
Today’s	
  Webcast	
  starts	
  at	
  1:00	
  p.m.	
  Eastern.	
  	
  
You	
  will	
  not	
  hear	
  audio	
  un=l	
  the	
  Webcast	
  begins	
  



Today's	
  Moderator	
  

Ed	
  Sullivan	
  
Editor	
  



Today's	
  Presenter	
  

Cole	
  Roberts,	
  PE,	
  LEED	
  AP	
  

Associate	
  Principal	
  
	
  

•  Co-­‐authored	
  “Two	
  Degrees	
  –	
  Our	
  Built	
  Environment	
  and	
  the	
  
Changing	
  Climate”	
  with	
  a	
  focus	
  on	
  resilience,	
  adapta@on,	
  and	
  
decision-­‐making.	
  

•  Energy	
  and	
  sustainability	
  business	
  leader	
  in	
  San	
  Francisco	
  
•  Design,	
  assessment	
  and	
  consulta@on	
  in	
  the	
  built	
  environment	
  
•  Keynote	
  speaker	
  at	
  numerous	
  conferences	
  
•  Published	
  in	
  peer	
  reviewed	
  conferences	
  and	
  journals.	
  	
  
•  Guest	
  lecturer	
  at	
  Stanford	
  University	
  and	
  the	
  University	
  of	
  

California	
  at	
  Berkeley.	
  	
  
•  Arup	
  is	
  a	
  12,000	
  person	
  employee	
  owned	
  design	
  engineering	
  and	
  

consul@ng	
  firm	
  with	
  over	
  90	
  offices	
  globally.	
  

Presenters	
  
picture	
  
here	
  



Learning	
  Objec=ves:	
  

	
  

•  Review	
  the	
  role	
  of	
  resilience	
  and	
  resistance	
  in	
  an	
  overall	
  building-­‐readiness	
  strategy.	
  
	
  

•  Analyze	
  the	
  reasons	
  that	
  resilience	
  is	
  an	
  increasingly	
  urgent	
  topic	
  —	
  and	
  why	
  that	
  
urgency	
  will	
  con@nue	
  to	
  rise.	
  
	
  

•  Learn	
  how	
  specific	
  building	
  systems	
  —	
  including	
  the	
  building	
  automa@on	
  system,	
  the	
  
HVAC	
  system,	
  and	
  the	
  mass	
  no@fica@on/emergency	
  communica@on	
  system	
  —	
  can	
  
make	
  a	
  building	
  more	
  resilient.	
  

•  Understand	
  why	
  effec@ve	
  opera@ons	
  and	
  maintenance	
  is	
  an	
  essen@al	
  first	
  step	
  to	
  
resilience.	
  



To	
  ask	
  ques=ons:	
  
Please	
  use	
  the	
  ques@on	
  and	
  answer	
  panel	
  on	
  the	
  right-­‐hand	
  side	
  of	
  

the	
  screen,	
  and	
  send	
  to	
  all	
  panelists.	
  



Presenta=on	
  Handouts	
  
All	
  par@cipants	
  will	
  receive	
  an	
  e-­‐mail	
  by	
  the	
  end	
  of	
  the	
  day	
  with	
  a	
  

link	
  to	
  download	
  a	
  PDF	
  copy	
  of	
  today’s	
  presenta@on	
  slides.	
  



CEU	
  Informa=on	
  
	
  

Trade	
  Press	
  Media	
  Group	
  has	
  been	
  accredited	
  as	
  an	
  authorized	
  
Provider	
  by	
  the	
  Interna@onal	
  Associa@on	
  for	
  Con@nuing	
  Educa@on	
  and	
  
Training	
  (IACET),	
  1760	
  Old	
  Meadow	
  Road,	
  Suite	
  500,	
  McLean	
  VA	
  22102;	
  

(703)	
  506-­‐3275	
  
	
  

To	
  successfully	
  earn	
  0.1	
  CEUs,	
  you	
  must	
  afend	
  the	
  en@re	
  webcast	
  and	
  
earn	
  a	
  70%	
  or	
  higher	
  on	
  the	
  assessment.	
  











