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PREFACE 

The Department of Defense (DoD) mission is to provide the combat-credible military forces 
needed to deter war and protect the security of our nation.1 A changing climate directly impacts 
national civilian and military aviation infrastructure and poses a threat to meeting this critical duty. 
While human understanding regarding the scale of climate change risk continues to mature, 
airports and related aviation infrastructure have already seen an increase in flooding, total number 
of extreme weather days, and changes in wind intensity.2 The Resilient Aviation Infrastructure 
Workshop, made up of subject matter experts in atmospheric and environmental sciences, civilian 
aviation, and military aviation, is part of an effort to advance understanding on how climate change 
currently impacts and is likely to impact key infrastructure by mid-century. Such an improved 
understanding is relevant to national security since aviation infrastructure is a core strategic 
element of the national security of the United States. 

  

 

1 2018 National Defense Strategy. U.S. Department of Defense. https://www.hsdl.org/c/2018-national-defense-
strategy/.  
2 National Academies of Sciences, Engineering, and Medicine 2015. Climate Change Adaptation Planning: Risk 
Assessment for Airports. Washington, DC: The National Academies Press. https://doi.org/10.17226/23461.  

https://www.hsdl.org/c/2018-national-defense-strategy/
https://www.hsdl.org/c/2018-national-defense-strategy/
https://doi.org/10.17226/23461
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ES-1 

EXECUTIVE SUMMARY 

The Resilient Aviation Infrastructure Workshop reflects an initial effort to determine if, and to 
what extent, changes in the climate may impact the national civilian and military aviation 
infrastructure by the middle of the current century. Workshop participants were experts drawn 
from the atmospheric and environmental sciences, civilian aviation, and military aviation 
communities, and represented the academic, government, and private sectors. 

The workshop was held over two days. The first day was dedicated to lectures from subject matter 
experts representing each of the three communities. The goal of these first-day lectures was to 
establish a shared knowledge base among all participants. The second day was dedicated to holding 
breakout groups made up of participants from the first day. Those groups independently considered 
a series of questions and provided a consensus statement to the larger group. The workshop 
consensus statement is based on the consensus statements provided by each group. The workshop 
consensus statement is as follows: 

It is the consensus of the Resilience Aviation Infrastructure Workshop participants 
that climate change will impact both civilian and military aviation infrastructure by 
mid-century and may currently be impacting the nation’s aviation infrastructure. 
The severity of climate change impacts at specific infrastructure nodes (e.g., 
airports) depends on the vulnerabilities inherent at a location. Whether the sum of 
collective climate change impacts risks long term, chronic impairment of the entire 
aviation infrastructure system remains an open question; however, it is the 
consensus of the group that acute impacts at specific locations will occur. 

This workshop report is organized into four sections: introduction; workshop activities to include 
the plenary, brainstorming session, and breakout sessions summaries; group consensus statements; 
and workshop conclusions. 
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1.0 INTRODUCTION 

Environmental research is critical for the Department of Defense (DoD) as it works to improve 
readiness, deter threats, and enhance lethality, because it is through environmental research that 
DoD maintains its access to training and testing lands, reduces costs, and improves force 
effectiveness. The Strategic Environmental Research and Development Program (SERDP) is 
DoD’s environmental science and technology program. SERDP is planned and executed in 
partnership with the Department of Energy and the U.S. Environmental Protection Agency with 
the participation of numerous other federal and non-federal organizations. SERDP invests in 
science and technology development across the spectrum of basic research, applied research, and 
advanced technology demonstration. The Environmental Security Technology Certification 
Program (ESTCP) is DoD’s environmental technology demonstration and validation program. 
Established in 1995, ESTCP promotes the transfer of innovative technologies from proof of 
concept to field or production. 

SERDP and ESTCP annually solicit proposals using specific Statements of Need or topic areas. 
One of the critical components of developing these statements or topic areas is to identify, 
understand, and describe gaps in knowledge and the state of the science with regard to a certain 
focus area. Toward this end, this workshop sought to make an initial determination as to if, and to 
what extent, changes in climate may impact the national civilian and military aviation 
infrastructure. Furthermore, if significant potential impacts were determined to be likely, a stretch 
goal of the workshop was to identify what, if any, research would be required to better define and 
address the identified impacts and responses to the impacts. 

The workshop brought together civilian aviation professionals, climate science experts, and 
military personnel responsible for military aviation infrastructure. The background and current 
professional activities of the participants also reflected a cross-section of government, academic, 
and private interests. On the first day, all participants heard several presentations on a variety of 
relevant topics surrounding aviation infrastructure and a changing climate from subject matter 
experts who themselves were participants in the workshop. The purpose of these presentations 
were to “cross pollinate” the knowledge of each group so that the participants as a whole would 
have a common base of knowledge in each of the three areas of civilian aviation, climate science, 
and military aviation infrastructure. There was then an opportunity to brainstorm priority issues as 
well as to breakout into small groups for discussion. At the end of the two-day workshop, each 
small group drafted a consensus statement, as shared in Section 3 of this report. 
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2.0 WORKSHOP ACTIVITIES 

The workshop activities comprised seven plenary speaker presentations, a group brainstorming 
session, two group breakout sessions, and the reconvening of all participants to discuss and 
develop a draft consensus statement (see Appendix A for the Workshop Participant Handbook). 

2.1 PLENARY 

Plenary session speakers included Dr. Don Wuebbles, Ms. Melinda Pagliarello, Mr. Kenneth 
Stocker, Dr. Katherine Kortum, Dr. Jesse Doyle, Dr. Mary McRae, and Dr. Terry Thompson. 

Dr. Donald J. Wuebbles is one of the nation’s preeminent climate scientists. He is the University 
of Illinois Harry E. Preble Professor of Atmospheric Science and Presidential Fellow. From 2015 
to early 2017, Dr. Wuebbles was Assistant Director with the Office of Science and Technology 
Policy at the Executive Office of the President in Washington, D.C., where he was the White 
House expert on climate science. Dr. Wuebbles is an expert in atmospheric physics and chemistry, 
with over 500 scientific publications related to the Earth’s climate, air quality, and the stratospheric 
ozone layer. However, his work goes well beyond that through providing analyses and 
development of metrics used in national and international policy and in developing analyses for 
understanding climate impacts on society and ecosystems, plus potential resilience and societal 
responses. He has co-authored a number of international and national scientific assessments, 
including being a Coordinating Lead Author on several international climate assessments led by 
the Intergovernmental Panel on Climate Change (IPCC) that resulted in IPCC being awarded the 
Nobel Peace Prize in 2007. He was a leader in both the 2013 IPCC international assessment of 
climate science and the 2014 3rd U.S. National Climate Assessment. More recently, he co-led the 
first volume of the 4th U.S. National Climate Assessment published in November 2017 that 
assesses the science of climate change and its effects on the United States. He also coauthored 
Volume 2 of the 4th U.S. National Climate Assessment, released in November 2018. He led a new 
assessment on the impacts of climate change on the Great Lakes that was published in March 2019. 
Dr. Wuebbles has two Electrical Engineering degrees from the University of Illinois (1970, 1972) 
and a Ph.D. in Atmospheric Sciences from the University of California, Davis (1983). 

