global average persists for 5 years, during which time our calculated response is not as strong
as that calculated by either GISS ModelE or SOCOL3. The fairly constant precipitation anomaly that we
calculate over the first 5 years is explained by the opposing trends in surface temperature and SW flux
over this period, which tend to cancel each other out. In year 5, however, precipitation drops further as
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temperatures continue to fall, reaching a maximum reduction of 9% in glohal precipitation while precip-
itation in the other two models is in their second year of recovery. At the end of a decade, our calculated
global precipitation is still reduced by 4.5%, and more than five times the reduction calculated at that time
by GISS ModelE or SOCOL3. After 26 years, global average temperature and precipitation both remain
slightly below the control ensemble average.

3.4, Qcean and Sea lce Response .
As Figure 5 shows, sea ice extent expands significantly over the first 5 years in the Arctic, and the first
10 years in the Antarctic. Sea ice extent is defined as the total area of all surface grid points in the ocean
e model with sea ice coverage greater
e S U [ than 15%. Both hemispheres expe-
] : I rience an earlier onset of sea ice for-
i mation in the autumn, as revealed
by the seasonal maxima, consistent
with Stenke et al. [20131. In the Arc-
tic, sea ice extent increases peak at
10%-25% in years 4-7. Antarctic sea
ice extent peaks at 20%-75% larger
than the control ensemble in years
7-15, and remains 5%-10% larger
throughout the years 20-26. These
: vast expansions of sea ice affect not
e s B B s o only transfer of energy between the
o 4 8 12 16 20 24 atmosphere and the oceans but also
Time (years since BC injection) enhance planetary atbedo, further

cooling the surface by reflecting more
Figure 5, Change in sea ice extent (%) for the 50 nm experiment is shown ' . :
relative to the control. Sea ice extent is defined as the area of all sea surface grid sunlight to space. Expanding sea ice
points with ice fraction greater than 15%. The red line shows the ensemble would also have large impacts on
average anomaly for the Southern Hemisphere. The blue line shows the same for  gcean life, strongly impacting the
the Northern Hemisphere. Shading around each line shows the range of the " : .
experiment ensemble runs with respect ta the control ensemble average. The range of organisms that are in equi-
hotizontal axis shows time in years. The vertical axls shows refative change Inice  librium with the current climate fe.g.,
extent area, 100% x {experiment — control)/control. Harley et al., 2006).

Ice extent change (%)
3
|

We also find that the upper layer of the ocean experiences a prolonged cooling that penetrates to hun-
dreds of meters depth. Figure 6 shows the monthly global average ocean temperature anomalies at vari-
ous depths for the 50 nm experiment ensembile, including ensembile variability, compared to the control
ensemble average. As the figure shows, average cooling exceading 0.5 K extends to 106 m depth through
year 12. The upper 2.5 m of the ocean has the same heat capacity per unit area as the whole depth of the
atmasphere [Gifl, 1982]. Hence, this significant cooling down to 100 m depth creates a long-lived ther-
mal deficit that maintains reduced surface temperature for decades. The temperature response takes
longer to penetrate to deeper waters, with temperatures at 1000 m continuing to drop for all 26 years
simulated.

3.5. Stratospheric Czone Loss

The absorbing BC not only cools the surface but also severely heats the middle atmosphere (Figure 7). As
in Mills et al. [2008], we calculate initial global average temperature increases in excess of 80 K near the
stratopause (50-60 km). As in Robock et al. [2007 b, we calculate global average stratospheric heating in
excess of 30 K for the first 5 years. Figure 7 also reveals the surface cooling discussed above, aswell as a
cooling of the atmosphere above the BC layer, consistent with Robock et al. [2007b)].

As in Mills et al. [2008], we calculate massive ozone loss as a consequence of these extreme stratospheric
temperatures (Figure 8). Consistent with that work, we calculate a global average column ozone loss of
20%-25% persisting from the second through the fifth vear after the nuclear war, and recovering to 8%
cotumn loss at the end of 10 years. Throughout the first 5 years, columnn ozone is reduced by 30%-40% at
midlatitudes and by 50%-60% at northern high latitudes.
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Figure 6. The time evolution of the global average ocean temperature
anomaly at various depths is shown. The lines show the monthly average of the
experiment ensemble temperatures minus the monthly average of the control
ensemble. Shading around each line shows the range of the experiment
ensemble runs with respect to the contrel ensemble average, The horizontal
axis shows time in years. The vertical axis shows temperature in K.

As Mills et al. [2008] discussed, this
ozone loss results primarily from two
temperature-sensitive catalytic foss
cycles involving odd oxygen and odd
nitrogen, which accelerate at high
temperatures. In addition, analysis of
our current results shows that heat-
ing of the tropical tropopause allows
up to 4.3 times as much water vapor

to enter the lower stratosphere, The
enhanced water vapor has a twofold
effect on depleting ozone. Photolysis of
water vapor produces both odd hydro-
gen and excited-state atomic oxygen,
O('D}, depending on the wavelength of
dissoclating sunlight. O(' D} is responsi-
ble for the production of odd nitrogen
in the stratosphere via reaction with
N, Q. Cdd hydrogen has its own cat-
alytic cycle destroying ozone. We calcu-
late that odd hydrogen in the tropical
lower stratosphere is enhanced by fac-
tors of 3-5.5 over the first 2 years after

the nuclear war. Similardy, O{'D} is enhanced in the same region by factors of 4-7.6. O{* D) is not the major
loss mechanism for N, O in the stratosphere, however, and N, 0 levels are initially slightly elevated in the
tropical stratosphere, likely due to uplift by the initial rise of the plume, as described by Mifls et af. [20081.
Subsequent slowing of the stratospheric circulation produces reduced N, O levels, as increased age of air

results in increased chemical loss.

Ozone production rates are highest in the Trapics, where losses are dominated by transport of ozone to
higher latitudes. As air is transported poleward, the chemical losses accumulate, leading to higher col-
umn losses at higher latitudes. At southern high latitudes, ozone losses are mitigated by the elimination
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Figure 7. The time evolution of the vertical profile of global average tamperature anomaly is shown. Values are for the 50nm
experiment ensemble average minus the contro] ensemble average. The horizontal axis shows time in years. The left vertical axis
shows pressure in hifa, and the right vertical axis shows approximate pressure altitude in km. Contours show temperature anomalies
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Figure 8. The time avoiution of the change (%} in zonal mean column ozone is shown. The change in the 50 nny experiment
ensemble average is shown relative to the contral ensemble average: 100% x (experiment - control)/control. The horizontal axis
shows time in years. The vertical axis shows latitude.

of the seasonal Antarctic ozone hole, which normally results from heterogeneous chemistry occurring on
polar stratospheric clouds (PSCs) only at the extreme low temperatures present in the Antarctic strato-
sphere. We do not include effects of heterogenecus chemistry on BC aerosol, which is less understood
than chemistry on sulfates and PSCs.

3.6, Changes in Surface UV Radiation

We used the TUV (tropospheric ultraviolet-visible) model [Madronich and Flocke, 1997] to calculate the
impacts of this massive ozone loss on fluxes of damaging UV radiation reaching the Earth's surface. TUV
simulates the attenuation of sunlight on its journey through Earth’s atmosphere. The model has been
used to study a wide range of topics including chemistry of the remote [Walega et al,, 1992] and urban
atmosphere [Castro et al., 2001], chemistry within snowpacks [Fisher et al., 2005], incidence of skin cancer
{Thomas et al., 2007], methane emissions from plants iBloom et al., 2610], and potential changes to UV
resulting from asteroid impacts [Pierazzo et al., 2010] and geoengineering [Tilmes et ai., 2012]. The method
used in this study is based on that described by Lee-Taylor et al. [2010].

We used TUV to calculate UV fluxes for clear sky conditions, based on the monthly average column ozone
and absorbing BC distributions calculated for the control and experiment ensemble averages of our
CESM1{WACCM) runs. To reduce computational overhead, we precalculated lookup tables of UV variation
with respect to ozone, solar zenith angle (#), and surface elevation, using the full 80 km atmospheric
column considered by TUV. We then constructed global distributions of UV from the modeled WACCM
ozone distributions using Beer’s law to account for the slant-path absorption by the stratospheric BC,
performing the calculation dally to account for varying 8. We express the monthly averaged UV results in
terms of the international UV Index (UVI) [WHO, WMO, UNEP, and ICNIRP, 2002], which weights noontime
UV fluxes by an “action spectrum” to account for the wavelength dependence of the effectiveness of solar
radiation at causing skin damage {McKinlay and Diffey, 1987].

Figure 9 shows UVI in the peak summer months of June for the Northern Hemisphere and December for
the Southern Hemisphere. The World Health Organization recommends that sun protection measures be
taken for UV indices of 3 and above, and characterizes UVl values of 8- 10 as “very high,” warranting extra
protection measures to avoid exposure to sunlight during midday hours. UVi greater than 11 is consid-
ered “extreme.” We calculate UVl increases of 3-6 throughout the midlatitudes in summer, bringing peak
values off the charts at 12-21 over the most populous regions of North America and southern Europe in
June. We find similar increases for Australia, New Zealand, southern Africa, and South America in Decem-
ber. Skin damage varies with skin type, with burn times inversely proportional to UVL Hence, a moderately
fair-skinned North American who experiences a painful, noticeable sunburn after 10 min in the sun at
noon in June for a UVI of 10 would receive an equivalent level of damage after 6.25 min for a UVl of 16.
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Figure 9. UV index in June {left} and December (right) is shown for the control (a, b}, the experiment {g d), and the experiment
minus the controt (g, f). Values are ensemble averagas for year 3.

Stenke et al. [20131 calculate similarly dramatic increases in UV radiation due to ozone loss. They also
raport that the attenuation of solar fluxes from BC absorption was significant enough in high-latitude
winter to reduce UV levels by 30% when they are most needed for vitamin D production. In contrast, we
do not find that BC attenuation is significant enough to offset the UV increases from ozone loss,

The calculations shown in Figure 9 include absorption of UV by the BC, but not scattering, which presents
an additional source of uncertainty. We performed a sensitivity test at 305 nm using a nominal single-
scattering albedo of 0.31 for a T km depth soot layer centered on 27 km and a total ozone column of
200 DU. We calculate that BC scattering produces small reductions in ground-level UV irradiance, rang-
ing from 4% for overhead sun and scot optical depth of 0.05 to 12% for & of 88° and soot optical depth
of 0.1, Hence, scattering would only marginally offset the 30%-100% increases in UV imadiance that we
calculate for summer in the extratropics,

3.7. Effects on Vegetation and Agriculture

The severe increases in UV radiation following a regional nuclear war would occur in conjunction with the
coldest average surface temperatures in the last 1000 years [Mann et al.,, 1999]. Although global average
surface temperatures would drop by 1.5 K (Figure 3c), broad, populated regions of continental landmasses
would experience significantly larger coocling, as shown in Figure 10. Winters (1JA) in southern Africa and
South America would be up 1o 2.5 K cooler on average for 5 years, compared to the same years (2-6) in
the control run. Most of North America, Asia, Europe, and the Middle East would experience winters (DJF)
that are 2.5-6 K cooler than the control ensemble, and summers (JJA) 1-4 K cooler.

Similarly, the 6% global average drop in precipitation that persists through years 2--6 {Figure 3d) trans-
lates into more significant regional drying (Figure 11). The most evident feature is over the Asian monsoon
region, including the Middle East, the Indian subcontinent, and Southeast Asia. Broad precipitation reduc-
tions of 0.5-1.5 mm/day would reduce annual rainfall by 20%-80%. Similarly, large relative reductions in
rainfall would occur in the Amazon region of South America, and southern Africa. The American South-
west and Western Australia would be 20%-60% drier. Robock et al. [2007b] predict a broadly wetter Sahel
region as a result of a2 weaker Hadley circulation. Stenke et al. [2013] do not find such increased precipita-
tion, and nor do we, despite some increase in precipitation near Morocco.

Following Robock et al. [2007h], we have calculated the change in the frost-free growing season, defined
as the number of consecutive days in a 1 year period with minimum temperatures above 0°C (Figure 12).
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Figure 10, Change in surface temperature (K) for (a) June to August and (b) December to February. Values are 5 year seascnal
ensemble averages for years 26, experimant minus control,

Because our globally averaged surface temperatures continue to cool until year 6, we show the average
change in the growing season over years 2-6. The length of the average growing season is reduced by up
to 40 days throughout the world’s agricultural zones over these 5 years. This is similar to the results that
Robock et al. [2007b] report for their first year, with significant regional differences. We find more signif-
icant decreases in Russia, North Africa, the Middle East, and the Himalayas than the previous study, and
somewhat smaller effects in the American Midwest and South America.

The land component in CESMT(WACCM) is CLMACN, a comprehensive land carbon cycle model fiawrence
et afl., 20111, CLM4CN is prognostic with respect to carbon and nitrogen state variables in vegetation, litter,
and soil organic matter. Vegetation carbon is affected by temperature, precipitation, solar radiation (and
its partitioning into direct and diffuse radiation), humidity, soil moisture, and nitrogen availability, among
other factors. We calculate an average loss of 11 Pg C from vegetation (2% of the total), which equates

to an increase in atmospheric CO, of about 5 ppmv (5 X 10~° molec/molec air). We also note a significant
{42%-46%) increase in C loss from fires in the Amazon over the first 8 years in two of our three 50 nm
experiment ensemble. The third run showed Amazon fire loss 13% higher than the control average, but
within the variability of the control ensemble. Our runs de not account for the atmospheric effects of CO,
or smoke emissions from the land component, but the smoke from the Amazon-kindled fires would be a
positive feedback that would enhance the cooling we have found,

4, Discussion

Pierazzo et al. [2010] reviewed literature considering the effects of large and prolonged increases in
UV-8 radiation, similar to those we calculate, on living organisms, including agriculture and marine
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ecosystems. General effects on terrestrial plants have been found to include reduced height, shoot mass,
and foliage area [Caldwell et al,, 2007]. Walbot 11999] found the DNA damage to maize crops from 33%
ozone depletion to accumulate proportionally to exposure time, being passed to successive generations,
and destabilizing genetic lines, Research indicates that UV-B exposure may alter the susceptibility of
plants to attack by insects, alter nutrient cycling in soils (including nitrogen fixation by cyanobacteria),
and shift competitive balances among species [Caldwell et al., 1998; Solheim et al,, 2002; Mpoloka, 2008).
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The ozone depletion we calculate could also damage aquatic ecosystems, which supply more than 30%
of the animal protein consumed by humans. Héder et al. [1995] estimate that 16% ozone depletion could
reduce phytoplankton, the basis of the marine food chain, by 5%, resulting in a loss of 7 million tons of
fish harvest per year. They also report that elevated UV levels damage the early developmental stages of
fish, shrimp, crab, amphibians, and other animals. The combined effects of elevated UV levels alone on
terrestrial agriculture and marine ecosystems could put significant pressures on global food security.