Learning	
  Objec@ves	
  
•	
  Analyze	
  the	
  reasons	
  that	
  resilience	
  is	
  an	
  increasingly	
  urgent	
  topic	
  
—	
  and	
  why	
  that	
  urgency	
  will	
  con@nue	
  to	
  rise.	
  
•	
  Review	
  the	
  role	
  of	
  resilience	
  and	
  resistance	
  in	
  an	
  overall	
  
building-­‐readiness	
  strategy.	
  
•	
  Learn	
  how	
  specific	
  building	
  systems	
  —	
  including	
  the	
  building	
  
automa@on	
  system,	
  the	
  HVAC	
  system,	
  and	
  the	
  mass	
  no@fica@on/
emergency	
  communica@on	
  system	
  —	
  can	
  make	
  a	
  building	
  more	
  
resilient.	
  
•	
  Understand	
  why	
  effec@ve	
  opera@ons	
  and	
  maintenance	
  is	
  an	
  
essen@al	
  first	
  step	
  to	
  resilience.	
  



+	
  Learning	
  Obj:	
  Resilience	
  Value	
  	
  
•  Marke@ng	
  (e.g.,	
  REDI	
  Ra@ng	
  System)	
  
•  Market	
  Reten@on	
  
•  Loss	
  Avoidance	
  
•  Business	
  Con@nuity	
  
•  Reduced	
  Insurance	
  Premiums	
  
•  Co-­‐beneficial	
  Outcomes:	
  e.g.,	
  befer	
  O&M,	
  shared	
  systems,	
  

befer	
  comfort	
  control,	
  etc.	
  



Summary	
  Overview	
  
If	
  a	
  disaster	
  strikes,	
  how	
  will	
  your	
  buildings	
  respond?	
  That's	
  a	
  ques@on	
  that	
  
more	
  and	
  more	
  organiza@ons	
  are	
  asking	
  facility	
  managers.	
  Whether	
  the	
  risk	
  
comes	
  from	
  a	
  flood	
  or	
  hurricane,	
  an	
  earthquake	
  or	
  a	
  fire,	
  facility	
  managers	
  
increasingly	
  need	
  to	
  develop	
  strategies	
  to	
  ensure	
  that	
  buildings	
  are	
  resilient.	
  
What	
  makes	
  that	
  task	
  especially	
  challenging	
  is	
  that	
  there	
  is	
  no	
  single	
  template	
  
that	
  can	
  be	
  used	
  to	
  make	
  all	
  buildings	
  more	
  resilient.	
  
	
  
This	
  webcast	
  will	
  examine	
  key	
  concepts	
  and	
  concrete	
  steps	
  that	
  facility	
  
managers	
  can	
  take	
  advantage	
  of	
  as	
  they	
  develop	
  a	
  resilience	
  strategy	
  for	
  their	
  
own	
  buildings.	
  The	
  webcast	
  will	
  take	
  a	
  close	
  look	
  at	
  the	
  important	
  role	
  that	
  
building	
  systems	
  can	
  play	
  in	
  improving	
  resilience.	
  The	
  speaker	
  will	
  help	
  facility	
  
managers	
  understand	
  why	
  some	
  risks	
  are	
  on	
  the	
  rise,	
  delve	
  into	
  overlooked	
  
factors	
  like	
  accumulated	
  risk,	
  and	
  present	
  examples	
  of	
  successes	
  and	
  failures.	
  



Copyrighted Material.  Used by Permission. 
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Flooding 
Events 

•  1 in 100 years 

•  1 in 15 years 

Drought 

•  1 in 100 years 

• Unclear 

Heat 
Wave 

•  2 per year 

•  8 per year 

Wind events 
(Nor’easter, 
Hurricane) 

 

•  1 storm per 3 
years 

• More 
frequent 

Source: NYC Panel on Climate Change, 2009; ClimAID, NYSERDA, 2012. 

