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Working since 
1995 with a 
focus on: 
 

•  U.S. Pacific Northwest, Western U.S., Pacific Rim 
•  Water, forests, fish, coasts, energy, human health, urban areas  
•  Stakeholders: Private, public & non-governmental actors involved in  

climate-sensitive policymaking, planning and decision making 

An integrated research and stakeholder engagement team linking 
climate science and decision making to build climate resilience. 

The Climate Impacts Group 

Downscaling global 
climate models 

Macro and fine-scale  
hydrologic modeling Impacts assessments Adaptation planning 

and outreach 
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Desire for: 
•  greater granularity 
•  watershed-specific streamflow projections 
•  information about extreme events 
 
Questions about how to engage with: 
•  climate uncertainty 
•  the skeptical/disengaged parts of the enterprise 
•  “pushing” information/risk assessment out to diverse 

divisions 
•  Interactions between public & private sector 

Identifying climate risks & vulnerabilities  



But first: Where should we start? 

Global	
  Climate	
  
Scenarios	
  

Regional	
  Climate	
  
Scenarios	
  

Local	
  Environmental	
  
Condi7ons	
  

Local	
  Impacts	
  

Consequences	
  for	
  
Management	
  	
  

downscaling 

intermediary impacts modeling 

local impacts assessment 

operational & strategic decision making 

Key question: where/how is 
climate projected to change 
& what will the impacts be? 
 
Key hazards/impacts 
Coastal flooding 
Inland flooding & drought 
Wildfire 
Storms 
 

Uncertainty from: 
GCMs, emissions 
scenarios, climate 
variability 



Leading the Way on Climate Change:
The Challenge of Our Time

Interim Report

Washington State Department of Ecology
Washington State Department of Community, Trade and Economic Development

February 2008      Ecology Publication #08-01-008

Wishful thinking… 



Areas of business to examine: 
•  planning  
•  operations (incl. supply chains) 
•  properties, facilities and physical assets  
•  connectivity 
•  employees 
•  customers 
•  communities 
•  overall resiliency 

Take Two: Where should we start?  



Scoping the assessment 	



1.  Vulnerability of what? …
Identify the outcome 

variables of concern	



2.  Vulnerability to what? … 

Identify drivers of concern	



3.  Vulnerability when? … 

Specify the time period of 

assessment 	


For	
  more	
  examples,	
  and	
  
step-­‐by-­‐step	
  guidance,	
  
see	
  Preparing	
  for	
  Climate	
  
Change,	
  Chapter	
  7.	
  

Identify outcome variables of 
concern by considering 
system aspects such as:	



•  planning areas	



•  business lines	



•  management objectives	



•  reporting responsibilities	



•  facilities & operations	



•  geographic zones	



	
  



Climate Adaptation/Risk Assessment/
Resilience requires … 
Three streams of expertise 

Source: Snover et al., Cons. Bio., in press 

Climate sensitivity  
Variables of concern  
System sensitivity to changes in 
environmental conditions 

Subject matter  
expert 1. 

Climate change 
Ability to project changes 
Appropriate data sources 
(GCMs, downscaling, impacts 
models) 
Variability vs. trends 

Climate science 
Climate impacts 
science 

2. 

Information / Context Expertise 

To support 
NOAA/NMFS’ 
ESA decision 
making 



Climate	
  Adapta<on/Risk	
  Assessment/Resilience	
  
requires	
  …	
  
Three	
  streams	
  of	
  exper4se	
  

Source:	
  Snover	
  et	
  al.,	
  Cons.	
  Bio.,	
  in	
  press	
  

Climate	
  sensi7vity	
  	
  
Variables	
  of	
  concern	
  	
  
System	
  sensi<vity	
  to	
  changes	
  in	
  
environmental	
  condi<ons	
  

Subject	
  ma@er	
  	
  
expert	
  1. 

Climate	
  change	
  
Ability	
  to	
  project	
  changes	
  
Appropriate	
  data	
  sources	
  (GCMs,	
  
downscaling,	
  impacts	
  models)	
  
Variability	
  vs.	
  trends	
  

Climate	
  science	
  
Climate	
  impacts	
  
science	
  

2. 

Risk	
  management	
  	
  
Scenario	
  &	
  <me	
  horizon	
  selec<on	
  
Best	
  vs.	
  worst	
  case	
  

Policymaker	
  
Risk	
  assessment	
  3. 

