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Summary 

Climate change could have mission-altering impacts on the U.S. nuclear deterrent. This 
paper examines the range of climate change challenges and threats that could detrimentally 
affect each leg of the U.S. nuclear triad in different and increasingly serious ways. In doing 
so, the paper helps to advance broader, ongoing efforts to account for climate change in 
U.S. national security policies. It also aims to inform and help initiate a larger conversation 
about the vulnerabilities of all nuclear weapons programs to climate change. Gaining greater 
clarity about these vulnerabilities now is essential to mitigating the worst effects of climate 
change on nuclear weapons in the future.

The paper highlights the following key findings: 

•	 Naval Submarine Base Kings Bay is vulnerable to rising sea levels and flooding that 
could significantly affect its capacity to service U.S. ballistic missile submarines 
(SSBNs). Because Kings Bay is one of two bases equipped to support the U.S. SSBN 
fleet, climate change effects there could have serious repercussions for the broader 
deterrence mission of the submarine leg of the nuclear triad. 

•	 At Minot Air Force Base, warming temperatures may accelerate flooding that could 
impact the accessibility of the base’s intercontinental ballistic missile (ICBM) silos 
and facilities. This accessibility issue could have cascading effects on the larger 
ICBM deterrence mission, potentially limiting the reliability of some missiles by 
delaying scheduled maintenance or deliveries. 
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•	 Increasing temperatures and incidences of extreme precipitation at Whiteman Air 
Force Base pose potential risks to the nation’s stealth nuclear bombers. Climate 
change impacts that prevent aircraft from freely taking off from or landing at 
Whiteman may have some implications for the readiness of the larger bomber leg, 
especially as related to the accessibility of nuclear weapons storage sites.

Importantly, this analysis should be viewed as a descriptive assessment of potential future 
outcomes based on current trends, not as a prediction. What actually transpires will depend 
on how the United States prepares for, mitigates, and adapts to these challenges. The paper 
concludes by offering five recommendations for ways to do so: 

•	 The U.S. Department of Defense (DOD) and the U.S. Department of Energy 
(DOE) should conduct climate change vulnerability assessments of all their nuclear 
installations and facilities to determine how and when climate change could impact 
each site’s unique nuclear systems, operations, and activities. 

•	 The DOD should invest in dynamic climate change modeling and both interagency 
and nongovernmental partnerships to ensure U.S. nuclear decisions and planning 
are informed by the most accurate climate change projections.

•	 The DOD and other agencies should be required to complete forward-looking 
studies of potential climate change impacts on any future nuclear actions, including 
the construction and deployment of modernized nuclear systems. 

•	 The DOD should adopt a mission-level focus in its climate adaptation planning 
and establish a workstream specifically focused on the nuclear mission. An initial 
deliverable of this work should be a dedicated climate action plan for the U.S. 
deterrence mission.

•	 The DOD should integrate climate change scenario exercises into nuclear planning 
to simulate potential climate-nuclear crises and develop mitigation and adaptation 
plans. Key considerations should include how the climate scenario may impact  
local and global nuclear operations, nuclear command and control assets, base  
personnel, and local communities, with the exercise results incorporated into 
nuclear planning efforts.
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Introduction

The United States is investing billions—if not trillions—of dollars to modernize its nuclear 
arsenal. This modernization effort aims to ensure its nuclear systems will be able to deliver 
the U.S. deterrence mission for decades to come, motivated at least in part to address a 
changing geostrategic environment. But how much do these plans account for a changing 
geophysical environment? Specifically, how will climate change affect the capacity of U.S. 
nuclear systems to support the nation’s deterrence mission? 

This paper aims to present some initial answers to this underexplored question. In doing so, 
it helps to advance broader, ongoing efforts to account for climate change in U.S. national 
security policies. Time is of the essence to ensure the United States is prepared to account 
for and effectively address the potential mission-altering impacts of climate change on the 
nation’s nuclear deterrent.

The analysis is organized around the U.S. nuclear triad: ballistic missile submarines (SSBNs), 
intercontinental ballistic missiles (ICBMs), and bomber aircraft. Climate change effects—
such as rising sea levels, extreme weather events, and warmer temperatures—present a range 
of challenges and threats that could have detrimental impacts on each leg of the triad in 
different and increasingly serious ways. To assess these varied impacts, this paper examines 
climate change risks at a military base associated with each system: Naval Submarine Base 
Kings Bay, where rising sea levels and flooding could significantly affect the base’s capacity 
to service U.S. SSBNs; Minot Air Force Base, where warming temperatures may accelerate 
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flooding that could impact the accessibility of the base’s ICBM silos and facilities; and 
Whiteman Air Force Base, where warming temperatures and incidences of extreme precipi-
tation pose potential risks to the nation’s stealth nuclear bombers.

Drawing on findings from these assessments, the paper considers the broader implications 
of climate change for each leg of the triad. Importantly, this analysis should be viewed as a 
descriptive assessment of potential future outcomes based on current trends, not as a predic-
tion. What actually transpires will depend on how the United States responds. The paper 
concludes by offering recommendations for how the United States can better prepare for, 
mitigate, and adapt to these climate change challenges to the nuclear deterrent.

The State of Play

Climate change is widely recognized as a “threat multiplier”—not only does it present 
environmental challenges with vast and far-reaching consequences, but it also exacerbates 
existing security challenges and risks.1 While often considered in the context of particularly 
fragile or volatile regions, this link between climate change and security also holds broader 
implications for an increasingly dangerous and evolving strategic security environment.

The U.S. Department of Defense (DOD) has identified climate change as a “critical national 
security threat.”2 To address this threat and in response to President Joe Biden’s Executive 
Order 14008 to put “the climate crisis at the center of United States foreign policy and 
national security,”3 the DOD released a series of notable policy and planning documents 
on climate security in 2021—the Climate Risk Analysis,4 Climate Adaptation Plan,5 and 
Installation Exposure assessment.6 These documents collectively track the department’s 
plans and progress toward integrating “the security implications of climate change into key 
strategic documents, programs, and international partner engagements.”7 

Notably, the Installation Exposure assessment presents high-level findings from the DOD 
Climate Assessment Tool (DCAT). The tool, which is not publicly available, provides 
screening-level assessments of the vulnerability of U.S. military installations to climate 
change hazards.8 To do so, it calculates a climate hazard exposure score for each installation. 
The scores have no objective meaning but are instead used to rank installations’ relative 
climate exposure risk.9 The DCAT is designed for use by installation-level planners 
and engineers, military department leadership, and broader DOD leadership to inform 
decisionmaking, both in terms of investments and resource prioritization as well as larger 
policy considerations.10 
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While this work should be applauded, analytic gaps remain. Importantly, there is no specif-
ic, systematic, and sustained focus on the implications of climate change for the U.S. nucle-
ar deterrent. Given the centrality of the nuclear triad to U.S. national security interests—to 
say nothing of the scale of resources already slated for modernizing these systems—this gap 
is stark and troubling. If climate change is indeed both a threat multiplier and a critical 
national security threat, special attention must be given to this threat vis-à-vis “the backbone 
of America’s national security.”11

Outside of the Pentagon, important research has been done on the intersection of nuclear 
and climate. Some work focuses on the likely disastrous environmental consequences of 
a nuclear war,12 with related research focused on examining how climate change could 
undermine the integrity of sites that store radioactive waste from weapons testing programs.13 
Other work focuses on the role of nuclear power in the clean energy transition,14 including 
some emerging research that assesses the potential security and safety implications of climate 
change for states with nuclear energy—and, in some cases, also nuclear weapons—pro-
grams.15 But collectively, this research also gives little attention to potential ways climate 
change could affect how the United States bases, postures, and operates its nuclear weapons.

Outstanding questions therefore remain unaddressed: What challenges does climate change 
pose to the U.S. nuclear deterrent? How will climate change impact each leg of the triad? 
Will these impacts vary? Could these impacts require the United States to alter the ways in 
which it executes its deterrence mission? And how can the United States better prepare for 
the likely dangerous convergence of climate change and nuclear weapons? 

Climate Change and the U.S. Nuclear Triad 

To begin to address these questions, it is necessary to analyze the impacts of climate change 
on each leg of the U.S. nuclear triad: SSBNs, commonly referred to as the sea leg; ICBMs, 
the ground leg; and bomber aircraft, the air leg. For each leg, this paper focuses on a 
representative military base tasked with housing, maintaining, and operating the nuclear 
system. After reviewing the nuclear activities and missions at the bases as characterized in 
open-source literature, the paper utilizes relevant climate models to examine plausible future 
scenarios based on two greenhouse gas emissions pathways—lower emissions and higher 
emissions—over midcentury and late-century time horizons. The emissions pathways cor-
respond to intermediate and high future warming scenarios, which are projected to amplify 
the climate hazards most likely to impact the different legs of the triad—namely, sea level 
rise, extreme flooding events, and extreme heat. The time horizons track these hazards to the 
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projected midlife and end life of the systems currently under development as part of the U.S. 
nuclear modernization effort: the Columbia-class SSBN, Sentinel ICBM missile (previously 
termed the Ground Based Strategic Deterrent), and B-21 Raider strategic bomber. The four 
resulting climate change scenarios presented for each leg of the triad are not predictions but 
rather potential future outcomes, especially if no preventive measures are taken to mitigate 
their effects. 

Based on these findings, the section then discusses the implications of those climate change 
effects for operations related to each base’s nuclear mission. Where applicable and possible 
given available information, it identifies mitigation efforts the government is already taking. 
The analysis concludes by generalizing how these climate change impacts may affect the 
larger deterrence mission of each leg of the triad. Similar to the climate scenarios, these 
assessments should be viewed as potential future outcomes and not necessarily predictions. 
Given the stakes involved in the U.S. nuclear enterprise, however, even the possibility of 
these impacts requires serious, high-level consideration.

The Sea Leg

Naval Submarine Base Kings Bay is the Atlantic hub of the SSBN fleet. It is the home port 
of six Ohio-class submarines, which will be progressively replaced by now-in-development 
Columbia-class submarines starting in the 2030s.16 Located on the southern coast of Georgia 
just north of the Florida border, Kings Bay has three primary commands that contribute to 
U.S. nuclear deterrence.17 The Trident Training Facility trains sailors to operate and main-
tain SSBNs.18 The Trident Refit Facility is tasked with maintaining and repairing SSBNs at 
the base’s refit wharves and dry dock19—the largest dry dock in the Northern Hemisphere, 
which recently received a nearly $600 million refurbishment.20 And the Strategic Weapons 
Facility Atlantic (SWFLANT)—a complex comprising twenty-four buildings and two 
explosive handling wharves (EHWs)—stores, maintains, and assembles Trident II D5 
submarine-launched ballistic missiles (SLBMs) and their warheads for the SSBN fleet.21 

Given its location, sea level rise and annual flooding pose the greatest challenges to Kings 
Bay and the sea leg of the triad. According to sea level rise projections by the National 
Oceanic and Atmospheric Administration (NOAA) and its interagency partners, the global 
mean sea level is projected to rise by 3.3 feet (1 meter), compared to a 2000 baseline, by 
2100 in an intermediate sea level rise scenario and 6.6 feet (2 meters) in a high sea level rise 
scenario.22 The probability of each scenario varies according to different projections of global 
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net greenhouse gas emissions and associated warming by the end of the century, as charac-
terized in the Sixth Assessment Report by the Intergovernmental Panel on Climate Change 
(IPCC).23 The probability associated with the intermediate sea level rise scenario increases 
as projected end-of-century warming increases under higher emissions pathways.24 Notably, 
this scenario also tracks closely with the current observation-based trajectory of global mean 
sea level rise, only significantly deviating from the current trajectory in about 2085.25 The 
high sea level rise scenario is considered fairly unlikely under any IPCC emissions and 
warming pathway;26 however, the potential for this worst-case scenario cannot be disre-
garded, especially as some processes that may contribute to sea level rise and could become 
especially prominent contributors in the future are not yet fully understood.27 

Extrapolating from these global projections, figure 1 depicts likely sea level rise and annual 
flooding at Kings Bay in 2050—about the year of the planned midlife of Columbia-class 
submarines—and 2080—about the planned end life of the submarines.28 Notably, the 
maps do not include potential storm surge. Global warming is expected to contribute to an 
increase in the severity of extreme weather events such as hurricanes. Warmer atmospheric 
and oceanic conditions facilitate the evaporation-condensation cycle that encourages more 
rain and stronger winds, both of which contribute to more powerful storms.29 Paired with 
rising sea levels, these extreme events would contribute to considerably higher storm surge.30 
But it is difficult to project the frequency of such extreme events, hence the exclusion of their 
effects here. Existing studies and tools that demonstrate the substantial impacts of storm 
surge on Kings Bay, especially as related to the usability of base land, provide useful, supple-
mentary reference points.31

According to the projections presented in figure 1, under all scenarios and time horizons, the 
dry dock as well as the Trident Training Facility building should remain relatively unaffect-
ed by sea level rise and annual flooding, although both facilities may be more vulnerable to 
high storm surge.32 The former is likely due to some natural protection afforded to the dry 
dock by Crab Island and the latter because the building is situated about four miles back 
from the East River. Meanwhile, sea level rise and annual flooding are projected to affect the 
roads connecting SWFLANT to the EHWs as well as areas in and around the EHWs and, 
to a lesser extent, the dry dock. The potential severity of these effects expectedly increases 
from the intermediate to the high sea level rise scenario and from the 2050 to the 2080 time 
horizon and would only be exacerbated by storm surge.33 
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Figure 1. Projected Sea Level Rise 
and Annual Flooding at Naval 
Submarine Base Kings Bay

Source: International Mapping.
Note: International Mapping created this map by drawing on data from the U.S. Geological Survey Harrietts Blu� topo map, NOAA Kings Bay pile driving 
map, ESRI satellite imagery, World Street Map (WGS84), Climate Central Coastal Risk Screening Tool, Living Atlas of the World, NOAA Coastal Digital 
Elevation Models (DEMs), and 2022 Sea Level Rise Technical Report data files.

Source: International Mapping. 
Note: International Mapping created this map by drawing on data from the U.S. Geological Survey Harrietts Bluff topo map, NOAA Kings Bay pile driving map, ESRI satellite 
imagery, World Street Map (WGS84), Climate Central Coastal Risk Screening Tool, Living Atlas of the World, NOAA Coastal Digital Elevation Models (DEMs), and 2022 Sea 
Level Rise Technical Report data files.

Figure 1. Projected Sea Level Rise �and Annual Flooding 
at Naval �Submarine Base Kings Bay
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Implications for Kings Bay 

These climate change effects could plausibly compromise some aspects of the base’s nuclear 
operations, especially as related to the SWFLANT mission, which requires reliable routes 
to transport the Trident D5 missiles to and from the SSBNs. Satellite imagery indicates 
that one main road connects the SWFLANT complex, where D5 missiles are presumably 
assembled, to the EHWs, where D5 missiles are presumably loaded and unloaded onto the 
SSBNs.34 This road must be robust enough to handle the transport of D5 missiles, which, 
when fully assembled, weigh upwards of 130,000 pounds—1.6 times heavier than the 
federal limit for interstate highways.35

There are two bridges over which this main transport road crosses a river that divides the 
SWFLANT complex and the EHWs. In all four climate change projections, sea level rise 
combined with annual flooding is projected to bloat the river and inundate increasingly 
larger portions of the road, damaging and undermining the bridges and the road itself. To 
mitigate the effects of this flooding, the DOD will likely have to reinforce the road and 
lengthen the bridges. Given the progressive worsening of sea level rise, this may not be a 
one-off endeavor but rather a persistent investment as the century progresses.