Changing Climate 



…Combined with: 

Aging infrastructure Increasing population Limited Resources 



18   

HEALTH	
  FACILITIES	
  MANAGEMENT
Planning	
  for	
  Disaster	
  |	
  Survey	
  Results
July	
  2014	
  |	
  Vol	
  27	
  Issue	
  7 Credits:	
  Rebecca	
  Vesely,	
  Suzanna	
  Hoppszallern
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HEALTH	
  FACILITIES	
  MANAGEMENT
Planning	
  for	
  Disaster	
  |	
  Survey	
  Results
July	
  2014	
  |	
  Vol	
  27	
  Issue	
  7 Credits:	
  Rebecca	
  Vesely,	
  Suzanna	
  Hoppszallern

1 Unfunded mandates for emergency preparedness response 

2 Time limitations 

3 Competing resources/spending priorities 

4 Governmental processes/compliance issues 

5 Staff training in response skills 
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HEALTH	
  FACILITIES	
  MANAGEMENT
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  |	
  Vol	
  27	
  Issue	
  7 Credits:	
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  Hoppszallern
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2°C/3.6°F 

Two Degrees: The Built Environment and Our changing Climate (2013) 





24   

Recognize a problem 

Choose to act to remedy or avoid the problem 

Act effectively 

Adapted from Collapse – How Societies Choose to 
Fail or Succeed, Jared Diamond 
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Image: Heidi Nutters 



Image: Sergio Ruiz 





Climate Change 

Hazards Risks  
(potential impact) 

Two Degrees: The Built Environment and Our changing Climate (2013) 



Severity 

(sensitivity to hazard) 
Climate Change 

Hazards Risks  
(potential impact) 

Occurrence likelihood 
(exposure to hazard) 

Two Degrees: The Built Environment and Our changing Climate (2013) 



Vulnerability 
V=S*O*C 

Severity 

(sensitivity to hazard) 
Climate Change 

Hazards Risks  
(potential impact) 

Occurrence likelihood 
(exposure to hazard) 

Coping 
in-ability 

(adaptive capacity) 

Two Degrees: The Built Environment and Our changing Climate (2013) 



Vulnerability 
V=S*O*C 

Severity 

(sensitivity to hazard) 
Climate Change 

Hazards Risks  
(potential impact) 

Occurrence likelihood 
(exposure to hazard) 

Resilience 
(ability to recover from effects) 

Coping 
in-ability 

(adaptive capacity) Resistance 
(ability to withstand effects) 

Community 
Characteristics 

Two Degrees: The Built Environment and Our changing Climate (2013) 
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New Hartford, Iowa 
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Risk Accumulation? 
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Risk Accumulation 
§  Bay	
  Area:	
  Elevated	
  Seas	
  +	
  Earthquake+	
  Levee	
  Breach+	
  Failed	
  

Infrastructure	
  Systems	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  Economic	
  &	
  Health	
  System	
  Failures	
  

§  Los	
  Angeles:	
  High	
  Temperatures+Water	
  Scarcity+Non-­‐resilient	
  
Urban	
  Form,	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  Economic	
  &	
  Health	
  System	
  Failures	
  

§  Honolulu:	
  Energy,	
  Water,	
  and	
  Food	
  Import	
  Dependence,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  Economic	
  &	
  Health	
  System	
  Failures	
  

§  Minneapolis:	
  Retrea=ng	
  Freeze	
  Lines,	
  Monocrops,	
  Wooden	
  
Structures,	
  	
   	
   	
  	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  Economic	
  System	
  Failures	
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Risk Accumulation 

§  Japan 
§  Louisiana 
§  New York City 
§  Inland Europe: Heat Index+ Non-Resilient 

Buildings +Cultural Norms   
   50k dead in 2003 
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The Case Against “Predict and Prevent” 

§  “Design Conditions” and “Likely Scenarios” are 
based on past conditions 

§  Single System Planning and “mal-adaptation” 
§  Emphasis on constructed interventions 



Robust systems are able to withstand 
the impacts of hazard events without 
significant damage or loss of function. 