The ozone loss would persist for a decade at the same time that growing seasons would be reduced by
killing frosts, and regional precipitation patterns would shift. The combination of years of killing frosts,
reductions in needed precipitation, and prolonged enhancement of UV radiation, in addition to impacts
on fisheries because of temperature and salinity changes, could exert significant pressures on food sup-
plies across many regions of the globe. As the January to May 2008 global rice crisis demonstrated, even
relatively small food price pressures can be amplified by political reactions, such as the fearful restrictions
an food exports implemented by India and Vietnam, followed by Egypt, Pakistan, and Brazil, which pro-
duced severe shortages in the Philippines, Africa, and Latin America [Slayton, 2009]. It is conceivable that
the global pressures on food supplies from a regional nuclear conflict could, directly or via ensuing panic,
significantly degrade global food security or even produce a global nuclear famine.

5.Summary

We present the first simulations of the chemistry-climate effects of smoke produced by a nuclear war
using an Earth system model that includes both stratospheric chemistry and feedbacks on sea ice

and deep ocean circulation. We calculate impacts on surface climate persisting significantly longer

than previous studies, as a result of several feedback mechanisms. First, BC absorbs sunlight, heating
ambient air, and seif-lofts to the upper stratosphere, a region treated with greater vertical resolution

in CESM1(WACCM) than in the model used by Robock et al. [2007h]. Second, the BC spreads globally,
absorbing sunlight, which heats the stratosphere and cools the surface. This has the effect of reducing
the strength of the stratospheric circulation and increasing the lifetime of BC in the stratosphere. Third,
the reduction of surface temperatures cools the upper 100 m of the ocean by >0.5 K for 12 years, and
expands Ice extent on sea and land. This lends inertia to the surface cooling due to both thermal mass
and enhanced albedo, causing recovery in surface temperatures to lag the recovery in BC by a decade or
more. As a result, we calculate that surface temperatures remain below the control ensemble range even
26 years after the nuclear war.

The global average temperature increase in the stratosphere following the BC injection initially exceeds
70 K, and persists above 30 K for 5 years, with full recovery taking two decades. As in previous studies, this
temperature increase produces global ozone loss on a scale never observed, as a result of several chemical
mechanisms. The resulting enhancements to UV radiation at the surface would be directly damaging to
human health, and would damage agricultural crops, as well as ecosystems on land and in the oceans.

These results illustrate some of the severe negative conseguences of the use of only 100 of the smallest
nuclear weapons in modem megacities, Yet the United States, Russia, the United Kingdom, China, and
France each have stockpiles of much larger nuclear weapons that dwarf the 100 examined here [Robock
et al,, 2007a; Toon et al., 2007]. Knowing the perils to human society and other forms of life on Earth of
even small numbers of nuclear weapons, societies can better understand the urgent need to eliminate
this danger worldwide.
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ANNEX 10
ANNEX 10 — House of Commons Defence Commitiee, ‘The Future of the UK’s
Nuclear Deterrent: the White Paper’ (HC 225-1), Vol. 1, ch. 2
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2‘ The UK’s nuclear deterrent

‘Tahle 1: The components of the UK's curvent sucliar deferrent
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Warhegd Baeh idssite s rapabde of tarying 12 nodlesr
wiehisds, manifactived & the UK, bt sines
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T hean Hedded to Twvarheads, and 48

wiarhinads in Sokal par suisthasios

Shere Infastrudiume i Vanguard subinariess sre based 8% HN Mavsl
Basx Clyde oF Faslans

Hoalsar wearhaads vre fisted 5o the pisile a2 g
feial Maval Admements Bepot Soulport{part of
FENt Hpeal Bave Tipdid

Washaad produstion sad malnienancs Thie wuclent wiarkeads 5o teanafachuzed by the
Atornic Weapans Edoblishmmnt 2% Aldermasion
and smgﬂm% i Barkaning

Iagusirial base The Vanguiand submarses wise dusigned and
H il By AL Syibertd Subsmanet at Butee-in
Frrnegs, in Cumbia

Bt sl nairianarcs b arved ot by
E)ef;nrsyaﬂ Bansgemend Uimited ot Davergiet in
F”ﬁtm‘»ﬁ?

T stsbmariney’ Meiclear S2enm Raising Plangs,
frickeding s auisleds redeters, ars Badt i Sal
Feopor 91 Huynaswny In Debyshiee

Thaen 35 a0 extensies wonly chaln

Components of the UK’ nudlear deterrent

8. The T strstegic puclésr deterrent s baved wpom the Trident weapons spstem. Seisthe
: UKy thivd-generation snckar deferrent. It was Jeveloped duzing the fanl deceds of the
Crdd W, and was intreduced inta service over a stvpear perind begloning in December
1994, 1 s the UK's sole nuclear weapons sysborm: the UK dispased of its Tand-based Lavice
systeim, and abr-Jaenched WE TF7 fee-Soll nilear bombs in the 19905

9, The deterrens s thvee echaical componenis

¢ she Vanguard-class nucleepowerad ballistic mémile submarine {SSRN, of which the
13 fuas foner, HIMS Vemnpiind, Vistorioms, Viefan and Vogpepue, desigred and built in




e T G

& Ths Patues of the U Shatenh Nuthr Datemart 1he Wiits Faoer

the UK by Vickers Shiphoilding and Snginering Lid. [VSEL), now BAE Systema, in
Bareew-in-Farness, Turebrls,

#  the Trident 138 anlunerine hanched intorcontinents] baliatic misde, seanbdurd in
the USA by Lockhesd Blartin Under the Poliks Ssles Agreement fmodified B
Fridemt), the UK has title 1o 55 misstles, of which # has now need ¥ in fesis Aside from
those curpently deploved, thie missies ave beld in 3 comavanad poal ut the US Suategic
Wamprrs factlity st King's Bay, Goorgla, US4

# e nuckier werhesd, desigried aud ssamafictared in the UK & e Atomic Weapons
Egtablishrent, Allerasiston and Bughfedd in Barkdeire Bach missily bs capabls of
carping 12 washends, But since the 1998 Sirsteglc Defince Review, the susnber of
worheads per missde hos been Ywdited @ 3 warheads {and 48 warheads in wial per
sehenarinel

18, The siboptine fleel b supported by an sxiensive onshore infrastrucnee. This
destrihed i detafl In our svoend report?

Cperating posture of the U¥'s nuclear deterrent

i3 The 1998 Smalepl Dol Review (SDRD stated thal the TN would onntivee to
saintaln continuous-at-sed Jeteerent 10ASD) pateels This misant that one of the 105
forr Vaniguard-class submurines wesdd be on patred at swy give time The SR stabed that
the parpose of CASD was "W aveid misondeotanding or escalstion s Trident subemarine
Wt o sail during & peried of orisi®’ By keeping one sebvarine on patrof at olf times, the
LK svolds the visk of sending incorvedt or mislesding signals tn 3 polential adversury of
timis of helghioned alert, To our Hest report ou the futuse of the UK's shategic sudleny
duterrent, we suggested that if the MoTd belfeved the UK shoudd retoin the conjinsous-at-
sea deforrent eyele, B must dither extend the T of the Vinguard s submarine o
provnre & oew platfoem fo b i servive by sronnd 3000 The Baaw of mointsining
couiinuatis-at-ses diterrencs is ot the heart of the debute over the timing of decksions o
e fusinre of the GCs naclesr deverrent.

13, Accerding to the MDD, o fur boat Seet 5 nonsally requisd fo gurander vae boat on
watyol of off tintes, because ane buat bs sither preparing to enter refif nreft, o lonving rellt
anid preparing fo re-enber service, ne is in nedyleranes botwesn patrols, sad ons is sither
on 5 way o tahe up pateol or ivrping frot pairal. By the Sme Vasgueand goes oot-of-
service the Jest refly ol have boen vompleted, and w it will andy be when Vichorions goes
sut-af-servis o 2024 dhat dee MoDd so the continucss-at-sea sogime could ot be
sustainad,

B HEE-0THES, pvas B2-21
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ANNEX 11
ANNEX 11 — House of Commons Defence Committee, Session 2005-06, Eighth
Report, para. 21
http://www.publications. parliament.uk/pa/cm200506/cmselect/cmdfence/986/986.pdf
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targelable ve-entry webide} copebility which snables cach Tridenl missle %o sngape
stitiple fargets sinslimrousiy

21 Fhe Todent ¥ 1% missle was desipnod and mamcfiectured in the Tirlted Riadas by
Lackheed Marin, Usder the Palasis Sales Agrovment (modified far ?‘*iéa.ﬂaaﬁ the UK hag
e to 53 misils Adde fom thow oerreatly deploved, the miciler o bedd i g
vommand pool at the U8 Smabegic Weapons faclity &t King's E& Geurgis, USA
Maipdmance and feserics support of the miafles andriken o p@mﬁh nberyals ot
King's Bay, nerwally after o subsiasvine hes hees Susugh afit™

The warhaad

7. The nedear wathesd fitted to the tip of the Trdens 3 D5 misals was designad and
zx..muﬁ:mu,_asi s the T st e Admmic %\’Ea;rgm Establishnent a4 Aldermaston, Berkabire,
Althemrghs pablic information is limited. the suckar warbesd ap UK Tridond 1 DS misdle

s reportad o by closely related to the Americin W78 wirkead, s theavonuciesr wighead
with 2 vield of sround 128 kilotons

23 Duing o vish {5 the Ubiied Stales In May 2808, s heard dhad vhy US and UK
coliahorated closely o nudvey weapons snd that thew was o rich fow of rodesr ides
betwenn the UK and the U, We ware alsa told that e Blieth snviversery of the 1638
Muteat Defince Agreement, which formafized this coopevation, vwould be 3 2usse for hot
pride snd coldbestion.

Urshore Infrastruciure and skills baze

28 The UKs Trident sestems fs uaderpioned by 3 range of supporting industrial and
manidsrhiring infrastruchers,

23, The snbmsrine basiny Infrasfructure: The Woval Bose ot Faslane, Stratholyde, 5 hame
i the U Teident submasing force It hos ¢ stoff of over 7090 and s @0 howme to
convetshunally-arned sehmarines. The nucher warheads cardded ouboazed the Vangound-
class SR submarines a7e stored sndd fitted to the UK'e Tidund 15 D5 mdsiles 3¢ the Rowsd
Kaval Aemements Depet ot Coslpart, nax Faslbane,

36 The pnshore sobmarine constrocion and maisbensoce infeastrocture: This
cornprises the building yard st Barrow-in-Farress, Cuwbria, oomed by BAE Sesfons, and
the operational and refit and support site at Devospart, Plymoudh, swed by DML &
crnsnriton of which fiftv-one per cont Is owied by the 175 Fren Hallbuston). This part of
the defence industrial base is characterised By 15 need for o bighly specialised snd dalled
workforer mnd hpessl purpvse-bult phesical infrastrertore. Together, thess
reguirements are prosent of ofl sager of the suderr-prwered sobmarin’s lik from
eanicept design through e operation, mointenanee and dispusel wnd earry dgniticant lovds

W Seckhohn btaivabieel Faes Rupinh lnriitule, SRS vasrhask 058, Moo 20081 b 528
B B
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ANNEX 12
ANNEX 12 - J. Ainslie, “United Kingdom” in Assuring Destruction Forever: Nuclear

Weapon Modernization Around the World, Reaching Critical Will, 2012, p. 68.

Awvailable online at

httn://www.reachingcotical will, orhﬁmaoes/documents/Pubhcations/modennzatlon/as

suring-destruction-forever.pdf
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_ : ANNEX 13
ANNEX 13 — The Strategic Defence Review, published on 8 July 1998 Cm 3999

Triderst submarine, HMS VICTORIOUS, on tals.

63. Similarly, we must judge out weapons requirements against the worst circumstances that
we might face over Tedent’s life, however remote they may seem foday. The credibiiity of
delerrence also depends on retaining an option for a lmited sirkes that would not automiatically
lead 1o o full scale nuclesr exchange. Unlike Polaris and Chevaline, Triden! must also be
capable of performing this "sub-strategic’ role.

64. Against this background, iaking ints account Trident's greater accuracy than Polaris, e
Review has concluded that we need a sinckpile of less than 200 operationally avallable
warheads. This s a reduction of a third from the maxdimum of 300 announced by the previous
gavernment and represenis a reduction of more than 70% in the polential explosive power of
the deterrent since the and of the Cold War
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ANNEX 14 — Ministry of Defence, Statement on the Defence Estimates 1995, Cm
2800 (HMSO: London, 1995), '
https://www.gov.uk/government/uploads/system/uploads/attachment _data/file/273324
/2800 pdf
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ANNEX 15
ANNEX 15 — The Strategic Defence and Security Review, published on 19 October
2010 Cm 7948,
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/62482/
strategic-defence-security-review.pdf
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ANNEX 16
ANNEX 16 — Stockholm International Peace Research Institute (STPRI)
htip//www.sipr.org/research/armaments/nuclearforces

Read the full prés’s’ release,

Overall invendorios are dechining, prinsarily dos {o the United States and Russia continuing the deavdown
of their ructear arsenals as 3 result of the Treaty on Measores for the Further Redustion and Limdtation of
Strategic Offensive Arms (New START) and unilateral roductions. But the pace of reductions appears to be
sowing eompared with a decade age. At the sume time, all the nudlear-armed siafes are moderniomg their
remaming nuelear forees and appear determined to retain sizeable nuclear arsenals for the foresceable
fiture.

The USA and Russiz continue o reduce thefr arsenals but s a dower pace than a desade ago and have
extensive medernlzation programs underway for their mmaining miclear delivery systeme, warheads, and
production facifities. The nuclear arsenals of the other smalfer nuclear-armed states are considerably
smiafler, but all are either developing ox deployving aew weapons or have announced their intenson to do so.

Reliable information on: the status of the nuclear arsenals and capabilities of the puclear-armed states varies
eomsiderably. The USA has disclosed substantial information about its stockpile and forces, and the UK and
France have albo decared some informatinn. Russia refuses to disdose the dedailed breakdown of 1t forces
connted unrder the Now START treaty foven theaugh it shares the information with the USA}, and the US
Gerrernment has stopped releasing detailed Information about Russian and Chinese nuclear forces,

China, India and Pakisiain are the ondy imclear waapon sintes that are expanding their mclear arsenaly,
while: Israel sppears to be walting to see how the stiwation & Tran develops. There Iy on emenging consetig

i the expért eoimmunity that North Kerci has produced a small number of suclear weapons, as distinet
frem rudimentary suclear explosive devices.

World nuclear forces, January 2014

All estirpates ave approximate.

