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ABSTRACT 
INTRODUCTION:  Climate change is heightening both 
long-term adverse risks to human health and the im-
mediate-term risk of injuries and illness following cli-
mate-related disaster events that are becoming more fre-
quent and severe. In addition to its direct health effects, 
climate change poses new threats to the nation’s health 
care infrastructure – with potential to negatively impact 
healthcare capacity amidst increasing demand – through 
risks of flooding, wind damage, heat stress, power outag-
es, and other physical harm to facilities. The typical Haz-
ard Vulnerability Analyses conducted annually by hos-
pitals use historical data to assess risks; these analyses 
are likely now inadequate for future preparation due to 
the impact of climate change. This article describes one 
approach to how healthcare leaders can better assess both 
near-term and long-term risks due to climate change, to 
mitigate against unprecedented but foreseeable threats.

METHODS:  In our large health system in the US North-
east, a process was undertaken to gather updated data 
and expert projections to forecast threats faced by each 
of our facilities in different climate-related disaster sce-
narios. Hazards examined in our setting included precipi-
tation-based and coastal flooding events, heat waves, and 
high wind events, in addition to seismic events. Proba-
bilities of occurrence and extents of different hazards 
were projected for the near term (2030) and the long term 
(2070). We then performed detailed vulnerability analy-
ses for each facility with the predicted amount of rainfall, 
storm surge, heat stress, and windspeed, in collaboration 
with leaders at each facility. This was followed by a pro-
cess to understand what would be needed to mitigate each 
vulnerability along with the associated costs. Ultimately, 
a cost/benefit analysis was performed – incorporating the 
relative likelihood and impact of different scenarios – to 
decide which improvement projects to embark on imme-
diately, and what to defer and/or incorporate into future 
building plans.

RESULTS:  In our system, all facilities were vulnerable to 
the effects of increased temperatures, and multiple hospi-
tals were noted to be vulnerable to extreme precipitation, 
storm surge, and high winds. Specific damaging scenarios 
identified included flooding of basements and building in-

frastructure spaces, water entry through windows during 
high winds, and overheating of power systems during 
heat waves. Potential solutions included improved pow-
er redundancy for cooling systems, enhancements to roof 
and window systems, and the acquisition of deployable 
flood barriers. We identified four categories for prioritiza-
tion of action based on projected impact: 1) priorities in 
need of urgent mitigation, 2) priorities in need of investi-
gative study for medium-term mitigation, 3) priorities for 
planned capital improvement projects, and 4) priorities to 
integrate into new facility construction. 

DISCUSSION:  While the specific risks and vulnerabilities 
for each facility will differ according to its location and 
structural features, the approach we describe is broadly 
applicable. By forecasting specific risks, diagnosing vul-
nerabilities, developing potential solutions, and using a 
risk/benefit approach to decision making, hospitals can 
work toward protecting facilities and patients in the 
face of potential climate related natural disasters in an  
economically sound manner.
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INTRODUCTION

Due to climate change, the frequency and intensity of dan-
gerous weather patterns and natural disasters are known 
to be increasing throughout the world. These trends pose 
significant threats to human health both in the immedi-
ate and long term. The impact of climate-related changes 
on patient health include both direct injury and illness 
from discrete events such as hurricanes and fires, as well 
as exacerbation of chronic conditions like asthma and heart 
disease from increased levels of atmospheric carbon and 
higher average temperatures.1 In addition to the increased 
demand on healthcare services that these trends will bring, 
there is another particularly difficult challenge for hospitals 
and other care facilities: at precisely the moment a weather 
event makes more patients ill or injured, that event may 
also directly interfere with the ability of healthcare facilities 
to function effectively.

