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Abstract: The 2018 American Nuclear Posture Review includes a revived
emphasis on deployed, low-yield nuclear options to reserve credible
deterrence against countries that have transmitted beliefs the U.S. would not
respond to employment of non-strategic nuclear weapons, since there is a
mistaken perception that the U.S. could only respond with high-yield
strategic weapons, which would be deemed unacceptable. An important
question to address is whether the Review increases the likelihood of
American first-use of nuclear weapons or alternatively nuclear responses to
provocations. This research briefly evaluates this development in light of the
enduring theoretical debates in the literature concluding the possible potential
to lower the threshold for first-use and responses with these weapons, while
identifying active mitigation efforts. This sequel manuscript evaluates the
Review in the context of classical theories of Kahn and Schelling, following
the prequel comparisons to Waltz and Sagan. The implications both
contextual analyses demand investigation of nuclear terrorism as recently
espoused by former defense Secretary, now Stanford professor Bill Perry.
This final analysis concludes this manuscript. Taken together, these first
theoretical analyses initiate a modern nuclear debate in the literature.
Keywords: Low-Yield, Nuclear Posture Review, Escalation, De-Escalation,
Rational Actor, Organizational Theory, Nuclear Deterrence

Introduction

Assertions and their Theoretical Context

Nuclear war is a horrific contemplation especially
with our knowledge of nuclear weapon employment in
World War II, followed by the development of
weapons with staggering destructive capabilities that
eclipsed many other factors in international relations
for decades leading to a bi-polar world, where
countries allied with major nuclear powers. Paradigms
change with the natural passage of time and the
occurrence of major world events, like the dissolution
of the Soviet Union, or the recent resurgent Russia.
These major events drive the formulation of national
policies and one such major policy has just been
published by the United States: The 2018 Nuclear
Posture Review (NPR, 2018). Theories of international
relations and conflict, particular theories on nuclear
deterrence provide guiding windows through which we
gaze upon the new nuclear posture review, which is
clearly a reaction to a strategic mismatch in capabilities
between the United States and other world power, Russia
in particular (as it relevant to this investigation).

A key challenge of modern nuclear deterrence is the
non-strategic nuclear capabilities of Russia. Figure 1,
taken directly from the nuclear posture review pictorially
reveals the mismatch and uses this mismatch as the
backdrop of assertions that Russia believes limited
nuclear first-use, particularly with low-yield weapons
provides a deterrent advantage over the United States
based in part on Moscow’s perception that it a mismatch
in non-strategic options provides coercive advantages at
low-levels of conflict. Interestingly, two assertions are
made…separated by only one paragraph. Firstly, it is
asserted that the evolving Russian nuclear doctrine based
in this mismatch lowers the threshold for their first-use
of nuclear weapons and then secondly asserted is
expanding U.S. low-yield, non-strategic nuclear
capabilities will not lower the threshold of American
first-use of 48 nuclear weapons.
How can both assertions be simultaneously true? Lowyield nuclear weapons either do, or do-not lower the
threshold of first use. Perhaps a brief literature review can
illuminate how both assertions might be simultaneously true.
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Fig. 1: The mismatch in capabilities: nuclear delivery systems developed since 2010

controllable, while Schelling, an economist who wrote
on nuclear strategy, had a different idea of deterrence;
instead advocating making the enemy fear the process
getting out of control.

The mismatch displayed in Fig. 1 illustrates a long
history of Russian emphasis on nuclear weapons to
achieve its national security objectives (Paret et al.,
1986), but furthermore illustrates that Russia, China and
North Korea have dramatically outpaced the U.S. in
nuclear weapon developments since 2010 (Nakatani and
Sands, 2018a). The figure reveals strong nuclear weapon
developments in those three countries have not been
matched and the NPR does not imply the need to seek
parity. What’s left unanswered is how the new emphasis
on American low-yield nuclear weapons amidst this
imbalance sits in the body of classical theories of nuclear
deterrence, escalation and proliferation. The prequel
research (Sands, 2018) evaluated the NPR in the context
of contending theories of Waltz’ rational actor theory
(Waltz, 1981) and Sagan’s organizational theory of
nuclear deterrence (Sagan, 1994), while the literature
review here continues with Kahn (escalation dominance
theory) and Schelling (uncertain threat theory).