Most problematic, especially when factoring in additional damage caused by storm surge, 
this road could at times become unpassable. This could hamper the base’s ability to ensure 
SSBNs are equipped with viable D5 missiles. While the nature and frequency of D5 missile 
maintenance is unclear in the open source, the navy has indicated that the aging missiles 
will need more regular maintenance.36 More frequent and severe flooding that impacts the 
transport of the missiles could delay or upset these service operations. Readiness may even 
be affected if, for example, a submarine deployment is delayed because its missile servicing 
was disrupted by a particularly extreme flood. In addition to any regular missile mainte-
nance, this missile transport effort might be particularly pressing when the life-extended D5 
missiles (D5LE), which will be deployed on the first eight Columbia-class submarines, will 
have to be replaced by a further life-extended missile (D5LE2).37

In addition to impacts on SLBM transports, other roadways and facilities along the water-
front are projected to be increasingly inundated as sea level rise and annual flooding increas-
es throughout the century—that is, the water’s edge will push further and further inland. 
Such inundation is particularly stark in the high sea level rise scenario in 2080, though not 
negligible in the intermediate projections, especially in terms of access to the EHWs. It may 
also pose similar issues for the refit wharves further upriver between the EHWs and the dry 
dock, where general maintenance and crew exchanges take place as part of the submarines’ 
regular in-port visits. This encroachment holds important implications for the base’s usabili-
ty of waterfront land and could require the base to elevate or move facilities inland, likely at 
a significant and potential repeat cost.38
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Given the vulnerability of its coastal installations to rising sea levels, flooding, and extreme 
weather events, the navy is particularly attuned to climate change effects. As such, it has 
started to address some of these challenges at Kings Bay. It has, for example, pursued various 
projects with local community partners aimed at increasing base resilience and conserving 
natural habitats as part of the DOD Readiness and Environmental Protection Integration 
Program.39 This includes identifying natural infrastructure solutions, such as living shore-
lines, to protect the base and surrounding communities from sea level rise and flooding.40 
Additionally, while primarily developed to contribute to the navy’s renewable energy goals, 
the Kings Bay Solar Facility also provides some potential energy security should flooding in 
the surrounding community disrupt the base’s connection to commercial energy services.41

Implications for the SSBN Mission

Even with some mitigation and protection efforts in place, significant challenges remain. 
Under all four climate change projections presented in figure 1, sea level rise and annual 
flooding are expected to increase substantially at Kings Bay throughout the century. Kings 
Bay is one of only two U.S. bases equipped to fully support the SSBN fleet, so climate 
change effects that disrupt the base’s capacity to service and maintain SSBNs could hamper 
the submarine leg’s ability to complete its broader deterrence mission—to assure the United 
States’ capability to launch a nuclear strike anywhere, anytime.42

Perhaps most significant would be if these climate change effects prevented submarines from 
entering or departing port at any given time, whether due to a particularly severe flood or 
even more incremental sea level rise disrupting docking capacity at Kings Bay’s waterfront 
facilities. To the extent that climate change will make them more severe, extreme weather 
events will exacerbate this accessibility issue. A severe hurricane, for example, could displace 
enough sediment to make already fairly shallow waterways into Kings Bay unpassable for the 
SSBNs. This, in turn, would extend periods of inaccessibility as waterways would have to be 
dredged, which would likely come at a substantial cost, as suggested by annual maintenance 
dredging efforts that can run upwards of $20 million.43

Keeping SSBNs at sea or moving them off base more often to cope with climate change 
effects would impact routine submarine maintenance and crew exchanges. Exchanging 
crews at sea is possible, a process the navy appears to be exercising more regularly.44 But 
surfacing to conduct at-sea exchanges makes the submarines more detectable, at least for the 
amount of time it takes to swap out 150-person crews and replenish supplies.45 Moreover, 
while personnel and supply replenishments can occur at sea, routine maintenance cannot. 
Remaining out of port means postponing an average thirty-five days’ worth of general 
servicing after each deterrent patrol.46 By potentially undermining the stealth and health of 
SSBNs, these climate change implications therefore stand to increase the vulnerability of the 
most survivable leg of the triad. 
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Notably, an inaccessible Kings Bay would also pose challenges to the United Kingdom’s 
SSBN fleet. The United Kingdom does not own its own missiles but rather has purchased 
the rights to fifty-eight U.S. Trident D5 missiles, which it replenishes at Kings Bay.47 
Because the United Kingdom relies solely on SSBNs to execute its deterrence mission, an 
inability to access those missiles could be especially detrimental to that mission.

Box 1. Climate Change and SSBN Deployments in the Arctic

Climate change effects are not isolated to Kings Bay. One of the primary drivers of sea level rise—the 
melting of ice sheets and glaciers—could have a profound impact on how the United States conducts 
nuclear deterrence via its submarine leg. For instance, the United States is not known to conduct SSBN 
deterrence patrols in the Arctic, at least as is suggested in the open source.48 To launch a SLBM from 
the region, a SSBN would have to surface—that is, break through thick layers of Arctic ice. The United 
States has demonstrated a capacity to surface through that ice with its non-nuclear-armed subma-
rines,49 but unlike Russia, it has not demonstrated such a capacity with its SSBNs.50 It may find little 
operational utility in doing so given the requisite lengthy surfacing times,51 not to mention the potential 
damage such a maneuver could inflict on the multibillion-dollar systems.52 

The rapid melting of Arctic ice and prospect of more ice-free months per year could minimize and, at 
times, eliminate this surfacing-through-ice requirement.53 If so, the United States may seek to expand 
its SSBN patrols to the Arctic due to potential operational advantages. Launching a SLBM from the 
region, for example, would reduce attack warning times in a contingency. Moreover, Russia does not 
currently have sufficient early-warning satellite capabilities to monitor the region, a gap the United 
States may seek to exploit.54 Any such expansion of U.S. deterrence patrols to the Arctic would consti-
tute a substantial shift in the submarine leg’s mission. 

While these challenges to the sea leg of the triad may be speculative, they are not implausible 
nor can they be resolved with greater resource allocation alone. Climate change may require 
the United States to significantly adapt its SSBN posture to ensure that the submarines can 
still effectively strike anywhere, anytime. 

The Land Leg

Located in northwest North Dakota, Minot Air Force Base hosts two key nuclear systems: 
B-52H Stratofortress bombers and Minuteman III ICBMs. This analysis focuses on the 
base’s ICBM mission, specifically the 91st Missile Wing’s mission to operate, maintain, and 
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secure Minuteman III missiles.55 About 135 of these missiles are housed across 150 under-
ground launch facilities (LFs), or missile silos, located in the base’s 8,500-square-mile missile 
field.56 In addition to servicing the missiles, the 91st Missile Wing is responsible for staffing 
fifteen missile alert facilities (MAFs)—which house underground launch control centers 
used to monitor and control the LFs57—around the clock to maintain the “day-to-day alert” 
status of the ICBM leg of the triad.58 By 2036, the wing is expected to operate, maintain, 
and secure Sentinel missiles, which will replace the Minuteman III missiles. As part of the 
Sentinel program (previously termed the Ground Based Strategic Deterrent), the Minot 
missile wing will oversee 150 modernized LFs and eight launch centers (LCs), upgraded 
versions of the MAFs.59 

Historical events suggest extreme flooding may be of particular relevance in considering 
the impacts of climate change on Minot’s ICBM mission. But unlike the sea level rise and 
annual flood models presented above, it is difficult to model extreme flooding over long time 
horizons; too much uncertainty remains around projecting its frequency. Temperature and 
precipitation trends, though, can be reasonably projected into midcentury and late-century 
time horizons, reflecting about the midlife and end life of the Sentinel system.60 Table 
1 presents these data for lower and higher emissions pathways in Ward County, North 
Dakota, where the base and much of its missile field are located. The data come from the 
Climate Mapping for Resilience and Adaptation (CMRA) assessment tool,61 a high-level 
screening tool developed by U.S. interagency partners that draws on climate models devel-
oped for the Fourth National Climate Assessment.62

Table 1. Projected Annual Very Hot Days and Average Total Precipitation at Minot Air Force Base 

Midcentury (2035–2064) Late century (2070–2099)

Lower emissions Higher emissions Lower emissions Higher emissions

 Annual days
 with maximum

temperature > 90º F
28 days 33 days 35 days 59 days

 Average annual total
 precipitation 17 inches 18 inches 18 inches 18 inches

Source: Climate Mapping for Resilience and Adaptation.  
Note: The modeled history (1976–2005) saw an average of 9 days with temperatures above 90 degrees Fahrenheit and 17 inches of annual 
precipitation.

Temperature and precipitation data are useful here as they may affect extreme flooding 
events. An increase in the annual number of very hot days—days with maximum tem-
peratures above 90 degrees Fahrenheit—from the modeled history of nine days per year to 
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upwards of twenty-eight days across all four climate change projections could, for example, 
impact snowmelt.63 Not only can warming initiate winter thawing earlier in the year, but it 
could also accelerate snowmelt, turning a typically gradual process into a rapid one that in-
creases flood risks.64 In terms of projected precipitation trends, the Fourth National Climate 
Assessment explains: 

Precipitation and streamflow projections show only modest changes, but 
many areas within the [Northern Great Plains] are already subject to a high 
degree of year-to-year variability—both wet and dry years. Low-probability, 
but high-severity and high-impact, events are the result of large variability 
. . . [, which] is likely to become more common in a warmer world.65

In short, these climate change effects could exacerbate extreme flooding that has already 
devastated the region on several occasions. 

The 2011 Souris River flood is particularly illustrative. Prompted by a confluence of events, 
including above average snowpack and large rainfall in both Canada and North Dakota, 
the historic flood inundated the city of Minot. The city is located just 14 miles south of the 
base and is home to many base personnel, more than a thousand of whom were displaced 
by the flood.66 While the base managed to avoid significant damage, the flood reportedly 
made seven LFs inaccessible due to damaged and inundated access roads.67 Additionally, the 
base, which reportedly draws on the city’s commercial water utilities, had to cut its water 
consumption in half.68 And even while not directly impacted by the flood, operations at the 
base and in the missile field were impacted by “localized pooling” around “a handful” of 
LFs caused by the large winter snowmelt.69 Airmen relied on sandbags and water pumps for 
months to stave off a serious water infiltration issue. Importantly, this snowmelt challenge 
suggests that even in the absence of an extreme flood, a smaller set of cascading events could 
also have damaging impacts. 

To help visualize potential future flooding impacts, figure 2 depicts flood zones in the Minot 
missile field as well as the city of Minot. The 100-year flood zones indicate areas that have 
a 1 percent chance of flooding in a given year and the 500-year flood zone a 0.2 percent 
chance.70 The data are derived from the Federal Emergency Management Agency (FEMA) 
National Flood Hazard Layer (NFHL), an authoritative flood mapping resource that the air 
force also drew on when conducting its Environmental Impact Statement (EIS)—a legally 
mandated environmental assessment of any major, proposed federal action—for the Sentinel 
program.71 However, the FEMA data are an imperfect resource. Most notably, the NFHL 
does not cover the complete missile field area, and of the area covered, much of the data are 
outdated.72 This is problematic and suggests that the DOD is relying on both incomplete 
and potentially outdated flood data in conducting its environmental impact studies and, 
presumably, other planning and strategy efforts associated with Minot’s ICBM operations.
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Figure 2. Minot Air Force Base Missile Field Flood Zones

Source: International Mapping.
Note: International Mapping created this map by drawing on 
data from FEMA, World Street Map (WGS84), FEMA 
Floodplain and National Hydrography Map, “91st SMW 
Launch Facilities with Ground Observer Locations,” North 
Dakota Studies, ESRI Minot GBSD Plans, and ESRI ArcGIS.

Figure 2. Minot Air Force Base Missile Field Flood Zones
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Setting aside these limitations, figure 2 draws on FEMA data given the NFHL’s wide recog-
nition as an authoritative source and the air force’s reliance on the data in the Sentinel EIS.73 
The map presents as much FEMA data as are publicly available, including data from a ded-
icated assessment of the city of Minot conducted after the 2011 flood.74 As illustrated, the 
base and many of the LFs and MAFs do not sit in flood zones, at least as currently mapped 
by FEMA. Some utility corridors do, however, especially near Lake Sakakawea, where some 
LFs also come quite close to the 100-year flood zone. Additionally, the map indicates that 
some key highways and primary roads intersect with 100-year flood zones. Given its scale, 
the map does not indicate whether access roads, including unpaved roads that provide access 
to isolated LFs and MAFs, are in flood zones. 

Implications for Minot

More severe flooding, or even a cascade of smaller flooding events, could impact Minot’s 
ICBM deterrence mission in a number of ways. Such flooding could, for example, displace 
base personnel and their families, as the 2011 flood did. This could have substantial im-
plications for workforce morale and readiness, especially if airmen are living in emergency 
accommodations and spending their off-duty time rebuilding their homes.75 Such circum-
stances may also require some personnel to be temporarily removed from the DOD Nuclear 
Weapons Personnel Reliability Program, meaning they would no longer be certified to 
perform their nuclear weapons–related duties.76

More severe flooding could also exacerbate existing water infiltration challenges at the LFs 
and MAFs. In addition to particularly acute challenges posed by snowmelt in 2011, the 
Sentinel EIS suggests water infiltration is a fairly regular issue “during spring thaw” even 
though no LFs or MAFs sit in FEMA-designated flood zones.77 Since water infiltration can 
contribute to a range of issues, including the corrosion of key structural components and 
even the potential flooding of underground facilities, more severe flooding may require addi-
tional mitigation efforts and resources beyond the current approach—which largely relies on 
sandbags and water pumps—with both budgetary and personnel implications.78

Nevertheless, additional water infiltration challenges prompted by more severe flooding 
seems likely to be more of a nuisance than an issue that would necessitate a substantial 
operational change at Minot. By contrast, if such flooding inundates or damages access 
roads, that could pose a serious issue to the base’s staffing and maintenance operations. As 
indicated, many of these roads are unpaved and are thus particularly vulnerable to flooding. 
As was reportedly the case in 2011, flooding of these roads could make some LFs or MAFs 
inaccessible. A lack of access to MAFs could delay staffing rotations, requiring a deployed 
team to stay on beyond the standard weeklong shift.79 
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The helicopter squadron stationed at Minot could mitigate this staffing impact by transport-
ing rotational crews by air. The squadron could not, though, similarly transport the heavy 
materials and equipment regularly needed for missile maintenance.80 Unpassable access 
roads could therefore disrupt and delay Minot’s missile maintenance efforts, with potentially 
far-reaching consequences if the roads remain unpassable for extended durations. 