Country Year of farst nuclear Deployed Other 'I‘n't?i
teut warkeads? warkeads Inventory
United Staies 1545 1920 5380 TR0
Russia 1949 1660 &40 8000
Unidted Kingdom 1632 1604 65 225
France 15611 2906 14 300
China 14964 250) 250)
Tridia 1974 G114 G110
Palistarr weat ] o120 101




ANNEX 17
ANNEX 17 — Hansard, HC, 20 January 2015, col. 4WS (HCWS210),
http://www.publications.parliament.uk/pa/cm201415/cmhansrd/cm 1501 20/wmstext/1
50120m0001 . btmé15012035000023

UK Statisties Anthority

‘The Minister for Chil Sacicty (Mr Rob Wilksind: The Cabinet Offics wishes fo reporf thul a
cuvh sdvance from the Comtbrigoncies Fand has been sowght for the UE Statisthes Authority
{referred o 5s the Stwtistics Board in the Statisfios and Registration Senvive Aoy 307, The
advenee is reguired in srder w settle muterind Babilitics arising from an sngiciputed nedavgon of
the year end creditor dadance.

Purltismentury apgrov) for sdditionst resonrees of £35.600 will be songht in 5 supplementury

estimaie for the Staristics Boand, Pemfing thet upproval, wrgent expenditgre estimaed ot
£14.229 560 wilf be met by repavable cash advances fron the Contingencies Fund.

TREASURY
Double Farstion Agresment (Croatia)
The Fiumgeial Seoretary o the Trossury (3 Boavid Gaske)s A double taxation sgreemend snd

peatneo] with Creatiz was signed on 15 Rasseary 2013, The toxt of the ugreement and pesiveed has
bisizs deposited in twe Litwaries of both Hiuses sl mode svailabls o I3 Reveras and Customs’
websife, The text will by schedoled to 3 drefs Order in Counell snd hudd before the Hoose of
Crimurans i dus course.

¢ i uheo mvaflable onfine sit Miptivww pacbamear, nlfwritionstatoments

ﬁi{;\?ﬂi’éﬁ@%
zﬂ:lm 2014 2 Colunm 4W8
DEFENCE
Nuctear Deterrent ‘

The Secrefury af Biute for Defonee (Michael Pallon): As port of Bis stsfoment on the shodeghe
defence and seowity seview (SDSR) oo £ October 2010, my right hun. Frisnd the Frinse Minister
anticunced that we had reviewed owr nuelear deterrence requiroments. He concluded dut we condd
dekiver 3 credible nuclear deterrent with a2 smaller saclear wewpons capubifity and would
ingrporate these reductions fnfo the curvent deployed capabifity snd the fukiny sucoesser deterrent
pragranmne, The number of deploved warheudy on each subsarine would be reduced from 48 10
+Hb: the namber of eperationel misstles in the Vangueard class balitstic missile submarines {S58M)
il be redwsed fo mo more thun siohi: and we would reduse the siamber of opemtionaily
available wirhesdy Bm Sower than 160 to mo more than $20

The then Secrstary of Stute for Defenee, sy right bos, Priesd the Member for Morth Somersat
{Lims Fox), announied to the House an 20 Supe 393, Offclyd Bepory, cobumms 50-51TWS, thut the
pragramme for implementing e 3010 SDER warhead seductions had commenced.

T am plessed to inform the Hovse thit this Government kave now met their commitment 1o
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ANNEX 18
ANNEX 18 — Hansard, HC Deb, 20 January 2015, col. 105,
http://fwww.publications.parliament.uk/pa/cm201415/cmhansrd/cm150120/debtext/15
0120-0002 him

Hewse of Compens Bansard Tebatcs for 20 e 2055 {p D003 TetgriFeomer. pbicativns packinsent sl paiom 2014  Siomb

deterrent bused on continvous sl-sex eterrende, and of cousse we wan? t provide it in the mnsi
eost-effertiveg way pussihls. Indeed. when he resds

Hunsord
tomerrow, the Defence Searctory will find thid St fs exactdy what be said & fow srments ago.

Mchael Fallon: | think that the Howse will be grateful o the bon. Gentlernan for clarifving thet
hie b 523 committed o 3 vontiinous st-sen determent. | hope Goit he will send & copy of Soge
wiinds io thi Leader of the Oppositen, so St there can ro Innger be any lingering doubt In
Seetland sbout whether or not this §s » contisnons ai-sea deferrent.

B Spettury The deh? hon. Gentleman i potting up 8 sterling smokesiresn for the Govemments
pusition. 93 many of by Buck-Bench colleagues know, He talks of conlitions. He is not getting on
with s breause he 13 in e unboly coslition with the Likers! Demograts, whe are preventing hini
frovam fakiny sotion. He is meling 5 good shevw of B2, hut, a0 be savy that e is being ds:&n let hioy
nenw be eles To the House.

Michaol Fallon: The right how. Gentleman anticipetes me, bevas: T oow want to tum-~indeed, §
thind s af mow want i tam g U position of e Liben] Demograls. On ane hand, the Liberel
Dermnoerats hove suid thaf fhey vant fo spend bifions

“replace some of the sebmarines”,

snd b ok our doterrent pant e, Thay have ales eompnitied themsedves — it el most recent
conference o sftowing our subimatiaes fo 20 & sea with eanmed prizsiles. Those would be
pivisstlews pateols, and that s & pointless nuclesr deferrent poliey. There are no Liberal Democrats
in the Minsire of Defence, und the fact et they have sdopted soch o reckloss wnd, frankly,
dangerons sppreach explsing why

This countey faves the threat of neckr blekmidl] frons Togue stules. Tt §s duerefore contemprible
For the Seottish nationalisis o e Libersd Demiosrais to surpest that they might use the pitbmate
guaranior of aur Geedom snd Mndependense a5 some Lind of bargaining chip in some grabby
contlitfon deal, To put it more amﬁgtg, it s oaly the Conrervative party that will net vomble with the
sexwrity of fhe British people.

Dr Julian Lewis: While the Secretary of State is dealing with the Liberal Democrats—anly twe
of wher 1 see §n the Chamber today —will hie comtirm that 3 policy of sending wnarmed
suBrmarines Y sea and walting Tor s orisks t arise, then sending them beek 4o port o be sarmied
white the enemy stands idly by, is actually more dengevous fhan 8 policy of keeping thewm in pon
alk sbong? Wilk he alsn contim that there wilf never again be & dusl between the Conservatives sud
the Liberal Dremsovrats o defay the maingate decision, us thes was in 20307 That bs sometddng
with which b had nothing to do, but which should sever have been gibowed fo huppesn.

Mirhael Fallon: Let me pssore my hon. Friend, in response to Bis fivst point, that we e net
planning to make future deals of any kind with the Libers] Democras, Un the confrary, we hope &
b retarsed in May with an shsolote majerisy thet will restore defence pafioy to the hands of a
Consirvative Government. As for oy B,
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ANNEX 19 — Hansard, HC Deb, 18 October 1993, col. 34,
http://www.publications.parliament uk/pa/cm 199293/cmhansrd/1993-10-18/Debate-
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by £1 bitlion while social security expenditure has increased in real terms by £29 billion” That is
more than the entire defence budget.

If the Chanceilor must ook for areas in which ko cut expenditura, should not he look first st the abuse of sedial security?

Mr. Hitkind ¢ I do not wish fo commant on what the appropriate level of social seanity expenditure should be. One ¢an pomnt to the effective
way in which the Govarniment have been sesponsible for the defenice of the realm diiring tha past 14 years. Conservative Govermnmants bavs
never {reated defence lightly, and I belteve that they naver will,

The White Paper has alse confirmed our cammitment 1o maintaining an effective lomg-term sub-strafegic auciear capabiity. 1 told the Housg
some months g0 that we wers ronsidering how best ta provide this once the WE177 free-fall bomb is withdrawsi from service, Our
consideratians were completed during the racess, and 1 am able to announce sur eonclusions today.

A sub-strategic capabliity remains netessary, besause & potential adversary might gamble, under certain crcumstances, on our rehictance fo
fauneh an all-aut stravegic nuciear strike in response to his aggression, Itis vital, therefore, that we possess the ability to undertaks more
#mited nuclear action, to be able 1o deliver an unsguivecal message 10 a0 aggresser that he must ceass his aggression and withdraw or face
the #isk of even greater domiage. A sub-strategic capabliity forrig an essential fink between conventional and strategic forcas, as part of gur
dear demaristration that aggression of any kind Is not & rational optian,

“The United Kingdern's sub-strategic capabifity Is currently provided by the WEL?7 bomb eairled on Toraado duat-capabie sireraft. In the mid
tg fate 1580s, we saw the need to enter into the sady development of 3 sophisticated stand-off waspon which would be able 1o penetrate the
increasingly effective Warsaw pact defences, and vihich wouid replace the current bomb. The tyne of system we began to examine is kngwn
25 9 tactical air-to-surface missiie, of TASM. The security circumatances have changed fundamentally since then. As a consequence, we have
conicluded that oir previous requivenient for a8 new stand-off nuclear weapsn capability is not 3 sufficiently high priority 16 Justify the
procirement of a new muclear system In the current Crourmstances. Instead, we will plan, after the WELT77 eventually feaves service in the
iong tarm, on exploiting the Texibility and capabiity of the Trident system to provide the vehicly for the delivery of our sub-strategic
deterrent.

The Trident system Is undetectabie, refiable, and accurate In its delivery and ean carry nur sub-stratagic as well as strategic capacity at ittle
sddifional cost. That is set against what would be the high coat of devefoping a new system. We have no doubt that it will be sdmirably suited
16 the additional rofe.

Mr, John Witkinson {Ruisiip-Northwood} ¢ My right hon. and learned Friend is aanauncing an axceedingly important decision, which witt
gffactively and the histotic role of the Royal Alr Force as the primary instrument of at least sub-strategic deterrence.

Why have the Govarnmeant come to 3 different conciusion from the defence strategists of Franee, the
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ANNEX 20
ANNEX 20 — Text of Letters exchanged between the Prime Minister and the President
‘of the United States and between the Secretary of State for Defence and the US
Secretary of Defense. The letters are reproduced in ‘Polaris Sales Agreement between
the United States and the United Kingdom’ signed in Washington on 6 April 1963,
www.nuclearinfo. org/sites/defanlt/files/Polaris%20Sales%%20 A greement%201963 .pdf

UNIFFD STATES

‘Ireaty Serics No. 59 {1963)

Polaris Sales Agreement

| between the Government of the |
United Kingdom of Great Britain and Northern Lreland
and the Government of the inited States of America

Washingtii, April £, 1963

[The Agresmeni enierad fwio foice ud sipnaluce]

Prigenred to Parliament by the Secreiary of State for Forelgn Affairs
by Contmamd of Her Aalesty
Angust F963

LONDON :
HER MATESTY'S STATIOMERY OFFICE
ONY SHELLING NET

Crand. 2108




POLARIS SALES AGREEMENT BETWEEN THE GOVERNMENT OF
THE UNITED KINGDOM OF GREAT BRITAIN AND
NORTHERN IRELAND AND THE GOVERNMENT OF THE
UNITED STATES OF AMERICA

The Government of the United Kingdom of Great Britain and Northern
Ireland and the Government of the United States of America, recalling and
affirming the *“ Statement on Nuclear Defense Systems ™ (%) included in the
joint communiqué issued on December 21, 1962, by the Prime Minister of Her
Majesty’s Government in the United Kingdom of Great Britain and Northern
Ireland and the President of the United States of America, have agresd as
follows :—

ARTICLE 1

1. The Government of the United States shall provide and the Govern-
ment of the United Kingdom shall purchase from the Government of the
United States Polaris missiles (less warheads), equipment, and supporting
services in accordance with the terms and conditions of this Agreement.

2. This Agreement shall be subject to the understandings concerning
British submarines equipped with Polaris missiles (referred to in paragraphs
8 and 9 of the Nassau “ Statement on Nuclear Defense Systems”™) agreed
by the President of the United States and the Prime Minister at their meet-
ing held in the Bahamas between December 18 and 2§, 1962,

ArTicLe 11

1. In recognition of the complexity of the effort provided for in this
Agreement and the need for close coordination between the contracting
Governments in giving effect to its terms, the two Governments shall promptly
establish the organizational machinery provided for in the following para-
graphs of this Article,

2. The Department of Defense, acting through the Department of the
Navy, and the Admiralty, or such other agency as the Government of the
United Kingdom shall designate, will be the Executive Agencies of their re-
spective Governments in carrying out the terms of this Agreement. Appro-
priate representatives of the Executive Agencies are authorized to enter into
such-technical arrangements, consistent with this Agreement, as may be neces-

sary.

3. A Project Officer will be designated by each Government’s Executive
Agency with direct responsibility and authority for the management of the
activities of that Government under this Agreement. FEach Project Officer
will designate liaison representiatives, in such numbers as may be agreed, who
will be authorized to act on his behalf in capacities specified in technical
arrangements and who will be attached to the Office of the other Project
Officer.

('Y Cmnd. 1515
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4. A Joint Steering Task Group will be established by the Project Gfficers
to advise them, inter alia, concerning the development of new or modified
equipment to meet specific requirements of the Government of the United
Kingdom, and concerning interfaces between the equipment provided by the
two Governmenits respectively.  The Joint Steering Task Group will com-
prise the Project Officers (or their representatives), and principal liaison re-
presentatives, and may include selected leaders from among the scientists,
industrialists and government executives of the United Kingdom and of the
United States. The Joint Steering Task Group will meet approximately
every three months ailternately in the United Kingdom and in the United
States under the chairmanship of the resident Project Officer,

ArTicLE 11

1. The Government of the United States (acting through its Executive
Agency) shall provide, pursuant to Article 1 of this Agreement, Polaris mis-
siles (less warheads), equipment, and supporting services of such types and
marks and in such quantities as the Government of the United Kingdom
may from time to timé require, and in configurations and in accordance with
delivery programs or time tables to be agreed between the Project Officers,
In the first instance the missiles, equipment, and supporting services provided
by the Government of the United States shall be sufficient to meet the re-
quirements of a program drawn up by the Government of the United Kingdom
and communicated to the Government of the United States prior to the entry
into force of this Agreement,

2. The missiles, equipment, and supporting services referred to in para-
graph 1 of this article are the following:

a. Polaris missiles (less warheads but including guidance capsules) ;
missile launching and bandling systems ;
missile fire control systems :

ships navigation systems ;

L S L A

additional associated, support, test, and training equipment and ser-
vices including, but not limited to:

(i) test and check-out equipment, specialized power supplies, power
distribution systems and -support equipment associated with the
items enumerated in subparagraphs a. b, ¢. and d, of this para-
graph and adequate in type and quantity to meet the requirements
of installations both aboard ship and ashore :

(it} specialized equipment including the types specified in subpara-
graphs a, b, ¢, d, and e.(i) of this paragraph for use in such sup-
port and training facilities as may be provided by the Government
of the United Kingdom ;

{ii1) construction spares gnd‘ spare parts adequate in scope and quantity
to ensurc the continued maintenance of the equipment specified in
subparagraph a, b. ¢. d, e.(i). and ¢.(ii) of this paragraph ;

3
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(iv) {a) latest available United States technical documentation including
specifications, blueprints, and manuals covering the missiles
and equipment listed in subparagraphs a, b, ¢, d, e (i), e (ii)
and e (jii) of this paragraph in sufficient scope and quantity
to cover safety requirements and permit successful transport,
insiallation, operation, and maintenance by the Government
of the United Kingdom of all equipment purchased under the
terms of this Agreement ;

(b} latest available United States technical documentation, as
may be necessary from time to time in individual cases, to
permit manufaciure by the Government of the United King-
dom to the extent necessary for the maintenance, repair, and
modification of the items listed in subparagraphs a, b, ¢, d.
e.(1), e.{i) and e.(ii}) of this paragraph ;

(v) services, including:

(a) use, as appropriate, of existing support and missile range
facilities in the United States ;

(b) assistance in program management techniques and, in addition,
those engineering and lead shipyard services required to en-
sure proper system integration, installation, and check-out in
the United Kingdom: to the extent required and available,
appropriate modification, maintenance, and overhanl of the
equipment listed in subparagraph a, b, ¢, d, ei), e.(ii). e.(iii) of
this paragraph ;

(c) rescarch, design, development, production, test, or other
engineering services as may be required to meet specilic
United Kingdom requirements ;

{d) training of naval and civil personnel in the service of the
Governmnent of the United Kingdom and United Kingdom con-
tractors to the extent to which they are involved in the inspec-
tion, installation, operation, maintenance, repair, and modifi-
cation of the equipment listed in subparagraphs a, b, ¢, d. e.(i)
e.(ii). and e (iii) of this paragraph.