Informa7on	
  /	
  Context	
   Exper7se	
  

To support 
NOAA/NMFS’ 
ESA decision 
making 



Risk averse:  
 identify worst case scenarios 

 
Risk tolerant: 

 plan for best/middle, adjust response if necessary 
 
Risk spreading:  

develop strategies robust to uncertainty by planning for 
a range of possible outcomes, e.g., best & worst case 
scenarios 

Choose scenarios to match risk 
management approach 



Locally-specific projections of hydrologic changes (Columbia River 
basin scenarios) 

Combining climate change projections with distributed technical 
knowledge to assess vulnerability of diverse transportation network 
(WSDOT) 

Comprehensive impacts assessment across climate drivers, affected 
sectors, time horizons, levels of certainty (Swinomish) 

Consider:  

•  Multiple interacting streams of input 

•  Process/approach (data, partnerships, treatment of uncertainty) 
more than findings 

Examples 



EX1:	
  Climate	
  change	
  impacts	
  on	
  Columbia	
  
River	
  basin	
  water	
  resources	
  management	
  	
  

Project	
  Scope	
   Columbia	
  Basin	
  federal	
  water	
  
resources	
  management	
  

Vulnerability	
  of	
  
what?	
  

Columbia	
  River	
  basin	
  water	
  
resources	
  management	
  objec<ves	
  

To	
  what?	
   Warming,	
  precipita<on	
  changes	
  
When?	
   2020s,	
  2040s,	
  2080s	
  

Requires	
  informa<on	
  about	
  future	
  streamflow	
  
at	
  specific	
  river	
  loca<ons	
  



•  Scope	
  effort	
  
•  Stream	
  loca<ons	
  
•  File	
  format	
  &	
  delivery	
  
requirements	
  

Water	
  
Mgmt	
  

Agencies	
  

• GCM	
  downscaling	
  
• Hydrologic	
  modeling	
  
• Online	
  tool	
  

UW	
  
Climate	
  
Impacts	
  
Group	
  

Agreement	
  on	
  
a	
  common	
  
basis	
  of	
  

scenarios	
  for	
  
long-­‐range	
  
planning	
  
Re-­‐serving	
  
data	
  to	
  

cons<tuents	
  
Impacts	
  

assessment	
  
underway	
  

Nego<a<on	
  over	
  
scenario	
  choice	
  

Reservoir	
  
opera<ng	
  
models	
  

Mutual	
  
educa<on	
  

Climate	
  change	
  impacts	
  on	
  Columbia	
  River	
  
basin	
  water	
  resources	
  management	
  	
  



Columbia Basin Climate Change 
Scenarios Project 

http://warm.atmos.washington.edu/2860/ 

A comprehensive online suite of 
21st century hydro/climate 
scenarios, including data for:  

•  Temperature 
•  Precipitation  
•  Snowpack  
•  Streamflow  
•  Floods & extreme low flows 
•  Evapotranspiration (water 

demand) 
•  Soil moisture 

Supported by Ecology (HB2860), BPA, NWPCC, ODWR, BC Ministry of Enviro 



2020s +2.0°F (1.1-3.4°F) 
2040s +3.2°F (1.6-5.2°F) 

2080s +5.3°F (2.8-9.7°F) 

2020s +1% (-9 to 12%) 
2040s +2% (-11 to +12%) 

2080s +4% (-10 to +20%) 

Mote and Salathé, 2010 

PNW Climate Change 

Warmer 

Wetter 

Weber	
  falls/winters/springs;	
  drier	
  summers.	
  
Poten<al	
  increases	
  in	
  extreme	
  precipita<on.	
  

More	
  hot	
  days.	
  Fewer	
  cold	
  days.	
  