Redundant systems have spare or latent 
capacity (or the ability to manage 
loads), which can absorb sudden surges 
in demand or partial loss of supply.  

Diverse & Flexible systems provide 
service via a number of pathways, using 
distributed resources and 
multifunctional equipment. If one 
pathway fails, another can be used to 
achieve service. 

Safe Failure systems absorb shocks and 
the cumulative effects of slow-onset 
challenges in ways that avoid 
catastrophic failure if thresholds are 
exceeded. 

Responsive systems incorporate 
automated monitoring, short 
feedback loops and controls at multiple 
points, enabling transparency of 
performance and timely adjustment to 
maintain functionality. 

Coordination between systems means 
that knowledge is shared, planning is 
collaborative and strategic, and 
responses are integrated for mutual 
benefit. 

Principles of Resistance and Resilience 

Toolkit for Resilient Cities; Arup, RPA, and Siemens (2014) 
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Urban Resilience 
Framework 
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Two Degrees: The Built Environment and Our changing Climate (2013) 

Act Successfully: Comprehensive + Time Based 
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Katrina – Build Capacity 



Operations and Maintenance 

Toolkit for Resilient Cities; © Arup (2014) 



Notification and Coordination Systems 

Toolkit for Resilient Cities; © Arup (2014) 



46   Two Degrees: The Built Environment and Our changing Climate (2013) 
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Site Appropriately – Priority Dev. Areas 
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Synergies – Cheonggyecheon Stream 



49   

Synergies – Heat Island Reduction 



50   Two Degrees: The Built Environment and Our changing Climate (2013) 



Passive Survivability 

Toolkit for Resilient Cities; © Arup (2014) 
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Y2E2 Building – Passive Survivability 



Human Behavior Modeling 

Toolkit for Resilient Cities; © Arup (2014) 



54   Two Degrees: The Built Environment and Our changing Climate (2013) 

Act Successfully: Comprehensive + Time Based 



Fire Isolation and Suppression 

Toolkit for Resilient Cities; © Arup (2014) 



Critical Systems Management 

Toolkit for Resilient Cities; © Arup (2014) 



57   

Step 4 - Active Resiliency 



58   Two Degrees: The Built Environment and Our changing Climate (2013) 



One of the major issues involved with climate changes is sea level rise. Florida has experienced 9 inches of sea level rise 
since 1900. Projections are 2-3 feet by 2100, perhaps more. Modeling done by my students and I at FAU has demonstrated 
that in low lying areas, sea level rise will also impact groundwater levels, and accelerate inland flooding. The graphs above 
compare the traditional bathtub model used by most investigators and our model adjusted for groundwater level. We added 
inland areas of flooding which complicated storm water flooding issues much faster than sea level rise might indicate. 

Allow for Flexibility & Retrofit - Florida 



Toolkit for Resilient Cities; © Arup (2014) 



61   Two Degrees: The Built Environment and Our changing Climate (2013) 

Act Successfully: Comprehensive + Time Based 
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Sandy – Active (& Passive) Resettlement 

ADREES LATIF-REUTERS 



Toolkit for Resilient Cities; © Arup (2014) 



Toolkit for Resilient Cities; © Arup (2014) 
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Act Successfully: Comprehensive + Time Based 
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Transparency 
& Health 
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Toolkit for Resilient 
Cities 
Arup, RPA, and 
Siemens 



Cole Roberts, PE, LEED AP 
cole.roberts@arup.com 
415-957-9445 
 

Offered Conversations: 
 Today 
 On     at TwoDegreesBook 
 On     at TwoDegrees_Book 
 In Person at 3 Organizations 

 