ARTICLE 1V

Future developments relating to the Polaris Weapon System, including
all modifications made thereto, by the Government of the United Kingdom
or the Government of the United States shall, in the areas enumerated in
Article ITI, be made reciprocally available through their Executive Agencies
in accordance with the terms of this Agreement, reciprocally applied,

ARTICLE V

The Government of the United Kingdom will provide the submarines in
which will be installed the missiles and equipment to be provided under this
Agreement, and will provide the warheads for these missiles, Close coordina-
. tion between the Exccutive Agencies of the contracting Governmenis will be
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mainiained in order to assure compatibility of equipment. Information con-
cerning the hull, auxiliary machinery, and equipment of United States sub-
marines fransmitted under the authority of this Agreement will be such as is
necessary to obtain a satisfactory interface between the eguipment provided
by the two Governments respectively. This Agreement does not, however,
authorize the sale of, or transmittal of information concerning. the nuclear
propulsion plants of United States submarines.

ArTicLE VI

1. In carrying out this Agreement, the Government of the United States
will use, to the extent practicable, established Department of Defense con-
tracting procedures and existing Polaris contracts. In any event contracts
for production or work for the Government of the United Kingdom will be
incorporated in or placed on the same terms as those for the Government of
the United States. When appropriate the United States Project Officer will
direct that amendments be sought to existing contracts and that terms bs
incorporated in new contracts to safeguard any special requirements of the
Government of the United Kingdom in the contract subject matter which
may arise in connection with this Agreement, for example, to provide for any
alterations or any reduction of quantities which may be necessary.

2. The missiles and equipment provided by the Government of the United
States under this Agreement shall be fabricated to the same documentation and
quality standards as are the counterparts for the United States Polaris
Program. '

3. The missiles and equipment provided by the Government of the United
States under this Agreement will be integrated with the scheduled United
States Polaris Program and will be fabricated on a schedule which will make
the most efficient and economical use of existing United States production
lines. Deliveries will be made upon a schedule to be defined by the Govern-
ment of the United Kingdom, but which is consonant with the above fabri-
cation schedule. '

ARTICLE VII

1. The Government of the United States shall ensure that all supplies
(which term throughout this Article includes, but without limitation, raw
materials, components, intermediate assemblies and end items) which it will
provide under this Agreement are inspected to the same extent and in the
same manner (including the granting of waivers and deviations) as are the
counterparts for the United States Polaris Program. The United Kingdom
Project Officer or his designated representative may observe the inspection
process and offer his advice to the United States Government Inspector re-
garding the inspection, without delay to. or impairment of the finality of, the
inspection by the Government of the United States.

2. The United States Project Officer through appropriate procedures will
notify the United Kingdom Project Officer when final inspection of each
end item will take place. and will furnish a certificate or certificates upon
completion of each such inspection stating that this inspection has been made
and that such end item has been accepted as having met all requirements of
the relevant acceptance documentation {(subject to any appropriate waivers
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and deviations). Copies of acceptance documentation and quality standards,
together with reports required thereby, will be furnished to the United Kiag-
dom Project Officer or his designated representative,

3. The Government of the United Kingdom will take delivery of the
supplies as agreed pursuant to Article X following inspection, acceptance and
certification by the Government of the United States. Delivery to the
Government of the United Kingdom shall not relieve the Government of the
United Siates from continuing responsibility for using its best endeavors
thereafter to secure the correction or replacement of any items found not to
have been manufaciured in strict accordance with the documentation and
quality standards referred to in ‘Article VI or to be otherwise defective. Such
corrections or repiacements will be at the expense of the Government of the
United Kingdom to the extent they are not covered by warranty or guaranty or
otherwise recoverable by the Government of the United States.

4. The Government of the United States will use its best endeavors to ob-
tain for or extend to the Government of the United Kingdom the benefit of
any guarantees or warranties negotiated with United States contractors or
subcontractors.

ARrTICLE VI

The Government of the United Kingdom shall indemnify and hold harm-
less the Government of the United States against any liability or loss resulting
from- unusually hazardous risks attributable to Polaris missiles or equipment
identifiable, respectively, as missiles or equipmient supplied or to be supplied
to the Government of the United Kingdom under this Agreement. Unusuvally
hazardous risks, for the purposes of this Agreement, are those defined by ap-
plicable statutes of the United States, or by any appropriate administrative act
under the authority of such statutes, or held to exist by a court of competent
jurisdiction. The Government of the United States shall give the Government
of the United Kingdom immediate notice of any suit or action filed or of any
claim made to which the provisions of this Article may be relevant. Repre-
sentatives of the United Kingdom may be associated with the defense, before
a court of competent jurisdiction, of any claim which may be borne in whole
or in part by the Government of the United Kingdom. In procurement con-
tracts for supplies and services made pursuant to this Agreement the Govern-
ment of the United States is authorized to include unusually bazardous risk
indemnification provisions substantially similar to those included in its own
corresponding contracts.

ArTicLe IX

I. The Govemnment of the United States will follow iis normal procure-
ment practices in securing all rights it considers to be essential to enable it to
provide the missiles and equipment to be supplied to the Government of the
United Kingdom under this Agreement. In addition, the Government of the
United States shall notify the Government of the United Kingdom of any
claim asserted hereafter for compensation for unlicensed use of patent rights
alleged to be involved in the supply of such missiles and equipment fo the
Government of the United Kingdom, and the two Governments will consult as
to the appropriate disposition of such claim.
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2. The Government of the United Kingdom shall reimburse the Govern-
ment of the United States for any payments made by the Government of the
United States in settiement of Liability, including cost and expenses, for un-
licensed use of any patent rights in the manufacture or sale of the missiles
and equipment supplied or to be supplied to the Government of the United
Kingdom under this Agreement.

ARTICLE X

1. Delivery of equipment other than missiles 10 be provided under this
Agreement for instaliation in submarines or supporting facilities to be pro-
vided by the Government of the United Kingdom shall be the responsibility of
the Government of the United States and shall be made to those locations
within the United Kingdom where the equipment is required. In addition to
delivery of such equipment, the Government of the United States shall, sub-
ject to reimbursement for costs incurred, be responsible for providing such
technical installation and testing services as are required by the Government of
the United Kingdom for the satisfactory instailation, check-out and testing of
~ that equipment in submarines and supporting facilities of the United Kingdom.

2. Delivery of all missiles shall be made io appropriate carriers of the
United Kingdom or, if it.is agreed, of the United States, at such United
States supply points as are agreed by the Executive Agencies of both Govern-
ments. The Government of the United States shall be responsible for the
initial check-out of all missiles provided under this Agreement.

ArticLE X1

* *1. The charges to the Government of the United Kingdom for missiles,
equipment, and services provided by the Government of the United States
will be:

a. The normal cost of missiles and equipment provided under the joint
United States-United Kingdom production program integrated in
accordance with Article VI. This will be based on common contract
prices together with charges for work done in United States Govern-
ment establishments and appropriate allowance for use of capital
facilities and for overhead costs.

b. An addition of 5% to the common contract prices under subparagraph
1.a. of this Article for missiles and equipment provided to the United
Kingdom, as a participation in the expenditures incurred by the
Government of the United States after Januvary 1, 1963, for research
and development.

¢. Replacement cost of items provided from United States Government
stock or, with respect to items not currently being procured. the most
recent procurement cost.

d. The actual cost of any research. design, development, production, test
or other engineering effort, or other services required in the execution of
this Agreement to meet specific United Kingdom requirements.

e. The cost of packing, crating, handling and transportation.
7




f. The actual costs of any other services, not specified above, which the
Project Officers agree are properly attributable to this Agreement.

2. Payments by the Governmeni of the United Kingdom in accordance
with paragraph 1. of this Article shall be made in United States dollars, Pay-
ments to United States agencies and contractors shall be made, as they become
due, from a trust fund which will be administered by the United States
Project Officer. Alf payments out of the Trust Fund shall be certified to be in
accordance with the terms of the Agreement. The Trust Fund will consist
initially of a sum to be paid as soon as possible after entry into force of this
agreement and to be equivalent to the payments estimated to fall due during
the first calendar quarter of programme operations. Before the end of that
quarter and of each succeeding quarter deposits shall be made by the
Government of the United Kingdom with the object of having sufficient money

in the Fund to meet all the calls which will be made upon it in the succeeding
three months.

3. If at any time, the unexpended balance in the Trust Fund established
pursuant to paragraph 2. of this Article falls short of the sums that will be

needed in a particular quarter by the Government of the United States to
cover ;

a. payment for the value of items to be furnished from the stocks of. or
services to be rendered by, the Government of the United States ;

b. payment by the Government of the United States to its suppliers for
items and services to be procured for the Government of the United
Kingdom ; and

-

c. estimated liability or costs that may fall to be met by the Government
of the United States as a result of termination of such procurement
contracts at the behest of the Government of the United Kingdom :

the Government of the United Kingdom will pay at such time to the Govern-
ment of ths United States such additional sums as will be due. Should the
total payments received from the Government of the United Kingdom prove
to be in excess of the final total costs to the Government of the United States,
appropriate refund will be made to the Government of the United Kingdom
at the earliest opportunity with final adjustment being made within thirty days
after determination of said final costs.

4. The United States Project Officer will maintain a record of expenditures
under this Agreement in accordance with established Navy Special Projects
. Office Accounting procedures which record will be available for audit an-
nually by representatives of the Government of the United Kingdom.

_ ArTicLe XII

1. The provisions of this Article concerning proprietary rights shall apply
to the work referred to in subparagraph 1.d. of Article X1 of this Agreement
(hereinafter called in this Article “ the work ),
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2. The Government of the United States shall ensure that the Government
of the United Kingdom will receive a royalty-free, non-exclusive, irrevocable
license for its governmental purposes :

a. {o practice or cause 1o be practiced throughout the world, all inven.

tions conceived or first actually reduced to practice in the performance
. of the work ; and

'b. to use or cause to be used throughout the world, all technical informa.
tion first produced in the performance of the work.

3. In addition, the Government of the United States shall take the following
steps to ensure the right of the Government of the United Kingdom to re-
produce, by manufacturers of its own choice, items developed in the per-
formance of the work. In respect of those elements of this right not included

in subparagraphs 2,a. and 2.b. of this Article, the Government of the United
States shall :

a. to the exient that it owns or controls such elements, accord free user
rights to the Government of the United Kingdom ;

b. obtain the agreememt of contractors and subcontractors performing
the work to make available to the Government of the United Kingdom,
on fair and reasonable terms and conditions, those elements which the
contractor or subcontracior owns or controls at the commencement of
the work or acquires during the performance of the work ;

c. use its best endeavors to obtain for the Government of the United
Kingdom or to assist the Government of the United Kingdom to obtain
directly or through its own manufacturers, on fair and reasonable terms
and conditions, elements of this right not covered by subparagraphs
2.a.and 2.b, of this Article.

4. The Government of the United States shall also ensure that the Govern-
ment of the United Kingdom will receive the same rights as those referred 10
in paragraphs 2. and 3. of this Article in respect of any material now or here-

after covered by copyright produced or delivered in the performance of the
work,

5. The Government of the United States shall furnish to the Governmeni of
the United Kingdomn, in such quantities as may be agreed :

a. all documentation obtained by the Government of the United Stutes
under contracts placed for the performance of the work ;

b. all documentation, owned or controlled by the Government of the
United States, necessary for reproduction, by or on behalf of the
Government of the United Kingdom, of items developed during the
performance of the work.

6. It is understood that the Government of the United States will obtain for
itself such of the nghts referred to in subparagraphs 2.a., 2.b., and 3. of 1his
Article as it may require fer its governmenial purposes.

7. The term “ owned or controlled ™ as used in this Article means the right
to grant a licence without incurring liability 10 any private owner of a pro-
prietary or other legal interest.
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8. The Government of the United States will use its best endeavors to
ensure that there will be made available by United States manufacturers to
the Government of the United Kingdom, on fair and reasonable terms and
conditions, such technical assistance—for example, loan of engineers, or train-
ing—as the Government of the United Kingdom desires in order to permit
the production by manufacturers of its own choice of the items developed in
the performance of the work. ’

9. The Government of the United States will insert suitable provisions in
all prime contracts for the work to ensure the availability to the Government
of the United Kingdom of the rights, set forth in this Article, including a re-
quirement that similar provisions be placed in subcontracts.

ArTicLE XHI

1. The Government of the United States, to the extent that it can do so
without incurring liability to any private owner of a proprietary or other legal
interest, shall grant to the Government of the United Kingdom: (i) the right
to reproduce and use, royalty-free, the technical documentation referred to in-
subparagraph 2.e{iv) of Article 1lI for the purposes stated in that subpara-
graph ; and (i) a non-exclusive, royalty-free licence to practice or cause to be
practiced any invention for these purposes.

2. In respect of any part of the technical documentation referred in para-
graph i of this Article which the Government of the United States cannot
furmish to the Government of the United Kingdom without incurring a ha-
bility to a private owner of a proprietary or other legal interest, the Govern-
ment of the United States will use its best endeavours to assist the Govern-
ment of the United Kingdom in securing for the Government of the United
Kingdom on fair and reasonable terms and conditions the right to use such
documentation for the purposes stated in subparagraph 2.e.(iv) of Article 11

ARTICLE XIV

1. The Government of the United Kingdom shall not, without the prior
express consent of the Government of the United States, transfer, or permit
access to, or use of, the missiles, equipment. services, or documents or in-
formation relating thereto which are provided by the Government of the
United States under this Agreement, except to a United Kingdom officer.
employee, national or firm engaged in the implementation of this Agreement.