This is, of course, the focus of most hospital-based 
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emergency preparedness initiatives and the rationale behind 
standard Hazard Vulnerability Analyses (HVA). The problem 
is, in the era of climate change, HVAs based on historical 
data often underestimate the true level of risk for health-
care facilities. For example, hospitals in New York had, 
in fact, built flood barriers as part of their preparedness 
plans for extreme precipitation prior to 2012; yet, the flood 
depths produced by Hurricane Sandy were higher than those 
planned for and unfortunately overwhelmed these physical 
barriers, necessitating the evacuation of multiple facilities 
and resulting in extensive damage.2 Similarly, multiple hos-
pitals in Louisiana very recently required evacuation due to 
damage from high winds and precipitation during Hurricane 
Ida, a particularly challenging task amidst the power grid 
failures resulting from the storms.3 These types of events are 
harmful to patient care, harrowing for staff, and ultimately 
very expensive for the facilities involved. 

The unprecedented weather patterns created by climate 
change require a new approach to emergency preparedness 
for healthcare systems, as risks previously thought impos-
sible are likely to become reality in coming years. Yet, each 
healthcare entity cannot reasonably prepare for every possi-
ble extreme scenario; the cost would be overwhelming and 
would compromise other important hospital missions. An 
approach is therefore needed that accounts for the rapid pace 
of climate change and prepares facilities appropriately with-
out bankrupting health systems. In this article, we describe 
the strategy that our large health system in the US North-
east undertook to increase the climate change resilience of 
our facilities.

METHODS

Setting
Our large integrated health system is located in New England 
in the United States, and includes facilities in urban, sub-
urban, rural, and island locations. There are 10 individual 
hospitals in our system along with many other associated 
facilities, including rehabilitation centers, administrative 
buildings, and research complexes. Some of the hospitals are 
high volume quaternary care academic centers, while others 
are relatively small community hospitals with limited num-
bers of service lines. In total, our process included resilience 
analyses for over 30 individual buildings across the system.

Climate Projections
Our first step involved an assessment of climate change 
projections for each of our locations over short-term and 
longer-term time horizons (for the years 2030 and 2070, 
respectively). To do this, we engaged a consultant group with 
climate change expertise and leveraged recent city and state 
level reports on projected changes in weather patterns over 
time. For our locations, we focused on three climate-related 
threats: 1) Extreme heat (higher temperatures and prolonged 

duration) 2) flooding (due to storm surge and/or high pre-
cipitation), and 3) high winds (likely in the setting of severe 
storms). We also decided to include a seismic assessment, 
although this is not known to be climate related. Fire and 
drought were not included as likely threats in our location, 
but these would certainly be necessary to plan for in other 
parts of the US.

For heat projections, we used a report commissioned by 
the city of Cambridge, Massachusetts with extrapolations 
for our various locations. To assess flood risk, we created 
probabilistic and consequence-based flood maps for each 
location. Probabilistic flood maps showed us flood extents 
and depths for 100-year and 500-year storms at our two 
future time horizons. Probabilistic maps were useful in 
assessing risk tolerance; for example, we might tolerate 
flooding that extended into a parking lot but not a building 
or we might tolerate a 5% annual chance of flooding in a 
garage but not a 1% annual chance of flooding in a clinical 
building. Consequence-based flood maps modeled worst-
case scenario storms, which provided insight into the max-
imum level of protection our health system might need, or 
if that wasn’t feasible, what kind of emergency preparedness 
plans we needed. This modeling was possible through use of 
the Boston-Harbor Flood Risk Model, commissioned by the 
Massachusetts Department of Transportation.4 

Previous studies predict that wind speeds are expected to 
increase 5% for each 1 degree increase in sea surface tem-
perature.5 Applying this principle to climatology and storm 
surge models, high level estimates of potential wind speed 
increases through 2070 were prepared. These projections 
were compared with the wind speed design criteria specified 
by the Massachusetts Building Code for the location and use 
at the time of construction.

To evaluate seismic risk, we used historical building codes 
for each of the facilities evaluated, assuming that each build-
ing had been constructed with only the seismic resiliency 
required by local code for its primary use. The probability 
of earthquakes was calculated based on historic data and 
an understanding of the geological conditions which help 
to predict epicenters, drivers, and propagation of seismic 
events. 

