
Disaster Ready: 
A Conversation about Resilient 
Healthcare
Jane McElroy – Principal, NBBJ

Healthy City Design International, Royal College of Physicians, London   16th October 2017

Presenter
Presentation Notes
Good morning everyone.
My talk this morning will address the impact that climate change and extreme climatic conditions and weather events can have on essential infrastructure including healthcare facilities. 
This issue has become increasingly topical with the spate of recent storms and hurricanes affecting the United States and Caribbean, and even today Hurricane Ophelia is hurtling towards the west coasts of Ireland and Scotland.



Healthcare 
facilities are critical 
community 
resources, 
especially in times 
of human or 
natural disasters

Presenter
Presentation Notes
We all recognise that the projected effects of climate change on the United Kingdom may be severe, including increased risk for flooding and rising temperatures. Whilst some initiatives are being put in place to address resiliency in terms of energy, transport, ICT and water infrastructure, there is still some uncertainty around the impact a changing climate will have on healthcare. 

While hospitals face many challenges, climate change is not an issue that gets sufficient attention. There is already guidance in place about resilience in terms of standby generators, dual fuel supplies, water storage, and medical gas reserve supplies, but these are generally designed and installed on the basis that they will be readily available and won’t be impacted in themselves when unexpected events occur.





Which is why we 
must do everything 
possible to keep 
them open and 
functioning

Presenter
Presentation Notes
In most cases healthcare facilities will be essential to respond to the impact of extreme events, whilst at the same time their very nature as highly technical buildings with huge reliance on power and communications systems makes them increasingly vulnerable.






The Challenge

▹ The number of UK residents impacted by flooding could          
double by 2050

▹ Sea levels could rise by 2 metres by 2050

▹ Western coast of the UK would be most impacted

▹ Even London could experience severe flooding

Sources: The Guardian, Extreme Heat, 30 June 2017 / The Guardian, UK poorly prepared for climate change impacts, 12 July 2016 /  Geology, Sea Level Rise Map, 15 August 2017
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Presentation Notes
One of the main challenges we face is increased prevalence of serious flooding. These are some of the impacts we could be facing. 

According to the Environment Agency, more than 2.3 million homes and 185,000 businesses are at risk of flooding in England and Wales representing property, land and assets to the value of over £200bn.



Major flooding is 
likely to happen 
every year in the 
UK
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Last year, the government’s leading advisor on climate change noted that major flooding is likely to happen every year in the UK du e to climate change, but that ministers have no coherent plan for dealing with it. In its efforts to drive new home construction, the government has neglected to take up proposals to ensure that new homes are flood-proof.





Water pours 
through 
Abergele 
Hospital, 
Wales in flash 
floods
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Earlier this year in Wales, Abergele Hospital flooded, although thankfully patients were not directly affected.



The Challenge

▹ 13 of the 14 warmest years on record have occurred in the 21st 
century

▹ Likely to become 3C warmer than 19th century by 2050

▹ Heatwaves could become 4 x more likely in the UK

▹ Reluctance to ensure facilities can withstand high temperatures 
could lead to a tripling of heat-related deaths by 2040.

Sources: The Guardian, Extreme Heat, 30 June 2017 / The Guardian, UK poorly prepared for climate change impacts, 12 July 2016 /  Geology, Sea Level Rise Map, 15 August 2017
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The second challenge is that temperatures are predicted to  continue to rise.
.
The UK is already affected by rising temperatures. The average temperature in Britain is now 1˚C higher than it was 100 years ago and 0.5˚C higher than it was in the 1970s. 13 of the 14 warmest years on record have occurred in the 21st century, and in the last 30 years each decade has been hotter than the previous one. 

A recent study found that extreme heat alone could kill more than 150,000 people a year by the year 2100 in Europe and the UK if nothing is done to curb the effects of climate change. While the impact of heat waves has been more pronounced in southern Europe up to this point, the UK will also be significantly affected.





90% of hospitals are at risk of 
overheating in summer 
conditions, with some wards 
reaching 30 degrees while 
outside temperature is 21.

Even Today,
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And this is an issue we are already facing, particularly with much of the healthcare estate still comprising outdated buildings with poor insulation and few mechanical cooling systems.

Just this past summer there were reports of a South London NHS Trust giving out 2000 sorbets to keep patients cool due to the dilapidated conditions of the hospital .







Heatwaves, 
floods and 
drought are 
expected to 
become more 
common due to 
climate change 
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Hot summers and heat waves, as well as floods and drought, are expected to become more common with climate change. In many cases simple, low cost design changes can make all the difference – creating better spaces in which to live and to work, to safeguard peoples’ health and productivity, and cope more readily with weather extremes.