2. The Government of the United Kingdom shall undertake such security
measures s are necessary to afford classified articles, services. documents or
information substantially the same degree of protection afforded by the
Government of the United States in order to prevert unauthorized disclosure
Or compromise.

ARTICLE XV

Annually, on or before the first of July, the Project Officers will prepare a
formal joint report to the contracting Governments of action taken and pro-
gress made under this Agreement and a forecast of schedules and costs for
completion. In addition, other more frequent joint reports will be sub-
mitted, as agreed upon by the Project Officers, to the heads of the Executive
Agencies.
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ARTICLE XV]
This Agreement shall enter into force on the date of signature.

IN WITNESS WHEREOQF the undersigned, being duly authorized thereto
by their respective Governments, have signed this Agreement.

DONE in duplicate at Washington this sixth day of April, 1963.

For the Governmeat of the United Kingdom of
Great Britain and Northern Ireland

D. ORMSBY GORE

For the Government of the United Staies 'cf America:
DEAN RUSK

1i
1980364 2664 Wi 425/102 K1 B8/63 F.OP.




ANNEX 21
ANNEX 21 — “The Alliance’s Strategic Concept”, NATO Press Release NAC- S{99)65,
April 24 1999,
www.nato.int/cps/en/natolive/official texts 27433 him

RATE - Dfiiiat tewty The ABianess Strntesie Convept e epof s s, miﬁ;&xmmaﬁnﬁnﬁmﬂ foxis, 22433 bim

arul other rouriias may par&tspate,

4. that ol the aAllanca Wit in both the nesr aad feng term and for thﬂ fult
vange of its missions, Peduirs asssntial opaerational fapabiities So0ch 55 45
sftective sngagement capability; deplovabiliny and robility; survivebility of
forces and Infrastructurs: snd sustainability, incerporating lopisics and forde
rabstian. To develnp thase chpabiiities 16 theilr full potential for multinationa
apefations, reropeiabiity, inckiding hurman factors, tha use of appropriats w
advanced techiology, the maintenance of Information supariorify in military
aparations, and highly qualified perzonne! with a broad spactym of siglis
wWitl be imporiant, Sufficient fapabilities in the areas of command, control
Al c:rmfnymzam.n& a5 weﬂ a3 intefiigence snd sirveiianes Wit sénis ag

=3 »:hsz at amy nmé & %@imiied bt mi'zi:‘,ariiy significant proporsion of grovnd, aif |
and 53 forces will be sble fo reart gz fapidly 25 hetsssady to & Wide ranga of f
eventualities, incuding a short-natics stiack on any Ally. Greater fiimbers of
force slements will be avoilable ot appropsiate lovels of readingss to sustain
prolonged opefations, whethar within or bevand Adliance territory, including
shraugh rofation of déploved fortes, Teken togsther, thess fortes fniatt slte
fe of sulficient qisality, guantity and ssadingss to contrbide bo deterrénce
and b defand suainst Tmnited sttazks on the sdlisnce; :

f’. that {?}n A'ﬂiama mus.t be bl L hu%’ié u‘p iaffga'r ?aftﬁg, 'tm:h is‘z 'reispa‘:ﬂg'e to

g‘aqaﬁmmenm ty ;einmﬂ:amem, %__g mg?:xﬂasmg FESArVEs, oF hry mmrz&ﬁ*uﬂﬂg
fo¥res when netessary. This sbility mist be In proportion to potential
shesats to Allance sacurity, incliding potential lotg-term developrments. it
friuist take Into dccount the pessibilty of sibstartial improvements in the
reddingss arid capabilied of milicary forces on the seriphary of the Allatice.
Capabifiefes for tirsely reinfoncamanit and resupply both within 3nd fram
Eurppe and North Armerica will remain of critiest importanes, with a resulting
nsed for a igh degres of deployability, mobdity and Bexibiity;

£. that appropriste ferce struthires and procaduras, induding these that

woild provide an sbility to butld up, deploy and dravw dowen foress aujckly
arvd seloctively, are hecsssary 1o permit meastred, flexible and tmaly
fEsnoneat ia order to fadude and defise (Rasiane. These arrangements
rriust e exsrcised ragularly In peavadime;

h. that the Alfanre’s defente podnire midst have the tapability to addrass
appropriately and effactively the risks ssoriated with the probiferation af
NEBC waapans and thair mssns of defivery, which also pose a polential threst
16 tha Aay popudations, werritary, 30 forsas, A balsniad mig of forses,
response capabilities and strengthensd defercas I8 needed,

. thak the Alliance’s farces and infrasirurtiore must be piatecisd agaion
verrorist aklacks,



_ ANNEX 22
ANNEX 22 — Hansard, HC, 22 May 2006, col. 1331W,
hitp://www.publications. parliament uk/pa/cm200506/cmhansrd/vo060522/text/60522
w0014 htm#06052325000141

Nuclear Weapons

HNorman Bakarn To 358 the Seoretary of Stede for Defance whethae it i5 Ms policy that UK niuclzar waapons shoukd pot Be ueed againgt a
nan-ausipar state. £71837]

22 May 2006 ; Cohunn E331W

Des Browne: Tha Unked Kingdom's policy has not changed sincs 1998, 2 refar the hon. ¥ember to paragrash 31 of Suppertng Essay S to
#1998 Strategic Defence Review.

Nerman Baker: To ask the Sacratsry of Siats for Defonts wiat the explosies yield is of the Trident warhead, {71433
Des Srowne: § am withhoiding tha informatien requasted becauss it relates io nebonal Security end dafence of the 4K,

Hosman Baker T2 ask the Secretary of Stats for Defonce whether UK nucizar soentiis ars invelved in the resaarch snd devalopment of
3w LS puchsar weapons, with particulsr referznis to the Retioble replacssnent warheod, [F1944]

Des Browne: The Refiable replarament warkead projest is 2 pueely US rallonal progremme.

Narman Bakats To ask the Serrstsry of State for Defenos if he witl moke & shatement on the /o) pregent and #b) Sdure role of Trident, with
particstar = Io the il devel of 2 low yield warhead. 171045}

Bes Browne: The Governmant's poficy on auclaar waajiens remains as sef ot In the 19938 Siretegic Gafonce Review (SOR {Cm 3999 and

the HZ SDR Mew Chapler {Em 55663, Tha Ui0s nudsar wespons have 8 continuing Use 35 3 means of gelerring major stratagic miltary

thraats and thay have & continuing rla in @ ing ths ui securily of tha UK, We would only ever contampiste Their use uwy extrama
i ices of sl

Tra Atppvic Weapons Establishment i not angaged in ihe developmient of any new warheads.
Morman Baker: To ask the Secretary of State for Defence whether it is Govarmment policy that first sirfica use of Ui nudesr wiapons is rujed

out. {71989}

Bas Browna: The United Kingdorn Governenant would be proparad to uis hugloss vseagedts onfy in axtrerne circimeiances of seifedafenca, We
wanid A% use gur o vihether oo ko Ruliesr, conirary 16 intarnationat taw,

A paiicy of no BTEt use of nudkear weuid be incorspatibie with vur and HATO's dockring of deterrenas. We bave mads chear, as hava

o NATO alties, Hhat the dromstances in which 3ny us® of nudenar weapuas might have to be contempinted ans extremely revnois. Qur
oarall strategy is 14 pnsure uncertaindy in the mind of ahy aggressor about the sxart naturs of sur response, and thus to manksin afedive
deterenca.

Morman Baken: To agk the Secretary of State for Dofancz & how fong he estimates the UK Tddest nudear capaiziity coudd remain
aparational wers US tachnical supgert withdrawe. (71891}

Bes Browna: We have pot underiaken g fed of this hypothstical sifvation, 5 wa havs no
23 May 2004 : Column 1332W
reages tr befeve (hat the withdrawat! of US tadnnicat support for Tridant iz remotaty likely, Howsver, wa snticipata that, in this highly uniicely

3of3 20372043 237




ANNEX 23
ANNEX 23 — Hansard, HC Deb, 4 December 1997, cols. 576-577,
http.//www.publications. parhament uk/pa/em199798/cmhansrd/vo971204/debtext/71
204-27 him

£ Dec 1597 : Column 576

encouragerment to believe that responsible nations have lost interesi or lack the poljtical will to
respond to their fransgressions.

Ori & miore specific fevel, arrs contro! agreaments clearly have an impartant contribition in making preiiferation both harder to achizve and
harder td conceal. We welcome the sgreement this year of inereased powers for the International Arsmic Energy Agency--the so-Called 93
pius 2 pragramme, That will effectively filf the holes in which Saddam Hussein wag abfe to hide his nuglear progranwne and make it mdrs
difficuit for him or any suctessor to do so again. We are working for early implementation of that sgreement.

The missils technolagy control regime--ts which the right hon. Member referred--the nudesr nor-profiferation treaty, tha chemical weapens
convention and the hiological weapons convention all have & part to play. It is in our interests to encourage the wigest possible suppert for
thoss agresmants, and ta de whab we can to strengthen the means avatiable for monitoring, verifying ang enforting compliance.

Hext y2ar, we wifl be using our prasidency of the Eurogean Unlsn to press for garly progress, particularly on verlfeation arrangements for tha
biolagital weapans convention. It wootld be optimistic to imagine that arms control wilt compietely eradicate the problesn, but It will add o the
obstacles faced by the would-be proliferator.

Tiia right hon. Marrber will know that mteliigencs on such weapans has a critical part to play. The House will nof expact me o gv Into detalls
ori the miatter, but--on the hasls that forewarned ls forearmed--it is vital that we gather as much Information a5 possible on prolifaration
acthvities, and particularly on the intentions and capabilities of gotential adversaries, If thera Is the glightest chance that British armed forces
wight have I deploy to 4 particuiar region in future, in defence of British mational interests or maintenance af international peace and
sacurily, we want and feéed to know as much 3s possible about the threats that they may have to face,

We must, howaver, accepl that we will never be abie to ba surs that we kaow all that there is to krow. Cur approgch fo the Issue maist taks
aceaunt of that ineyitable uncedainty.

When we do have good intelligenca of capabilities and intentions, an additinnal element In sur response may be the use of counter-foree
measures, to strike at the sggressor's capabilities bafore he ¢3n use them. Developments in précision guided and gand-off weapons may
tnake that 4n incréasingly viable optlon. We aiso kave a6 edeptional asset in cur spedial forged. However, the applicability of counter-force
mgasuras obviously depands on warning of tha aggressor's intentions and the avadability of good information for targeting purpeses.

Tha role of deterrence, to which the right hon, Mamber referred, must not be overlosked, Even if 2 potantial ag has &
with the range to strike 3t the United Kingdom, and niictear, blolegica! or chemical warhaads o be deliverad hy thoge means, he wnmd have
o cotistder--he would do well 1 consider--tha possible consaquences of stwh an attack.

Thera is sometimes a tendency th suppose that the concept of deterrence is relavant oy In a ransatiantlc context, and that dictatorial
ragimes outside Europe are somehow incapsbla of thinking in such tenms, We would be wise not to make such suppositions. Although such

4 Dac 1997 ; Column 577

despots often appear indifferent to the suffering of their own peoples, I see no sign that they are
indifferent to the survival of their regimes and the preservation of their personal positions.
Deterrence has a bearing on both those matters,

It seems unlikaly that a dictator whe was willing to strike another country with weapons of masy dastruction would be sa trusting as to fesi
entirely sure that that country would rot respond with the power at jts disposal. Any state conternplating siich 34 3ssauft o @ NATO member
would have o consider the implications very carefully.

We must realise, however, that deterence in that senge might not carry the same welght @n 8% ceaumstances. Therefare, we need to be able
e provide our forees with adsquate protection for ceployed operations, In cage neither deterrence nor counter-force measures esuld be rafied
on to nullify the thregt. Such protection could nclude both active and passive defensive measires. Active defence, as the right hon.
Gentlernan wall knows, is generally used to refer to anti-missile defence systerns, such as the Palriot system and various other systems belng
deveippad by the United States, fogether with the necessary early warning and command, fontrol and communications capabifities.

Wa malintain class Baks with our Amevican aliies on this subject--very cipse, in fact. The right bon. Gentlerman perhaps has oo idea quite how
close, Were 1 riat addrsssing the Chambaer on this importaat subject, I would be at a dinser with our Secretary of Siate and the United States
Defence Secretary. The British Goverfirnent will continue dlose links with our American aities; we have alse played 4 Rl part In discusstons in
MNATO, and will keap doing so.

At the national lavel, a consortium led by British Aeysspace has conducted 8 pre-Teasibility study investigating the various technicei options
that may become availadie in the years abead. While the study remains dassified, I ami giad to tell the right hon. Gentleman that my officials
are working 16 prodice a declassified version of a report on the methodology and findings nf the wider pre-feasibifity programme, of which the
study farrmed the larger part. That work has been part of the background to consideration of the issue under the strateqgic defence reviews,

There is a continuity of contemplation and purpose on this issue which does not square with the inaccurate reporting that formed part of the
basls of the right hor. Gentleman's speach. 1 cannat yat talf the House




ANNEX 24
ANNEX 24 — Strategic Defence Review, New Chapter, 18 July 2002, Vol.1, para. 22,
hitp://www.publications. parliament uk/pa/cm200203/cmselect/cmdfence/93/93 pdf

22, Britain's nuclear weapons were identified a3 having 4 continuing use 45 @ means of
deterring a major strategic military threat and in guaranteeing the ultimate security of the
UK, but at the same time all UK Armed Forces could be expected to contribute in different

#* SR NCVol 1, para 5.