Ultimately, we produced a series of scenarios categorized 
by likelihood and projected consequence, which could sub-
sequently be applied to each facility.

Vulnerability Analysis 
Next, we sought to examine the potential impact of various 
climate scenarios on each of our facilities, to discover vul-
nerabilities to different types and levels of threat. To do this, 
members of our project team met with structural engineers, 
facility managers, research, operations, and emergency pre-
paredness leaders, as well as clinical leaders from every site. 
At these meetings, these local leaders were given the pro-
jections for various levels of heat, flooding, wind speed, and 
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seismic disturbance, and asked to assess the potential con-
sequences of each for their respective areas of responsibil-
ity. At each site, the following specific structural/systems  
features were explicitly discussed:

Main grid power, emergency power, natural gas, medical gas-
ses, fuel oil, HVAC system, potable water, non-potable water, 
storm water removal, waste water removal, medical waste, 
information technology, communications, among others.

In addition, the following operational functions were also 
each discussed:

Patient transfers, staff availability, on-site accommodations 
for staff, capacity for patient surges, medical supply chain, 
lab and pharmacy operations, and food and nutrition avail-
ability, among others.

Multiple conversations occurred with each set of local 
leaders to quantify potential disruptions to each of these 
functions due to the various projected climate threats. Ulti-
mately, a comprehensive list of vulnerabilities for all sites 
was generated, organized by likelihood of an event and the 
potential consequences of that event based on our models. 
Consequences from a vulnerability were organized into  
three categories: Major, Severe, and Catastrophic (See Table 1  
for definitions of these criteria by facility type).

Developing Interventions
Once a comprehensive list of vulnerabilities was created, we 
then worked with a team of facility engineers along with 
operational and emergency preparedness leaders to develop 
plans for what would be needed to reduce or eliminate each 
vulnerability. Some solutions involved structural changes, 
while others involved primarily operational changes. Com-
mon interventions included moving equipment from a 
basement to a location higher in the building and install-
ing cooling mechanisms for backup power systems. These 
projects ranged widely in complexity and estimated cost. 
Through this process, an exhaustive list of over 300 poten-
tial projects was generated, with a description of the work 
requirements and estimated costs for each. 

Assessing Interventions
The list of potential interventions was far too long and expen-
sive for every project to be carried out in the near term, so 
a prioritization scheme was needed. Elements of the scoring 
system included whether failure to fix an issue would create 
a regulatory violation, which type of clinical area would be 
affected (e.g. emergency departments and operating rooms 
vs. outpatient clinic spaces), and how severe the disruption 
would be to local operations. Weighed against the costs of 

each project, the team chose to prioritize interventions 
into four categories:

1) Immediate priorities for urgent mitigation
2) Projects in need of investigative study  

  for medium-term mitigation
3) Priorities for planned capital improvement  

  projects
4) Priorities for integration into new facility  

  construction
This rational blended approach facilitated a plan that 

would increase preparedness in the short term while 
also ensuring that climate resiliency would improve 
over time – in line with increasing levels of threat over 
time – as new construction projects were undertaken 
across the system. Where physical plant improvements 
were not feasible or would be delayed for later phases 
of implementation, emergency preparedness and oper-
ational leaders were tasked with developing emergency 
plans for the relevant climate-driven events.

RESULTS
Our systematic approach to risk assessment and inter-
vention development identified over 300 potential 
vulnerabilities in our health system, with a range of 
consequences from moderate to catastrophic. We iden-
tified that climate change adjusted projections for heat, 
flooding, and wind would all strain our current facilities 
if improvements were not undertaken. See Table 2 for 
examples.