Escalation Dominance Theory by Herman Kahn
Theorems in this section derive from (Kahn, 2009)
and are paraphrased for brevity and ease to the reader.

Theorem 1
Escalation dominance theory: Intimidation with the
fear of the unknown. Nuclear warfare could be
controlled by the political authority right up to the
apocalyptic "spasm war" climax by domination of the
conceptual ladder with forty-four various "rungs" of both
nuclear and non-nuclear escalation beginning with an
ostensible crisis in the first tier of three rungs called
“subcrisis maneuvering” and culminating with spasm or
insenate war at the pinnacle of the top tier of rungs called
“civilian central wars”.

Uncertain Threat Theory by Thomas Schelling

Literature Review: Escalation Dominance Versus
Uncertain Threat Theories of Escalation

With game theory as a unifying framework for the
social sciences, a party can strengthen its position by
overtly worsening its own options, that the capability to
retaliate can be more useful than the ability to resist an
attack and that uncertain retaliation is more credible and
more efficient than certain retaliation. Theorems in this
section derive from (Schelling, 1981) and are
paraphrased for brevity and ease to the reader.

As described in (Elkus, 2009), in his essay "The First
Two Generations of Nuclear Strategists," Lawrence
Freedman (Freedman, 1986) divides nuclear strategic
thinking into two camps: Kahn and Schelling. Their
respective intellectual approaches to nuclear strategy
diverge on the question of whether nuclear warfare can
be controlled. Kahn theorized nuclear war was indeed
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dominate escalation by providing incremental responses
to low-yield nuclear use by adversaries. Thus, whilst not
specifically incentivizing global nuclear war, the NPR’s
emphasis on low-yield weapons does increase the
likelihood of an American nuclear response to crises
around the world in attempts to manage (and dominate)
escalation where conflict resolution occurs under
favorable condition to the U.S..
The context of uncertain threat theory by Schelling
further reinforces the likelihood of American use of lowyield nuclear weapons in response to crises, since it
retains the ability to escalate while increasing the
uncertainty of adversary nations: Will American
massively respond, or perhaps use low-yield weapons
instead? Thus, unlike the prequel (Sands, Mihalik,
Camacho, 2018) where the contending theories yielded
slightly different implications, the theories investigated here
by Kahn and Schelling both seem to indicate an increased
likelihood of America using low-yield nuclear weapons to
manage (dominate) escalation and increase the adversaries
uncertainty in potential American responses to provocation.

Theorem 2
Violence is a fundamentally chaotic and emotional
activity. Even in a so-called limited war between
nuclear powers things risked getting out of control. An
uncertain threat had more credibility than a stated one.
Letting a situation intentionally degrade drives an
adversary to conclude that it would be better to turn
away from the brink once the situation appeared
dangerous and unpredictable.

Proofs of Theorems: Kahn and Schelling
It is ubiquitously argued in the literature that neither
Kahn’s nor Schelling’s theories were ever tested, but
consider the Cuban missile crisis as a nuclear one where
the United States allowed the situation degrade and then
passively awaited capitulation of the Soviet Union, while
the Soviets were forced to decide on a proper course of
action in an environment of uncertainty in the face of the
bold threats of the U.S. president.

Discussion

The World Following Publication of the Nulcear
Posture Review

Rather than repeat the analysis of Kahn vs.
Schelling in the context of “who’s right?”, the authors
instead utilize theoretical elements of both scholars
seeking commentary on the just-published American
nuclear posture review.