B SPRNC Vol 1, para 1,

¥ Saa chart on the MolY's conceptual appraach to wountering terrorism in Chapter § halow.
¥ SDRNCVYBLT, para 2t

1 A New Chapter to the Strategic Defence Beview

ways to the full spectrum of deterrence. The New Chapter did not announce in advance
how Britain might respond to particular threats but merely stated that the response would
be appropriate and proportionate—"Tt should be clear that legally the right to self defence
includes the possibility of action in the face of an imiminent attack™ ®



_ _ ANNEX 25
ANNEX 25 — The Future of the UK’s Nuclear Deterrent. the White Paper, Ninth
Report of Session 2006-07, ' :
Https:.//www.gov.uk/government/publications/the-future-of-the-united-kingdoms-
nuclear-deterrent-defence-white-paper-2006-cm-6994




ANNEX 26
ANNEX 26 — House of Commons Defence Committee, The Future of the UK'’s
Nuclear Deterreni: the White Paper, Ninth Report of Session 2006-07 Vol. 1
http://www.publications parliament. uk/pa/cm200607/cmselect/cmdfence/225/225; pdf

S0 The Fas of the L Sereteg Rhadear Datererinds the Wi Bl

Costs and funding

Table 8 The vosts of ﬂmmg the deterrent

?Engﬁm’ﬁ»ﬂaﬁ % yoar Hife eﬁmﬁm ﬂ?mﬁﬁt-'&ﬂ% s;:sf il :
| ﬁm..-.tzi! gmatr;f;m%r-ﬁ-:-tssm | .ﬁ? : Iif ha e T |
| O which: bty . P £41-14 billion
| Wﬁdﬁ-&a& !ﬂfJ?%}PWﬁm@fﬁﬁ;gié _ £ 33 biltian |
éﬁbfﬂﬁﬁﬁk infrastieture ' T £ 2% hillion
7 ﬁﬂvSm a5t {;&pﬁtﬁf ;md m’r‘}ﬁi!fsg m} £1 5 billion 2 yﬁar o

ﬁmmmm by

£337 midlian
3 §hx:¢e sﬁfrmﬁwj&wﬁ : funclear - 3ol totad mddedr Tiakilities secounted

Fir af 297 bidlant

Teidure D% missile Hfe mtension mogramms £250 mitlion
N wlesife funtinown — Trident 05 cost £1.5 hilfes]

139, The cosis of renewing she UK's strategic nuchear deferrent reflent the costs of
extending the B of the current Vanguard-class submarine; designing snd manufactaring
a replacement SSRX; participating in the US Tridest D5 missile lite extension programme;

participating in a futere Tridemt D5 replacement programume and, refurbishing or
replacing the UK macleer warkeads, There will 2fso be costs sevociated with the
matrtenance of onshore infastrocture and of decommissioning retived submarines and
varhizads a8 well a8 the porsonned coste of oporating the syster and B8 sapporting
mfrasiraciure.

140, The Whits Paper estimates that "snce the new fleet of 85BNs comes into service, we
expect that the ineservice costs of the UK's vuclear detersent, which will inchade AWES
cossts, will be sivdfar to today {around 5-6% of the defence budget?”. ™ Tt abso plediges that
“the investment reguired fs maintain our debersent will not comie ot the expenss of the
comvventions] capabilities cur armed forces need”™
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, ANNEX 27
ANNEX 27 — Hansard, HL,, 7 June 2010, col. WAZ2S8, |
hitp://www.publications parliament uk/pa/1d20101 1/1dhansed/text/100607w0004 him#
10060710000742 ‘

7 Jan 2010 : Column WA2S

Jofs 13032043 2047

Asiead by Lord Lacs

To ack Her Majesty’s Governmant whnt discussions thay have kad with the African Unien abaut the Union's poficy on the recagnrition
of Samalilznd as an ndegendent stater aad what was the swtcome of these disrussinns JHETH]

;
;

Lord Howell of Buildford: The Severnment have net had any Siszossions with the African Unlen ragarding the recognition of Somabifand as
=n indapandz2nt stats,

Asksd by Lord Lucd 3
o ask Her Majesty's SGovertisnent whethar they ara sanding abservars 10 witnass the prasidential slection in Somalitand in 4
June.[HL75}
<
. i
Lird Howedl ot Guildford: Tha Govs t are act sending obsssvers & witness tha pragidantal sleciions in Semalfland. Howaver, we ane

ngaged with 2 UK nor-govarnmental organisatian that i5 feading an the co-ardination of international chservars, We will conbinus (o work
asaly wrbh tham bath Sefore and after the =lections in Juns. Tha Governmiant w# rontinug 16 susport sctively the staging of demasratke
elections,

Acked by Lord Luts

To ask Her Majeshys Governmant whether thay w34 recognizs Sormeliland as an independent soversion state ¥ the presidentid
alacticn in June s fres angd fairHL76]

Lord Howell of Guildford: Recognitizn of Somaffiand a5 8n indepandent state is not connected ta the hoiding of See and fair prezidential
dlesyinms, Howsver, the Covernment will contimze to support actively tha staging of dameorzbic elections,

Frzz and &ir elections i June an qnby sirengthen the raputatien of Somaliland in the intasmatianal sommunicy,

The gritaria applied by the UK for recogaition of & stale remaln 25 deseribed bn the Writtan Answer dated 16 Rovernber 1883 (O%csV Resart,
ol 494} by the then Parlamentary Undar-Secratary of State Bor Forglgn and Commaonwaalth Affals,

Trident
{uestion
Asied by Laed Trefgame
T ask Her Malesty's Gnvermement what is tha snnual mast of meaintsining the Trident submardne Rest, induding wissles JHLIEY

Tha Partiamaniary Under-Setretary of State, Minisiry of Defance {Lorg Astor of Haver): Annual sxpendifurs for capital and runping
conets of the nedear datermant, which Mdudes the Trideat DS missiles; s around S to 4 per sast of the defence pudost.



ANNEX 28
AnNEX 28 — HC, 20 December 2012, col. 908W,
http://www publications.parliament.uk/pa/cm?201213/cmhansrd/em121220/text/12122
Ow0002 htm#12122061000114

Homee of Cormmons Hanowrd Written Answers foe 20 Do 280 Smipwori publestions partiament wlpadem203 21 3emhane. .

Trident replacoment design programme. J133492)

Air Dugne: No BAE Syatems suwiployecs have been seconded 1o the Minisiry of Defonce fo work
on the Suoceisor Subniarine Programms, '

Cine Babkock Murine full-time and fwo parb-time eaployees and one Rolls- Rovie eiplovee have
buer seconded to work on the programisme.

Jobn Waadeock: To ask the Secretury of Staie for Defence what extimate he has made of the cost
of operation of & continuous al-sea deterrint replucerment system over the likely lifespan of sucha
system. [ 1338333

My Dunae [holding auswer 18 December 2012 ] As stated i the White Paper, The Future of the
Undted Kingdony's Nuckar Deterrent {Co 69943 published in Decomber 2006, we expect thit onve
the nevw sIEcEdasy

20 Dee 2012 Cobony J08W

reclenr determont sobrring Comes Info service the b-dervice costs of the UK's muclear deterson,
which will inchrde Alomic Weapons Establishroent's cosds, will be stmilar o foday fwound 5% to
6% of the defonze budgely.

Juhin Woedeock: Fo ask the Secrelary of Suate for Defence what bis most recent estimate s for
the oost of design and build for 3 replacement continuons st-ses nretesr deterrent syaterm.
[133834)

My Dwsme [halding answer 18 December 202 F: Current foreeast costy, including planned
Submarine Enterpsise Perforraance Programmse efficiency meastires, indicale that w remain
within the 2006 White Paper estimates of £11 billion fo £14 bitlion {2t 2006-07 prices) fov the
Suceessor platforn costs (assuming 2 four bout Beet),

Trident Missiles




ANNEX 29

ANNEX 29 — Public Expenditure Statistical Analysis 2011, Departmental Budgets,
HM Treasury, table 1.3a, available at http.//www.hm-
ireasury.gov.uk/d/pesa 2011 chapterl.pdf

Table 1,32 Resource DEL losy depreciation’, 2006-07 to 201415
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ANNEX 30

ANNEX 30 — UK nuclear weapons R&D spending: Addendum AA1 to Offensive
Insecurity, February 2014, available at http://www sgr.org uk/publications/uk-
nuclear-weapons-rd-spending

Offensive irsecurity: The wleof mﬁ-:e and techriology i LR security sirotegles
Addendum AAL, UK nudlear weapons BRD spending
Stuart Parkinsen, Scientists for Global Responsibifity (SGRY; February 2013

Summary

In this addendum to the SGR report, Offensive mseiwrity (September 2013}, we present an
estimate of total UK povernmest speading on nuclear weapons RED, drawing o the data
obtained for the report via freedom of information requests, and on further publicly

sysilable information about the difforent RRD spending stresms,

The analysis reveals that the UK spent 3 averags of £327m per vear over the thres vears
from 2008 to 2051, This included £306mfy on RED relsted to Trident nutlesr warhesds,
£127mdy on BED for new "successor’ submarings 6 cafry Britains nucdiear waapans, and

£94mfy on RED for 3 new nuclesr propulsion system for these subrarines.

“We also comgpare the tote! annual spending on Budesr weapans with other areas of UK
pubdic spending on security.related RED gver this perind, including those that help o tackls
drivers of tutrent angd future conflict, such as cimate change, One nbtable comparison s
thist UK public RED spending for audear wespons technologias was more than five times

that on fenewable epeegy techioingios during this period.

AALY. Analysis of data

A breskdown of the RED spanding data relevant 1o nuclear wespons - obtained vis fresdom
of information requasts ta the MoD for the three-year perind 2008-13, snd summarised in
the main repert « is given in tables AALI-1.3. {The data prowided here for “fong-range

- submarines” i 8 more detsiled breakdoan than that ghein in appandiz A3 4o the report)

Thers are twes kéy aress of ambiguity in the spending figutes: “Longrange submarines’ and
Nuchear progulsion’. As discussed In chapter four of the main report, the 88D programme
for both these areas seems to includs work en both tofventionally armed aed nudear-

armed submarines,

Foble AALL MoD RED spending pragrommes relevont fo nudear weapons, 200809
MioD, 2012 20126} foash terims)

TNome | Abbrevigtions Code | Spending {Em}

“Loograngs submarines | Futuns Subevarines) oMt (PT/ | 8367 743
; {ruclear ard corventionally | Stratégic Dptions Group :

| armed} Swh4PT _ig08s 13

PT-Tospedoos 8095 15

Symtems

IS 7 Underwater Warfere | 6321 0.0

P Ashute T Twma 1 ps.

 {for submarines]

Hucloar propulsion Nuctesr propulzion 8i51 | 5.6

t Nuclear weapins fwarhsads] | na ) ' 040
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ANNEX 31 — Ministry of Defence (2011) Initial Gate Parliamentary Report (London:
Ministry of Defence), '
hitos:/Avww . google.nl/url 7sa=t&ret=i&q=& esrc=s& source=web&cd=1&ved=0CCE
QFjAA&url=https%3 A%2F%2Fwww.gov. uk%2Fgovernment%2Fuploads%2Fsyste
m%2Fuploads¥e2Fattachment data%2Ffile%2F27399%2Fsubmarine inifigl gate pdf-
&ei=bD4BVZaWOYb7PMCOedeB&usg=AFQiCNHLD OMLSovvtYheZud Hxt7

H6-6e&sig2=9DdX0OiiRIKRUXKES3 1-oBw&bvm=bv.87920726.d.ZWU
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ANNEX 32 — Hansard, HC Deb, 14 March 2007, cols. 298-407,
http://www.publications.parliament uk/pa/em200607/cmhansrd/cm070314/debtext/70

314-0004 htm#0703 1475000005

{of4

You are here: Parliment home pase > Parliamentacy huginess > Pyublications snd Reconds > Hansard
> Commions Debates > Daily Hansard - Debate
Previous Seetion Index . Hoine Pais

That this Houss sapports the Sovernment’s declsions, as set out in the White Fager The Futygs of the tinited Kngdom's Hudsar
Detarrant {Cm £904), i faks he steps necassery i mntain the Uk's msmz—um stratagic nudear deterrent bayostd the 4fz of the
existing system 3hd to take frther stepe towards g the UK's disar ¢ responsthilitins wnder Articie VI of the
HensProfiferation Traaty.

i mush ot anee dedare a pobentisl inferest, in that tha propulsion sysiem for the existing submarises is anufaciured in ey conshivancy.

Lat me et out the natuss of the dedsions that the House is being asked 1o support todsy, They are whether or not to take the steaps
neEfessIy 10 maittein § miaimim strateglz nudear deterrent for the Uia singls syctem comptising submarines, missiles and warheads—zand
o taka fusthar staps bowards mesting our disansament respensiiniittes under ardide VI of the non-profiferstion treaty,

Spacfically, that will mast 3 derision to begln 2 procsss to desion, build and cosmmission submirines to replace the axisting Venguard-class
toats. This will nagessarily {aka soma 37 vears, That is a calculation based on our swn expariance and thal of other aikad nuclzer weapon
stiates, Maragvir, we must alse decide wWhather we Wil join the Ameriesn programma to extend te tha 2arly 20485 tha fife of the Trident BF
halfistic missilns which those Yanguord submarises cusrantly rrry, and whelher we vl redusce tha aureber of sur aperstionsily avallabis
warhiads o fewer then 160 5y the an of this yaar

#Mr. Gordon Prentice {Pandia) {Lab}: The Unitad States nuclear postare review that went ts Congrass in Pecamber 2501 sstirmatad that 4
wonld faks 13 yesrs, nat 17 years, ko raplace a US Tridert submaring.

14 Mar 2007 + Cohunn 299

Margargt Sacketh: The United Statas submarines are differsnt Fom our dwn. Thay are difarestly designed, they have a diffzrent dasion Bfe
angt s an. That may have basn the conclusion of Americen work; it is ot the coneiesion of tha Wik that has Deen dona in This ceuntry,

Dy Niek Palmer (Braxtovea) {1ab}: Does the Secratary o State accapt that alf these issuss must be subfact to review sver the years, dnd

1303205 0828
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ANNEX 33 — Briefings on Nuclear Security, ‘Trident: The Initial Gate Decision’,
http://www. britishpugwash ors/documents/Briefing%6203%20-
%%201Init1al%20Gate. pdf

Briefings or Nuclear Security

Trident: The -%nﬁ:iai Gate Decislon

Thu ghird fieflng on Mudedr Security focuses on e Ginamment’s aenanesment of the bassing of
the ditial Gute degision for Goe Teldent ranewal praject on 18 Moy, 2000,

What §s the ‘Initial Gate® dedsion?

ﬁﬁ ﬁ#ﬁi} 14, 2067 ?:wimmm; voted to aﬁzté!s:arisc the inigal ° ﬁﬂmgpt phase of the ?ﬁéms;

{‘sgg dutisinn o ?’!&ag ZE Eaéi *fhg e asg d&msian to mbVE to ﬂ‘i& *Eimmemsﬂmﬁm &
Manufucturs” phase is the Plas Gate’ decision, sow ssheduled for 2014 {dafavid froin 2614 1
Daepber 20001 That & sipposed & be the ey decisian-poing when the Bralised subaripe
design i adebtads zonbrace to buld the hew bosts are then tendersd, and billisns meore
psineds il be ivpavibly convidisd o constriction of & new generation of nueleis weapan,

Caye

¢ driciad @m report puis the eont of veplacing the Tridént dystens (incdudey subniarines,
wirherdy, infastracture, and missilés) sk £35 bilion 3t suttuen prices {prices when prajieted
exganditurn nmm!ty pegurs}® Urities, hoveves, point out that ghe Minlswry of Deferses (Mol
s strigehed to bring  major dquipment projects on time and b budgst and suggest &
procurement figure thoser te £30-£35 billian?