CLIMATE CHANGE

 Major Severe Catastrophic

Outpatient 
clinical 
operations

Interruption of 
clinical activities 
for 1 week or less 
OR inability to 
provide essential 
services

Interruption of 
clinical activities 
for 1 month or less

Interruption of 
clinical activities 
for greater than 
1 month OR 
complete loss of an 
outpatient care site

Inpatient 
clinical 
operations

Evacuation or 
closure of some 
major inpatient 
care areas (but not 
the whole facility) 
for < 3 days

Evacuation or 
closure of some 
major inpatient 
care areas (but not 
the whole facility) 
for < 14 days

Evacuation of 
all inpatient care 
areas OR closure 
of some major 
inpatient care areas 
for > 14 days

Research 
operations

Evacuation or 
closure of major 
research labs/
areas (but not all 
research areas) for 
< 3 days

Evacuation or 
closure of major 
research labs/
areas (but not all 
research areas) 
for < 14 days OR 
loss of unique 
animals, cell lines, 
specimens, data, 
etc

Evacuation of all 
research areas OR 
complete loss of a 
research facility

Support 
services/
areas

Damage or 
destruction 
of a support 
area that will 
cause moderate 
impact to facility 
operations

Damage or 
destruction of a 
support area that 
will cause major 
impact to facility 
operations

Damage or 
destruction of a 
support area that 
will cause severe 
impact to facility 
operations

Table 1. Facility Damage Assessment Criteria
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Nearly all facilities faced vulnerabilities amidst pro-
jected extended heat waves, particularly during summer 
months when a majority of days could be expected to exceed 
90-degree temperatures by 2070. The most common prob-
lem encountered was how to keep buildings cool if local 
power systems or the grid were to fail, as most buildings 
did not have emergency power for cooling. Most buildings 
also faced vulnerabilities if wind speeds were to increase 
markedly, with particular risks to older slate and ballasted 
roofs. In addition, some equipment on building exteriors 
was deemed at risk due to inadequate strength of tie-downs, 
and many buildings faced risk of wind-driven water entry 
through windows and under roofs.

Flooding was also projected to be a major risk for many 
sites. Flooding on-site could directly damage critical services 
on buildings’ lower levels including utilities, pharmacy, food 
services, and water supply. Flooding of surrounding areas 
could disrupt critical infrastructure (e.g. local transit, energy 
lines, and telecommunications), and interrupt usual supply 
chain routes. Such flooding could also impede the ability of 
staff to come to work (and return home). Most facilities were 
not fully prepared for the flood depths that could occur in 
future climate-adjusted models.

Some of the more immediate interventions undertaken 
in response to these vulnerabilities included adding chillers 
to emergency power, creating connections to the street for 
accessing supplemental emergency power, replacing roofs 
and windows, increasing wind resiliency of existing struc-
tures, strengthening equipment tie-downs, creating higher 
flood barriers, improving storm water management systems, 
and hardening of utilities against water damage. Longer-term 
interventions included considering flood projections into 
new building site choices, incorporating wind resilience 
into new building plans far beyond local code requirements, 
and advocating for improvements to local public utility 
infrastructure. 

DISCUSSION
In this article, we present a systematic approach to 
assessing healthcare system vulnerabilities and prioritizing 
preparedness interventions in the setting of increasingly 
severe weather events resulting from climate change. 
Utilizing climate projections that largely already existed 
for our local area, we were able to create realistic scenarios 
for what each of our facilities could expect in coming years, 
and plan for levels of threat that would not be accounted for 
by usual Hazard Vulnerability Analyses based on historical 
data. Some of the projections were startling and resulted 
in construction principles we would otherwise have never 
employed; one of our Massachusetts hospitals now has a 
building enclosure, roof, and walls designed to the building 
code for wind levels in Miami, for example. Without a clear-
eyed assessment of climate change scenarios, our health-
care systems risk more events like those seen in Hurricanes 
Katrina and Sandy. However, by using data often already 
available, health systems can plan for these types of severe 
events and become better prepared for when they occur 
more frequently in coming decades. 