In light of these four theories, the future holds at best,
no-change in the threshold of first-use of nuclear
weapons, as is the case with the rational actor theory; or
at worst an increased likelihood of American first use in
instances where a targeted nation has no strong alliance
with Russia. Yet both Escalation Dominance theory and
the theory of Uncertain Threat indicate an increased
likelihood of and American nuclear response.
In light of the failures seen at the 2010 and 2015
nuclear nonproliferation treaty review conferences
(Sands and Mihalik, 2016a), proliferation concern is
increased by an increase in development of small-yield
tactical nuclear weapons in America, where relative
freedom accompanies increased risk of scientist and
engineers involved in those efforts becoming proliferation
risks themselves (e.g., through technology transfer).
Another complicating factor is the admission that the
United States has found itself preoccupied for many years
with the Middle East, most recently with the Islamic State
(Sands, 2016). It begs the question “is the next generation
of Americans prepared to go down this path of increased
tactical nuclear options?” Seemingly in answer to the
question, the U.S. Air Force has already begun an earnest
effort to increase the critical thinking capabilities of its
nuclear enterprise (Sands et al., 2017) vis-à-vis rigorous
education programs available part-time, using distance
learning technologies to educate increasingly larger
portions of the air force’s nuclear members.

Implications of the Literature Review
The review of the nuclear posture review against the
backdrop of the theoretical literature commenced in
(Sands, 2018) with an examination of the review in the
context of competing theories of Waltz and Sagan
seeking to comment on whether the literature supports
the notion the NPR implies an increasing or decreasing
likelihood of an American first-use of nuclear weapons
due to its emphasis on low-yield weapons. Waltz
theories are referred to as rationale actor theory; while
Sagan purported bureaucracies (especially the military)
has inherent aberrant behaviors that must be account for
(i.e., irrational, yet explainable behaviors). (Sands, 2018)
postulates, “in light of these two theories, the future
holds at best, no-change in the threshold of first-use of
nuclear weapons, as is the case with the rational actor
theory; or at worst an increased likelihood of American
first use in instances where a targeted nation has no
strong alliance with Russia.”
In the context of escalation dominance theory of
Kahn, increased American emphasis in the nuclear
posture review on the development of some (not seeking
parity) low-yield capabilities does not necessarily
incentivize global thermonuclear war, particularly since
parity is not sought and thus superiority in number is
unlikely. Kahn’s theory suggests that addition of low-yield
nuclear weapons increases the American ability to

Nuclear Terrorism: What would Bill Perry think?
Former U.S. Secretary of Defense Bill Perry now
teaches an open, online course at Stanford University
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significantly, the actual difficulties any would be
terrorist would encounter in such a quest-difficulties
related to obtaining the necessary materials; having the
technical where withal (people and equipment) and
unimpeded time and space needed to engineer the device
into a useable and reliable weapon (the last thing any
terrorist would want would be for their weapon to not
function when called upon to do so-it makes for lousy
optics); transporting the device to the target area
undetected; and finally maintaining the secrecy within
the group and any affiliated associates the group would
need to reach its goal from the beginning of the effort
through its final detonation.
Assuming that a terrorist group was able to obtain
or develop a nuclear device, successfully transport it to
the US and detonate it in or near a major metropolitan
area what would be the effects? First and most obvious
would be the effects created by the explosion itselfthese would of course are totally dependent on the size
and location of the blast. Below are two hypothetical
scenarios for consideration where a device similar in
size to the 2013 North Korean nuclear warhead is
sailed into San Francisco Bay striking a soft target
such as the port in Redwood City (Fig. 2) or perhaps
the mothball fleet (Fig. 5) in the northeastern bay city
of Suisun. The figures are produced using a nuclear
weapons’ effects simulation that is taught as part of
Dr. Perry’s course at Stanford mentioned above. The
simulation is called NUKEMAP and it was developed
by Alex Wellerstein (2018) which produced fig. 3-7.
Figure 3 depicts a notional detonation site in the
Redwood City port, where the 10 kT device is detonated
while the boat is afloat in one of the waterways depicted.
The result of the simulation is displayed in Fig. 3. Notice
a “mere” 850 direct casualties from the blast and thermal
effects of the detonation. Significant quantities of
radiated water and earth would be dispersed over a wide
area inflicting additional harm. Notice the far-reaching
affects displayed in Fig. 4 downwind of the detonation
(These simulations ignore the effects of nuclear fallout
which would be significant since the detonation is a
“ground burst”). Despite a seemingly immediate and or
direct low count of casualties for a “nuclear strike”, next
consider the psychological effect on San Francisco, San
Jose, California in general and the nation at large.
However, terrorists might seek to intentionally do
more damage by choosing a better location to detonate
their 10 kT weapon in order to create “visually pleasing
level of destruction” for their supporters.
Consider a second potential hypothetical scenario,
where the terrorist continues up-river to pull astride the
“mothball fleet” docked in Suisun City (Fig. 6).
Simulation results (again neglecting the effects of
fallout) are displayed in Fig. 7. Significantly more
causalities (over 10,000) result from such a detonation in
addition to the pronounced statement of inflicting
damage to the capital city of California. Thus we see the
fear of such a strike is real.