Dr. Wuebbles led the plenary session with a discussion presentation entitled, “U.S. Regional 
Climate Mid-Century: What can we confidently say about climate conditions mid-century that 
may affect aviation?” In the presentation, Dr. Wuebbles discussed the potential climate issues for 
airport infrastructure, which include extreme temperature, precipitation events, sea level rise, 
nuisance flooding, storm surge, and other extreme weather events. 

Dr. Wuebbles’ key message was that the data show that our climate is changing: it is happening now; 
it is happening extremely rapidly; severe weather is becoming more intense; sea levels are rising; it 
is largely happening because of human activities and associated pollution; and the climate will 
continue to change over the coming decades. To support this message, he walked the participants 
through both the current data and authoritative models relevant to potential climate issues for airport 
infrastructure. These issues include the following: extreme temperature increases, which have 
important implications for runways, aircraft takeoff weight, damage to infrastructure, and fire risk; 
extreme precipitation events that increase the risk for flooding, sea level rise, and storm surge; and 
changes in weather patterns with their implications for not only changes in prevailing winds  
and related changes in aviation noise distribution but changes in the hurricane and storm intensity. 
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The bottom-line was clear: there are numerous implications for airport infrastructure related to 
climate change. These include, but are not limited to, damage to infrastructure, increased fire risk, 
and increased flooding. 

Ms. Melinda Pagliarello is the Senior Director, Environmental Affairs at Airports Council 
International - North America (ACI-NA). The ACI-NA represents local, regional, and state 
governing bodies that own and operate commercial airports in the United States and Canada. The 
representation focuses policies and provides services that strengthen the ability of commercial 
airports to serve their passengers, customers, and communities. Ms. Pagliarello has primary 
responsibility for ACI-NA’s activities in aviation environmental matters and sustainability. She 
monitors and reports on international and federal agency actions, programs, requirements, research, 
and regulations affecting environmental matters for airports and aviation at North American airports. 
Specific areas of focus within her portfolio include the following: airport noise; land use policies; air 
and water quality; airport sustainability initiatives; wildlife and natural resources management; and 
the range of environmental regulations, policies, and procedures that affect airports.  

Ms. Pagliarello’s presentation represented the voice of civilian airports large and small. Her message 
was clear: “Civilian airports are already experiencing the impacts of climate change.” In fact, the 
issue is not one of whether climate change is impacting airports, but what adaptation measures are 
occurring. Toward that end, ACI-NA has produced the three following important documents: 

1. Airport Cooperate Research Program (ACRP) Report 147 Climate Adaptation Planning: 
Risk Assessment for Airports (2015)3  

2. ACI Policy Brief – Airports’ Resilience and Adaptation to a Changing Climate (2018)4  
3. ACRP Project 02-78 – Climate Resilience and Benefit Cost Analysis: A Handbook for 

Airports (in review, 2019) 

These documents speak to both the climate stressors, the changes that are occurring in the climate, 
and their potential impacts on airport infrastructure.  

During her presentation, Ms. Pagliarello brought to light that some of the largest and busiest 
airports in the United States are already taking action to incorporate climate change into their 
design guides and infrastructure upgrades. Some of these airports include: Boston Logan, which 
launched the Federal Aviation Administration (FAA) Master Plan pilot program in 2013 and 
developed a Flood Proofing Design Guide in 2014; John F. Kennedy International (JFK), which 
adopted design guides for climate resilience and installed tide gates in attempt to better control 
flooding; and San Diego, which conducted a vulnerability assessment and installed permeable 
pavement as a demonstration project to determine if storm water drainage could be improved. 
Airports Council International (ACI), in addition to report guidance, continues to encourage 
airports to take action on resilience and adaptation to climate change. This encouragement was 
evidenced in 2018 by an ACI resolution that called for the following: 

 

3 National Academies of Sciences, Engineering, and Medicine, 2015. Climate Change Adaptation Planning: Risk 
Assessment for Airports. Washington, D.C.: The National Academies Press. https://doi.org/10.17226/23461. 
4 Airports Council International, 2018. Airports’ resilience and adaptation to changing climate. 
https://store.aci.aero/form/policy-brief-airports-resilience-and-adaptation-to-changing-climate/.  

https://doi.org/10.17226/23461
https://store.aci.aero/form/policy-brief-airports-resilience-and-adaptation-to-changing-climate/
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• Consider all practicable steps to reduce their greenhouse gas emissions through the use of 
the Airport Carbon Accreditation program and by other means. 

• Support efforts in international forums such as the International Civil Aviation Organization 
(ICAO) and the United Nations Climate Change Conference (UNFCCC) in assessing the 
potential impacts of climate change on critical infrastructure, including airports. 

• Encourage member airports to take into consideration the potential impact of climate 
change as they develop their Master Plans. 

• Encourage member airports to conduct risk or criticality assessments for their operational 
procedures and existing infrastructure, which considers the risks imposed by more adverse 
weather events and climate change. 

• Encourage member airports to develop and incorporate actions in accordance with their 
risk or criticality assessments at an early stage and in line with their overall business 
continuity management and emergency planning. 

• Encourage member airports to plan and develop effective communication channels and 
collaborate with internal airport staff and aviation stakeholders including airlines, air 
navigation service providers (ANSPs), communities, and municipality authorities 
responsible for weather monitoring and disaster management. 

In conclusion, Ms. Pagliarello made clear that the members of ACI-NA are aware of the 
challenge, but barriers to action (e.g., geography, politics, and finances) still remain. Nonetheless, 
the voice of civilian airports is clear and unmistakable: “civilian airports are already experiencing 
the impacts of climate change” and many are actively moving forward in an attempt to address 
the resultant risks. 

 

Figure 1. Questions for Airports, ACI – Airports Resilience and Adaptation to a 
Changing Climate.  

This infographic was highlighted because it asks several critical questions for airports to consider in 
their future planning. 
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When it comes to United States Air Force (USAF) infrastructure, Mr. Kenneth Stocker is one 
the USAF’s top experts. He is a regional development planner at the Air Force Civil Engineer 
Center (AFCEC) where he is the USAF’s subject matter expert for climate adaptation and 
resiliency for built infrastructure planning and the identification of risk and resilience management. 
Mr. Stocker has more than 37 years of professional experience in a range of management and 
technical roles with the military, municipal government, and private industry. He holds two 
Master’s degrees in Urban Planning, one from the University of Pittsburgh and one from the 
University of Memphis. 

Mr. Stocker began his presentation by reminding the audience that the USAF’s aviation 
infrastructure, while focused in the continental United States, spans the entire world and is exposed 
to every type of climate. He then acknowledged that the changing climate and associated severe 
weather are impacting USAF’s infrastructure and its ability to train. By way of examples, he 
provided photos and cost estimates for the storm and water damages at Homestead, Little Rock, 
Keesler, Offutt, Tyndall, and Minot Air Force Bases (AFBs). His presentation noted that the USAF 
situation is unique in that it is a single entity that owns not only the airframes but also much of the 
ground infrastructure, the airports, and airfield installations. 

As to his overall takeaway message, Mr. Stocker highlighted that the USAF portfolio and 
resilience risk is extensive and almost all of it is vulnerable in some way to climate change. 
Nonetheless, planners must remember that fiscal, physical, and political realities place limits on 
the actions that can be taken on resilience planning and design—realities that balance cost of 
resilience implementation and the costs when operations are down for a significant amount of time. 