This is an especially difficult challenge given the sheer weight of maintenance transports. 
Many unpaved access roads are not equipped for such heavy transports as is, let alone if 
compromised by flooding. The DOD has made some effort to address this issue through the 
Defense Access Roads (DAR) Program, through which the DOD contributes to highway 
maintenance given the unusually high impact of defense activities.81 A special segment of 
the DAR Program is dedicated to the “extraordinary maintenance” associated with ICBM 
transports,82 including transports conducted as part of Minot’s deterrence mission.83 While 
useful, the DOD may need to adapt this seemingly reactive program to accommodate more 
proactive efforts to ensure Minot’s access roads remain usable in the face of more severe 
flooding events.

Implications for the ICBM Mission

Importantly, even an extremely severe flood is unlikely to make all LFs or MAFs in the 
Minot missile field inaccessible. Moreover, Minot is one of three air force bases with 
ICBM facilities; F.E. Warren Air Force Base in Wyoming and Malmstrom Air Force Base 
in Montana also oversee 150 LFs. All three bases are located in the Missouri River Basin, 
suggesting a possibility that all of them could be impacted by a particularly wet year, but 
probably not at the same extremes. More severe flooding is therefore unlikely to fundamen-
tally undermine the ICBM leg’s deterrence mission—to maintain the ability to carry out a 
prompt and overwhelming strike.84 Relatedly, because control of the collective 450 LFs is 
distributed among forty-five MAFs across the three bases, such flooding would not likely 
necessitate any change in the alert status of ICBMs, although decreasing the number of 
MAFs from fifteen to eight LCs at each base as part of the Sentinel modernization effort 
presumably concentrates the potential impact of flooding on this collective command and 
control structure.85 

However, the potential that more severe flooding could make any LF or MAF inaccessible 
for an extended duration could have some cascading effects on the ICBM leg’s deterrence 
mission. Of particular concern would be a scenario in which an extreme flood event prevents 
the scheduled delivery of a weapon or limited life component, a supply chain issue of sorts 
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that could undermine the reliability of some missiles. Delays in reinstalling missiles removed 
from their LFs for maintenance, for example, could delay scheduled—and potentially 
critical, time-sensitive—maintenance for other missiles, assuming maintenance crews would 
prioritize getting the removed missile back online.86 Such a delay could therefore result in 
unplanned periods in which the United States could not generate its full ICBM force. If a 
limited life component—part of a nuclear warhead that has a shorter operating life than 
the expected life of the warhead—is not replaced on schedule, that could adversely affect 
the reliability of the weapon, even to the point of nonoperationality.87 Additionally, if severe 
flooding occurred during Sentinel construction, which will entail upgrading one LF every 
week for the next nine years, it would seriously disrupt an already tight construction time-
line, likely with significant cost implications.88

These outcomes are worst-case scenarios that, again, would be unlikely to impact all missiles 
simultaneously and therefore unlikely to undermine the overall readiness of the ICBM leg of 
the triad. Yet, even the possibility that climate change could impact the reliability of some 
ICBMs to deliver a prompt strike at any time may require the United States to reassess its 
capacity to maintain its missile force based on current planning.

The Air Leg

Located in Johnson County, Missouri, about 70 miles east of Kansas City, Whiteman Air 
Force Base is home to the United States’ only stealth nuclear bombers—the B-2 Spirit. As 
the only operational base for the nation’s twenty B-2s,89 Whiteman is tasked with main-
taining, supporting, and operating the bombers.90 The planes are stored on base in special 
climate-controlled hangars, in part due to the sensitivity of their radar-absorbent skin.91 As 
indicated in figure 3, these hangars are located near the base’s weapons storage facility, which 
houses an estimated 100 nuclear gravity bombs that stand ready to be loaded onto the B-2s.92 

The B-2s are scheduled to be replaced by the next-generation B-21 Raider stealth bombers in 
the 2030s.93 Given the sensitivity of the aircraft’s technology, not much information about 
the B-21s is publicly available, including their estimated service life. The air force is expected 
to procure at least 100 B-21s, each of which will be capable of carrying both nuclear gravity 
bombs and new air-launched nuclear cruise missiles in addition to conventional weapons. 
The new B-21s will be deployed across three air force bases—Dyess in Texas, Ellsworth in 
South Dakota, and Whiteman.94 Ellsworth has already been selected as the first deployment 
location and, after a second B-21 EIS is completed in 2024, it is probable that Whiteman 
will be selected to undergo construction and modernization to serve as the second location.95
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Figure 3. Whiteman Air Force Base

Source: International Mapping.
Note: International Mapping created this map by drawing on data from World Street Map (WGS84) and ESRI Satellite Imagery.

Figure 3. Whiteman Air Force Base
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Missouri is generally characterized by variable weather, making it difficult to model trends 
in extreme climate hazards, such as tornadoes or thunderstorms, in and around Whiteman. 
Of all the bases considered in this paper, Whiteman is therefore the hardest to assess in 
terms of climate change impacts, highlighting that climate modeling and monitoring cannot 
be fully standardized across DOD installations. Of the climate change trends that can be 
reasonably modeled into the future, two are worth considering. Drawing on CMRA data, 
table 2 presents projected temperature and precipitation trends in Johnson County along 
two emissions pathways and two time horizons.96 

Table 2. Projected Annual Very Hot Days, Average Total Precipitation, and Very 
Heavy Precipitation Days at Whiteman Air Force Base 

Midcentury (2035–2064) Late century (2070–2099)

Lower emissions Higher emissions Lower emissions Higher emissions

 Annual days
 with maximum

temperature > 90º F
75 days 84 days 86 days 114 days

 Annual days
 with maximum

temperature > 100º F
15 days 21 days 22 days 48 days

 Average annual total
 precipitation 41 inches 41 inches 41 inches 42 inches

 Annual days
 that exceed

 99th percentile
precipitation

8 days 8 days 8 days 9 days

Source: Climate Mapping for Resilience and Adaptation.  
Note: The modeled history (1976–2005) saw an average of 35 days with temperatures above 90 degrees Fahrenheit, 3 days with tempera-
tures above 100 degrees Fahrenheit, 40 inches of annual precipitation, and 6 days that exceeded 99th percentile precipitation.

Temperatures at Whiteman are projected to rise substantially throughout the century. 
Compared to the modeled history of thirty-five days per year with maximum temperatures 
above 90 degrees Fahrenheit, these days are projected to more than double in three of the 
scenarios and more than triple in the late-century, higher emissions scenario. Meanwhile, 
depending on the scenario, Whiteman is projected to experience five to sixteen times as 
many annual days with maximum temperatures above 100 degrees Fahrenheit compared to 
the modeled history of three days. 
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Annual average precipitation is not projected to change much compared to the modeled 
history of 40 inches in any of the climate change projections. Warmer temperatures, 
though, will cause more extreme precipitation events. Hotter air holds more moisture and 
thus increases the intensity of rainfall.97 More intense rainfall, in turn, increases the risk 
of flash flooding.98 In terms of the frequency of these more intense precipitation events, all 
of the climate change projections indicate that Whiteman will experience more very heavy 
precipitation days—defined as days that exceed ninety-ninth-percentile precipitation—thus 
indicating a likely higher frequency of flash flood events.

Implications for Whiteman

The projected increases in heat and extreme precipitation events could affect Whiteman’s 
bomber mission. Extreme heat poses challenges to both base personnel and the base’s nuclear 
systems. More very hot days means more black flag conditions, an air force designation for 
the highest heat stress risk under which personnel activities are severely limited and some 
even suspended.99 More black flag days could thus negatively impact Whiteman’s operational 
capacity as well as its training capacity. Of particular concern, these conditions could affect 
B-2 or B-21 pilots’ readiness by limiting on-the-ground cockpit times.100 

Concerning the bombers themselves, extreme heat could ground the planes or, at minimum, 
affect takeoff and landing as well as payload and fuel capacity due to associated air density 
issues; warmer air is less dense, making it harder for aircraft to generate lift.101 B-2s have 
been lab-tested to withstand temperatures up to 120 degrees Fahrenheit, a maximum tem-
perature projected for the late-century, high emissions scenario.102 But open-source literature 
does not provide clear data on the temperature at which the planes might be grounded and/
or at which payload and fuel capacity may have to be reduced to alleviate the lift challenge. 
Even less is known about the potential temperature limitations of the B-21s. By comparison, 
commercial aircraft of relatively similar size—although with much smaller wingspans—are 
typically grounded at 118 degrees Fahrenheit.103 

Even if Whiteman does not experience regular grounding level temperatures, extreme heat 
could impact the bombers’ radar-absorbent skin. As is, the B-2 skin is sensitive to heat and 
humidity and requires special, intensive maintenance.104 It is unclear whether the B-21s will 
face similar challenges, as open-source research indicates some advancements have been 
made in developing a more resilient stealth skin.105 Yet, expecting similar sensitivities does 
not seem out of the question, especially as the B-21s will reportedly require new hangars 
partly to accommodate their “complexity.”106 Assuming these hangars will be climate-
controlled like the B-2 hangars, Whiteman will also likely have to expend more energy  
and budgetary resources to keep internal temperatures sufficiently cool on more increasingly 
hot days. 
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More flash flood events could also impact operations at Whiteman. A massive flooding inci-
dent at Offutt Air Force Base—home of U.S. Strategic Command (STRATCOM)—in 2019 
provides an example of the impacts flooding can have on air base operations. Particularly 
relevant here are the implications of runway flooding. During the Offutt flood emergency, 
nine aircraft had to be evacuated before floodwaters inundated about a quarter of the base’s 
runway,107 as seen in figure 4.108 The rest of the base’s planes were moved to higher ground 
and forcibly grounded while the runway remained flooded.109 

Figure 4. Flooding at Offutt Air Force Base, March 2019

A flash flood at Whiteman could prompt a similar evacuation effort if such flooding threat-
ened the base’s only runway. Even if the bombers evacuated in time—a potential challenge 
given the rapid nature of flash flooding—there are limited locations with appropriately 
sized, climate-controlled facilities where the planes can make temporary base.110 Additionally 
and perhaps most problematically for the base’s deterrence mission, the bombers would be 

Source: Tech. Sgt. Rachelle Blake/U.S. Air Force.
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separated from Whiteman’s nuclear weapons storage site—the only bomber base storage site 
in the United States that currently stores gravity bombs—until the runway was cleared.111 
These potential risks and implications of a flooded runway may require the air force to 
consider raising parts of Whiteman’s runway that are at lower elevations, as it is doing at 
Offutt as part of a larger $217 million runway renovation effort.112

Implications for the Bomber Mission 

The Offutt flood also raises concerns that the DOD may not be sufficiently prioritizing 
landlocked bases in assessing and addressing climate change risks to defense installations,113 
despite the centrality of bases like Whiteman to the bomber leg’s deterrence mission—to 
provide flexible nuclear strike options.114 This is a problematic gap as challenges posed by 
climate change at Whiteman may have some implications for the readiness of the larger 
bomber leg. 

As indicated, whether due to extreme heat, flash floods, or a cascading set of events, there 
may be periods in which stealth bombers will not be able to take off from and/or land at 
Whiteman and thus may be unable to execute their deterrence mission. It helps that, in 
addition to these bombers, the air force can rely on the B-52 Stratofortress fleet, although 
only about half of the B-52s are nuclear-capable and none are stealth aircraft so may not be 
able to fulfill the same mission requirements.115 To the extent that Whiteman is vulnerable 
to climate change effects, it also helps that the B-21 fleet will operate out of two additional 
bases. Moreover, these bases are located in different regions of the United States, suggesting 
that any particular climate hazard is unlikely to impact the bases to the same extent at the 
same time.116

Even so, the diversification of base locations does not entirely resolve the storage site issue. 
Even if planes can move, storage sites cannot. The issue is not so much that the weapons 
themselves are particularly vulnerable to climate change—although underground facilities 
may encounter water infiltration challenges from more intense flooding events—but rather 
that climate change effects could force bombers to separate from their home base storage 
sites for unplanned periods of time. If weapons cannot be loaded onto stealth bombers as 
planned, that could undermine the readiness of the air leg of the triad. Importantly, as part 
of the B-21 and the larger U.S. nuclear modernization program, the air force is undertaking 
efforts to expand the number of bomber bases that store nuclear weapons stealth bombers 
can carry from one (Whiteman) to five.117 This expansion could help alleviate the storage site 
issue. Even if one base becomes inaccessible due to a climate hazard, bombers from that base 
could evacuate to another bomber base and still have access to an appropriate weapons stor-
age site. But depending on how many weapons are stored at each base and which bombers 
are assigned nuclear missions in U.S. nuclear war plans, a lack of access to the affected base’s 
storage site could still pose significant challenges to the bomber leg mission.118 
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Box 2. Climate Challenges for Nuclear Weapons Storage

Climate change may pose broader challenges to the storage of U.S. nuclear weapons at both military 
and Department of Energy (DOE) facilities. Take the Kirtland Underground Munitions Maintenance and 
Storage Complex, which stores the largest number of U.S. nuclear weapons, most of which are awaiting 
dismantlement.119 Located just south of Albuquerque, New Mexico, the complex is projected to face not 
only more extremely hot days across any climate change scenario,120 but it could also suffer the effects 
of the region’s megadrought, which has been particularly severe and long-lasting.121 The weapons 
themselves are largely insulated from these climate change effects since the actual storage facility 
is underground. Yet, these effects still pose significant challenges to the complex’s larger support 
activities, including by exacerbating the risk of wildfires. Wildfires could threaten the facility and force 
personnel to evacuate both the complex and their surrounding homes, just as wildfires have historically 
threatened Los Alamos National Lab—a DOE facility about 100 miles north of the Kirtland complex 
where scientists design and simulate the testing of nuclear bombs.122 Such evacuations would severely 
disrupt operations at the complex, potentially for extended periods if the fires compromised any part of 
the facility. 

The difficulty of projecting climate change trends at Whiteman suggests the impacts de-
scribed here are perhaps the most hypothetical, worst-case implications of climate change for 
any leg of the U.S. nuclear triad. However, the mere possibility that climate change could 
undermine the readiness of the bomber fleet or adversely affect the DOD’s capacity to store 
weapons and load them onto bombers at any time merits attention and may require the 
United States to reevaluate the resilience of its bomber facilities and operations.