(Perry, 2017), “The Threat of Nuclear Terrorism”
articulating five key questions:
1.
2.
3.
4.
5.

Who Are the Terrorists What Do They Want?
What Are the Historical and Contemporary Security
Issues with Nuclear Weapons and Materials?
Could a Terrorist Group Make Its Own Nuclear Bomb?
What are the consequences of an Improvised
Nuclear Device's Detonation in a U.S. City?
What Can Be Done?

The NPR addresses the issue of nuclear terrorism in
two manners. First, the NPR addresses the issue of
preventing terrorists from obtaining and employing
nuclear material by employing a layered defense in depth
highlighted by (1) securing nuclear weapons, materials,
related technology and knowledge; (2) enhancing
collaboration with allies, partners and international
institutions; (3) employing advanced forensics and
attribution capabilities to deter state support for nuclear
terrorism; (4) strengthening defenses; and (5) enhancing
preparedness to mitigate nuclear incident effects. The
second manner in which the NPR addresses the terrorist
issue is to reemphasize the US policy of holding
accountable any state, terrorist group or other non-state
actor that supports or enables terrorist efforts to obtain or
employ a nuclear device (note that the NPR does not
distinguish between the use of a Radiation Dispersal
Device (RDD), Improvised Nuclear Device (IND) or full
up nuclear weapon) and that such use would constitute
an “extreme circumstance” that would call for the US to
consider the ultimate form of retaliation. One issue that
this later statement has is actually determining who or
what entity is responsible and should therefore feel the
wrath of the United States-would it be the terrorist group
itself, the state sponsor of the terrorist group (what if there
is more than one state sponsoring the group’s activities?),
or the state in which the terrorist group built its device,
what about the middle-men involved in getting the device
to its target; or the financial entity (ies) who enabled the
terrorist group to obtain the needed materials? What
would be the proportional response to such an attack?
Understanding the effects that would emanate from
the detonation of a nuclear device-physical,
psychological and economic are of paramount
significance. There are a lot of myths, half-truths and
downright misinformation when it comes to describing
the ease with which a terrorist group could obtain such a
device and in the effects of a nuclear detonation. Dr
William Perry, in his on-line Nuclear Terrorism Course,
introduces the course by relating to his students his
nuclear nightmare where in a terrorist group is able to
obtain fissile material, build a workable device, ship that
device to the US where it is in turn put into the hands of
a terrorist cell residing in the country, transported to a
major US city and subsequently detonated. It paints a
scary picture but tends to ignore, or at least play down
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Fig. 2: Soft target: Redwood City Port, just north of San Jose, California. Taken from (Wikipedia, 2018)

Fig. 3: Detonation at Redwood City Port, just north of San Jose, California
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Fig. 4: Downwind Redwood City Port, just north of San Jose, California

Fig. 5: Enroute Suisun City, northeast of San Francisco Bay
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Fig. 6: Suisun City docks, northeast of San Francisco Bay