Dr. Katherine Kortum is a Senior Program Officer at the Transportation Research Board (TRB) 
where she creates and guides committees that provide recommendations on a variety of 
transportation policies. In 2015 and 2016, she was also a Robert Bosch Fellow, working with the 
Innovationszentrum für Mobilität und Gesellschaftlichen Wandel GmbH (InnoZ) in Berlin, 
Germany, on shared and integrated mobility research projects. She holds a Master of Science 
degree and Ph.D. in Transportation Engineering from The University of Texas at Austin, a 
Bachelor of Science degree in Civil Engineering from the University of Pittsburgh, and she expects 
to complete her Master of Business Administration degree from the University of Illinois in 2019. 
She is a professional engineer (P.E.) in the District of Columbia. 

Dr. Kortum presented an update on the TRB’s work on infrastructure impacts of climate change. 
The TRB manages transportation research by producing publications and online resources, 
convenes experts, and provides advice through policy studies. Dr. Kortum mentioned that one of 
the TRB’s federal sponsors is the AFCEC. In 2005, the ACRP was established by the FAA to 
provide airports with unbiased and reliable research to solve common problems, learn about new 
technologies, and assess innovations in service and operations. Dr. Kortum discussed ACRP 
Research Report 188, which is a handbook to help airport planners, management, airport 
operations staff, and others who need to integrate current and projected climate change-related 
risks into airport management systems and planning. Dr. Kortum also mentioned a few other 
documents publicly available, which include ACRP 185, ACRP Synthesis 77, ACRP 147, E- 
Circular 184, ACRP Synthesis 33, and E-Circular 152. 
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Dr. Jesse D. Doyle is an accredited P.E. and research civil engineer at the Geotechnical and 
Structures Laboratory (GSL) of the U.S. Army Engineer Research and Development Center 
(ERDC) in Vicksburg, MS. His research focus is pavement engineering to develop solutions for 
military airfield and roadway infrastructure problems including materials, construction, 
evaluation, maintenance, and repair. His areas of research include pavement materials, 
construction, testing, analysis, and design, and he has performed forensic investigations of 
pavement failures and quality assurance of pavement construction projects for DoD installations 
around the globe. With a dissertation topic and research focus on the characterization of 
reclaimed asphalt and performance-based evaluation of its use in recycled mixtures, Dr. Doyle 
received his Ph.D. in 2011. He is a member of the American Society of Civil Engineers, the 
Association of Asphalt Paving Technologists, and the Transportation Research Board of the 
National Academies. 

From the detailed airfield pavement design and operations perspective, climate change impacts to 
airfields arise from increases in temperature, precipitation, and, given the positioning of much 
infrastructure in coastal areas, sea level rise. As for temperature, the expectation is for general 
increases in temperature with higher extremes in frequency and duration. With regard to 
precipitation, the expectation is for an increase of average annual precipitation and increases in 
maximum rainfall events. With regard to sea-level rise, it is locally unique but expected to continue 
to rise generally. None of these impacts bodes well for the durability of airfield pavements, but Dr. 
Doyle highlighted that the “three biggest pavement problems are one, water, two, water, and three, 
water” because water saturated materials become weak and cannot support necessary loads. In 
addition, water erodes the granular materials within pavement structure, which leads to faulting 
and cracking, accelerates deterioration of pavement joints, damages asphalt in summer, and breaks 
down materials through freeze and thaw cycles in winter. 

Dr. Doyle indicated that a particular challenge as an engineer is that pavement design uses 
statistical analysis of historical weather data for temperature and precipitation estimates—in short, 
assumes a stationarity climate—the assumption that past weather will be representative of the 
future weather. The assumption of a stationarity climate is now widely recognized to be false, so 
tools are needed that authoritatively anticipate future temperature and precipitation changes so that 
the changes may be incorporated into pavement design methodology. 

Dr. Colonel Mary McRae (Ret.) served in the USAF, where she was the Chief of Staff in the 
Electronic Systems Center at Hanscom AFB in Massachusetts, overseeing a 12,000-member 
organization developing and fielding command and control systems for battle surveillance and 
data transmission. She also served as the Program Manager for DoD’s principal Command and 
Control Capability providing access to a net-centric strategic, operational, and tactical 
environment. At Hanscom AFB, she also served as Program Manager for Directional Infrared (IR) 
Countermeasures, supporting rotary and fixed wing IR guided missiles protection. Upon retiring 
from active duty, Col McRae returned to her alma mater, Villanova University, to pursue graduate 
degrees. In 2013, she was awarded a Master’s degree in Sustainable Engineering and became the 
Assistant Director for Villanova University’s Master of Science degree in Sustainable Engineering 
program. With a research focus on developing a risk-based approach to planning aircraft 
acquisitions in a warming climate, she earned her Ph.D. at Villanova University in May 2019. 
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Dr. McRae’s research seeks to provide a holistic, quantifiable vulnerability assessment 
methodology that incorporates projected increases in maximum air temperature (Tmax) and dew 
point, using minimum air temperature (Tmin) to examine aircraft performance impacts. The goal 
is to provide a tool for use in DoD’s mission planning and aircraft acquisition decision-making. 
Data was used from Little Rock AFB. In conclusion, Dr. McRae stated that Tmax and Tmin 
combinations should be analyzed together when assessing climate change impacts on aviation, 
moist density altitude (DA) should be the metric for all assessments on climate change impacts on 
aviation, and that DA thresholds could be used as vulnerability indicators for both fixed and rotary 
wing aircraft. Additionally, the type of Vulnerability Assessment Model results that she presented 
could be incorporated into the Joint Capabilities Integration and Development System (JCIDS) 
process and integrated into the Acquisition process. 

Dr. Terry Thompson kicked off the morning session on the second day of the workshop and 
marked the end of briefings ahead of the breakout of the participants into smaller working groups. 
Dr. Thompson is the Chief Technology Officer of The Climate Service, a technology company 
focusing on application of climate data to climate-change adaptation for the private and public 
sectors. In this role, he addresses large-scale climate data access and computing, value-added 
products and services, and linkage to quantitative decision-making processes. He also analyzes 
climate-related impacts of global aviation, as well as climate change effects on aviation and other 
industries. Prior to joining The Climate Service, Dr. Thompson led climate analytics at the 
Logistics Management Institute (LMI), concentrating on applications of climate data to 
governmental long-range planning. Prior to that, he led environmental research at Metron 
Aviation, a subsidiary of Airbus, for 22 years. His expertise is focused on climate impacts of 
aviation, environmental analysis and mitigation, advanced aviation concepts, and large-scale, 
detailed modeling of global air traffic. He earned his Master’s degree and Ph.D. in Biophysics at 
the University of Rochester Medical School in New York. 

Dr. Thompson briefed the group on “using climate data to project impacts to operations and 
infrastructure.” Specifically, he discussed and provided an example of an approach he developed 
that is commercially available as a web-based platform to use climate data to project risks to 
aviation operations and infrastructure worldwide under multiple scenarios and with user-set time 
steps. He also discussed the quantification of airfield operational and infrastructure risks to provide 
aviation infrastructure management insight into which risks predominate, why they exist, where 
the vulnerabilities lie, and when the risks might evidence themselves, all on a common basis. The 
goal of his work is to identify and prioritize risk-mitigation actions. 