Recommendations 

The analysis presented here highlights potential ways in which climate change could impact 
the U.S. nuclear triad. Given the high-stakes nature of the nuclear enterprise, the United 
States should undertake concerted efforts to better prepare for, mitigate, and adapt to these 
challenges. The following recommendations describe actions the DOD and other key 
stakeholders can take at the installation, system, and broader deterrent levels to do so. 
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Conduct Climate Change Vulnerability Assessments of All Nuclear 
Installations and Facilities 

The analysis of the potential impacts of climate change on the U.S. nuclear deterrent pre-
sented here is not only limited by its primary focus on three installations but also by infor-
mation available in the open source. Drawing on more extensive resources and information, 
the DOD and DOE should conduct in-depth assessments of how and when climate change 
could impact all U.S. nuclear bases and facilities. These dedicated, site-specific studies should 
account for the unique nuclear systems, operations, and activities at each site. Importantly, 
these assessments also need to consider the implications for U.S. nuclear deterrence if the 
missions at each site are compromised, undermined, or threatened by climate change in any 
way. Focusing on individual nuclear bases and facilities, as well as deterrence implications, 
would add important specificity to the DOD’s broader, high-level assessments of climate 
change impacts, which to date have not provided sufficient or sustained attention to the  
U.S. deterrent.123

It is reasonable that such studies be conducted at the classified level owing to sensitive infor-
mation about the U.S. nuclear enterprise. Some people might argue that publicly identifying 
climate vulnerabilities could potentially undermine the credibility of the deterrent. However, 
it is important to also produce unclassified assessments that include as much information 
as possible. Being transparent about climate change challenges and threats can encourage 
greater collaboration with interagency and nongovernmental entities to identify and imple-
ment mitigation or adaptation measures—and will also encourage greater accountability to 
follow through on such measures. Implementing mitigation and adaptation plans, especially 
those that require infrastructure updates or changes, will be long-term endeavors given the 
nature of budget and resource decisionmaking and planning. Therefore, it is urgent that the 
DOD and DOE conduct installation vulnerability assessments as soon as possible to ensure 
those efforts are well underway before climate change effects worsen. 

Invest in Dynamic Climate Change Modeling and Partnerships

Modernization efforts for each leg of the U.S. nuclear triad are actively progressing. Given 
the expected—or, in the B-21 case, assumed—service lives of the modernized systems, key 
nuclear decisions are made decades in advance of their full implementation. Yet, climate 
models cannot necessarily project climate change effects over such extended timelines. The 
above analysis demonstrates that some climate hazards, especially extreme weather events, 
cannot be adequately modeled at all whether due to the complexity of interactions among 
various factors that drive these hazards, a lack of observational data of already variable 
events, or competing perspectives and theories on event attribution.124 Modernization deci-
sions therefore cannot fully account for the potential impacts of climate change. To address 
this issue, the DOD should devote additional resources to monitoring and modeling climate 
change and regularly update their decisions and planning accordingly.
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The DOD’s existing climate tools are an important starting point. The DCAT, for example, 
can give nuclear decisionmakers an initial steer in assessing the vulnerability of nuclear in-
stallations to climate hazards, although additional efforts are needed to address limitations of 
the tool, as considered below. To ensure decisions are informed by the most accurate climate 
change projections, these tools should be dynamic, incorporating regular updates to ensure 
projections account for current trends and the latest climate science. If governments under-
take substantial mitigation and adaptation efforts to reduce global greenhouse gas emissions, 
for example, projected sea level rise trends may become less severe. The opposite, of course, is 
also possible if governments do not undertake such efforts. Meanwhile, at a more local level, 
preventive mitigation efforts taken at Kings Bay may also positively impact projections of 
how climate change could impact the base. Consequently, changes in projected trends could 
significantly impact climate change risks at nuclear facilities and must therefore be regularly 
monitored and factored into nuclear decisions and planning. 

Beyond these existing tools, the DOD, with support from Congress, should continue to 
make and expand its climate monitoring investments, including by building expertise to 
ensure personnel are adequately trained to incorporate climate modeling into future plan-
ning. Climate change–related investments cannot simply focus on installations or regions 
where disasters have already struck but must be proactive in anticipating possible future con-
ditions and challenges, especially where the United States’ nuclear installations are involved. 
Moreover, as this paper demonstrates, different climate hazards stand to challenge different 
nuclear facilities and missions. The DOD, therefore, cannot standardize its efforts across 
installations and regions but rather must diversify its modeling and monitoring efforts. 

The DOD should not undertake these efforts alone. The department would benefit from 
improved interagency and cross-government collaboration, as well as more partnerships with 
nongovernmental stakeholders. For instance, since the DOD appears to rely on FEMA flood 
data to conduct its EISs for its nuclear modernization programs, the department should 
work directly with FEMA to ensure it has the resources and access it needs to complete and 
regularly update flood mapping of all nuclear installations and their surrounding communi-
ties. Doing so would allow for more comprehensive assessments that more accurately consid-
er and account for possible future flooding vulnerabilities or challenges. The DOD can also 
expand successful programs like the Readiness and Environmental Protection Integration 
Program and the Sentinel Landscapes Partnership—both of which bring together local, 
state, and federal stakeholders to implement conservation and resilience measures that help 
preserve military and local interests—to include all nuclear installations.125 Establishing 
and, importantly, contributing funding to these initiatives at all nuclear facilities, including 
landlocked bases that may not seem as vulnerable to the worst effects of climate change, 
would help the DOD develop robust local relationships and mitigation measures to ensure 
the department is best prepared to address worsening climate conditions.
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Mandate “Impact of Environment Statements”

Informed by rigorous research and engagement with key stakeholders, EISs are important 
assessments designed to determine how major federal actions will affect the environment. 
This process does not, however, adequately consider how the environment may in turn 
impact the action being considered. Just nine pages of the nearly 1,000-page Sentinel EIS, 
for example, explicitly discuss climate change, providing fairly general depictions of climate 
change effects in the Great Plains and Southwest regions where Sentinel construction activi-
ties will take place.126 Given the potential impacts climate change could have on nuclear and 
other federal actions, unidirectional EISs are no longer sufficient. 

To complement these statements, the DOD and other agencies should also be required to 
complete “Impact of Environment Statements.” These statements should be forward-look-
ing, dedicated assessments of how climate change may impact the federal action at hand. 
Conducted with as much rigor and engagement as EISs, they should draw on advanced 
climate modeling—including worst-case scenario projections—to identify relevant climate 
change hazards over the lifetime of the action. They should evaluate the potential impacts 
of those hazards at the installation, system, and broader mission levels and identify how and 
when these impacts can best be mitigated. The statements should also identify how these 
hazards may affect the lifetime costs of the action, including by factoring in cost estimates of 
potential mitigation plans. Importantly, the statements should be updated at regular inter-
vals to account for changes in climate modeling.   

Congress may have a particular interest in mandating these Impact of Environment 
Statements especially given the potentially substantial budgetary implications of climate 
change for planned actions. This carries particular relevance for nuclear modernization 
efforts, which the Congressional Budget Office estimates will cost $634 billion (in 2021 
dollars) throughout the 2020s.127 Congress should be interested in determining, for example, 
whether the Sentinel program plans laid out in the Sentinel EIS have adequately accounted 
for climate change and, if not, how climate change impacts could affect the full costs of 
maintaining and operating the system later this century. A Sentinel Impact of Environment 
Statement would help to address this concern and increase the DOD’s accountability to 
effectively plan for and respond to climate change impacts. Congress could mandate these 
assessments through a dedicated law, similar to how the National Environmental Policy 
Act mandates EISs, or as part of the annual National Defense Authorization Act (NDAA) 
process. To initiate this effort and complement the second B-21 EIS currently underway, 
Congress should require the DOD to complete an Impact of Environment Statement for the 
B-21 as part of the NDAA for Fiscal Year 2024. 
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Adopt a Mission-Level Focus in DOD Climate Adaptation Planning

As part of its broader, department-wide climate security work, the DOD should adopt a 
specific mission-level focus in its climate adaptation planning. The DCAT provides a partic-
ularly illustrative example of why it is important to do so. Its climate hazard exposure scores 
do not currently include a mission metric, an indicator that would consider the contribution 
of that installation to the deterrence or other key mission. This is problematic to the extent 
that the DCAT is intended to help DOD leadership make informed investment and policy 
decisions by comparing the relative exposure between installations—in other words, deter-
mining which assets are most vulnerable to climate change and thus require resource prior-
itization.128 Failing to incorporate mission considerations into hazard exposure scores risks 
overlooking the vulnerability of the relatively limited set of assets that support the deterrence 
mission. For instance, even if Kings Bay is not the most vulnerable DOD installation by 
purely climate hazard metrics, it should nevertheless be prioritized in climate adaptation 
planning because it is one of only two bases equipped to service and maintain SSBNs.

Establishing a workstream specifically focused on the nuclear mission would help to ensure 
the DOD is giving sufficient, sustained attention to climate change impacts on the deterrent. 
By highlighting the potential mission-altering effects of these impacts, the workstream 
would facilitate the resource allocation needed to mitigate them where possible, as well as 
support the broader strategic thinking needed to adapt the deterrence mission to climate 
change realities. It would also help to ensure the DOD’s climate considerations do not stop 
at the installation level but are also sufficiently integrated into higher-level decisions and 
strategies, thus helping the DOD deliver on the “climate-informed decision-making” line of 
effort in its Climate Adaptation Plan.129

A key, initial deliverable of this work should be a dedicated climate strategy or action plan 
for the U.S. deterrence mission, similar to the air force, army, and navy versions released as 
follow-ups to the DOD’s Climate Adaptation Plan. This document should set out ways in 
which the DOD will operationalize that plan as specifically relevant to the nuclear mission. 
While driven by nuclear leadership in the Office of the Under Secretary of Defense for 
Policy, the document should be informed by discussions across the department, including 
with air force and navy officials, STRATCOM leadership, and personnel at individual 
nuclear bases and facilities. 

Integrate Climate Change Scenario Exercises Into Nuclear Planning

To help fully scope out and think through the risks and challenges posed by climate change 
to the U.S. nuclear deterrent, the DOD should make use of scenario-based exercises. These 
discussion exercises should simulate future climate scenarios and associated high-conse-
quence events and task participants both with evaluating how those climate futures would 
impact the deterrence mission as well as developing mitigation and adaptation plans. Key 
considerations should include implications for local and global nuclear operations; potential 
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impacts on nuclear command and control assets, including any resulting impacts on warn-
ing timelines; and more indirect effects, such as impacts on personnel and local communi-
ties. Results from the exercises should be incorporated into nuclear planning efforts, with 
relevant missions, strategies, and postures adapted accordingly. 

The exercises should be based on numerous yet plausible climate change scenarios, including 
worst-case scenarios as well as those triggered by a cascading set of climate change effects. 
They could center on climate crises at specific nuclear facilities; regional or global climate 
change effects that may impact the United States’ capacity to fully execute the deterrence 
mission; or even scenarios in which an opportunistic adversary takes advantage of a climate 
crisis affecting one or more nuclear facilities. The analysis above highlights a few particularly 
concerning scenarios worth exercising to fully assess the implications for the U.S. deterrent.

To be most impactful, these exercises should be conducted regularly, not just as a one-off. 
They should occur in both classified and unclassified settings and include an array of stake-
holders, including DOD and DOE officials, relevant base personnel, community represen-
tatives, and nuclear and climate experts. Diverse stakeholders will bring unique perspectives 
that will be essential to developing a comprehensive picture of the challenges climate change 
poses to the U.S. nuclear deterrent. 

The Way Ahead 

This paper aims to inform and help initiate a larger conversation about the nexus between 
climate change and nuclear weapons. While the paper focuses on potential ways in which 
climate change could affect each leg of the U.S. nuclear triad, more efforts must be made to 
better understand this underexplored—and likely dangerous—nexus. Future research efforts 
should consider, for example, the implications of climate change for U.S. nuclear command 
and control, waste streams, and nuclear activities in particularly climate-vulnerable regions. 

These efforts must also move beyond the U.S. context; climate change stands to challenge 
the nuclear programs of all nuclear-armed states. This appears particularly pressing for states 
such as North Korea and Pakistan that have already experienced the devastating impacts of 
climate change effects like extreme flooding. Further research could consider how climate 
change might affect global nuclear dynamics, including the vulnerability and survivability of 
nuclear arsenals, escalation risks, and opportunities for multilateral risk reduction efforts.
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Ultimately, the climate change–nuclear weapons nexus requires more attention and action 
by numerous stakeholders. The DOD in particular must undertake concerted efforts now to 
mitigate the worst effects of climate change on U.S. nuclear weapons in the future. The rec-
ommendations presented here offer starting points for doing so. Importantly, they highlight 
that allocating larger budgets and expending more resources to ensure U.S. modernization 
efforts currently underway are equipped to deal with various climate change effects will be 
necessary but insufficient. The United States will have to reassess—and likely adapt—its 
fundamental nuclear practices, procedures, and policies to effectively address the potentially 
far-reaching impacts of climate change on its nuclear deterrent.





33

About the Author

Jamie Kwong is a fellow in the Nuclear Policy Program at the Carnegie Endowment for 
International Peace. Her research focuses on climate change challenges to nuclear weapons; 
public opinion of nuclear weapons issues; and multilateral regimes including the P5 Process, 
the Nuclear Non-Proliferation Treaty, and the Treaty on the Prohibition of  
Nuclear Weapons.

Acknowledgements

The author’s research project, aimed at assessing climate change challenges to U.S. nuclear 
weapons, was made possible by generous support from Ploughshares Fund as part of its 
Equity Rises initiative. The author is very grateful to James Acton, Toby Dalton, Noah 
Gordon, Kylie Jones, Matt Korda, Christine Parthemore, George Perkovich, and Lindsay 
Rand for their valuable insight and feedback on the project and paper, as well as to other 
experts and officials for their helpful conversations about the project. For their excellent 
design and editing work, the author thanks Alie Brase, Kevin Lear, Lindsay Maizland, Amy 
Mellon, and Jocelyn Soly. The author of this paper is solely responsible for its contents. 





35

Notes
1	 CNA Corporation, National Security and the Threat of Climate Change (Alexandria, VA: CNA Corporation, 

2007), https://www.cna.org/archive/CNA_Files/pdf/national%20security%20and%20the%20threat%20
of%20climate%20change.pdf.

2	 U.S. Department of Defense, Office of the Undersecretary of Defense (Acquisition and Sustainment), 
Department of Defense Climate Adaptation Plan, report submitted to the National Climate Task Force and the 
Federal Chief Sustainability Officer (Washington, DC: Department of Defense, September 1, 2021), https://
www.sustainability.gov/pdfs/dod-2021-cap.pdf.

3	 “Executive Order on Tackling the Climate Crisis at Home and Abroad,” White House, January 
27, 2021, https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/
executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/.

4	 U.S. Department of Defense, Office of the Undersecretary for Policy (Strategy, Plans, and Capabilities), 
Department of Defense Climate Risk Analysis, report submitted to the National Security Council (Washington, 
DC: Department of Defense, 2021), https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-
CLIMATE-RISK-ANALYSIS-FINAL.PDF.

5	 The department-wide Climate Adaptation Plan prompted air force, army, and navy-specific action plans as 
well as a 2022 progress report. U.S. Department of Defense, Department of Defense Climate Adaptation Plan; 
and “Tackling the Climate Crisis,” U.S. Department of Defense, accessed March 22, 2023, https://www.
defense.gov/Explore/Spotlight/Tackling-the-Climate-Crisis/.

6	 A.O. Pinson et al., DOD Installation Exposure to Climate Change at Home and Abroad (Washington, DC: 
U.S. Army Corps of Engineers, 2021), https://media.defense.gov/2021/Apr/20/2002624613/-1/-1/1/DOD-
INSTALLATION-EXPOSURE-TO-CLIMATE-CHANGE-AT-HOME-AND-ABROAD.PDF; and J.T. 
Gade et al., Department of Defense Climate Assessment Tool (Washington, DC: U.S. Army Corps of Engineers, 
2020).