Example of site-specific products 

hbp://warm.atmos.washington.edu/2860	
  



Example of site-specific products 

http://warm.atmos.washington.edu/2860 

Snowpack 

Streamflow 

Floods 

Low flows 



Enables	
  local-­‐	
  and	
  regional	
  assessment	
  	
  



EX2: Washington State DOT’s 
Vulnerability Assessment:  Asking the 

“Climate Question” 

Slide courtesy of Carol Lee Roalkvam 
WSDOT Environmental Policy Branch Manager 



Climate	
  Vulnerability	
  of	
  Washington	
  
State’s	
  Transporta<on	
  Infrastructure	
  

Project	
  Scope	
   WA	
  State	
  DOT	
  
Vulnerability	
  of	
  what?	
   State-­‐owned	
  

transporta<on	
  
infrastructure	
  

To	
  what?	
   Warming,	
  precipita<on	
  
changes,	
  sea	
  level	
  rise,	
  
increased	
  risk	
  of	
  flooding,	
  
landslides,	
  inunda<on,	
  
wildfire	
  

When?	
   2040s	
  (temp,	
  precipita<on)	
  
2’,	
  4’,	
  6’	
  sea	
  level	
  rise	
  	
  

“What	
  does	
  climate	
  change	
  mean	
  for	
  WSDOT	
  
infrastructure	
  and	
  opera<ons?”	
  
	
  



• Scope	
  effort	
  
• Inventory	
  &	
  map	
  assets	
  
• Develop	
  climate	
  change	
  
scenarios	
  

WA	
  
State	
  
DOT	
  

• Provide	
  climate	
  change	
  
projec<ons	
  
• State-­‐wide	
  impacts	
  
assessment	
  

• Site-­‐specific	
  impacts	
  

UW	
  
Climate	
  
Impacts	
  
Group	
  

Climate	
  Vulnerability	
  of	
  Washington	
  
State’s	
  Transporta<on	
  Infrastructure	
  

Qualita<ve	
  
ranking	
  for	
  all	
  
state-­‐owned	
  

assets	
  	
  
Map	
  &	
  

Database	
  
	
  Incorpora<ng	
  

into	
  
assessment	
  
management,	
  
emergency	
  

preparedness	
  	
  

DOT	
  planners	
  
ensure	
  consistency	
  
across	
  14	
  state	
  
sub-­‐regions	
  

Field	
  
experts	
  
rank	
  

impacts	
  

Field	
  experts	
  
score	
  

cri<cality	
  

www.wsdot.wa.gov/SustainableTransportation/ 
adapting.htm  



SLR estimated along coast and Puget Sound 



 
Step 1 – Group defines character of each asset  
WSDOT Methodology 

 

Steps	
  to	
  establish	
  Qualitative	
  (QL)	
  Criteria	
  for	
  the	
  CRITICALITY	
  of	
  the	
  Asset	
  
	
  

#1	
  Determine	
  and	
  record	
  Roadway	
  Classification	
  of	
  the	
  asset:	
  Interstate,	
  National	
  
Highway	
  System	
  (NHS),	
  non-­‐NHS	
  and	
  “Lifeline”	
  routes.	
  

#2	
  Determine	
  and	
  record	
  traffic	
  volumes	
  for	
  the	
  asset.	
  	
  

#3	
  Determine	
  and	
  record	
  the	
  availability	
  of	
  alternate	
  routes	
  (availability	
  of	
  redundancy	
  
for	
  the	
  asset	
  at	
  risk).	
  

#4	
  Based	
  on	
  the	
  above	
  objective	
  information	
  for	
  three	
  key	
  features,	
  and	
  augmented	
  
with	
  subjective	
  judgment	
  regarding	
  the	
  utility	
  of	
  the	
  asset,	
  make	
  an	
  assessment	
  of	
  the	
  
criticality	
  of	
  the	
  asset,	
  an	
  example	
  scoring	
  system	
  of	
  the	
  criticality	
  of	
  the	
  asset	
  is	
  
provided	
  below:	
  

	
   Very	
  low	
  to	
  low	
   Moderate	
   Critical	
  to	
  Very	
  Critical	
  
	
   1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

	
   Criticality	
  of	
  asset	
  
	
   Notice	
  that	
  along	
  with	
  the	
  qualitative	
  terms	
  there	
  is	
  an	
  associated	
  scale	
  of	
  1	
  to	
  10,	
  this	
  is	
  

to	
  serve	
  as	
  a	
  facilitation	
  tool	
  for	
  some	
  people	
  who	
  may	
  find	
  it	
  useful	
  to	
  think	
  in	
  terms	
  of	
  a	
  
numerical	
  scale	
  –	
  although	
  the	
  scoring	
  by	
  each	
  individual	
  is	
  of	
  course	
  subjective.	
  	