2.2 BRAINSTORMING SESSION: DAY 1 

At the conclusion of the first day, all the participants joined in a general discussion to share their 
appreciation to the presenters and provide a response to the wealth of information the briefings 
had provided. The discussion was focused on the information presented, but by design the 
presentations were free ranging and open. From this brainstorming session, the following themes, 
or issues, were identified (provided in no specific order): 

Budget—The group unanimously agreed that budgets and the amount of funding available are 
always a challenge. 
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Fuel—If there is a changing climate, what implications are there for airplanes and their fuel loads? 
For example, are military aircrafts having to trade fuel for payload so that they can take off? Will 
the planned refueling tanker fleet be adequate if aircraft takeoff with reduced fuel loads? 

Decision-makers needs and organizational dynamics—Communicating uncertainties in decision-
making can be difficult. It is important to identify what information is currently available and how 
it could potentially help a decision-maker on either the military or civilian side. Decision-makers 
also have different needs from the science and technology communities. Generally, there is a 
limited amount of time to make a decision and the decision-maker must use what information is 
readily available to make a judgment. 

The group also discussed what is plausible in terms of future climate scenarios and the potential 
consequences of worst-case situations. Naval Air Station Joint Reserve Base New Orleans was 
mentioned, and the group mused about how many more times it would be rebuilt in the future. 

The civilian side felt that it is not a climate modeling issue for them (they do not feel like they 
need more accurate projections) but instead they use Federal Emergency Management Agency 
(FEMA) maps and the National Climate Assessment. In addition, civilian airports are owned by 
different organizations, which is a limiting factor with regard to implementing best practices when 
faced with a changing climate. 

How confident are we in the information we have? What tools exist?—The climate scientists 
discussed non-linearity in the climate trends and noted that if a small change happens at a 
threshold, it can be catastrophic. There was also a conversation about precision versus accuracy, 
and how the reality is that climate projections are operating on a range—not a specific point. Tools 
in the climate community have just come up to speed (very high-resolution modeling with 
hydrologic modeling); however, they still cannot say, for example, if a levy is going to hold—so 
decisions still have to be made. There is also a tremendous need to mine the information that 
already exists. There is an enormous amount of useful data; the challenge is translating that useful 
data into what the community needs (all of the information can support the different domains). 
How do you provide information and inform of potential risk in the best way possible? 

There was also discussion about outstanding research needs for decision-making, given that 
uncertainty is not going to be resolved. These needs included decision scaling, the dynamic aspect 
of decision-making, adaptation pathways, recognizing where the entry points are, and what kinds 
of information is needed. Real options analysis, which comes out of the financial community, 
places explicit value on preserving flexibility and it puts a monetary value on it; research is needed 
related to understanding effective, efficient, and easy-to-use frameworks for what we know and 
do not know about climate change. 

Data sharing—Data sharing amongst military installations was cited as a large roadblock for 
researchers and professionals in the aviation industry. Flood maps were specifically mentioned. 
Flood maps are not static, and they are constantly evolving. There are several military installations 
that do not have a published FEMA flood map. The idea of adding climate projections into flood 
mapping was also stated. 
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2.3 FIRST BREAKOUT SESSION: DAY 2 

At the beginning of the second day, the participants split into three groups to discuss their 
viewpoints on priority issues (see Appendix B for group participants). The group discussions were 
focused on the information presented and key topics that emerged. From this breakout session, the 
following themes, or issues, were identified (provided in no specific order): 

Group A Priority Issues 

Group A prioritized conducting risk assessments; there is a sense of urgency for conducting these 
assessments immediately. The need for these risk assessments is critical and there is enough lead 
time to take the information available and turn it into something useful for national security and 
asset management. There is also a need for modeling assumptions and uncertainty as well as 
forecasting potential risks regarding a changing climate. Artificial intelligence with weather data 
and climate predictions could potentially be used to forecast this potential risk. 

Group B Priority Issues 

Group B identified potential impacts to infrastructure and human health that should not be ignored. 
Human health can be impacted by humidity extremes, temperature extremes, etc. External 
infrastructure may also suffer, and the question then becomes, can the operation function if power, 
water, and gas are down? This group also discussed the potential impacts of a changing climate on 
airport infrastructure and how it greatly depends on the location, geography, and existing 
conditions of the infrastructure. These factors should aid in prioritizing specific airports or 
installations. The group also asked the question, how will financial and insurance groups respond 
to climate change and where should capital be invested? They wondered if it would make sense to 
invest in climate favorable locations. 

This group stated that a lot is known about the general problem but not a lot is known about the 
specifics. They questioned if the information necessary to lead to good planning decisions is 
available. The group also questioned if extremes and specific weather patterns can actually be 
attributed to a changing climate. This group believed there is a need for more local information. 

Lastly, there was a discussion about cross-agency communication. There are many groups facing 
similar issues about aviation infrastructure and risks associated with a changing climate. There are 
also many different stakeholders involved. The group wondered if there could be more effective 
communication across all the different parties invested in this issue. In addition, civil aviation 
planners wondered how climate information can be incorporated into their planning and what are 
the best approaches for working with the various stakeholders. 

Group C Priority Issues 

Group C discussed a need for a better understanding of mission key performance indicators (for 
the military). If this understanding was further developed, then it could be applied to different 
scenarios to help better predict risk. The group also identified the lack of a database or specific 
record-keeping by the military to indicate when an operation has been jeopardized due to a climate- 
related problem. For example, there is no easy way to tell how many times a C130 had problems 
related to climate (e.g., was unable to take off). 
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2.4 SECOND BREAKOUT SESSION: DAY 2 

Following the first breakout session on the second day, the participants remained in their same 
groups, but were asked to discuss and respond to four questions. From this breakout session, the 
following responses were provided (noted in no specific order): 

1. To what extent may changes in climate affect the national civilian and military aviation 
infrastructure? 

Participants unanimously agreed that changes in climate may have a very big impact on 
infrastructure. The participants also agreed that the impact is largely dependent on the location of 
the airport. Sites have a need for location-specific climate models. The group asked an important 
question: are the changes occurring in the environment and the weather events severe enough that 
they would make conditions so unfavorable that operations at a facility would have to be moved 
elsewhere? 

The concerns listed for both the military and the civilian side included long-term viability of 
runway surfaces (both length and composition), aircraft performance, disaster 
preparedness/response, location of critical assets within a base or airport, and fuel concerns. On 
the civilian side, the concern was of flight delays and cancellations as well as navigating airline 
risk thresholds. Military bases highlighted training throughput/locations, viability of access to 
certain remote locations like the Arctic, and the ability to maintain aircrafts in outdoor conditions 
for extended time periods (in hot and arid locations). There could also be impacts to acquisition, 
as it takes a long time to build any portion of this, including the planes, airports, and runways. 

2. Are potential impacts likely to be sufficiently significant to be of concern? 

The group unanimously agreed that yes, the potential impacts of a changing climate on aviation 
infrastructure is likely to be sufficiently significant to be of concern. The groups also agreed that 
most of the impacts were highlighted in the plenary speaker presentations described in Section 2.1. 

One aspect not presented in the presentations and identified by the group was the impact to human 
health specifically regarding heat and humidity extremes. Human health impacts may require 
investments in buildings/structures that are intrinsically resilient to heat or may require 
investments in mitigating technologies (e.g., air conditioning). There is also external infrastructure 
to consider such as power, water, and gas. The question should be asked, “can I do day-to-day 
operations if these utilities are down?” Contingency plans can combat this but are expensive. 
Multi-facility impacts that affect multiple locations should also be considered. There may always 
be a place to move operations, but this is not optimal. Training operations may be shut down but 
will be expensive and will negatively impact throughput. Another topic discussed was that new 
extreme thresholds must be accounted for; there has been an increased occurrence of what were 
previously thought to be “1/100 or 1/500 year” disaster events. On the military side, there could 
be large impacts on mission planning and safety given these new thresholds. 