7	 U.S. Department of Defense, Department of Defense Climate Risk Analysis.

8	 Screening-level assessments are simple assessments that draw on readily available data and 
conservative assumptions, compared to refined assessments that rely on more site-specific data 
and realistic assumptions. “Exposure Assessment Tools by Tiers and Types - Screening-Level and 

https://www.cna.org/archive/CNA_Files/pdf/national%20security%20and%20the%20threat%20of%20climate%20change.pdf
https://www.cna.org/archive/CNA_Files/pdf/national%20security%20and%20the%20threat%20of%20climate%20change.pdf
https://www.sustainability.gov/pdfs/dod-2021-cap.pdf
https://www.sustainability.gov/pdfs/dod-2021-cap.pdf
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-CLIMATE-RISK-ANALYSIS-FINAL.PDF
https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-CLIMATE-RISK-ANALYSIS-FINAL.PDF
https://www.defense.gov/Explore/Spotlight/Tackling-the-Climate-Crisis/
https://www.defense.gov/Explore/Spotlight/Tackling-the-Climate-Crisis/
https://media.defense.gov/2021/Apr/20/2002624613/-1/-1/1/DOD-INSTALLATION-EXPOSURE-TO-CLIMATE-CHANGE-AT-HOME-AND-ABROAD.PDF
https://media.defense.gov/2021/Apr/20/2002624613/-1/-1/1/DOD-INSTALLATION-EXPOSURE-TO-CLIMATE-CHANGE-AT-HOME-AND-ABROAD.PDF


36   |   How Climate Change Challenges the U.S. Nuclear Deterrent

Refined,” U.S. Environmental Protection Agency, April 23, 2015, https://www.epa.gov/expobox/
exposure-assessment-tools-tiers-and-types-screening-level-and-refined.

9	 Pinson et al., DOD Installation Exposure to Climate Change at Home and Abroad, 12.

10	 U.S. Department of Defense, DOD Climate Assessment Tool (Washington, DC: Department of Defense, 
April 22, 2021), https://media.defense.gov/2021/Apr/05/2002614579/-1/-1/0/DOD-CLIMATE-
ASSESSMENT-TOOL.PDF.

11	 “America’s Nuclear Triad,” U.S. Department of Defense, accessed March 28, 2023, https://www.defense.gov/
Experience/Americas-Nuclear-Triad/.

12	 Lili Xia et al., “Global Food Insecurity and Famine From Reduced Crop, Marine Fishery and Livestock 
Production Due to Climate Disruption From Nuclear War Soot Injection,” Nature Food 3, no. 8 (August 
2022): 586–596, https://doi.org/10.1038/s43016-022-00573-0.

13	 Susanne Rust, “How the U.S. Betrayed the Marshall Islands, Kindling the Next Nuclear 
Disaster,” Los Angeles Times, November 10, 2019, https://www.latimes.com/projects/
marshall-islands-nuclear-testing-sea-level-rise/.

14	 Nicole Jawerth, ed., Nuclear Power and the Clean Energy Transition, IAEA Bulletin 61, no. 3, (Vienna: 
International Atomic Energy Agency, September 2020), https://www.iaea.org/bulletin/61-3.

15	 “The Climate-Nuclear-Security Project,” Council on Strategic Risks, accessed May 16, 2023, https://
councilonstrategicrisks.org/the-climate-nuclear-security-project-cnsp/; and Sarang Shidore, “Climate Risks 
to India’s Nuclear Program,” Council on Strategic Risks Briefer, no. 6 (March 20, 2020): 1–15, https://
councilonstrategicrisks.org/wp-content/uploads/2020/03/ShidoreClimateRisksIndiaNuclear.pdf. 

16	 Hans M. Kristensen and Matt Korda, “United States Nuclear Weapons, 2023,” Bulletin of the Atomic 
Scientists 79, no. 1 (January 2, 2023): 38, 40, https://doi.org/10.1080/00963402.2022.2156686.

17	 “Naval Submarine Base Kings Bay: In-Depth Overview,” U.S. Department of Defense Military 
Installations, accessed March 29, 2023, https://installations.militaryonesource.mil/in-depth-overview/
naval-submarine-base-kings-bay.

18	 “Trident Training Facility,” U.S. Navy, Commander, Navy Region Southeast, accessed March 29, 
2023, https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/
Trident-Training-Facility/.

19	 “Trident Refit Facility,” U.S. Navy, Commander, Navy Region Southeast, accessed March 29, 2023, https://
cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Trident-Refit-Facility/.

20	 Ashley Berumen, “Trident Refit Facility Kings Bay Dry Dock Completes Recapitalization Project; 
Holds Re-opening Ceremony,” DVIDS, October 18, 2022, https://www.dvidshub.net/news/431581/
trident-refit-facility-kings-bay-dry-dock-completes-recapitalization-project-holds-re-opening-ceremony.

21	 “Strategic Weapons Facility, Atlantic,” U.S. Navy, Commander, Navy Region Southeast, accessed March 29, 
2023, https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Strategic-
Weapons-Facility-Atlantic/; and Hans M. Kristensen, “Navy Builds Underground Nuclear Weapons Storage 
Facility; Seattle Busses Carry Warning,” Federation of American Scientists, June 27, 2016, https://fas.org/
blogs/security/2016/06/pacific-ssbn-base/.

22	 William V. Sweet et al., Global and Regional Sea Level Rise Scenarios for the United States: Updated Mean 
Projections and Extreme Water Level Probabilities Along U.S. Coastlines, NOAA Technical Report (Silver 
Spring, MD: National Oceanic and Atmospheric Administration, February 2022), 20, https://oceanservice.
noaa.gov/hazards/sealevelrise/sealevelrise-tech-report-sections.html.

23	 Hoesung Lee et al., Synthesis Report of the IPCC Sixth Assessment Report (AR6), (Cambridge: 
Intergovernmental Panel on Climate Change, March 2023), 9, https://report.ipcc.ch/ar6syr/pdf/IPCC_
AR6_SYR_SPM.pdf.

24	 At 1.5 degrees Celsius of warming above preindustrial levels by 2100, the consensus probability of 3.3 feet (1 
meter) of global mean sea level rise is <1 percent. At 2 degrees Celsius, the probability increases to 2 percent. 
At 3, 4, and 5 degrees Celsius, the probability increases to 5, 10, and 23 percent, respectively. Sweet et al., 
Global and Regional Sea Level Rise Scenarios for the United States, 22.

https://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-screening-level-and-refined
https://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-screening-level-and-refined
https://media.defense.gov/2021/Apr/05/2002614579/-1/-1/0/DOD-CLIMATE-ASSESSMENT-TOOL.PDF
https://media.defense.gov/2021/Apr/05/2002614579/-1/-1/0/DOD-CLIMATE-ASSESSMENT-TOOL.PDF
https://www.defense.gov/Experience/Americas-Nuclear-Triad/
https://www.defense.gov/Experience/Americas-Nuclear-Triad/
https://doi.org/10.1038/s43016-022-00573-0
https://www.latimes.com/projects/marshall-islands-nuclear-testing-sea-level-rise/
https://www.latimes.com/projects/marshall-islands-nuclear-testing-sea-level-rise/
https://www.iaea.org/bulletin/61-3
https://councilonstrategicrisks.org/the-climate-nuclear-security-project-cnsp/
https://councilonstrategicrisks.org/the-climate-nuclear-security-project-cnsp/
https://councilonstrategicrisks.org/wp-content/uploads/2020/03/ShidoreClimateRisksIndiaNuclear.pdf
https://councilonstrategicrisks.org/wp-content/uploads/2020/03/ShidoreClimateRisksIndiaNuclear.pdf
https://doi.org/10.1080/00963402.2022.2156686
https://installations.militaryonesource.mil/in-depth-overview/naval-submarine-base-kings-bay
https://installations.militaryonesource.mil/in-depth-overview/naval-submarine-base-kings-bay
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Trident-Training-Facility/
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Trident-Training-Facility/
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Trident-Refit-Facility/
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Trident-Refit-Facility/
https://www.dvidshub.net/news/431581/trident-refit-facility-kings-bay-dry-dock-completes-recapitalization-project-holds-re-opening-ceremony
https://www.dvidshub.net/news/431581/trident-refit-facility-kings-bay-dry-dock-completes-recapitalization-project-holds-re-opening-ceremony
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Strategic-Weapons-Facility-Atlantic/
https://cnrse.cnic.navy.mil/Installations/SUBASE-Kings-Bay/About/Tenant-Commands/Strategic-Weapons-Facility-Atlantic/
https://fas.org/blogs/security/2016/06/pacific-ssbn-base/
https://fas.org/blogs/security/2016/06/pacific-ssbn-base/
https://oceanservice.noaa.gov/hazards/sealevelrise/sealevelrise-tech-report-sections.html
https://oceanservice.noaa.gov/hazards/sealevelrise/sealevelrise-tech-report-sections.html
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_SPM.pdf
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_SPM.pdf


Jamie Kwong   |   37

25	 Sweet et al., Global and Regional Sea Level Rise Scenarios for the United States, 25.

26	 At 1.5, 2, 3, 4, and 5 degrees Celsius of warming above preindustrial levels by 2100, the consensus 
probability of 6.6 feet (2 meters) of global mean sea level rise is <1 percent. Sweet et al., 22.

27	 Sweet et al., Global and Regional Sea Level Rise Scenarios for the United States, xiii, 10; and “Coastal Risk 
Screening Tool,” Climate Central, accessed March 30, 2023, https://coastal.climatecentral.org/.

28	 The Columbia-class submarine is expected to have a forty-two-year service life and will require an about 
two-year midlife overhaul. Ronald O’Rourke, Navy Columbia (SSBN-826) Class Ballistic Missile Submarine 
Program: Background and Issues for Congress, CRS Report for Congress (Washington, DC: Congressional 
Research Service, March 29, 2023), 40, https://sgp.fas.org/crs/weapons/R41129.pdf.

29	 Mathew Barlow and Suzana J. Camargo, “Here’s What We Know About How Climate Change Fuels 
Hurricanes,” State of the Planet (blog), Columbia Climate School, October 3, 2022, https://news.climate.
columbia.edu/2022/10/03/heres-what-we-know-about-how-climate-change-fuels-hurricanes/.

30	 Angela Colbert, “A Force of Nature: Hurricanes in a Changing Climate,” NASA – Global 
Climate Change: Vital Signs of the Planet, June 1, 2022, https://climate.nasa.gov/
news/3184/a-force-of-nature-hurricanes-in-a-changing-climate.

31	 Erika Spanger-Siegfried et al., The US Military on the Front Lines of Rising Seas, (Cambridge, MA: Union of 
Concerned Scientists, July 27, 2016), https://www.ucsusa.org/resources/us-military-front-lines-rising-seas; 
and “National Hurricane Center: Storm Surge Risk Maps,” National Oceanic and Atmospheric Association, 
accessed March 30, 2023, https://experience.arcgis.com/experience/203f772571cb48b1b8b50fdcc3272e2c/
page/Category-3/.

32	 Spanger-Siegfried et al., The US Military on the Front Lines of Rising Seas; and “National Hurricane Center: 
Storm Surge Risk Maps.”

33	 Spanger-Siegfried et al., The US Military on the Front Lines of Rising Seas; and “National Hurricane Center: 
Storm Surge Risk Maps.”

34	 “Strategic Weapons Facility, Atlantic,” U.S. Navy; and “Kings Bay Explosives Handling Wharf Inspection,” 
Facility Inspection & Transportation Engineering, accessed March 31, 2023, https://fitengineering.us/
portfolio/kings-bay-explosives-handling-wharf-inspection/.

35	 “Strategic Weapons Facility, Atlantic,” U.S. Navy.

36	 Department of the Navy, Trident II (D-5) Sea-Launched Ballistic Missile UGM 133A (Trident II Missile), 
Selected Acquisition Report (Washington, DC: Department of the Navy, December 31, 2021), 23, https://
www.esd.whs.mil/Portals/54/Documents/FOID/Reading%20Room/Selected_Acquisition_Reports/
FY_2021_SARS/22-F-0762_TRIDENT_II_SAR_2021.pdf.

37	 “Statement of Vice Admiral Johnny Wolfe, USN, Director, Strategic Systems Programs,” testimony to the 
Subcommittee on Strategic Forces of the House Armed Services Committee, (Washington, DC: U.S. House 
of Representatives, March 28, 2023), 5, https://armedservices.house.gov/sites/republicans.armedservices.
house.gov/files/HS-28-Mar-2023-HASC-SF-Hearing%20on%20FY24%20Request%20for%20Nuclear%20
Forces%20and%20Atomic%20Energy%20Defense%20Activities-FINAL.pdf.

38	 In conducting a case study of a hypothetical installation’s exposure to climate hazards, Pinson et. al provide 
helpful cost estimates of short-term and long-term mitigation and adaptation efforts. For example, they 
estimate that elevating one building by 8 feet to avoid coastal flooding would cost $250,000. They do not, 
however, provide estimates for relocating buildings and facilities or, as relevant to the D5 transport road, 
elevating roads. Based on additional resilience estimates, these costs would likely be significant. Pinson et al., 
DOD Installation Exposure to Climate Change at Home and Abroad, 105, 122–123.

39	 “About REPI,” U.S. Department of Defense Readiness and Environmental Protection Integration (REPI) 
Program, accessed April 3, 2023, https://www.repi.mil/About-REPI/Frequently-Asked-Questions/.