  The	
  scale	
  
is	
  a	
  generic	
  scale	
  of	
  criticality	
  where	
  “1”	
  is	
  very	
  low	
  (least	
  critical)	
  and	
  “10”	
  is	
  very	
  critical.	
  

	
  

	
   	
   	
  
	
   Typically	
  involves:	
  

non-­‐NHS	
  
low	
  AADT	
  
alternate	
  routes	
  available	
  

Typically	
  involves:	
  
some	
  NHS	
  
non-­‐NHS	
  
low	
  to	
  medium	
  AADT	
  
serves	
  as	
  an	
  
alternative	
  for	
  other	
  
state	
  routes	
  

Typically	
  involves:	
  
Interstate	
  
Lifeline	
  
some	
  NHS	
  
sole	
  access	
  
no	
  alternate	
  routes	
  

	
  



Complete	
  Catastrophic	
  Failure	
  
	
  

Results	
  in	
  total	
  loss	
  or	
  ruin	
  of	
  asset.	
  Asset	
  may	
  be	
  available	
  for	
  
limited	
  use	
  aler	
  at	
  least	
  60	
  days	
  and	
  would	
  require	
  major	
  repair	
  
or	
  rebuild	
  over	
  extended	
  period	
  of	
  <me.	
  	
  “Complete	
  and/or	
  
catastrophic	
  failure”	
  typically	
  involves:	
  
•  Immediate	
  road	
  closure;	
  
•  Disrup<ons	
  to	
  travel;	
  
•  Vehicles	
  forced	
  to	
  re-­‐route	
  to	
  other	
  roads;	
  
•  Reduced	
  commerce	
  in	
  affected	
  areas;	
  
•  Reduces	
  or	
  eliminate.es	
  access	
  to	
  some	
  des<na<ons;	
  
•  May	
  sever	
  some	
  u<li<es	
  located	
  within	
  right-­‐of-­‐way;	
  
•  May	
  damage	
  drainage	
  conveyance	
  or	
  storage	
  systems.	
  

Temporary	
  Opera7onal	
  Failure	
  
	
  

Results	
  in	
  minor	
  damage	
  and/or	
  disrup<on	
  to	
  asset.	
  	
  Asset	
  
would	
  be	
  available	
  with	
  either	
  full	
  or	
  limited	
  use	
  within	
  60	
  days	
  
and	
  may	
  have	
  immediate	
  limited	
  use	
  s<ll	
  available.	
  	
  	
  
“Temporary	
  Opera<onal	
  Failure”	
  typically	
  involves:	
  
•  Temporary	
  road	
  closure,	
  hours	
  to	
  weeks;	
  
•  Reduced	
  access	
  to	
  des<na<ons	
  served	
  by	
  the	
  asset;	
  
•  Stranded	
  vehicles;	
  
•  Possible	
  temporary	
  u<lity	
  failures.	
  

Reduced	
  capacity	
  
	
  

Results	
  in	
  lible	
  or	
  negligible	
  impact	
  to	
  asset.	
  	
  Asset	
  would	
  be	
  
available	
  with	
  full	
  use	
  within	
  10	
  days	
  and	
  has	
  immediate	
  limited	
  
use	
  s<ll	
  available.	
  “Reduced	
  capacity”	
  typically	
  involves:	
  
•  Less	
  convenient	
  travel;	
  
•  Occasional/	
  brief	
  lane	
  closures,	
  but	
  roads	
  remain	
  open;	
  
•  A	
  few	
  vehicles	
  may	
  move	
  to	
  alternate	
  routes;	
  

	
  
Figure	
  2.1	
  Photo	
  Depic<ons	
  of	
  Qualita<vely	
  Assessed	
  Climate	
  Change	
  Consequences	
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What did we find?  

Climate change will intensify 
known threats.  
 
The study reinforces value of 
our current maintenance and 
retrofit programs.  
 