3. What are the known knowns and the known unknowns regarding impacts to the national 
civilian and military aviation infrastructure? 
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The group agreed the climate is changing. It is going to get hotter, it is going to get wetter or drier 
depending on region, disasters are going to become more common or more extreme depending on 
type (wildfires will be more common, tornados will happen in clusters, hurricanes will become 
stronger, etc.), and sea-levels will continue to rise. The degree of certainty/exact percentage 
changes in the likelihood of certain events (disasters, sea-level rise, etc.) is not fully known. There 
is a need for risk management and evaluation of what the risks are. How will financial markets 
(and insurance) respond? How will the landscape of legal liability change? We know a lot about 
the general problem, but not a lot about specifics. 

For example, there remains a need for the identification of key performance indicators (KPI) in 
acquisition, but, if in actual service the airframe fails to launch a fully loaded aircraft more than 
10% of the time due to changing external conditions, the relevance of the KPI is undermined. In 
this manner, climate change challenges acquisition assumptions of climate stationarity and calls 
for new inputs that better inform decision-making.  

4. Are there research needs associated with risk to aviation infrastructure from climate change 
(e.g., physical sciences, statistical and mathematical analyses)? 

There is a need to mine data that already exists and determine what is useful and how to translate 
it to the end-user or decision-maker. With regard to the data, complex interactions are not fully 
understood; for example, if you have a change in density altitude but you also have a change in 
the pavement friction, would you need to change the tires on the plane because of these two 
factors? There could be a use for agent-based modeling to look at these types of complex 
interactions. The group also asked the question, are we at a point where we can attribute climate 
extremes to observed event impacts? There was some discussion that confirmed it is being done 
but it is expensive and must be done event by event. The sub-question raised was, what cost has 
climate change already had? 

Another question raised was, how can climate information be incorporated into civilian airport 
planning procedures? The group discussed the need for enhanced inter-facility communication 
strategies. In dealing with major storm impacts from weather impacts that have not been 
experienced before, information sharing will be key. There is also an information need for accurate 
flood maps and flood map projections for major USAF/DoD facilities and there may also be a need 
for pavement testing for more extreme conditions. The Arctic was also mentioned and that perhaps 
more specific climate projections are needed. 
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3.0 GROUP CONSENSUS STATEMENTS 

The last assignment for the three breakout groups was to write a consensus statement with the 
primary audience being a senior DoD leader. The consensus statements are provided below and 
not materially edited. 

3.1 GROUP A CONSENSUS STATEMENT 

Climate change will impact both civilian and military aviation infrastructure. The exact impacts 
and extent of these impacts will vary by location. Urgent needs are to develop 
localized/regionalized risk management procedures, and to identify localized data variables that 
increase risk in existing infrastructure, using technology such as the Internet of Things (IoT)/edge 
devices and artificial intelligence (AI). 

These localized data, combined with climate projections, should inform a plan for each 
infrastructure component over its lifetime. Climate issues must be considered in any new 
infrastructure decision. The climate should be monitored, versus being dependent on projections, 
throughout the life of critical components. Regular decision points should be established to re- 
evaluate decision-making by comparing existing climate conditions to projections. 

Specific research needs to assist this framework, including: 

• Attributing the nature of today’s extreme events, and how climate change will affect their 
likelihood and severity in the future. 

• Understanding the resilience of existing infrastructure components (runways, hangars, key 
airport technology, etc.) using modern data capture methods (AI/IoT). 

• Updating flood maps for DoD resources not covered by FEMA, or development of standard 
methodology for facilities to update mapping. 

3.2 GROUP B CONSENSUS STATEMENT 

There is a critical need for the aviation sector to adapt and develop resilience to the potential 
impacts of climate change. The natural environment at the locations of each enterprise are different 
today and will be different tomorrow. There are three broad options: (1) do nothing, (2) invest, and 
divest. There is a need for research and recommendations regarding which of these three options 
should be actively chosen. This requires identifying the risks and vulnerabilities at specific 
facilities and with the required detail. These depend both on the facility location and on specifics 
of infrastructure and operations. There is a need to balance resilience, costs, and criticality. For 
each facility, the relevant decision-maker needs to know “what’s in it for me?” with respect to 
investing. 

This requires research, leading to recommendations for the following: 

• Efficient and reliable methods for projecting climate risk at specific locations. 
– What data sources are reliable and validated for use in government functions? 
– What other approaches for producing climate information could best meet the 

needs of decision-makers? 
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• Efficient and reliable methods for translating climate risk to impacts and costs. 
• Technical specifications and costs for specific adaptation options for locally relevant 

impacts of concern: e.g., flooding, wildfire, heat, sea level rise. 

3.3 GROUP C CONSENSUS STATEMENT 

In order to make an educated decision, situations, scenarios, and future visioning (with the data) 
need to be presented for consideration into acquisition and mission planning at every level within 
an agency and even cross-agency. A link must be made between the climate and the variables to 
the financial or performance impact prior to any decision-making. Capture all of the variables and 
the uncertainty and then be able to take that mass of data and bring it to a level that the end-user 
can use to inform decision-making. The research needs to identify the link or threshold indicator 
that fills that gap from the climate data to the decision-maker, which will be different for each end 
user. Part of the decision-making should incorporate looking at these climate variables, which 
includes getting the ground-truthing feedback. Education is needed to help people understand what 
these variables are and how to use them. 

Key performance indicators are central to mission readiness and budgetary planning. This research 
determines which KPIs are affected by changing meteorological conditions, to what degree, and 
when. The results of this research would enable integrated assessment of climate-change effects 
across KPIs and thus enable setting of planning and budgeting priorities. 

It is important to consider that the future is unknown. The aircrafts and the infrastructure we may 
have in 2050 may be very different, but they also may not be—the military is still flying aircraft 
that are 44 years old. 

Workshop Consensus Statement 

The workshop consensus statement is the following: 

It is the consensus of the Resilience Aviation Infrastructure Workshop participants 
that climate change will impact both civilian and military aviation infrastructure by 
mid-century and may currently be impacting the nation’s aviation infrastructure. 
The severity of climate change impacts at specific infrastructure nodes (e.g., 
airports) depends on the vulnerabilities inherent at a particular location. Whether 
the long-term sum of collective climate change risks causes chronic impairment of 
the entire aviation infrastructure system remains an open question; however, it is 
the consensus of the group that acute impacts at specific locations will occur. 
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4.0 WORKSHOP CONCLUSIONS 

Numerous open questions remain, but the workshop brought several specific issues and risks to 
aviation infrastructure to light (provided below in no specific order): 

• One theme that emerged from the workshop was communicating science to the end-user 
or decision-maker. The end-user or decision-maker needs information in a certain form 
that allows for quick and educated decision-making. The issue is what form is best and 
how do the scientists translate their findings into this desired template. The best 
framework for making decisions is still unknown. There also seems to be debate on how 
best to communicate uncertainty regarding climate model projections. 

• Location is also an important factor. What locations are more ‘climate favorable’ and does 
it make sense to invest in them in the future? Sometimes location cannot be changed, e.g., 
mission critical needs. The warfighter must be able to train like they fight so location will 
likely not be able to be changed; therefore, adaptation strategies at some locations must 
be considered. 