40	 U.S. Department of Defense REPI Program, 2022 National Coastal Resilience Fund Department of Defense 
Recipients, (Washington, DC: U.S. Department of Defense REPI Program, 2022), https://www.repi.mil/
Portals/44/Documents/Resilience/Complementary%20Programs/2022_REPI_NCRF_Project_Fact%20
Sheet.pdf.

https://coastal.climatecentral.org/
https://sgp.fas.org/crs/weapons/R41129.pdf
https://news.climate.columbia.edu/2022/10/03/heres-what-we-know-about-how-climate-change-fuels-hurricanes/
https://news.climate.columbia.edu/2022/10/03/heres-what-we-know-about-how-climate-change-fuels-hurricanes/
https://climate.nasa.gov/news/3184/a-force-of-nature-hurricanes-in-a-changing-climate
https://climate.nasa.gov/news/3184/a-force-of-nature-hurricanes-in-a-changing-climate
https://www.ucsusa.org/resources/us-military-front-lines-rising-seas
https://experience.arcgis.com/experience/203f772571cb48b1b8b50fdcc3272e2c/page/Category-3/
https://experience.arcgis.com/experience/203f772571cb48b1b8b50fdcc3272e2c/page/Category-3/
https://fitengineering.us/portfolio/kings-bay-explosives-handling-wharf-inspection/
https://fitengineering.us/portfolio/kings-bay-explosives-handling-wharf-inspection/
https://www.esd.whs.mil/Portals/54/Documents/FOID/Reading%20Room/Selected_Acquisition_Reports/FY_2021_SARS/22-F-0762_TRIDENT_II_SAR_2021.pdf
https://www.esd.whs.mil/Portals/54/Documents/FOID/Reading%20Room/Selected_Acquisition_Reports/FY_2021_SARS/22-F-0762_TRIDENT_II_SAR_2021.pdf
https://www.esd.whs.mil/Portals/54/Documents/FOID/Reading%20Room/Selected_Acquisition_Reports/FY_2021_SARS/22-F-0762_TRIDENT_II_SAR_2021.pdf
https://armedservices.house.gov/sites/republicans.armedservices.house.gov/files/HS-28-Mar-2023-HASC-SF-Hearing%20on%20FY24%20Request%20for%20Nuclear%20Forces%20and%20Atomic%20Energy%20Defense%20Activities-FINAL.pdf
https://armedservices.house.gov/sites/republicans.armedservices.house.gov/files/HS-28-Mar-2023-HASC-SF-Hearing%20on%20FY24%20Request%20for%20Nuclear%20Forces%20and%20Atomic%20Energy%20Defense%20Activities-FINAL.pdf
https://armedservices.house.gov/sites/republicans.armedservices.house.gov/files/HS-28-Mar-2023-HASC-SF-Hearing%20on%20FY24%20Request%20for%20Nuclear%20Forces%20and%20Atomic%20Energy%20Defense%20Activities-FINAL.pdf
https://www.repi.mil/About-REPI/Frequently-Asked-Questions/
https://www.repi.mil/Portals/44/Documents/Resilience/Complementary%20Programs/2022_REPI_NCRF_Project_Fact%20Sheet.pdf
https://www.repi.mil/Portals/44/Documents/Resilience/Complementary%20Programs/2022_REPI_NCRF_Project_Fact%20Sheet.pdf
https://www.repi.mil/Portals/44/Documents/Resilience/Complementary%20Programs/2022_REPI_NCRF_Project_Fact%20Sheet.pdf


38   |   How Climate Change Challenges the U.S. Nuclear Deterrent

41	 “Groundbreaking Ceremony for Solar Facility Held at SUBASE Kings Bay,” U.S. Navy, September 
10, 2015, https://www.navy.mil/Press-Office/Press-Releases/display-pressreleases/Article/2263058/
groundbreaking-ceremony-for-solar-facility-held-at-subase-kings-bay/; Joby Warrick, “Pentagon Bets 
Heavily on Sun, Wind With Major Energy Projects,” Washington Post, September 18, 2015, https://
www.washingtonpost.com/national/health-science/pentagon-bets-heavily-on-sun-wind-with-major-
energy-projects/2015/09/17/08602a28-5bc1-11e5-b38e-06883aacba64_story.html; and C. Todd 
Lopez, “DOD, Navy Confront Climate Change Challenges in Southern Virginia,” U.S. Department 
of Defense, July 21, 2021, https://www.defense.gov/News/News-Stories/Article/Article/2703096/
dod-navy-confront-climate-change-challenges-in-southern-virginia/.

42	 “America’s Nuclear Triad.”

43	 “Kings Bay Submarine Base (NAVY O&M),” U.S. Army Corps of Engineers: Jacksonville District 
Website, May 2023 , https://www.saj.usace.army.mil/About/Congressional-Fact-Sheets-2023/
Kings-Bay-Submarine-Base-NAVY-O-M/.

44	 Martin Manaranche, “U.S. Navy SSBN USS Maryland Conducts Full At-Sea Crew Exchange,” Naval 
News, June 16, 2020, https://www.navalnews.com/naval-news/2020/06/u-s-navy-ssbn-uss-maryland-
conducts-full-at-sea-crew-exchange/; “USS Wyoming (SSBN 742) Executes an Exchange of Command and 
Crews at Sea,” DVIDS, January 24, 2022, https://www.dvidshub.net/image/7026598/uss-wyoming-ssbn-
742-executes-exchange-command-and-crews-sea; and Brian G. Reynolds, “USS Alabama Conducts Crew 
Change at Sea,” U.S. Navy, June 3, 2022, https://www.navy.mil/Press-Office/News-Stories/Article/3052185/
uss-alabama-conducts-crew-change-at-sea/.

45	 “Nuclear-Powered Ballistic Missile Submarines,” National Museum of American History, 2000, https://
americanhistory.si.edu/subs/const/anatomy/boomers/index.html.

46	 “Ballistic Missile Submarines (SSBNs),” Submarine Force Pacific, accessed April 3, 2023, https://www.csp.
navy.mil/SUBPAC-Commands/Submarines/Ballistic-Missile-Submarines/.

47	 BASIC, Trident Nuclear Weapon Submarines in the United Kingdom and the United States, (London: 
British American Security Information Council, November 2013), https://basicint.org/wp-content/
uploads/2018/06/basic_trident_briefing_nov2013_0.pdf.

48	 Ernie Regehr, “Nuclear Submarines in the Arctic: Limiting Strategic Anti-Submarine Warfare,” Simons 
Foundation, December 4, 2018, https://www.thesimonsfoundation.ca/highlights/nuclear-submarines-arctic-
limiting-strategic-anti-submarine-warfare; and Siemon T. Wezeman, Military Capabilities in the Arctic: A 
New Cold War in the High North?, SIPRI Background Paper (Stockholm: Stockholm International Peace 
Research Institute, October 2016), 20, https://www.sipri.org/sites/default/files/Military-capabilities-in-the-
Arctic.pdf.

49	 Will Sabel Courtney, “Watch a Nuclear Submarine Punch Through Arctic Ice,” The Drive, March 23, 2016, 
https://www.thedrive.com/news/2669/watch-a-nuclear-submarine-punch-through-arctic-ice.

50	 Joseph Trevithick, “Three Russian Ballistic Missile Submarines Just Surfaced Through the Arctic 
Ice Together,” The Drive, March 26, 2021, https://www.thedrive.com/the-war-zone/39953/
three-russian-ballistic-missile-submarines-just-surfaced-through-the-arctic-ice-together.

51	 Courtney, “Watch a Nuclear Submarine Punch Through Arctic Ice.”

52	 David Hambling, “How the Navy Punches a Nuclear Sub Through Arctic Ice,” Popular 
Mechanics, April 5, 2018, https://www.popularmechanics.com/military/navy-ships/a19681544/
how-a-submarine-surfaces-through-ice/.

53	 Dirk Notz and SIMIP Community, “Arctic Sea Ice in CMIP6,” Geophysical Research Letters 47, no. 10 (May 
2020): 1–11, https://doi.org/10.1029/2019GL086749.

54	 Maxim Starchak, “Sanctions Further Delay Russian Missile Early Warning Program in Space,” Defense 
News, March 12, 2023, https://www.defensenews.com/space/2023/03/12/sanctions-further-delay-
russian-missile-early-warning-program-in-space/; Malte Humpert, “Russia Plans to Launch Nine Polar-
Orbiting Satellites to Monitor the Arctic by 2026,” High North News, November 7, 2022, https://www.
highnorthnews.com/en/russia-plans-launch-nine-polar-orbiting-satellites-monitor-arctic-2026; and Anatoly 

https://www.navy.mil/Press-Office/Press-Releases/display-pressreleases/Article/2263058/groundbreaking-ceremony-for-solar-facility-held-at-subase-kings-bay/
https://www.navy.mil/Press-Office/Press-Releases/display-pressreleases/Article/2263058/groundbreaking-ceremony-for-solar-facility-held-at-subase-kings-bay/
https://www.washingtonpost.com/national/health-science/pentagon-bets-heavily-on-sun-wind-with-major-energy-projects/2015/09/17/08602a28-5bc1-11e5-b38e-06883aacba64_story.html
https://www.washingtonpost.com/national/health-science/pentagon-bets-heavily-on-sun-wind-with-major-energy-projects/2015/09/17/08602a28-5bc1-11e5-b38e-06883aacba64_story.html
https://www.washingtonpost.com/national/health-science/pentagon-bets-heavily-on-sun-wind-with-major-energy-projects/2015/09/17/08602a28-5bc1-11e5-b38e-06883aacba64_story.html
https://www.defense.gov/News/News-Stories/Article/Article/2703096/dod-navy-confront-climate-change-challenges-in-southern-virginia/
https://www.defense.gov/News/News-Stories/Article/Article/2703096/dod-navy-confront-climate-change-challenges-in-southern-virginia/
https://www.saj.usace.army.mil/About/Congressional-Fact-Sheets-2023/Kings-Bay-Submarine-Base-NAVY-O-M/
https://www.saj.usace.army.mil/About/Congressional-Fact-Sheets-2023/Kings-Bay-Submarine-Base-NAVY-O-M/
https://www.navalnews.com/naval-news/2020/06/u-s-navy-ssbn-uss-maryland-conducts-full-at-sea-crew-exchange/
https://www.navalnews.com/naval-news/2020/06/u-s-navy-ssbn-uss-maryland-conducts-full-at-sea-crew-exchange/
https://www.dvidshub.net/image/7026598/uss-wyoming-ssbn-742-executes-exchange-command-and-crews-sea
https://www.dvidshub.net/image/7026598/uss-wyoming-ssbn-742-executes-exchange-command-and-crews-sea
https://www.navy.mil/Press-Office/News-Stories/Article/3052185/uss-alabama-conducts-crew-change-at-sea/
https://www.navy.mil/Press-Office/News-Stories/Article/3052185/uss-alabama-conducts-crew-change-at-sea/
https://americanhistory.si.edu/subs/const/anatomy/boomers/index.html
https://americanhistory.si.edu/subs/const/anatomy/boomers/index.html
https://www.csp.navy.mil/SUBPAC-Commands/Submarines/Ballistic-Missile-Submarines/
https://www.csp.navy.mil/SUBPAC-Commands/Submarines/Ballistic-Missile-Submarines/
https://basicint.org/wp-content/uploads/2018/06/basic_trident_briefing_nov2013_0.pdf
https://basicint.org/wp-content/uploads/2018/06/basic_trident_briefing_nov2013_0.pdf
https://www.thesimonsfoundation.ca/highlights/nuclear-submarines-arctic-limiting-strategic-anti-submarine-warfare
https://www.thesimonsfoundation.ca/highlights/nuclear-submarines-arctic-limiting-strategic-anti-submarine-warfare
https://www.sipri.org/sites/default/files/Military-capabilities-in-the-Arctic.pdf
https://www.sipri.org/sites/default/files/Military-capabilities-in-the-Arctic.pdf
https://www.thedrive.com/news/2669/watch-a-nuclear-submarine-punch-through-arctic-ice
https://www.thedrive.com/the-war-zone/39953/three-russian-ballistic-missile-submarines-just-surfaced-through-the-arctic-ice-together
https://www.thedrive.com/the-war-zone/39953/three-russian-ballistic-missile-submarines-just-surfaced-through-the-arctic-ice-together
https://www.popularmechanics.com/military/navy-ships/a19681544/how-a-submarine-surfaces-through-ice/
https://www.popularmechanics.com/military/navy-ships/a19681544/how-a-submarine-surfaces-through-ice/
https://doi.org/10.1029/2019GL086749
https://www.defensenews.com/space/2023/03/12/sanctions-further-delay-russian-missile-early-warning-program-in-space/
https://www.defensenews.com/space/2023/03/12/sanctions-further-delay-russian-missile-early-warning-program-in-space/
https://www.highnorthnews.com/en/russia-plans-launch-nine-polar-orbiting-satellites-monitor-arctic-2026
https://www.highnorthnews.com/en/russia-plans-launch-nine-polar-orbiting-satellites-monitor-arctic-2026


Jamie Kwong   |   39

Zak, Russian Military and Dual-Purpose Spacecraft: Latest Status and Operational Overview, CNA Occasional 
Paper (Washington, DC: CNA, June 5, 2019), https://www.cna.org/archive/CNA_Files/pdf/iop-2019-u-
020191-final.pdf.

55	 “91st Missile Wing Units,” Minot Air Force Base, accessed April 6, 2023, https://www.minot.af.mil/
Base-Units/91st-Missile-Wing-Units/.

56	 The United States deploys 400 Minuteman III ICBMs in LFs split across three bases and keeps fifty 
additional LFs ready to load missiles if necessary. Kristensen and Korda, “United States Nuclear Weapons, 
2023,” 35; and “Minot AFB,” U.S. Department of Defense Military Installations, accessed April 6, 2023, 
https://installations.militaryonesource.mil/military-installation/minot-afb.

57	 U.S. Air Force, Environmental Impact Statement for the Sentinel (GBSD) Deployment and Minuteman III 
Decommissioning and Disposal, (Barksdale Air Force Base, Louisiana: Air Force Global Strike Command, 
March 2023), 1–1, https://www.gbsdeis.com/final-eis.

58	 U.S. Department of Defense, “2022 Nuclear Posture Review,” in 2022 National Defense Strategy, 
(Washington, DC: U.S. Department of Defense, 2022), 13, https://media.defense.gov/2022/
Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF.

59	 U.S. Air Force, Environmental Impact Statement for the Sentinel (GBSD) Deployment and Minuteman III 
Decommissioning and Disposal, 2–17.

60	 Sentinel missiles are expected to enter full service in 2036 and can be upgraded until 2075. Kristensen and 
Korda, “United States Nuclear Weapons, 2023.”

61	 The lower emissions pathway reflects Representative Concentration Pathway (RCP) 4.5 and the higher 
emissions pathway RCP 8.5. “CMRA Assessment Tool Data Sources,” Climate Mapping for Resilience and 
Adaptation, January 17, 2023, https://resilience.climate.gov/pages/data-sources.

62	 USGCRP, Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II, 
(Washington, DC: U.S. Global Change Research Program, 2018), https://nca2018.globalchange.gov/. 

63	 USGCRP, “Chapter 22: Northern Great Plains,” in Impacts, Risks, and Adaptation in the United States: Fourth 
National Climate Assessment, Volume II, (Washington, DC: U.S. Global Change Research Program, 2018), 
https://nca2018.globalchange.gov/chapter/22/. 

64	 Tom Di Liberto, “River Flooding Inundates the Northern Plains in Spring 2019,” NOAA, April 3, 2019, 
http://www.climate.gov/news-features/event-tracker/river-flooding-inundates-northern-plains-spring-2019.

65	 USGCRP, “Chapter 22: Northern Great Plains,” 22.

66	 “Chapter 3: Flood Chronology,” in Minot Front & Center: Downtown & Neighborhood Plans (Minot, ND: 
Stantec, 2014), 3, https://www.minotnd.gov/DocumentCenter/View/1848/Minot-NB-DT-Chapter-3-
Flood-Chronology; and Elaine M. Grossman, “Minot Nukes Clear of Midwest Flooding, but Wrestle With 
Snow Melt,” NextGov.Com, July 1, 2011, NewsBank: Access World News, https://infoweb-newsbank-com.
ceip.idm.oclc.org/apps/news/document-view?p=AWNB&docref=news/14A779A50C6CF820.

67	 “Sen. Hoeven Working to Advance Flood Protection,” Targeted News Service, May 22, 2021, NewsBank: 
Access World News, https://infoweb-newsbank-com.ceip.idm.oclc.org/apps/news/document-view?p=AWNB
&docref=news/182A38E907757838.

68	 Grossman, “Minot Nukes Clear of Midwest Flooding.”

69	 Grossman, “Minot Nukes Clear of Midwest Flooding.”

70	 “Flood Zones,” FEMA, July 8, 2020, https://www.fema.gov/glossary/flood-zones.