The Initiaf Gate repare gave dpdated figured for sgending on the project. revealing that o date,
the Concept phove has consuned syt £1billicn, and prediedeg that die Assesmant phase
autheriad by the bl Gute decision will sonsuime o fuither €3 biliog over the nee g
years® By dhe timie die Main Gate decision i reiebed W 2016 approximately 158 of tomd
pragramme tostd will have baen spent, ineluding sround 500 milion on loaglead sems for
the submaring hulls, reactor snd propultion systems, aid tombar wystems.

This spesding colneides with a major fuiding shordall i the MoD)'s future equipmant budget of
ip to £36 billion over the next 10 vears. its Budger & Belng ot by 7.5% aver the current
Parlbenent disder the 2010 Comprehensive Spanding Revisw, which follove o from the sl
cuphicky seneinsed i Decombar 008 and Decorcher 200%. The 2018 Sreatege Delunce sid
Security Riview (SUSR) msde 2 number of difficulr decisions 1o cut the squipment budget,
irichiding yetring the Nirdrod and Farver fleste The Mald are curresitly underoslong 3 newe
threermonth stady, reporting o July 2311, to considar how sven mers personnel aad
siisment Soptanmes eobld ba sked 1o sive several miors billiont

ki 2008 Prime Minisker Vony Biair ststed plicily that the Trides raplacement progranune
would "ot be st the £epencn of the coavendonal capablities that our srmed forces pied” S

Grested with tome seepticitm oF the 1. diat SorumiEment now sppesrs untsrable. Following
thé mpoiftemant in July 2010 by Chincelior Geargs Giborne that the Mal) will baie to fund
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ANNEX 34 — “The United Kingdom’s Future Nuclear Deterrent: The Submarine Initial
Gate Parliamentary Report” (May 2011),
hitps://www.gov uk/government/uploads/system/uploads/attachment data/file/27399/

submarine initial _gate pdf

2t Gate Parlizmenta
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ANNEX 35 — Hansard, HC Deb, 18 May 2011, col. 352,
http//www.publications.parliament uk/pa/cm20101 /emhansrd/cm110518/debtext/11
0518-0001 htm#11051871001523

18 May 2811 Column 382

thie case for sltersives. As Searelary of Stge for Defepee. T am shsodutely clear thal 3 minkmum
nuciear detersend based on the Tridend missile defivery sysiem and comtingnnus st-sea deferrence i3
right For the United Kingdom wod that it should b mainzined. and that remains Government
poslicy: bat fo pusis the Liberd Democrats i making the case for sliermusives. 1 am abso
mrypnncing foduy the initiation of 1 stedy te veviow the costs, feasibility and credibifity of
almriative systems and pasturgs, The siudy 9l be lad by Cabbree Office officials gvemeen Hy the
Helinister for the Armed Frroos. A eopy of the woms of refercnce of the study wilf be pluged in the
House of Cormmans Library,

As 1 have safd, the Govemment huve approved the initial gate for the miclest detenent suocesiar
progemmEne. We heve now agreed the brosd cutbine design of the sohearine, made some of the
deaign chedees — inchuding the propalsion svsiom sod the comman US-UK missile
compument —and the programme of work we need 1o stan beitding de first sohmarive after
030, W have gl agrerd the amouat of meeterdal and parts we will need to buy In sdvance of the

Iof 3 PREGE R i

Howe of Crawrine Hunsard Dehuves for 1S My 2611 i 0601 s publicatons parhiend oo PO  Eominse..

roain tvesiment decision.

Wi expeot the next phase of work t cost n the pegion of £3 billion, Thit s & significant sum, bt 1
wn combident tht it soprosents vafue for moacy for the BARGAEYET, 38 every ‘uspevt of the progrmme
hiss been enrefully reviewad by MOD, Treasury and Cabinet Office officisls. It w3 {ued the
progromme fut v soed io condut to make sere thid we can being the submsrines into serviee on
it Overad, wi assess that the submusing clomens of e programise will sl cost withis the £11
biftion to £14 hilhios estimate e out i the 2006 White Puper, bot these cogts wers sytimuted o
20030 prices, of course, and did not aecount for infation. The squivadent sum feday s £20 billios o
$25 billiog o oub-feen, bust i is Imporisnt o Tecogmiss that there b Deen B oot gerwcth i
programime since the Homse frs considersd the Andings of the Widie Paper

Bedwesn nosw and main gebe we wopeet b xpend sbout 159 of the taig vaboe of the peogramme.
That i entirely consistent with defence procurenwnt suidence. The cost of Tong lepd oms is
eapected & azasemt o about £300 milion, bet i 1 0ot fue o sey Sl forge parts of the beild
progrnmme wilk have been compleied by miakn gate. Althongh we are ardering same of the
ﬁpeckﬁhﬂ cunsiponents, that does not mesn thel we s Tocked Jnto any paticalar sirdegy belore
musin gute in 2016,
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ANNEX 36 — http://www.number10.cov.uk/mews/uk-france-summit-press-conference/

UK-France Supinit pregs conferénce - Spreches - GOVDK hups:fwwiv govak/governmantispeechesiuk-france-sammif-p...

Second, we will cooperate on airgraft carriers, The last governiment grdered carriers that would be
unable to work effectively with either of our key defence pariners, France or the United States. This
was madness. As a result of the declzions we have taken, we will adapt our new carrer capability
s0 we're able 1o operate with France and the United States. And a5 our new carrier comes into
service towards the end of this decads, we will deveiop the ability to deploy a UK-French integrated
carrier srike groun, ensuring that either a British or a French carrler is always available for
operations.

Third, we will work together on equipment and capabiliies. We are both procuring the A400M
military transport airceaft and will integrate our logistical support for that ancrall. We will work
together on the next generation of unmanned aerial vehicles. Wa will work together on lechriclogy
for eyber security.

And fourth, while wa will always rétain an independent nuclear deterrent, it is right that we look for
efficiencies i the infrasiructure required to develop and sustain our separate deterrents. So rather
than both countries building identical and expensive facilities to ensure the safety of our nuclear
wegpons, we will build fogether a joint faclity, jointly owned and jointly managed, sharing our
knowledge and experise and saving milions of pounds.

Britain and France have a shared history through two Workd Wars. Our brave troops are fighting
togethar every day in Afghanistan, But let me finish by saying this is a Trealy based on pragmatism
not just sentiment and {would Hike fo thank Nicolas for joining me in taking these bold and important
steps, which | beliove will make our sovere’ig‘n riations safer.

Thank vou, Nicolas.
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ANNEX 37 — http.//fwww.reachingcritical will.org/images/documents/Disarmament-
fora/npt/prepcom 1 2/statements/30April UK pdf

5. The UK wanis is bridge the perccived divides and help to uild & shared
understending of what we can ail gain trom the NPT, The shared suceesz of 2010
sharweid that we are mioving in e right direcfon; the UK believes that we must
vontings to build on that positive momentum, right the way through fo the RevCon n
219

L 2611 was the so-called fallow year' in the oycle, and yet we saw the second P3
Confzronee in Paris, agresment by the PS and ASEAN o the P3 Protecsl to the
Sonth East Asts Nuchear Wegpon Free Zone, which we wifl discuss in greater degaif
over the sext fwo weeks, promising sheps forward on the Middle Bas WD Free
Zone Conference, sad 2 meomentous repart from the TAEA on the milnary dimensions
of Tran's nushear programme.

7. This Preparatory Committer bas a strong procedurad remdt, being the first m the
review eyele, het we must also ook to build on the consensus from 2030, and the
posifive devefopments thit we saw in 2011, The UK sees this Hest PrepCom as an
@pgmﬁ%ﬁﬂ}. for state parttes 1o collectively readfrm their unconditional suppost for the
NPT ard their convmitnent o action plan implementation.

Dizsrrmment

B, As a nuclesr weapon siate, the United kmgdmn is fully sware that it bas particalur
responsibilities o fldl Thie UK rernains fully commitied to the long-ferm goal of 2
world without suclear weapons and we believe that we heve 2 strong foack rmimi in
meeting our dissrmament commitments and obligstions wder the NPT,

% Ag long os large srsenaly of nuckear weapons remain and the risk of paclear
proliferation vontinaes, the UK's jndgement is shal only 5 eredible nuclear copabifity
can provide the arcessary ulitmate guarantes to vur national seeurity. The UK
Govemnment iy therefore committed fo maintaining 3 mininem national ouzlear
Aeterrend, and 1 procseding wath the sonowat of "Fﬁdmi and the submsring
replacement prograTme,

HI. W have taken 9 number of additionsl gmpmmm disarmamernt steps during sad sinee
the 3010 Review Conference, and we will give fusther detail of these mcasares in our
statement under Pillar I But, in peocral temms, these imporiant confidence building
measures molude inoreasing the UK's tronsparency by snsouscing for the first ime
the overalt sizv of our werhesd stockpile and publishing the most desailed Seourity
sngd Defence Beview n pur bistory, redueing the number of wrhsads on our
suhmarines, reducing our auclear weapon stovkpile and drawing up an updated
ﬁﬂ*g;ﬂl‘%t:‘ gecnrity assurance o non-muckear weapon sates, We have sircady sfarted
the implementation of these measirex, and have sterted to noduce vur warhead
numbers 35 years abesd of sehedule,

H. Wi also conbnue Bo work closely with oir P35 paviners on implomentation of the NPT
Action Plan. Co-operation within the P35 has vome 2 long way. Let s not forget that
at the beighi of the Cold War, which miany of g In this room can remember well,
these same states that now meed recureently 1o talk shout dissrmarsent contidence
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ANNEX 38 — htip://www.reachinecriticalwill org/images/documents/Disarmament-
fora/cd/2013/Statements/SMarch UK pdf

Khadun Progidens
The United Kimgadom alipns st with thie Juereintiza just deBeered an behalf of the Buropedn Union.

tuctear disarmarnent & 3 viey Sngoriant topk: fof the United Kingdom s the Confeesnes oo Dlsirmamen it
the pra-aminkat fofsin T which the msrnatinaal commdnimity afddreiges nudsar deiwmament, 29 thess &5
rrtich f0 sy, I the inderests of thae, vl cirisfate thil antire spesch kit surmenacise th key pednts caslly.

Thie United Kingdom haa fong bien commitied to the gosl of 3 wirkd witheut sucless weapoms, Wi contnis

ir regions shat suffes o soricos natalility o are subiset b significins rogional tersions, 2o e is still the
poteniiel for & sew Ruchssr thiest 19 smargs dewpite the ond af the Tald War.,

Wisile there continus be b dgnificant risks of further peolifetaticn ond whils other siates refain much fampger
riticloes weiipans siesnals, v hises bedn closr that the Uniied Kingdeen wilf setain o sninismum redible nedear
dotsrrant 25 the ultisate guskardes of Sur ietdrity.

i5y 24457, thi United Kingdom Padlamint debated, and appraved by i cear majarity, the detsion to conthug
With the progrmas fo renee the UKy audear detisrent, The Govsmmant s8t aut & the 2000 weatégic
Sefpnce and sRcirity seview That the UK waoidd mainkesn 3 contivitisie sbhmadne-based daderieat and beghi
the week of ceplocing s eabting submarines which st diet fo Subve Service in the 30302, This remaing the 1E
Sowernanant's palty,

& shady kniws oy the Tedpnt Alvrastives Sudy & orgolng ard 12 due ) fepart 1 the UK Prims Minbdar and
Doty Prime Minister i the Bt half of 2013 12 5 tob dardy to specidate sbiit the concldsiog of Ths Trideng
Avteraukies Sody. &b dnclisified docienent o8 the Tridenr Alternatives Sty will be published in due sourks,

Ieadam Prosident

This then & Sur falley ont duf pudenyr Seterient. Lot me wpesk now ahout distomarent. Fetole sometimet ook
thir Urdtad Kingdois to taki petion 5 match our words The record shows that we have aleeady tikes
sigrificant srbany, We hive moved from lving in a sl of teas of thauiands of miclesr warkasds, Sasding
11 fie 0% 5 moment’s rolis divteg the Jold W, 1o 3 world In ndiich the major ahitiedr veedgdns shites have
wgEnificarly redured sthelr arsetals, hove stopped targeting thewm 3t Snyone and have redused thair
wpErationsd seadiness, heore recantly, in 2030 e saw the sgning of the new ATAHT spieemsent hebinan the
United Stabey aod Russla, holders of the largest sudlesr stockp@es by far Under that freaky, both coinbries
agraed o reduie the nomber of stralegle midesr wisile Buscheis by half 29d 1o Emit the nunber &f
depliyed siratagic saiclesd wardneads 1 & Bgits fearly buivthirds lovier than $ht agreed s 3891

In thir sedng year, Wa saw the agrserment of Hhe Birst svsy Nudear Hoo-Prolfaradon Treaty aetan plan, &

vhich all 389 signatories reaffioed thalr commitcisy 1o the eaty aad committed o wiaking tangible

shated o commitied 5 making conciete progieis on thir steps leading to nuclesi dissrmament, Boluding
teduging the searall global stockpile and redudng futhe the sede 3nd sighificande of nucdear wedgons it mif
ifitary dorines. Mokl e — at the third 8T Preparaton Lommittos in New York, vie will 16t aist peliicly
hed we havs mrade progrend on this action plaa,

Kadam Prasident,

Tk UR's own recoid &0 niclear disidmarnent i strong.
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ANNEX 39 — hitp://www .basicint.org/sites/default/files/ineramcommentary-tar-
jul2013 pdf

Paul Ingram,
BASIC Executive Director
16 July 2013

‘Hhee gavernenient pohliched it Tride dhematves
ey sariier foday, Yiis short brisfing gives as
irninedicle respaide, BANIE witl later this year be
publshing the results of the Trident Commizsion,
eongidering the brbader issues et foan Se
rontesy of the decislon,

Taday's technicef govsmeniant review has highty .
political roots b the desies by Uberal Democrats 1o
35k buo kioy Isteaieale, politieall nusstlons:

i #re thars sheaper optons thal

§oud

raatntaln 2 credible minimum sbclesr
deterrent capability appeopriats ta the
ehanped droamstanes of the 217
pEmtlrg?

it are there oplions thal offor greeter
flesiility to sazhie Britsin b respons
o futeve developrosnts in the stegtegic
emvironiment, and o snalle Britain
hava fradible negotiating pasitons g2
21y Fuure multfateral duacmmment
tadks.

bmswiy Alexander, speaking ab AUSS on the reoor at
jussehtimne today, said Tt the repor supported bz
wviaw there was 3 ereditde alternatve lnvelving the
constraction of three submarines and what he
ralled 5 high readiness fobused deterrenes
posturs, retaiaing the abilley to seturs io
sontinuous petesls b time of colsis bat net
otheryite reduining continueus patroliing. He salg
That $his wolld realise savings In cash isnvis of
some £4 biltion, mech of which wousd fand in the
fate 20205,

The Bevlawr 1S an important sontribulion 1 the

pishiiz debate In that it presssts more information
Srrehe public dorsais tha v o the sptiens and
derpararaies healthy Sivizions g the haprtof
SuwETrest. Howeyer, the revieir it s mpmbar of
Hrrdtationg i it stepe and i the ssstmptions
soade. & does et sddeens:

& Kop-nudiser options, @nd the more
basic question: shoidd Seialn have
ssrlaay weznors b the 317 panfusy?