• Environmental factors in airfield pavement design and operation must be considered. 
Several military airfields are less than two meters above sea level. The military must be 
able to operate in all conditions and airfield pavement designs must accommodate every 
type of environment. 

In addition to questions identified during the plenary and breakout sessions, significant open 
questions emerged from the workshop. Emerging questions include, but are not limited to, where 
and how should aviation infrastructure capital be invested in a changing climate? Are there ways 
that cross-agency communication or collaboration can make more efficient use of climate 
information for impacts assessment? Lastly, the practitioner’s dilemma: How can a scientist assess 
the credibility of their work for broad application and what climate information is authoritative for 
infrastructure design?  
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ATTACHMENT A 

WORKSHOP GOAL 

 

The goal of the meeting is to determine if, and to what extent, changes in climate 
may impact the national civilian and military aviation infrastructure and, if 
significant potential impacts are identified, discuss what research may be required 
to better define and address the impacts. 

 

The meeting is organized to bring relevant experts together to share information, 
define issues, and identify research needs. The meeting is not intended to examine 
climate impacts to airframes but seeks to solely address aviation infrastructure 
(e.g., airports, heliports, and other locations of flight operations near and at the 
earth’s surface). Although precipitation, sea level, prevailing winds, and extreme 
event frequency will be discussed, the workshop will focus on the potential impact 
of temperature change to infrastructure. 

 
By the end of the meeting, the organizers seek to understand of the risk resulting 
from predicted temperature change to aviation infrastructure, and to the extent 
time permits, similar understandings in regard to precipitation, sea level, prevailing 
winds change, extreme event frequency, and the other relevant risks. 

 

The desired result of the meeting is a meeting consensus on the risk the national 
civilian and military aviation infrastructure may face in regard to climate and 
climate related factors associated with aviation infrastructure at or near the earth’s 
surface, and the need, if any, for additional research. 
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ATTACHMENT B 

WORKSHOP AGENDA 

Wednesday, April 17, 2019 
8:00 – 12:00  

Participant Travel Time All 
12:30 – 1:00  

Arrival and Sign-In All 
1:00 – 1:10  

Welcome – NASA Sam Higuchi, NASA 
1:10 – 1:25  

Welcome – SERDP/ESTCP Kurt Preston, SERDP/ESTCP 
1:25 – 1:50  

Attendee Introductions Kurt Preston 
1:50 – 2:30  

U.S. Regional Climate Mid-Century: What can we 
confidently say about climate conditions mid-
century that may affect aviation? 

Don Wuebbles, Professor, 
University of Illinois 

2:30 – 2:45  
BREAK All 

2:45 – 3:15  
Aviation Infrastructure and the Environment: How 
do environmental factors affect Commercial 
Service Airport Operations? 

Melinda Pagliarello, Senior 
Director, Environmental Affairs, 
Airport 
Council International – 
North America 

3:15 – 4:00  
Panel on Military (and Beyond) Perspective: 

• Impacts on Regional and Encroachment Planning 
 

• Operations and Density Altitude 
• Operations and Pavements 

 
• Kenneth Stocker, Air Force 

Civil Engineer Center 
(AFCEC) 

• AF Col (Ret) Mary McRae 
• Jesse Doyle, US Army Corps 

of Engineers (USACE) 
4:00 – 4:30  

Transportation Research Board’s Work on 
Infrastructure Impacts of Climate Change 

Katherine Kortum, Senior Program 
Officer, Transportation Research 
Board of the National Academies 
of Science 

4:30 – 5:15  
List of Priority Issues for Focus: Brainstorm All 

5:15 – 5:30  
Closing Summary, Recap, Adjourn Kurt Preston 

5:30  
Networking, Happy Hour & Social,” at Hyatt Place 
Washington DC/National Mall, 3rd Floor Lounge 
and Bar, 400 E Street, SW 

All; Coordinators: Kurt Preston 
and Sam Higuchi 
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Thursday, April 18, 2019 
9:00 – 9:20  

Operational Impacts – Environmental Factors 
Link: How can we use past/present/future climate 
data to assess impacts to operations and 
infrastructure? 

Terry Thompson, Chief Technology 
Officer, The Climate Service 

9:20 – 10:00  
Small Group Discussions in Priority Topics 
Established Wednesday – Develop Consensus 
Statements around priority issues. 

All 

10:00 – 10:15  
BREAK All 

10:15 – 11:15  
Reconvene. Groups present outputs from their 
discussions. Open discussion to refine 
Consensus Statements. 

 
Break into groups again to discuss data gaps, 
prioritize data gaps, and identify research needs. 

All 

11:15 – 11:45  
Reconvene. Groups present outputs from their 
discussions. Open discussion to finalize outputs. 

Kurt Preston 

11:45 – 12:00  
Wrap-up and Summary of Next Steps Kurt Preston 

12:00  
Adjourn All 

12:00 – 5:00  
Participant Travel Time All 
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SPEAKER BIOGRAPHIES 

Dr. Jesse D. Doyle is a research civil engineer in the Geotechnical and Structures Laboratory (GSL) 
of the U.S. Army Engineer Research and Development Center (ERDC) located in Vicksburg, MS. 
Dr. Doyle works as a pavement engineer to develop solutions for military airfield and roadway 
infrastructure problems including materials, construction, evaluation, maintenance and repair. 

Dr. Doyle began his career with ERDC in 2011, as a member the Airfields and Pavements Branch 
of GSL. His areas of research interest include pavement materials, construction, testing, analysis, 
and design. He has led, or participated on, a variety of projects including warm mix asphalt 
technology evaluation for use in airfield flexible pavements; assessment of jet engine exhaust 
effects on pavements; joint sealant testing for pavements and aircraft arrestor systems; 
development of remote assessment techniques for airfield infrastructure; suitability assessment 
of non-potable water sources for airfield damage repair and others. He has also worked on 
airfield pavement structural evaluations and surface condition surveys for U.S. Army and Army 
National Guard installations. Dr. Doyle has provided technical expertise at DoD installations all 
over the world for forensic investigations of pavement failures and for quality assurance of 
pavement construction projects. 

In 2007, Dr. Doyle received a Bachelor of Science degree in Civil Engineering from Mississippi 
State University (MSU). He completed his Ph.D. in Civil Engineering from MSU in 2011. His 
dissertation topic was Characterization of Reclaimed Asphalt and Performance Based Evaluation 
of its Use in Recycled Mixtures. Dr. Doyle is a member of the American Society of Civil Engineers, 
the Association of Asphalt Paving Technologists, and the Transportation Research Board of the 
National Academies. He is also an Adjunct Faculty member in the Department of Civil and 
Environmental Engineering at MSU. 

 

Dr. Katherine Kortum is a Senior Program Officer at the Transportation Research Board where 
she creates and guides committees that provide recommendations on a variety of transportation 
policies. In 2015 and 2016, she was also a Robert Bosch Fellow, working with the 
Innovationszentrum für Mobilität und gesellschaftlichen Wandel GmbH (InnoZ) in Berlin, 
Germany, on shared and integrated mobility research projects. She holds an MS and PhD in 
Transportation Engineering from The University of Texas at Austin, a BS in Civil Engineering from 
the University of Pittsburgh, and expects to complete her MBA from the University of Illinois in 
2019. She is a Professional Engineer in the District of Columbia. 