71	 “National Flood Hazard Layer,” FEMA, August 26, 2021, https://www.fema.gov/flood-maps/national-flood-
hazard-layer; and U.S. Air Force, Environmental Impact Statement for the Sentinel (GBSD) Deployment and 
Minuteman III Decommissioning and Disposal.

72	 Ward County data, for example, have not been updated since 2000, although preliminary efforts 
to update these data have been ongoing since at least 2019. “FEMA Flood Map Service Center: 

https://www.cna.org/archive/CNA_Files/pdf/iop-2019-u-020191-final.pdf
https://www.cna.org/archive/CNA_Files/pdf/iop-2019-u-020191-final.pdf
https://www.minot.af.mil/Base-Units/91st-Missile-Wing-Units/
https://www.minot.af.mil/Base-Units/91st-Missile-Wing-Units/
https://installations.militaryonesource.mil/military-installation/minot-afb
https://www.gbsdeis.com/final-eis
https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF
https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF
https://resilience.climate.gov/pages/data-sources
https://nca2018.globalchange.gov/
https://nca2018.globalchange.gov/chapter/22/
http://www.climate.gov/news-features/event-tracker/river-flooding-inundates-northern-plains-spring-2019
https://www.minotnd.gov/DocumentCenter/View/1848/Minot-NB-DT-Chapter-3-Flood-Chronology
https://www.minotnd.gov/DocumentCenter/View/1848/Minot-NB-DT-Chapter-3-Flood-Chronology
https://infoweb-newsbank-com.ceip.idm.oclc.org/apps/news/document-view?p=AWNB&docref=news/14A779A50C6CF820
https://infoweb-newsbank-com.ceip.idm.oclc.org/apps/news/document-view?p=AWNB&docref=news/14A779A50C6CF820
https://infoweb-newsbank-com.ceip.idm.oclc.org/apps/news/document-view?p=AWNB&docref=news/182A38E907757838
https://infoweb-newsbank-com.ceip.idm.oclc.org/apps/news/document-view?p=AWNB&docref=news/182A38E907757838
https://www.fema.gov/glossary/flood-zones
https://www.fema.gov/flood-maps/national-flood-hazard-layer
https://www.fema.gov/flood-maps/national-flood-hazard-layer


40   |   How Climate Change Challenges the U.S. Nuclear Deterrent

Ward County Unincorporated Areas,” FEMA, accessed April 7, 2023, https://msc.fema.gov/portal/
search?AddressQuery=minot%2C%20north%20dakota#searchresultsanchor; and “Preliminary FEMA Map 
Products: Ward County, North Dakota,” FEMA, December 5, 2019, https://hazards.fema.gov/femaportal/
prelimdownload/searchResult.action.

73	 Anu Narayanan et al., Grounded: An Enterprise-Wide Look at Department of Air Force Installation Exposure to 
Natural Hazards, (Santa Monica: RAND Corporation, 2021), 17, https://doi.org/10.7249/RR-A523-1.

74	 “Flood Control and Floodplains Map,” City of Minot, October 4, 2021, https://city-of-minot-open-data-
minotnd.hub.arcgis.com/apps/minotnd::flood-control-and-floodplains-map/explore.

75	 Jessica McConnell, “SECAF Authorizes Funds to Assist Flood-Stricken Airmen,” Minot Air 
Force Base, October 23, 2011, https://www.minot.af.mil/News/Article-Display/Article/264915/
secaf-authorizes-funds-to-assist-flood-stricken-airmen/. 

76	 Department of Defense Manual: Nuclear Weapons Personnel Reliability Program, (Washington, DC: U.S. 
Department of Defense, May 9, 2022), https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/
dodm/521042m.pdf.

77	 U.S. Air Force, Environmental Impact Statement for the Sentinel (GBSD) Deployment and Minuteman III 
Decommissioning and Disposal, 3–689.

78	 U.S. Air Force, 3–689; and J.T. Armstrong, “Flood Mud: Saving Assets from Rising Waters,” Whiteman 
Air Force Base, March 31, 2017, https://www.whiteman.af.mil/News/Article-Display/Article/1138630/
flood-mud-saving-assets-from-rising-waters/.

79	 Allison Martin, “ICBM Deployments: A Balance to Meet Operational Needs 
and Promote Personal Predictability,” U.S. Strategic Command, December 
20, 2021, https://www.minot.af.mil/News/Article-Display/Article/2879018/
icbm-deployments-a-balance-to-meet-operational-needs-and-promote-personal-predi/.

80	 “54th Helicopter Squadron,” 20th Air Force, accessed April 10, 2023, https://www.20af.af.mil/Units/582nd-
Helicopter-Group/54th-Helicopter-Squadron/; and “UH-1N HUEY,” Minot Air Force Base, November 17, 
2021, https://www.minot.af.mil/About-Us/Fact-Sheets/Display/Article/264275/uh-1n-huey/.

81	 “Defense Access Road Program (DAR),” U.S. Department of Transportation: Federal Highway 
Administration, January 7, 2020, https://highways.dot.gov/federal-lands/programs/defense.

82	 “Defense Access Road Program (DAR).”

83	 Office of the Under Secretary of Defense, Acquisition and Sustainment, Report to Congress on Defense Access 
Roads, (Washington, DC: U.S. Department of Defense, February 2019), 5.

84	 “America’s Nuclear Triad.”

85	 Matt Korda, “Environmental Assessment Reveals New Details About the Air Force’s ICBM Replacement 
Plan,” Federation of American Scientists, November 3, 2020, https://fas.org/blogs/security/2020/11/
environmental-assessment-reveals-new-details-about-the-air-forces-icbm-replacement-plan/.

86	 W.J. Hennigan, “Inside the $100 Billion Mission to Modernize America’s Aging Nuclear Missiles,” TIME, 
September 13, 2022, https://time.com/6212698/nuclear-missiles-icbm-triad-upgrade/.

87	 U.S. General Accounting Office, Nuclear Weapons: Capabilities of DOE’s Limited Life Component Program to 
Meet Operational Needs, Report to the Committee on Armed Services, U.S. Senate (Washington, DC: U.S. 
General Accounting Office, March 1997), 1, 6, https://www.gao.gov/assets/rced-97-52.pdf. 

88	 Kristensen and Korda, “United States Nuclear Weapons, 2023,” 37.

89	 “B-2 Spirit,” U.S. Air Force, December 2015, https://www.af.mil/About-Us/Fact-Sheets/Display/
Article/104482/b-2-spirit/.

90	 “Whiteman AFB: In-Depth Overview,” U.S. Department of Defense Military Installations, accessed April 
12, 2023, https://installations.militaryonesource.mil/in-depth-overview/whiteman-afb.

91	 Jacopo Prisco, “B-2 Spirit: The $2 Billion Flying Wing,” CNN, January 2020, https://www.cnn.com/style/
article/b-2-spirit-stealth-bomber/index.html.

92	 Kristensen and Korda, “United States Nuclear Weapons, 2023,” 29.

https://msc.fema.gov/portal/search?AddressQuery=minot%2C%20north%20dakota#searchresultsanchor
https://msc.fema.gov/portal/search?AddressQuery=minot%2C%20north%20dakota#searchresultsanchor
https://hazards.fema.gov/femaportal/prelimdownload/searchResult.action
https://hazards.fema.gov/femaportal/prelimdownload/searchResult.action
https://doi.org/10.7249/RR-A523-1
https://city-of-minot-open-data-minotnd.hub.arcgis.com/apps/minotnd::flood-control-and-floodplains-map/explore
https://city-of-minot-open-data-minotnd.hub.arcgis.com/apps/minotnd::flood-control-and-floodplains-map/explore
https://www.minot.af.mil/News/Article-Display/Article/264915/secaf-authorizes-funds-to-assist-flood-stricken-airmen/
https://www.minot.af.mil/News/Article-Display/Article/264915/secaf-authorizes-funds-to-assist-flood-stricken-airmen/
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodm/521042m.pdf
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodm/521042m.pdf
https://www.whiteman.af.mil/News/Article-Display/Article/1138630/flood-mud-saving-assets-from-rising-waters/
https://www.whiteman.af.mil/News/Article-Display/Article/1138630/flood-mud-saving-assets-from-rising-waters/
https://www.minot.af.mil/News/Article-Display/Article/2879018/icbm-deployments-a-balance-to-meet-operational-needs-and-promote-personal-predi/
https://www.minot.af.mil/News/Article-Display/Article/2879018/icbm-deployments-a-balance-to-meet-operational-needs-and-promote-personal-predi/
https://www.20af.af.mil/Units/582nd-Helicopter-Group/54th-Helicopter-Squadron/
https://www.20af.af.mil/Units/582nd-Helicopter-Group/54th-Helicopter-Squadron/
https://www.minot.af.mil/About-Us/Fact-Sheets/Display/Article/264275/uh-1n-huey/
https://highways.dot.gov/federal-lands/programs/defense
https://fas.org/blogs/security/2020/11/environmental-assessment-reveals-new-details-about-the-air-forces-icbm-replacement-plan/
https://fas.org/blogs/security/2020/11/environmental-assessment-reveals-new-details-about-the-air-forces-icbm-replacement-plan/
https://time.com/6212698/nuclear-missiles-icbm-triad-upgrade/
https://www.gao.gov/assets/rced-97-52.pdf
https://www.af.mil/About-Us/Fact-Sheets/Display/Article/104482/b-2-spirit/
https://www.af.mil/About-Us/Fact-Sheets/Display/Article/104482/b-2-spirit/
https://installations.militaryonesource.mil/in-depth-overview/whiteman-afb
https://www.cnn.com/style/article/b-2-spirit-stealth-bomber/index.html
https://www.cnn.com/style/article/b-2-spirit-stealth-bomber/index.html


Jamie Kwong   |   41

93	 Kristensen and Korda, 42.

94	 Kristensen and Korda, 42–43.

95	 U.S. Air Force, B-21 Main Operating Base 1 (MOB 1) Beddown at Dyess AFB, Texas or Elssworth AFB, South 
Dakota: Final Environmental Impact Statement, (San Antonio-Lackland, Texas: Air Force Installation and 
Mission Support Center, March 2021), https://www.b21eis.com/finaleis/Vol%201_B-21_MOB%201_
FEIS_Mar2021.pdf; U.S. Air Force, “B-21 MOB 2 and 3 EIS Website,” B-21 Beddown Main Operating 
Base 2 (MOB 2) or MOB 3 at Dyess AFB or Whiteman AFB: Environmental Impact Statement, accessed 
April 12, 2023, https://www.b21eis.com/index.aspx; and Hans M. Kristensen, “USAF Plans to Expand 
Nuclear Bomber Bases,” Federation of American Scientists, November 17, 2020, https://fas.org/blogs/
security/2020/11/usaf-plans-to-expand-nuclear-bomber-bases/.

96	 The lower emissions pathway reflects RCP 4.5 and the higher emissions pathway RCP 8.5. As indicated, 
the expected service life of the B-21 system is not available in the public domain. If the B-21 has a similar 
service life as the B-2 system, the midlife of the aircraft will be about midcentury and the end life about 
late-century. “Climate Mapping for Resilience and Adaptation;” and John R. Hoehn, Air Force B-21 Raider 
Long-Range Strike Bomber, (Washington, DC: Congressional Research Service, September 22, 2021), https://
crsreports.congress.gov/product/pdf/R/R44463/14. 

97	 Jie Yin et al., “Flash Floods: Why Are More of Them Devastating the World’s Driest Regions?,” Nature, 
March 7, 2023, 213, https://www.nature.com/articles/d41586-023-00626-9.

98	 Yin et al., “Flash Floods: Why Are More of Them Devastating the World’s Driest Regions?;” and Rebecca 
Hersher, “How Climate Change Drives Inland Floods,” NPR, August 3, 2022, https://www.npr.
org/2022/08/03/1115384628/how-climate-change-drives-inland-floods.

99	 The air force’s Thermal Stress Program defines black flag conditions as days in which the wet bulb globe 
temperature, a measure of heat stress, exceeds 90 degrees Fahrenheit. Department of the Air Force, Thermal 
Stress Program, (Washington, DC: Department of the Air Force, May 2, 2022), 17, 20, https://static.e-
publishing.af.mil/production/1/af_sg/publication/dafi48-151/dafi48-151.pdf; and Bradley Deblois et al., 
Fighter Basing Options to Improve Access to Advanced Training Ranges, (Santa Monica: RAND Corporation, 
2021), 41, https://doi.org/10.7249/RRA169-1.

100	 Pinson et al., DOD Installation Exposure to Climate Change at Home and Abroad, 50.

101	 Pinson et al., 50; Ethan D. Coffel, Terence R. Thompson, and Radley M. Horton, “The Impacts of 
Rising Temperatures on Aircraft Takeoff Performance,” Climatic Change 144, no. 2 (September 2017): 
381–388, https://doi.org/10.1007/s10584-017-2018-9; and Robert Ferris, “There’s a Scientific Reason 
Why Hot Weather Has Grounded Planes at Phoenix Airport,” CNBC, June 20, 2017, https://www.cnbc.
com/2017/06/20/theres-a-scientific-reason-why-hot-weather-has-grounded-planes-at-phoenix-airport.html.

102	 “Factsheets: Northrop B-2 Spirit,” National Museum of the U.S. Air Force, May 31, 2007, https://web.
archive.org/web/20110929072204/http://www.nationalmuseum.af.mil/factsheets/factsheet.asp?id=422; and 
“Climate Mapping for Resilience and Adaptation.”

103	 Ferris, “There’s a Scientific Reason Why Hot Weather Has Grounded Planes at Phoenix Airport.”

104	 Tyler Rogoway, “Check Out This Super Grimy B-2 Spirit Stealth Bomber Test Article,” 
The Drive, November 8, 2021, https://www.thedrive.com/the-war-zone/42909/
check-out-this-super-grimy-b-2-spirit-stealth-bomber-awaiting-a-deep-overhaul.

105	 Matt Shipman, “How a Tougher Skin Could Change the Shape of Stealth Aircraft,” NC State University, 
May 18, 2021, https://news.ncsu.edu/2021/05/tougher-skin-for-stealth-aircraft/.

106	 Tara Copp, “Pentagon Debuts Its New Stealth Bomber, the B-21 Raider,” Associated Press, December 2, 
2022, https://apnews.com/article/technology-china-business-air-force-palmdale-761db1dae42616181a2cc63
966f43554.