How are we responding to 
Climate Change within 
Design?
NBBJ Project Case Studies
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I’ll now describe some project case studies in the UK and USA which have addressed these issues in a variety of ways.



Dumfries 
and 
Galloway 
Acute 
Hospital

Presenter
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In the context of a strained NHS, how much importance is being given to designing for resilience? 

We’re starting to see increased regulatory and planning emphasis on this, as well as innovation in design, but we probably still need to do a lot more. 

The new Dumfries and Galloway hospital includes several features to respond to unforeseen climatic conditions and availability of core utility services.



Dumfries 
and 
Galloway 
Acute 
Hospital
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As in many greenfield sites in the UK, we’ve had to identify flood compensation areas and a detention basin to compensate for the impact that the building area could have on the natural drainage of the site. 

On other recent projects we’re including blue and green roofs to assist with excess water attenuation.

We’ve also provide alternative emergency access routes to the hospital for back-up in the case of one access road being blocked by flooding or a fallen tree.



Dumfries 
and 
Galloway 
Acute 
Hospital
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Simple measures such as designing shallow plan buildings and bringing daylight into the heart of departments can have considerable benefits, not just on a day to day basis in respect of a good working environment for staff and patients, but also at times when systems might be down. 

Similarly, by providing access to natural ventilation where appropriate balanced with mechanical systems, this can allow for continuity of usage when mechanical systems might not be available.



Royal 
Liverpool 
University 
Hospital
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At the Royal Liverpool University Hospital the engineering systems have been designed and installed to provide the robust levels of resilience of utility supplies and plant for all critical systems.

The main engineering plant is based on an N+1 strategy to ensure all reasonable provisions for continuity of services and patient care.

Resiliency features include gas and oil dual fuel supplies, standby generators, 12-hour water tank supplies with connection provided for a tanker if required, as well as potential for a borehole connection, and emergency reserve medical gas manifolds.

We have been able to use the natural topography of the site, which has a 14m level difference from east to west, to place the essential mechanical plant at elevated parts of the site or at upper levels within the building so there is inbuilt resilience against failure.



What can 
we learn 
from the 
US?

Presenter
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Although in the UK we are unlikely to experience the extreme weather events that are becoming an increasing feature in the US and elsewhere, there are lessons we can learn in respect of designing to mitigate the impact on people and facilities and most importantly, for operational continuity.




Medical  Universi t y of  South Carol ina, 
Ashley River  Tow er / /  POST-HUGO

NYU Langone Medical  Center , Ronald O. Perelman 
Center  for  Emergency Services / /  POST-SANDY

Southeast  Louisiana Veterans Healt h Care System, 
Replacement  Medical  Center  / /  POST-KATRINA

Universi t y Medical  Center  / /
POST-KATRINA
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NBBJ has designed a number of healthcare facilities that have been directly impacted by major climatic events, and so have incorporated design features and operational processes that will hopefully safeguard these facilities for the future.



New Orleans 
Medical 
District

“A delta city is in a perpetual state of betweeness, 
between land and water, 
between stability and vulnerability, 
between “nature” and “culture”, 
between the living and the dead... 
the challenge of Post-Katrina New Orleans is how 
to construct place from this condition of 
betweeness.” 
Rob Shields from What is A City? Rethinking the 
Urban after Hurricane Katrina
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As a firm we are continually exploring innovative design solutions to design for long term resiliency. Hurricanes in the United States are growing stronger and more frequent due to rising sea levels and temperatures– in fact we’ve recently seen one after another. In 2005 Hurricane Katrina caused devastation in New Orleans which resulted in developing a new approach to designing for resiliency.



New Orleans 
Medical 
District
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Presentation Notes
Although the Medical Center of Louisiana — which represents the teaching hospitals of the Louisiana State University — had served New Orleans for nearly a century, the design, function and deteriorating condition of its Charity and University Hospitals prevented it from delivering the highest-quality of healthcare. 

In 2004, the University and the State of Louisiana commissioned NBBJ to draw up a master plan to replace these hospitals with a single, new, state-of-the-art facility adjacent to the LSU campus, and to guide the medical center’s long-term planning and capital investment.



Hurricane Katrina

▹ 1.3 million people 
evacuated

▹ 400,000 lives 
displaced

▹ 1,577 lives lost
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But when Hurricane Katrina hit in August 2005, major hospitals in the region flooded and lost power. In total, 1.3 million people were evacuated, 400,000 lives were displaced and 1577 lives were lost. 