 

Col Mary McRae (ret) served in the U.S. Air Force, where she was the Chief of Staff in the 
Electronic Systems Center at Hanscom Air Force Base in Massachusetts, overseeing a 12,000- 
member organization developing and fielding command and control systems for battle 
surveillance and data transmission. She also served as the Program Manager for DoD’s principal 
Command and Control Capability providing access to a net-centric strategic, operational, and 
tactical environment. At Hanscom AFB, she also served as Program Manager for Directional 
Infrared Countermeasures, supporting rotary and fixed wing IR guided missiles protection. 
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After her military career, Col McRae returned to her alma mater, Villanova University, to pursue 
graduate degrees. She was awarded a master’s degree in Sustainable Engineering in May 2013 and 
was hired as the Assistant Director for the Master of Science Degree in Sustainable Engineering 
program. She developed course curricula, evaluated student performance, and identified program 
improvements. She also taught courses in the program and introduced several innovations to 
enhance student development. She is currently on track to receive her Ph.D. in 2019; her 
dissertation title is “A Risk-Based Approach to Planning Aircraft Acquisitions in a Warming Climate.” 

 

Melinda Pagliarello is Senior Director, Environmental Affairs at ACI-NA. In this role, she has 
primary responsibility for ACI-NA's activities in aviation environmental matters and sustainability. 
She monitors and reports on international and federal agency actions, programs, requirements, 
research and regulations affecting environmental matters for airports and aviation at North 
American airports. Specific areas of focus within her portfolio include airport noise; land use 
policies; air and water quality; airport sustainability initiatives; wildlife and natural resources 
management; and the range of environmental regulations, policies, and procedures that affect 
airports in the U.S. and Canada. Pagliarello has approximately 15 years of experience in the 
airport industry. Prior to joining ACI-NA in 2017, she was with Booz Allen Hamilton, where she 
led projects for the FAA’s Office of Environment and Energy, and Systems Operations, as well 
ACRP projects related to air quality and common performance metrics. 

Melinda has also worked for LeighFisher, PBS&J, and Landrum & Brown. Her varied background 
includes work in strategic/ business planning, land use planning, financial feasibility studies, benefit-
cost analyses, as well as environmental and master planning. She has worked with a range of clients 
at the federal (FAA and TSA) and state/local levels, from large hubs to general aviation airports. 

 

Kenneth Stocker is the Compatible Land Use /Encroachment Management/ Regional Planner 
Subject Matter Specialist for the Air Force Civil Engineering Center. In this position he pursues 
de-confliction of USAF mission away from the base perimeter through State level legislative 
engagement, city ordinance development, and negotiated placement of potentially harmful 
ground based activities to USAF missions. Stocker’s area of responsibly focuses on the Pacific 
(Korea, Japan) and the entire Continental United States. He is also the primary USAF POC for 
Climate Adaptation and Resiliency for built environment planning of USAF assets and 
identification of risk and measures to address them. Stocker has more than 37 years of 
professional experience in a range of management and technical roles with the military, 
municipal government, and private industry. Before assuming his current position, Stocker was 
the Regional Planner for the Regional Environmental Coordinator’s office that was responsible 
for addressing the growing compatible Land Use concerns between AF missions and wind turbine 
development in the Continental US. From 1999 to 2002, he was the assistant director of 
Community Planning for the city of N. Little Rock Arkansas where he laid the foundation for the 
economic revival the city is enjoying today. He earned two Master’s Degrees in Urban Planning, 
one from the University of Pittsburgh and one from the University of Memphis. 
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Dr. Terry Thompson is Chief Technology Officer of The Climate Service, a technology company 
focusing on application of climate data to climate-change adaptation for the private and public 
sectors. In this role, he addresses large-scale climate-data access and computing, value-added 
products and services, and linkage to quantitative decision-making processes. He also analyzes 
climate-related impacts of global aviation, as well as climate-change effects on aviation and 
other industries. Prior to joining The Climate Service, Dr. Thompson led climate analytics at LMI, 
concentrating on applications of climate data to governmental long-range planning. Prior to 
that, he led environmental research at Metron Aviation, a subsidiary of Airbus, for 22 years. His 
work focused on climate impacts of aviation, environmental analysis and mitigation, advanced 
aviation concepts, and large-scale, detailed modeling of global air traffic. He earned his Master’s 
degree and Ph.D. in Biophysics at the University of Rochester Medical School in New York. 

 

Dr. Donald J. Wuebbles is the Harry E. Preble Professor of Atmospheric Science at the University 
of Illinois. He is also a Presidential Fellow at the University of Illinois, with the aim of helping the 
university system develop new initiatives in urban sustainability. From 2015 to early 2017, Dr. 

Wuebbles was Assistant Director with the Office of Science and Technology Policy at the 
Executive Office of the President in Washington DC, where he was the White House expert on 
climate science. He was Head of the Department of Atmospheric Sciences at the University of 
Illinois from 1994 to 2006. Dr. Wuebbles led the development of the School of Earth, Society, 
and Environment, and was its first director. While Department Head, he led the development of 
two highly successful undergraduate programs, one in Atmospheric Sciences, and the other, an 
interdisciplinary major, in Earth, Society and Environmental Sustainability (ESES). Dr. Wuebbles 
is an expert in atmospheric physics and chemistry, with over 500 scientific publications related 
to the Earth’s climate, air quality, and the stratospheric ozone layer. However his work goes well 
beyond that through providing analyses and development of metrics used in national and 
international policy and in developing analyses for understanding climate impacts on society 
and ecosystems, plus potential resilience and societal responses. He has co-authored a number 
of international and national scientific assessments, including being a Coordinating Lead Author 
on several international climate assessments led by the Intergovernmental Panel on Climate 
Change (IPCC) that resulted in IPCC being awarded the Nobel Peace Prize in 2007. He was a 
leader in both the 2013 IPCC international assessment of climate science and the 2014 3rd U.S. 
National Climate Assessment. More recently, he co-led the first volume of the 4th U.S. National 
Climate Assessment published in November 2017 that assesses the science of climate change 
and its effects on the United States. He also coauthored Volume 2 of the 4th U.S. National Climate 
Assessment, released in November 2018. He led a new assessment on the impacts of climate 
change on the Great Lakes that was published in March 2019. Dr. Wuebbles has two Electrical 
Engineering degrees from the University of Illinois (1970, 1972) and a Ph.D. in Atmospheric 
Sciences from the University of California, Davis (1983). 
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ATTACHMENT C 

BACKGROUND INFORMATION 

Motivation for the Workshop 

 

“Air power is not made up of airplanes alone. Air power is a composite of airplanes, air crews, 
maintenance crews, air bases, air supply, and sufficient replacements in both planes and crews 

to maintain a constant fighting strength …” - General Henry “Hap” Arnold, General of the Air 
Force (1949) 

 

“Resilient and agile logistics. Investments will prioritize prepositioned forward stocks and 
munitions, strategic mobility assets, partner and allied support, as well as non-commercially 
dependent distributed logistics and maintenance to ensure logistics sustainment while under 

persistent multi- domain attack.” - National Defense Strategy (2018) 

 

The motivation for this workshop rests in the realization that air power as a core 
strategic element of US national security may be limited by mid-century climate 
change in ways currently unrecognized. 