Fig. 7: Detonation of 10kT device at Suisun City docks, northeast of San Francisco Bay
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capabilities of its nuclear enterprise (Sands et al.,
2017) vis-à-vis rigorous education programs available
part-time, using distance learning technologies to
educate increasingly larger portions of the air force’s
nuclear members. These new education programs are
designed to expose nuclear forces to the theorems and
proofs presented in this manuscript in accordance with a
new education paradigm described in paragraph 3.1 in
(Mihalik et al., 2017). Professor Sagan’s course is
specifically included on the list of available courses
(Sands and Mihalik, 2016). In addition to the arguments
in the social sciences, the air force is reinvigorating
scientific education efforts towards all military
missions in and through space (Nakatani, 2018; Sands,
2018; Kim et al., 2007; Nakatani, 2016; Sands, 2009)
including nuclear systems. This undertaking requires
significant refocusing towards recent technical
developments (Sands and Lorenz, 2009; Sands, 2012;
Cooper et al., 2017; Nakatani and Sands, 2018b,
2014; Sands and Kenny, 2017; Sands and Armani,
2018; Sands, 2017a, 2017b, 2017c, 2018a) the critical
thinking ability of American nuclear forces. One
particular area of emphasis is the technology to
maneuver reentry warheads (Agrawal, et al., 2017),
(Sands et al., 2006; 2007; 2009, 2012; 2016; 2018a)
to avoid missile defenses (Sands et al., 2018b).

Aside from the direct effects related to the physical
damage caused by blast, thermal radiation and ionizing
radiation resulting from the detonation of such a device
in a metropolitan area, there would also be significant
psychological effects resulting from the mere fact of the
detonation, these would most likely be felt well outside
of the immediate area of the blast and very likely would
encompass most of the country. Added to this would be
the effects of the potential collapse of the city’s response
capability-hospitals unable to handle the casualties due
to loss of power, doctors, etc. and the panic of the
population creating traffic problems and increased
exposure to fallout. These effects would be both
immediate and long term as the radiation-related illness
begins to take effect. Lastly, economic impacts would
begin to be felt due to breakdowns in supply chain
operations as well as due to workers being unable to
reach places of employment due to evacuations, loss of
infrastructure, or destruction of work place, or illness
related to radiation exposure.
While the probability of a terrorist group detonating a
nuclear weapon or device may be “low” the risk of such
an event would be considered “high” (Arguello, 2016)
and therefore it is imprudent on our part to be
complacent. The NPR rightfully gives the threat it’s due
and provides a sound approach to dealing with this
issue. One could argue that the NPR’s emphasis’s on
the re-introduction and deployment of a low-yield
capability via a low yield SLBM delivered weapon or
SLCM, would give the U.S. the means and ability to
respond within the principle of proportionality and within
the laws of armed conflict in the event such a device were
ever to be detonated within the US or against an ally or
partner and in a timely manner but also serves to put on
notice potential enablers. As pointed out in (Bunn and Roth,
2017), “the idea of terrorists accomplishing such a thing
is, unfortunately, not out of the question: it is far easier to
make a crude, unsafe, unreliable nuclear explosive that
might fit in the back of truck than it is to make a safe,
reliable weapon of known yield that can be delivered by
missile or aircraft….”

Conclusion
In light of two competing theories (Waltz vs. Sagan)
and two complementary theories (Kahn and Schelling),
the American declaration to increase its utilization of
low-yield nuclear weapons to meet its deterrence
objectives has the possible potential to lower the
threshold for first-use of these weapons and likely
increased potential for nuclear response. The increase is
particularly troubling in the context of nuclear terrorism,
but these potentials are being actively mitigated by current
efforts to increase the critical thinking capabilities of the
military members, possibly positioning them to avoid the
organizational proclivities that might prevent fulfillment
of the operational requirements for rational nuclear
deterrence. Perry’s theories emphasize nuclear terrorism
and yield troubling concerns about proliferation. In light
of the failures seen at the 2010 and 2015 nuclear
nonproliferation treaty review conferences (Sands and
Mihalik, 2016b), proliferation concern is increased by an
increase in development of small-yield tactical nuclear
weapons in America, where relative freedom
accompanies increased risk of scientist and engineers
involved in those efforts becoming proliferation risks
themselves (e.g., through technology transfer).
Nonetheless, the U.S. seems to be taking the new
NPR very seriously with accompanying resources
allocated to many educational efforts in military and
civilian universities.

American Prepardness to Implement the Guidance
in the New NPR
A complicating factor is the admission that the
United States has found itself preoccupied for many
years with the Middle East, most recently with the
Islamic State (Sands, 2016). It begs the question “is the
next generation of Americans prepared to go down this
path of increased tactical nuclear options?” Seemingly in
answer to the question, the U.S. Air Force has already
begun an earnest effort to increase the critical thinking
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