Some surprises:  
-   Bridges safer than their 
approaches  
-   Maintenance facilities at risk  
 
It was a unique way to capture 
knowledge of field staff 



	
  	
  

Sustainability	
  	
  

EX2b:	
  Sound	
  Transit	
  
Climate	
  Risk	
  Reduc<on	
  Project	
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Facility facts:

Facility Description:
Surface Sounder station

Parking spaces: 155

!!24

Legend:

0 400200

Ft
´

"@ Link Station

"@ Sounder Station

Link Route

Sounder Route

Buildings

Tax Parcels

Park

Sound Transit Property

Floodplain

Sea Level rise (22 in)

Sea Level rise (50 in)

Map date: 7/12

Notes:  Not all building outlines are available.  
Sea level rise and floodplains do not impact 
all areas. If no such areas areas appear on 
the map, this area is not impacted.

Scale: This map is 
accompanied 
by no warranties.

Climate	
  Vulnerability	
  of	
  Sound	
  Transit	
  

Impacts	
  Ra7ng:	
  damage,	
  (length	
  of)	
  closure,	
  
need	
  to	
  re-­‐route	
  services	
  
Cri7cality	
  Ra7ng:	
  usage,	
  subs<tutability,	
  
cost	
  of	
  shiling,	
  hub	
  



Shelter	
  Bay,	
  source:	
  hbp://www.goskagit.com/home/ar<cle/shelter_bay_residents_bracing_for_increase/	
  

EX3:	
  Comprehensive	
  impacts	
  assessment	
  
across	
  climate	
  drivers,	
  affected	
  sectors,	
  

<me	
  horizons,	
  levels	
  of	
  certainty	
  



Shelter	
  Bay,	
  source:	
  hbp://www.goskagit.com/home/ar<cle/shelter_bay_residents_bracing_for_increase/	
  

Project	
  Scope	
   WA	
  State	
  DOT	
  
Vulnerability	
  of	
  
what?	
  

Swinomish	
  Indian	
  Reserva<on	
  community	
  
assets,	
  vital	
  infrastructure,	
  natural	
  
resources,	
  cultural	
  areas,	
  economic	
  
development	
  areas,	
  and	
  community	
  health	
  	
  

To	
  what?	
   all	
  currently	
  understood	
  local	
  impacts	
  of	
  
climate	
  change	
  (temp,	
  precipita<on,	
  sea	
  
level	
  rise,	
  hydrologic	
  response,	
  wildfire	
  risk,	
  
flooding,	
  inunda<on,	
  erosion,	
  public	
  health,	
  
etc)	
  	
  

When?	
   “near”	
  (20-­‐50)	
  and	
  “long”	
  (50-­‐100)	
  term	
  	
  	
  

Swinomish	
  Indian	
  Tribal	
  Community:	
  
Climate	
  Change	
  Ini<a<ve	
  



• Project	
  scope	
  
• Scenario	
  selec<on	
  (high	
  &	
  low)	
  
• Importance	
  of	
  reserva<on	
  sub-­‐areas	
  
• Exis<ng	
  infrastructure	
  and	
  challenges	
  

Swinomish	
  

• Basic	
  approach	
  
• Downscaled	
  output	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
from	
  20	
  GCMs	
  

UW	
  
Climate	
  
Impacts	
  
Group	
  

• Neighboring	
  concerns	
  
• Adap<ve	
  strategies	
  Local	
  gov’t	
  &	
  

community	
  reps	
  

Planners,	
  
Scien<sts,	
  Tribal	
  
Community,	
  Local	
  

Gov’t	
  &	
  
Community	
  

Community	
  
Priori<es	
  &	
  
Values	
  

Swinomish	
  Indian	
  Tribal	
  Community:	
  
Climate	
  Change	
  Ini<a<ve	
  



•  Impact  Analysis:  at-risk areas 
(zones), range/probability of impacts 
by planning sector, based on local 
projections  

 

•  Vulnerability Assessment:  
inventory risk zones, sensitivity/
adaptive capacity 

 

•  Risk Analysis:  value of at-risk 
assets; vulnerability X probability = 
risk 

Technical Report 

Swinomish	
  Indian	
  Tribal	
  Community:	
  
Climate	
  Change	
  Ini<a<ve	
  



Implementing Action Plan 
Priorities 

•  Coastal zone measures 
 ($$) 

•  Dike maintenance/repair 
 ($$$$) 

•  Preservation of access 
 ($$$$$) 

•  Wildfire control 
 ($) 

•  Emergency planning 
 ($) 

 



UW Climate Impacts Group 
www.cses.washington.edu/cig 

Climate Science in the 
Public Interest 