 

General Arnold’s observation above remains as true today as it was seventy years 
ago1. Air power is not made up of “airplanes alone.” It is upon the infrastructure 
other than airplanes and other aircraft that this meeting focuses. Airlift operations, 
what General Arnold called “air supply,” transports and delivers forces and 
materials through the air in support of strategic, operational, and tactical 
objectives. Airlift is a cornerstone of global force projection because it offers speed, 
range, and flexibility. 

 

There are numerous ways which climate change might impact this cornerstone. 
Recently, the 4th National Climate Assessment (NCA4) noted that “Air transport is 
sensitive to extreme heat because hotter air makes it more difficult for airplanes to 
generate lift (the force required for an airplane to take flight), especially at higher 
elevations, requiring weight reductions and/or longer takeoff distances that may 
require runway extensions.”2 In a separate example, the fall of 2019 

 

1 Joint Publication 3-17, Air Mobility Operations, 02 October 2009. 

2 Jacobs, J.M., M. Culp, L. Cattaneo, P. Chinowsky, A. Choate, S. DesRoches, S. Douglass, and R. Miller, 2018: Transportation. In Impacts, Risks, and 
Adaptation in the United States: Fourth National Climate Assessment, Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. 
Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 479–511. doi: 
10.7930/NCA4.2018.CH12 
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saw Tyndall Air Force Base impacted by Hurricane Michael. While a weather and not 
climatic event, the hurricane which caused approximately $3 B in damage to the 
installation not inclusive of the cost to airframes damaged on the ground.3 “The 
current state of science does not permit a detailed understanding,”4 but the storm 
may represent a harbinger of future events. 

Hurricanes already represent an important risk to aviation infrastructure. 

 

Finally, civilian aviation infrastructure is of interest to the workshop organizer since, 
military equipment and personal are often moved “by commercial liner service 
operating over scheduled routes on a regular basis.” As a result, commercial air 
carriers are a key element of DoD strategic and operational planning.5 Negative 
impacts to civilian aviation infrastructure have the potential to impact strategic and 
operational plans. 

 

 

 

 

 

 

 

 

 

 

3 Houston Chronicle (February 5, 2019). Air Force plans to spend $3 billion to rebuild Florida base. 

4 Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, B. DeAngelo, S. Doherty, K. Hayhoe, R. Horton, J.P. Kossin, P.C. Taylor, A.M. Waple, and C.P. Weaver, 
2017: Executive summary. In: Climate Science Special Report: Fourth National Climate Assessment, Volume I [Wuebbles, D.J., D.W. Fahey, K.A. 
Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 12-34, doi: 
10.7930/J0DJ5CTG. 

5 Army Techniques Publication No. 3-35 (March, 23 2015). Army Deployment and Redeployment 
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Kenneth Stocker Regional Development Planning, U.S. Air Force Civil Engineer Center 

Kent Duffy Federal Aviation Administration Office of Airports Planning and 
Environmental Division 

Kurt Preston Strategic Environmental Research and Development Program, 
Department of Defense 

Mary McRae Sustainable Engineering, Villanova University (Ret from U.S. Air Force) 
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Nancy Pomerleau Transportation Systems, U.S. Department of Homeland Security 
Robert Branham Interagency Division, Directorate of Weather, U.S. Air Force 
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NAME AFFILIATION REMARKS (Interests) 

“PLUS-ONE” 

(To Be 
Determined) 

U.S. Global Change 
Research Program 

Climate Change 

Keith Britton NASA Kennedy Space Center Spaceports and Climate Change 

Kelly Busquets NASA Wallops Flight Facility Aviation, Spaceports and Climate 

Change 

Kimberley Miner Engineer Research & 
Development Center 

Climate Change 

Laura Linn Dewberry Resilience and Climate Change 

Michael 
Kuperberg 

U.S. Global Change 
Research Program 

Climate Change 

Maui Dalton NASA Kennedy Space Center Spaceports and Climate Change 

Peter Schultz ICF Climate Change 
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ATTACHMENT E 

GUIDANCE TO BREAKOUT GROUPS 

Breakout Groups 

 

Group A Group B Group C 

Andrew Hoell Don Wuebbles Terence Thompson 
Scott Stevens Jesse Doyle Katherine Kortum 

Andrea Freeburg Kent Duffy Tanya Spero 

Asma Hanif Melinda Pagliarello Mike Hines 

Thomas Cuddy Kenneth Stocker Mary McRae 

Ross Lee Ann Kosmal Mindy Clarke 

Robert Branham Travis O'Brien Nancy Pomerleau 

 Iris Ferguson Wade Lein 
 

Every participant has been assigned to a particular breakout group. Each group should appoint a 
Rapporteur who will report on the group’s discussions. Each Rapporteur will have 10 minutes to 
present their group’s findings in the plenary session followed by 15 minutes of general discussion. 
 
All three groups will discuss the same questions for each of the session topics. Key Questions: 

1. Given what was discussed on the first day and professional knowledge, the group 
should discuss and determine their position in regard to the following questions: 

 
2. To what extent may changes in climate affect the national civilian and military 

aviation infrastructure? 
 

3. Are potential impacts likely to be sufficiently significant to be of concern? What are 
the known knowns and the known unknowns with regard to impacts to the national 
civilian and military aviation infrastructure? 

 
4. Are there research needs associated with risk to aviation infrastructure from 

climate change (e.g., physical sciences, statistical and mathematical analyses)? 
 

5. Participants may use the template below to record discussions to the questions 
above. 
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APPENDIX B  WORKSHOP PARTICIPANTS 
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Kurt Preston - Strategic Environmental Research and Development Program, Department of 
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Sam Higuchi - National Aeronautics and Space Administration 

 

Group A 

Andrew Hoell - Physical Sciences Division, NOAA Earth System Research Laboratory Scott 
Stevens - North Carolina Institute for Climate Studies 

Andrea Freeburg - Federal Aviation Administration Office of International Affairs Asma Hanif - 
Center for Energy Water Sustainability, Colorado State University 

Thomas Cuddy - Federal Aviation Administration Office of Airports Planning and Environmental 
Division 

Ross Lee - Sustainable Engineering, Villanova University 

Robert Branham - Interagency Division, Directorate of Weather, U.S. Air Force 

 

Group B 

Don Wuebbles - The Harry E. Preble Professor of Atmospheric Sciences University of Illinois 
Presidential Fellow 

Jesse Doyle - U.S. Army Engineer Research and Development Center 

Kent Duffy - Federal Aviation Administration Office of Airports Planning and Environmental 
Division 

Melinda Pagliarello - Airports Council International - North America 

Kenneth Stocker - Regional Development Planning, U.S. Air Force Civil Engineer Center Ann 
Kosmal - General Services Administration 

Travis O’Brien - Lawrence Berkeley National Lab Iris Ferguson - U.S. Air Force 

 

Group C 

Katherine Kortum - Development & Strategic Initiatives at Transportation Research Board Mary 
McRae - Sustainable Engineering, Villanova University (Ret from U.S. Air Force) 
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Mike Hines - Federal Aviation Administration Office of Airports Planning and Environmental 
Division 

Mindy Clarke - Center for Environmental Management of Military Lands 

Nancy Pomerleau - Transportation Systems, U.S. Department of Homeland Security 

Tanya Spero - National Exposure Research Laboratory, U.S. Environmental Protection Agency 
Terence Thompson - The Climate Service 

Wade Lein - Cold Regions Research and Engineering Laboratory, US Army Corp of Engineers 
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