A key feature of our strategy was the blending of short- 
and long-term projections with a mix of time horizons for 
improvements. Not all projects could feasibly be completed 
immediately, but not all needed to be; some could safely 
wait a decade or two based on climate projections. This 
allowed many strategies to be built into future construction 
plans, which is more cost effective than renovating current 
structures. Plans created now can therefore help to ensure 
increased climate resiliency for many decades. 

One important lesson from our experience was the need 
to engage local leaders across disciplines at each facility. 
Assembling climate projections and flood maps can be done 
in a conference room or behind a desk, but the vulnerability 
analysis cannot. Without engaging the people who under-
stand the structure and operational processes of each facility 

Threats Examples of Vulnerabilities Examples of Solutions

Heat Waves - Lack of cooling for back-up power sources
- Lack of back-up power for cooling mechanisms
- Potential regional brownouts
- Potential need for hospital as shelter for the community

- Adding chillers to emergency power
- Creating street connections for supplemental emergency power   
  & chillers
- Energy efficiency initiatives to reduce burden on power sources,  
  in current and future facilities

Flooding - Critical infrastructure interruptions (transit, energy, telecom)
- Supply chain disruptions
- Personal impact to workforce
- Loss of critical services on lower levels (utilities, pharmacy,  
  food services)
- Water contamination

- Business continuity planning
- Flood barriers
- Utility hardening
- Storm water management systems
- Advocate and partner for public utility improvements
- Incorporate flood projections into new building designs/relocations

High Winds - Hazards from slate and ballasted roofs
- Wind-driven rain entering through windows, under  
  cladding and roofs
- Equipment blowing off roofs

- Roofing repairs and replacements
- Wind resiliency improvements to current facades
- Stronger equipment tie-downs
- New facilities built to codes of areas with higher wind speeds

Table 2. Examples of vulnerabilities created by each type of climate-related disaster in our settings, along with potential solutions in the near and 

longer terms.

CLIMATE CHANGE
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in depth, a vulnerability analysis cannot effectively reveal 
the most pertinent issues to be addressed. In addition, involv-
ing local leaders – including CFOs – helps to ensure buy-in 
for projects once improvement possibilities are identified. 

While our analysis focused only on facility structures and 
day-to-day operations, there are certainly broader impacts 
of climate change that hospitals should consider moving 
forward. One major challenge will involve accommodating 
increasing healthcare demand due to the impact of climate 
change on patients. Others have discussed how both dis-
crete weather events and overall climate trends are likely 
to increase the burden of both acute injury and vector-borne 
illness as well as many chronic diseases.1 Many American 
hospitals already lack reserve capacity and struggle with 
overcrowding on a daily basis; future health system design 
must account for yet further increases in the number of 
patients requiring care in coming decades.6

Another important consideration is the impact of climate 
change on facilities beyond traditional hospitals. In our set-
ting, we included research facilities as medical research is 
core to the mission of our health system; with extra-cold 
freezers and other unique needs, protecting research capa-
bility can necessitate additional types of strategies. We also 
assessed rehabilitation centers, and future work at local and 
broader levels should include skilled nursing and long-term 
care facilities. If these types of facilities are rendered unsafe 
during a disaster, their residents will end up in hospitals, 
only further stressing the healthcare system. For example, 
Florida hospitals received many patients during Hurricane 
Irma in 2017 after cooling systems in nursing homes failed.7 
Helping to ensure that lower level of care settings have pre-
paredness plans can help alleviate burdens on hospitals at 
times of great stress.

CONCLUSION

The potential impacts of climate change on our hospitals 
and health systems are daunting but must be faced head-on 
to ensure that patients can receive life-saving care when they 
need it most. While the specific risks and vulnerabilities for 
each hospital will differ according to location and structural 
features, the rational blended approach we describe here is 
broadly applicable. By forecasting specific risks, diagnosing 
vulnerabilities, developing potential solutions, and using 
a risk/benefit approach to decision making, hospitals can 
work toward protecting themselves and their patients in 
the face of potential climate-related natural disasters in an  
economically sound manner.
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