Charity 
Hospital, 
New 
Orleans

Presenter
Presentation Notes
The Charity Hospital, a 270 year-old and much loved albeit run-down, New Orleans institution, was forced to close, together with its sister, University Hospital and the nearby Veterans Affairs Medical Center.



University Medical 
Center, New 
Orleans
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This resulted in updating the masterplan to address the issues experienced during Katrina and to develop a cohesive and futureproofed medical district for the city. 

The lessons learned from Hurricane Katrina were applied to create a resilient hospital infrastructure with a five-day capability to operate independently. The facility can remain fully operational without outside support during a disaster.



Defend in 
place…
Designed for 
the facility to 
fully operate 
off the grid for 
5 days and 
support 
1,000 people

Presenter
Presentation Notes
The objective for the design of the new hospital was to “Defend in place” …This means top priority is given to mission continuity and safeguarding the people, over and above preservation of the building.  The result is a hospital which can fully operate off the grid for 5 days and support 1,000 people. Water, fuel, and supplies are stored to support BOTH people and building systems. 

This provides healthcare staff the much needed time to make arrangements for patients with the least amount of stress.  As evacuation is a much more disruptive action it is seen as a last resort.




Defend in 
place…
Designed for the 
facility to fully 
operate off the 
grid for 5 days and 
support 1,000 
people

23
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There was a focus on early planning, sustainability, and dual functions making this major Medical facility more resilient to hazards, while maintaining a high quality patient care environment.  Some of the features included………..





Flood 
Mitigation Level 2

Level 1

Presenter
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The main feature was the notion of an upside down hospital. Given the area’s vulnerability to catastrophic flooding, the core concept was rooted in the client mandate that no critical hospital functions occur at ground level. The ground floor was relegated to public and office functions and all mission-critical components, are located at least 7 metres above base flood elevation. 

For example, the emergency department, power generation plant and food/materials storage are located on the 2nd floor and above. The hospital’s glass façade is capable of withstanding a category 3 hurricane or above (Hurricane Katrina varied between categories 3 and 5). 



The Upside 
Down Hospital

The upside down hospital
Concourse section is inverted, moving 
infrastructure from typical location in 
basement to site specific location above 
public space.
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All of the systems, materials movement, patient transport that you might usually see on the ground floor or basement have been placed on the top floor of the medical center with full access to all buildings maintained including the stores warehouse and central energy plant. 



An Unprecedented Event
October 29, 2012

▹ Water levels on campus reached an 
estimated overall depth of 14 feet

▹ Over 15 million gallons of water filled 
buildings on the main campus
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The storm brought water levels to the hospital campus far in excess of any recorded in New York City
Every building on the medical center’s campus was affected
There was a loss of power, including back up power 
This led to the evacuation of 300 patients during the storm




NYU Langone 
Medical Center
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The hospital went immediately into emergency management mode to make immediate renovations to re-open services for the community while they planned longer-term solutions and began more substantial re-building. 

NBBJ worked in partnership with the hospital throughout this process, designing immediate and longer range solutions to protect existing buildings and the new additions in the future. 



Considerations 
for the Future

▹An imaginative approach

▹A conversation that can only be 
solved with partnerships

▹Low hanging fruit

▹Not only about the buildings, as 
much about the people and mission 
continuity
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In summary:
We must take an imaginative approach – we must think outside the box and beyond what we consider is even possible. Everyone knew that Hurricane Katrina was going to flood the US and impact on hospitals, but no one appreciated the extent of damage was possible. This was because of a “failure of the imagination” in terms of loss. 

This is a conversation that can be solved with partnerships – healthcare systems face a lot of challenges, and natural disasters are sometimes at the bottom of the list. Which is why this problem can’t be solved overnight and requires a multi-agency approach. 

There is some low hanging fruit and easy wins – one of the first elements of a hospital to go out in flooding or in extreme temperatures is the electrical system. We can remove them from basements. We can also do things like stock extra supplies and put them in more protected locations. 

If we are to take away one message from these incidents it is that we need to invest in appropriate resources and future-proofing measures to minimise the damage that might be incurred. Recent events have shown that areas with more sophisticated infrastructure such as Texas have been able to recover faster than areas such as New Orleans and Puerto Rico where the infrastructure is less sound. 

And we need to put in place operational and people processes that will allow healthcare facilities to maintain essential services and to resume all services as quickly as possible after an extreme event.
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