F el Tha svplving paturs of the seeurity
ipket for the neestion of whather
Farleer duterrents has relevance, and
Blge therefors ane most question
slbtdunr B ran adegustaly snewer the
suestion of what & penbnue datarrant
el b,

4} The epportenity costs ~ this chikees
foregone and Fnpacts o saoTily
becavise of invastments ploughed int
vatiasr weapons Fnectrpents,

] The ivternstional politics swrounding
e noa-profiferation, s the
spporhunities Britain has to elluence
wthir states and arhisve propress
wimder e non-sraliferation segime.

Eouiaily boiportantly, the revlew containg within it
Yoy sosamptions. 3t defines o s deterrsat,
that whilst not folly stteched ta s Continnous 2t
sea deterrent {EARD] posture, b nevertheles: doss
13 i~ the independent eanabiity, "o deliver 92




short potice 3 putlsar Srtke apaingt o range of
tarpats o an apprapriate scale and with wery high
configiehia®, and to maintain 1his capability for an
extanded piriad. Thiz is 3 tough requirement, asd
ruabes sut signifisant Turther reshistions In pateals
=id repdiness, and some deal-canabls aptions thal
eould tthariize prove attractive. Bus how
nistegsary 13 ¥R raquirermest tn 8 workl where the
gowermment agsassss the probabiliny of (e
mnergenne of 2 eratep nudear state-huved
threat g5 be very Tow, snd where s have stiaiig
wend bty afliance ralisionships?

T UK plases AT 52 the heart of 112 sational
wEsnty, s abinentas 1 norlesr capabiiito
Adltarice aperations. TS requiremesst for
nidependent dperation, sre that Danny Alecarder
adrittend Wias 3 SOV ASEUMPLION If antwer W0 9
fuestion from miz st BUS sarber soday, shows
liatle fiith in the Jong term health snd capabifities
uf the Alfanee, aud sands the wther st
reRssage earmanonally that in the fast anatysls
Brdtad, the country poiiticsly ard sheategionlly
ehasest 1 the most poweriul state in the workd,
does not fave Taith s i bilateral or mudtiatersl
dliance relatismships. What doss thiz o for
eonfigance in interristienal reghnds, md for the
L™ siiy-prolifaration polis?

if Britain doss rok pst have the confidence In the
lﬁiemaﬁaﬁai s‘ezuﬁzi; gigwézm G gﬁe up’ ﬁuﬂe&f
f“&ﬂ;&ﬂﬁs&jﬁéﬁ’;ﬁi wits ws;i%n 31195& #3 shau%éﬁ thi
il huorden wath the Mmericses pag Bromh,
then i coabd mors saambBncady pool those
SRS with B MATD paerrers, and s 5 solid
2ol raffabie continuous s-des detereance. This
wipishd reabiss siybetapdial savings thist blow these
sntionad inthe TAR et of the witer,

Wiy dowie bave te cling eato the axpensive fp leaf

thist the British nuclesr system & operationally
independaint, whisn we know that thers s po
politically rradibls srenaring when the UK would be
firteqy it Rdplenr weapons ageingt e wishes pf the
Agriericans? Thuge koes to vesisl reductions haes
juenped on sy sugzestian of reducing peteols as
crepting & part-Gme deterren?’, But Isi't that
axactly vl wp peed fodsy, jomeaidng thel &
flewibls and apsropmiate to the thiests we fate... &

are e really saving that Be current situstion

. demanids 5 permianend Sold Woar responet Sriten

sgeds 1o he in s poshion Soolfer soonetiing on e
glotn tabie of nuriesr dizarmamsst, and this
eatives o greater level of Nealbility than meny
sourn willing ¢ fontermplate.

1 CASD weeve drogped in 2016 anéﬂﬁe
{ndependant apsration reqiin e, 2
iFehe tieo newer Vangusd ﬁmﬁiﬁrx ware ths
e thelr fuel remoued sod to be mathbalied,
the ife of the current Heet could be extended by
perhaps an additional seven vears, snabling s
number of savings to he realised: delayed and
reduced capltal spend fondy i submarines) and
reduced rusabng sosts. Rwould dlso spen up s
desivable fexibiity i the UK posture, reflecting
changed circumstances, Thiz snd other sonilas
Eptions were pal sxplorsd it the TAR ool

Wiuch &f the anglesis in tha report revsives aroand
assurnpiions biekind the ength of tes it wad
Take the U 1o develop & pew warkesd for the
Trlthent wiissile {17 veers) and 5 nwig warkegd far
Ak rw dlisliery sytern Hhe & rrrdes misdie lan
addsticnal 7 yeurs on top), Thiss lead-tinves sppaar
5 pite 0T many altornative mytions oo that Basls
that there & insulfictent S to Jevelop e
warhead Ty these gBematives, bafurs the currens
subrvarines reach the and of thalr usafub life
groend 2050,

Hihe nucler detacrant redly is the sational sseet
thiat marvy shalm, these lead-times could sarely be
seduved sigrificantly. They sompues unfavoursbily
with she witlesprasd estistes of frar's capabiiities
to Held 8 msclear weapion i months from seratch
avd verhiout alites. The Ameresss heve shaved
saeh of thasr Trideot warbasd specfioations with
03, e they realy unadibag o oharethe
gopeloprrent of thole future airfounched crdze
rengaile warheads with we?

Tolay's eovisw will inform the Sl delibarations of
the Commission, snd both doconvents Swould play
an trspartent role in S fortheondng debats over
e Funtues of Triden,
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ANNEX 40— T. F enwick, “Retiring Trident: an alternative proposal for UK nuclear
deterrence”, CentreForum, (2015),
http://www.centreforum . org/assets/pubs/retiring-trident. pdf

: 3 - Critiquing the Trident Alternatives |
Review

Published in July 2013, the Trident Alternatives Review {TAR} consid-
ered a range of alternatives fo lke-for-like raplacement of CASD Trident.
These included changes to the warhead and delivery system e, replac-
ing Trident with another nuclear system) and the réadiness state e
moving away from a continuous readiness state either with Trident or
with another nuclear system).

The most useful slement of the TAR s its reconsiderstion of the “un-
acceptable loss™ notion at the heart of deterrente theory, by accepting
that the absolute level of damags 1o deliver unacceptable loss will vary
from adversary to adversary In dolng so, # sccepls $hat the “Muoscow
Criterion” does riof prescribe an absolute level of destruttive capahility.
Further, nuclesr weapons are explicitly reserved for nudser statey’ tar-
pets that cannot be held at risk by UK conventional capabifities. i:mﬁaiig
this means that deterring non-F5 states” loss well-defended targets, ¢

iower level of capability than Trident offers would still provide a sufficlent
threat that the deterrent effect would be achisved.

Giver that a major reason for considering alternatives to Trident s to re-
duce the costs, the “Costs” section of the TAR is oritieal ¥ As published,
four anaiytical fallings fundamaﬁi:aﬁ? undermine this section of the TARS

analysis.

First, the I5F / modernised WE 177 free-fall bomb opfion that is refer-
enced elsewhere in the TAR is exchided from the cost comiparator Chart
AM°- the andy I5F option shown is for ISF carrying 8 yet-to-be developed
supersonic cruise misstle. 1t Is assessed that this curlois omission is be-
cause 3 J5F / modernised WE.A77 free-fall bomb option would be avail-
sble before the Vanguord-class 358N out of tervice date {O5D), meaning

-
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& Mar 2014 : Cohoon 1877
Nuclear Submarines
123 pm

The Secvetary of State for Defence {(Mr Philip Hammond): Before 1 make my statement, Tam
sure that the House will want o join me in sending condolences to the family and friends of the
sapper from 32 Engineer Regiment who sadly died while on duty in Helmand province yesterday
as 1 result of non-batile related injuries sustained in Camp Bastion. The incident is not believed to
huve Irvolved any enemy action. The serviceman’s next of kin have baen informed and have
requested the customary 24-hour delay before further defails are releaged.

With permission, Mr Speaker. T wish to inform the House that | have decided to refuel the nuclear
reactor in HMS Vanguard, one of the UK s four ballistic nyissile submarines, during its plamed
deep mainferiance perkod. which begins i 20135, It will be the second time that Vangueard's reactor
has been refuelled sinee it entered servics in 1993, T will explain to the Honse now why L have
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reached the decision to conduct a second refuetling.

As many hon. Members will know, alongside the operational reactors on board our ballistie
missile submarines, a prototype reactor of the same class has been runiing i the naval redetof test
establishment at Dounreay in Scotland singe 2002. It purpose is 10 help us assess how the resctor
cores within our submarines will pesform over time. It has therefore been run for siznificantly
longer pertods and at & significantly higher intensity than the cores of the same tvpe in oar
sabmarines, to allow us to identify early say age or ms:’re!aed igsues that may arise later in the
hves of the operational reactor cores.

In Jamary 2012, low levels of radioactivity were detected in the cooling water surrounding the
prototype core. Low levels of radioactivity are a normal product of the nuclear redction that takes
place within the fuel, but they would not normally enier the cooling water. The water is contained
within the sealed mactor circuit, and I can reassiire the House that thers has been no detectable
mdiation Ieak from that sealed circuit. The independent Defence Nuclear Safety Regulator and the
Seoftish Environment Profection Agency have been kept informed.

When the coolant radioactivity was first detected, the reactor was shat down as a precattion,
Following investigations and a series of #ialy, and with the agreement of the relevant fegolator, the
reactor was restarted in November 2012, & continues to operate safely. Both radiation exposure for
workers at the site and discharges from the site have remained well nside the stoictly preseribed
limits set by the regulators. Indeed, against the Infernational Atomvc Energy Agency's
measurement scale for nuclear-related evenis, this issue is classed as level zero, which Is described
by the agency as

“below scale —no safety sigmificunce”™.

The naval reactor fest establishment is, and remains, a very safe and low-risk sife. However, the
fact that low levels of radicactivity have been defected in the coolant water clearly means that the
reactor is not aperating exactly as planned. As one would expect, we have conducted extensive
nvestigations to determine how the radicactivity has entered the cooling waler. We believe that it
is dug fo n microscopic breach in 4 siall
6 Mar 2014 : Column 1678
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detect it straight away.

Brespize that, we now have o consider the possibility, however remole, that the useful operating
tife of this particular design of core may not be a3 long as previously expectad. As a result, T have
decided that, 43 4 procaitionary measure, we should refuel HMS Vingaard, the oldest SSBN cluss
and the ane with the highest mileage, 18 it were, on ber reactor, when she enters hor schaduled
‘deep malntenanes period in 2015, This is e responsible eptios: replicing the core s a
precautionary basis at the next wising opportunity, rather than waiting {0 see i the core needs to
he replaced at 2 fater date. which would neean setwrming Vangourd for 4 period of unschedualed
deep maintenance, potentiolly putting of risk the resthience of our ballistic missile submaring

The refuchling will incrénse ouwr confidence that Vanguard will be abls o spomte effectively and
safely uati the planned fleet of Successor submarings bezins to be deliversd from 2628 The
refuelling will be conducted within the cerrent plnmed dry dock miainienance period for
Vanguard, which staris in late 2013 and will last for show! fhree and a half years. It is therefore
expected 1o bave oo irmpact on deteitent opefations. The additional cost of refucliing Vangaand is
estimated to be about £120 million over the next six years.

A decision on whether fo refeel the next oldest submuine, HMS Victorious, when she entess her
pext phnned deep maintersmee period does not need 1o be mumde until 2018, Bt will be informed by
fusther analysis of the dats from the reactor a1 Dounreay and examination of the core after the
reactor is decommissioned. 1 have decided, sxin an o precautionary busis, et in the meantime
we will take the tecessary steps w0 keep open the option of rfuelling Victorious. That will fvolve
fnvestment af Devonport dnd at the reactor plant 21 Ravreswiy in Derby to preserve our ability fo
comduct nuclear refuelling. The wtal cost of that investment is still being scoped, but i Is expected
tor b of the order of £130 million.

Those costs—perhiaps £270 million in otal—will be met from existing provisten for financial risk
i the submsrine programe budget. They present sabstantially less than 106 of that risk '
provision and will not impaci on the more than £4 llton of contingency that we are holding in the
wverall defence equipment plas,
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3 pf 33

26 Jan HMS ; Colnman 153

5ir Dunne: Bvery stody thal we have Iooked af go far bax sabd four, so Bt is whers we siand, and
1 hope thag the bon. Gentbesen does tio,

Finatly, T i is the position ndvocaied by my how, Friend the Memher for North Devon (8 Nick
Huarvey), whom we found dencing on the bead of 3 pio i wiking shoui s blzazre new Lik Dem

Hipase of Unemeness Muvsiond Dol for 20 Jon 205 (p 0005 hetpfrwk pablicitiong parttarent ok om0 L4 S mhesst..

pelicy sspiution. Far from a minimure soclear deferrent vupobility Selivered with s two bout
wpdics Tor dual pae, be has develnped 2 new poliey on the boof —not 2 pari-tims dedermnt bud 2
kit-purt deterrent. A From the Fuod thid neliher of those options was even copsidered by the
siternatives woview, this has demonsirated $at the Lieral Desmorat pagy is—

Pete Wikhart cisined o move the clasre {Sanding Order Ko, 36,

{hrestion per fortrwinh, That thie Cuestion be now put.

Chseisrfon ggrevd b,

Maln Quesiion aecardingly put.

Fhe Hge j}i’f}tgedg‘d a5 Difvising.

Mr Speakert [ wonder whether inthe Bght of the defuy— 3 hos been 17 minutes thus far—ths
Herieant at Armin reioht investigate the defay in hoth Lobbies.

The House having divided:

Apgs 35, Nies 364,
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20 Jan 2615 : Columnn WS
DEFENCE
Nuclear Deterrent

The Secretary of State for Defonce (Michael Fallon): As part of his statement on the strategic
defence and security review (SDSR) on 19 Oulober 2010, my right hon. Friend the Prime Minister
annotmeed that we had reviewed our nuclear deterrence requirements, He conclusded that we could
deliver a credible nuclear deferrent with & smallet nuclear weapons capabitity and would
incorporate these reductions into the curreni deployed capability and the future successor deterrent
programme. The number of deploved warkeads on each submaring would be reduced from 48 to
A, the number of operational missiles in the Vanguard class ballistic missile submarines (SSEN}
wottld be reduced to no more than eight; and we would reduce the number of operationally
aviilable warheads from fewer thag 160 to o more than 120.

The then Secretary of State for Defence, my right hon. Friend the Member for North Somerset
(Liam Fox), announced to the House on 29 June 2011, Official Report, columns 30-51WS, that the
programme for implementing the 2010 SDSR warhead reductions had eommencad.

T am pleased to inform the House that this Governiment have now met their comznitment to
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