107	 Stephen Losey, “Floodwaters Overwhelm One-Third of Offutt; Nine Aircraft Evacuated,” Air 
Force Times, March 19, 2019, https://www.airforcetimes.com/news/your-air-force/2019/03/18/
floodwaters-overwhelm-one-third-of-offutt-nine-aircraft-evacuated/; and Steve Liewer, 

https://www.b21eis.com/finaleis/Vol%201_B-21_MOB%201_FEIS_Mar2021.pdf
https://www.b21eis.com/finaleis/Vol%201_B-21_MOB%201_FEIS_Mar2021.pdf
https://www.b21eis.com/index.aspx
https://fas.org/blogs/security/2020/11/usaf-plans-to-expand-nuclear-bomber-bases/
https://fas.org/blogs/security/2020/11/usaf-plans-to-expand-nuclear-bomber-bases/
https://crsreports.congress.gov/product/pdf/R/R44463/14
https://crsreports.congress.gov/product/pdf/R/R44463/14
https://www.nature.com/articles/d41586-023-00626-9
https://www.npr.org/2022/08/03/1115384628/how-climate-change-drives-inland-floods
https://www.npr.org/2022/08/03/1115384628/how-climate-change-drives-inland-floods
https://static.e-publishing.af.mil/production/1/af_sg/publication/dafi48-151/dafi48-151.pdf
https://static.e-publishing.af.mil/production/1/af_sg/publication/dafi48-151/dafi48-151.pdf
https://doi.org/10.7249/RRA169-1
https://doi.org/10.1007/s10584-017-2018-9
https://www.cnbc.com/2017/06/20/theres-a-scientific-reason-why-hot-weather-has-grounded-planes-at-phoenix-airport.html
https://www.cnbc.com/2017/06/20/theres-a-scientific-reason-why-hot-weather-has-grounded-planes-at-phoenix-airport.html
https://web.archive.org/web/20110929072204/http://www.nationalmuseum.af.mil/factsheets/factsheet.asp?id=422
https://web.archive.org/web/20110929072204/http://www.nationalmuseum.af.mil/factsheets/factsheet.asp?id=422
https://www.thedrive.com/the-war-zone/42909/check-out-this-super-grimy-b-2-spirit-stealth-bomber-awaiting-a-deep-overhaul
https://www.thedrive.com/the-war-zone/42909/check-out-this-super-grimy-b-2-spirit-stealth-bomber-awaiting-a-deep-overhaul
https://news.ncsu.edu/2021/05/tougher-skin-for-stealth-aircraft/
https://apnews.com/article/technology-china-business-air-force-palmdale-761db1dae42616181a2cc63966f43554
https://apnews.com/article/technology-china-business-air-force-palmdale-761db1dae42616181a2cc63966f43554
https://www.airforcetimes.com/news/your-air-force/2019/03/18/floodwaters-overwhelm-one-third-of-offutt-nine-aircraft-evacuated/
https://www.airforcetimes.com/news/your-air-force/2019/03/18/floodwaters-overwhelm-one-third-of-offutt-nine-aircraft-evacuated/


42   |   How Climate Change Challenges the U.S. Nuclear Deterrent

“One-Third of Offutt Underwater; at Least 30 Buildings Damaged in Flood,” Kearney Hub, 
March 18, 2019, NewsBank: Access World News, https://infoweb.newsbank.com/apps/
news/openurl?ctx_ver=z39.88-2004&rft_id=info%3Asid/infoweb.newsbank.com&svc_
dat=AWNB&req_dat=D3B5EA06843246FAA5D5D50C48C0F33C&rft_val_format=info%3Aofi/
fmt%3Akev%3Amtx%3Actx&rft_dat=document_id%3Anews%252F1724451281481830.

108	 55th Wing Public Affairs, “Offutt AFB Battling Flood Waters,” U.S. Air Force, March 18, 2019, https://
www.af.mil/News/Article-Display/Article/1787869/offutt-afb-battling-flood-waters/. 

109	 Patrick Martin, “Critical Air Force Base Flooded in Nebraska,” Washington Post, March 18, 2019, 
https://www.washingtonpost.com/national-security/2019/03/18/critical-air-force-base-flooded-
nebraska/; and David Hasemyer, “U.S. Military Knew the Flood Risks at Nebraska’s Offutt Air Force 
Base, but Didn’t Act in Time,” NBC News, March 21, 2019, https://www.nbcnews.com/news/
us-news/u-s-military-knew-flood-risks-nebraska-s-offutt-air-n985926.

110	 Tyler Rogoway, “Trio of B-2 Stealth Bombers Deployed to the Island of Diego Garcia as Seen 
From Space,” The Drive, August 19, 2020, https://www.thedrive.com/the-war-zone/35834/
trio-of-b-2-stealth-bombers-deployed-to-the-island-of-diego-garcia-as-seen-from-space.

111	 Kristensen, “USAF Plans to Expand Nuclear Bomber Bases.”

112	 Rachel S. Cohen, “Chasing Pavement: Offutt’s Massive Runway Renovation Enters Home Stretch,” Air 
Force Times, May 9, 2022, https://www.airforcetimes.com/news/your-air-force/2022/05/06/chasing-
pavement-offutts-massive-runway-renovation-enters-home-stretch/; and “Missouri Topographic Map,” 
Topographic Maps, accessed April 14, 2023, https://en-us.topographic-map.com/map-pnh/Missouri/. 

113	 Hasemyer, “U.S. Military Knew the Flood Risks at Nebraska’s Offutt Air Force Base, but Didn’t Act in 
Time.”

114	 “America’s Nuclear Triad.”

115	 Kristensen and Korda, “United States Nuclear Weapons, 2023,” 41.

116	 USGCRP, Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II.

117	 Not only will more bases host the B-21s and their associated nuclear storage facilities, but the aircraft will 
also be equipped to carry both nuclear gravity bombs as well as the same air-launched nuclear cruise missile 
as the B-52s. Kristensen, “USAF Plans To Expand Nuclear Bomber Bases.”

118	 Kristensen and Korda, “United States Nuclear Weapons, 2023,” 41.

119	 Hans M. Kristensen and Matt Korda, “United States Nuclear Forces, 2019,” Bulletin of the Atomic Scientists 
75, no. 3 (2019): 124, https://doi.org/10.1080/00963402.2019.1606503.

120	 Compared to the modeled history of thirty-eight days, annual very hot days at Kirtland are projected to 
more than double under lower emissions (RCP 4.5) and higher emissions (RCP 8.5) pathways in both 
midcentury and late-century time horizons. “Climate Mapping for Resilience and Adaptation.”

121	 A. Park Williams, Benjamin I. Cook, and Jason E. Smerdon, “Rapid Intensification of the Emerging 
Southwestern North American Megadrought in 2020–2021,” Nature Climate Change 12, no. 3 (February 
2022): 232–234, https://doi.org/10.1038/s41558-022-01290-z.

122	 “Nuclear Deterrence and Stockpile Stewardship,” Los Alamos National Laboratory, accessed April 15, 2023, 
https://mission.lanl.gov/nuclear-deterrence/; Mark Sincell, “Wildfire Threatens Los Alamos Lab,” Science, 
May 8, 2000, https://www.science.org/content/article/wildfire-threatens-los-alamos-lab; and James Dacey, 
“Los Alamos National Lab Narrowly Avoids Fire,” Physics World, June 28, 2011, https://physicsworld.
com/a/los-alamos-national-lab-narrowly-avoids-fire/.

123	 For an example of a high-level assessment, see, Office of the Under Secretary of Defense, Acquisition and 
Sustainment, Report on Effects of a Changing Climate to the Department of Defense, (Washington, DC: U.S. 
Department of Defense, January 2019), https://media.defense.gov/2019/Jan/29/2002084200/-1/-1/1/
CLIMATE-CHANGE-REPORT-2019.PDF; and, for an example of a critique of that assessment, see, 
Matt Korda, “The U.S. Nuclear Deterrent Is Not Prepared for Climate Catastrophe,” Forbes, March 16, 
2020, https://www.forbes.com/sites/matthewkorda/2020/03/16/the-us-nuclear-deterrent-is-not-prepared-
for-climate-catastrophe/. Notably, as part of the FY20 National Defense Authorization Act and following 

https://infoweb.newsbank.com/apps/news/openurl?ctx_ver=z39.88-2004&rft_id=info%3Asid/infoweb.newsbank.com&svc_dat=AWNB&req_dat=D3B5EA06843246FAA5D5D50C48C0F33C&rft_val_format=info%3Aofi/fmt%3Akev%3Amtx%3Actx&rft_dat=document_id%3Anews%252F1724451281481830
https://infoweb.newsbank.com/apps/news/openurl?ctx_ver=z39.88-2004&rft_id=info%3Asid/infoweb.newsbank.com&svc_dat=AWNB&req_dat=D3B5EA06843246FAA5D5D50C48C0F33C&rft_val_format=info%3Aofi/fmt%3Akev%3Amtx%3Actx&rft_dat=document_id%3Anews%252F1724451281481830
https://infoweb.newsbank.com/apps/news/openurl?ctx_ver=z39.88-2004&rft_id=info%3Asid/infoweb.newsbank.com&svc_dat=AWNB&req_dat=D3B5EA06843246FAA5D5D50C48C0F33C&rft_val_format=info%3Aofi/fmt%3Akev%3Amtx%3Actx&rft_dat=document_id%3Anews%252F1724451281481830
https://infoweb.newsbank.com/apps/news/openurl?ctx_ver=z39.88-2004&rft_id=info%3Asid/infoweb.newsbank.com&svc_dat=AWNB&req_dat=D3B5EA06843246FAA5D5D50C48C0F33C&rft_val_format=info%3Aofi/fmt%3Akev%3Amtx%3Actx&rft_dat=document_id%3Anews%252F1724451281481830
https://www.af.mil/News/Article-Display/Article/1787869/offutt-afb-battling-flood-waters/
https://www.af.mil/News/Article-Display/Article/1787869/offutt-afb-battling-flood-waters/
https://www.washingtonpost.com/national-security/2019/03/18/critical-air-force-base-flooded-nebraska/
https://www.washingtonpost.com/national-security/2019/03/18/critical-air-force-base-flooded-nebraska/
https://www.nbcnews.com/news/us-news/u-s-military-knew-flood-risks-nebraska-s-offutt-air-n985926
https://www.nbcnews.com/news/us-news/u-s-military-knew-flood-risks-nebraska-s-offutt-air-n985926
https://www.thedrive.com/the-war-zone/35834/trio-of-b-2-stealth-bombers-deployed-to-the-island-of-diego-garcia-as-seen-from-space
https://www.thedrive.com/the-war-zone/35834/trio-of-b-2-stealth-bombers-deployed-to-the-island-of-diego-garcia-as-seen-from-space
https://www.airforcetimes.com/news/your-air-force/2022/05/06/chasing-pavement-offutts-massive-runway-renovation-enters-home-stretch/
https://www.airforcetimes.com/news/your-air-force/2022/05/06/chasing-pavement-offutts-massive-runway-renovation-enters-home-stretch/
https://en-us.topographic-map.com/map-pnh/Missouri/
https://doi.org/10.1080/00963402.2019.1606503
https://doi.org/10.1038/s41558-022-01290-z
https://mission.lanl.gov/nuclear-deterrence/
https://www.science.org/content/article/wildfire-threatens-los-alamos-lab
https://physicsworld.com/a/los-alamos-national-lab-narrowly-avoids-fire/
https://physicsworld.com/a/los-alamos-national-lab-narrowly-avoids-fire/
https://media.defense.gov/2019/Jan/29/2002084200/-1/-1/1/CLIMATE-CHANGE-REPORT-2019.PDF
https://media.defense.gov/2019/Jan/29/2002084200/-1/-1/1/CLIMATE-CHANGE-REPORT-2019.PDF
https://www.forbes.com/sites/matthewkorda/2020/03/16/the-us-nuclear-deterrent-is-not-prepared-for-climate-catastrophe/
https://www.forbes.com/sites/matthewkorda/2020/03/16/the-us-nuclear-deterrent-is-not-prepared-for-climate-catastrophe/


Jamie Kwong   |   43

the Report on Effects of a Changing Climate to the Department of Defense, Congress tasked the DOD with 
producing a report that assesses the effects of climate change on the U.S. nuclear enterprise. At the time of 
this writing, the report has not yet been released. House of Representatives, “National Defense Authorization 
Act for Fiscal Year 2020,” Report 116-120, (Washington, DC: Committee on Armed Services, House of 
Representatives, June 19, 2019), 269, https://www.congress.gov/116/crpt/hrpt120/CRPT-116hrpt120.pdf.

124	 Robert McSweeney, “Explainer: What the New IPCC Report Says about Extreme Weather and Climate 
Change,” Carbon Brief, August 10, 2021, https://www.carbonbrief.org/explainer-what-the-new-ipcc-report-
says-about-extreme-weather-and-climate-change/; and Geert Jan van Oldenborgh et al., “Pathways and 
Pitfalls in Extreme Event Attribution,” Climatic Change 166, no. 13 (2021): 1–27, https://doi.org/10.1007/
s10584-021-03071-7.

125	 U.S. Department of Defense, Readiness and Environmental Protection Integration Program: 17th Annual 
Report to Congress, (Washington, DC: U.S. Department of Defense, March 2023), https://www.repi.mil/
Portals/44/Documents/Reports_to_Congress/2023_REPI_Report_to_Congress.pdf.

126	 One table broadly outlines the effects of potential climate stressors on these activities but lacks sufficient 
detail. It does not, for example, consider the effects of those stressors at specific Sentinel sites nor their larger 
potential impact on the nuclear activities and missions of those facilities. U.S. Air Force, Environmental 
Impact Statement for the Sentinel (GBSD) Deployment and Minuteman III Decommissioning and Disposal, 
3–34, 3–35.

127	 “Projected Costs of U.S. Nuclear Forces, 2021 to 2030,” Congressional Budget Office, May 24, 2021, 
https://www.cbo.gov/publication/57240.

128	 Pinson et al., DOD Installation Exposure to Climate Change at Home and Abroad, 11.

129	 U.S. Department of Defense, Office of the Undersecretary of Defense (Acquisition and Sustainment), 
Department of Defense Climate Adaptation Plan, 6.

https://www.congress.gov/116/crpt/hrpt120/CRPT-116hrpt120.pdf
https://www.carbonbrief.org/explainer-what-the-new-ipcc-report-says-about-extreme-weather-and-climate-change/
https://www.carbonbrief.org/explainer-what-the-new-ipcc-report-says-about-extreme-weather-and-climate-change/
https://doi.org/10.1007/s10584-021-03071-7
https://doi.org/10.1007/s10584-021-03071-7
https://www.repi.mil/Portals/44/Documents/Reports_to_Congress/2023_REPI_Report_to_Congress.pdf
https://www.repi.mil/Portals/44/Documents/Reports_to_Congress/2023_REPI_Report_to_Congress.pdf
https://www.cbo.gov/publication/57240




45

Carnegie Endowment for 
International Peace
The Carnegie Endowment for International Peace is a unique global network of policy  
research centers around the world. Our mission, dating back more than a century, is to 
advance peace through analysis and development of fresh policy ideas and direct engagement 
and collaboration with decisionmakers in government, business, and civil society. Working 
together, our centers bring the inestimable benefit of multiple national viewpoints to  
bilateral, regional, and global issues.  

Nuclear Policy Program

The Carnegie Nuclear Policy Program works to strengthen international security by diagnos-
ing acute nuclear risks, informing debates on solutions, and engaging international actors to 
effect change. The program’s work spans deterrence, disarmament, nonproliferation, nuclear 
security, and nuclear energy.



CarnegieEndowment.org


	List of Acronyms 
	Summary  
	Introduction 
	The State of Play 
	Climate Change and the U.S. Nuclear Triad  
	Recommendations  
	The Way Ahead  
	About the Author 
	Notes 
	Carnegie Endowment for International Peace

