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A	  Workshop	  in	  Risk-‐Based	  Framing	  of	  Climate	  Impacts	  in	  the	  Northwest:	  
Implementing	  the	  National	  Climate	  Assessment	  Risk-‐Based	  Approach	  

INTRODUCTION	  
	  
The	  National	  Climate	  Assessment	  (NCA)	  is	  a	  report	  that	  summarizes	  and	  communicates	  the	  
current	   understanding	   of	   climate	   change	   science	   and	   impacts	   in	   the	   United	   States.	   The	  
Global	   Change	   Research	   Act	   of	   1990,	   Section	   106,	   requires	   a	   quadrennial	   national	  
assessment	   on	   climate	   culminating	   in	   a	   NCA	   report	   that	   a)	   integrates,	   evaluates,	   and	  
interprets	   the	   findings	   of	   the	   US	   Global	   Change	   Research	   Program	   and	   discusses	   the	  
scientific	   uncertainties	   associated	   with	   such	   findings,	   b)	   analyzes	   the	   effects	   of	   global	  
change	  on	  particular	  sectors,	  and	  c)	  analyzes	  current	  trends	  in	  global	  change,	  both	  human-‐
induced	   and	   natural,	   and	   projects	   major	   trends	   for	   the	   subsequent	   25	   to	   100	   years	  
(USGCRP).	  
	  
The	  first	  NCA	  was	  released	  in	  2000	  and	  the	  second	  in	  2009.	  To	  advance	  the	  NCA	  beyond	  a	  
periodic	   report-‐writing	   activity,	   the	   2013	   report	   strives	   to	   build	   capacity	   for	   ongoing,	  
comprehensive	  assessments	  by	  fostering	  partnerships	  with	  the	  public	  and	  private	  sectors,	  
evaluating	  progress	  in	  adaptation	  and	  mitigation,	  identifying	  national	  indicators	  of	  change,	  
providing	  web-‐based	  information	  to	  support	  decision	  making,	  and	  including	  new	  methods	  
for	   documenting	   climate	   related	   risks	   and	   opportunities.	   To	   advance	   the	   conversation	  
about	  climate	   impacts	  and	  adaptation	  research,	   the	  NCA	  has	  adopted	  a	   risk	  management	  
framework	  for	  assessing	  climate	  impacts	  (USGCRP).	  
	  
According	   to	   the	   Fourth	   Assessment	   Report	   of	   the	   Intergovernmental	   Panel	   on	   Climate	  
Change	  (IPCC	  AR4),	  “responding	  to	  climate	  change	  involves	  an	  iterative	  risk	  management	  
process	  that	  includes	  both	  adaptation	  and	  mitigation	  and	  takes	  into	  account	  climate	  change	  
damages,	   co-‐benefits,	   sustainability,	  equity	  and	  attitudes	   to	   risk”	   (IPCC,	  2007b).	  The	  NCA	  
has	  adopted	  this	  framework	  to	  organize	  and	  prioritize	  key	  vulnerabilities	  according	  to	  the	  
following	  criteria:	  risk	  (in	  terms	  of	  the	  likelihood	  and	  magnitude	  of	  consequences),	  timing,	  
persistence,	   distributional	   aspects,	   potential	   for	   adaptation,	   and	   importance	   to	   those	   at	  
stake.	  
	  
	  The	  Northwest	  is	  primed	  to	  embrace	  this	  new	  perspective	  by	  building	  on	  over	  15	  years	  of	  
high	  quality	  climate	  impacts	  and	  adaptation	  research	  in	  the	  region,	  and	  equally	  important,	  
a	   sophisticated	   and	   well-‐educated	   community	   of	   manages	   and	   policymakers.	   Since	   the	  
2009	   National	   Climate	   Assessment	   report,	   the	   Northwest	   has	   produced	   comprehensive	  
state	   assessments1 	  of	   the	   impacts	   of	   climate	   variability	   and	   change	   in	   Oregon	   and	  
Washington,	  with	  much	  of	  the	  analysis	  and	  information	  extending	  to	  include	  Idaho	  as	  well.	  
With	   such	   a	   wealth	   of	   work	   characterizing	   the	   current	   and	   future	   climate	   changes	   and	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Washington	  Climate	  Change	  Impacts	  Assessment	  produced	  by	  the	  Climate	  Impacts	  Group	  at	  the	  University	  
of	  Washington	  in	  2009;	  Oregon	  Climate	  Assessment	  Report	  produced	  by	  the	  Oregon	  Climate	  Change	  Research	  
Institute	  at	  Oregon	  State	  University	  in	  2010.	  	  
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impacts	   in	   the	   region,	   the	   Northwest,	   led	   by	   the	   Climate	   Impacts	   Research	   Consortium	  
(CIRC),	  is	  prepared	  to	  begin	  an	  assessment	  of	  climate	  risks	  region-‐wide.	  	  
	  
To	  implement	  the	  NCA’s	  risk-‐based	  framework,	  we2	  designed	  a	  workshop	  to	  bring	  together	  
a	  breadth	  of	  experts	   from	  the	  region	  to	  engage	  in	  a	  discussion	  and	  assessment	  of	  climate	  
risks	   moving	   beyond	   compiling	   a	   list	   of	   consequences	   to	   developing	   ways	   to	   rank	   the	  
magnitude	   of	   consequences	   and	   prioritize	   risks	   and	   key	   vulnerabilities.	   The	   workshop	  
builds	  on	  the	  climate	  risks	  identified	  in	  the	  Oregon	  Climate	  Change	  Adaptation	  Framework	  
by	  surveying	   the	  participants	  and	   facilitating	  group	  discussions	   to	   compile	   consequences	  
and	  begin	  development	  of	   a	   ranking	   system	  of	   these	   risks	  within	   the	   scope	  of	   the	   entire	  
Northwest	  region.	  We	  describe	  the	  design	  of	  the	  workshop	  highlighting	  considerations	  of	  
applying	   the	   risk-‐based	   framework	   to	   our	   region	   and	   lessons	   learned	   throughout	   the	  
process.	  A	   summary	  of	   the	   outcomes	  of	   the	  workshop	   is	   presented	   for	   each	   climate	   risk	  
considered.	  	  
	  

WORKSHOP	  DESCRIPTION	  
	  
The	   Northwest	   NCA	   Risk	   Framing	  Workshop	  was	   conceived	   as	   a	   way	   to	   bring	   together	  
carefully	   selected	   experts	   from	   the	   region	   to	   engage	   in	   a	   discussion	   of	   climate	   impacts	  
through	  a	  risk	  frame,	  separately	  assessing	  the	  likelihood	  and	  consequences.	  The	  objectives	  
of	   this	   integrative	   workshop	   were	   three-‐fold:	   1)	   discuss	   and	   rank	   the	   likelihood	   and	  
consequences	   of	   climate	   risks	   to	   the	   northwest	   region,	   2)	   provide	   opportunity	   to	   help	  
inform	  the	  NW	  chapter	  of	  the	  NCA,	  and	  3)	  build	  capacity	  for	  a	  long	  term,	  sustained	  regional	  
assessment	   process.	   This	   workshop,	   held	   in	   Portland,	   Oregon,	   served	   as	   an	   initial	   step	  
toward	  identifying	  key	  risks	  and	  vulnerabilities	  to	  highlight	  in	  the	  Northwest	  chapter.	  
	  
We	   considered	   it	   important	   to	   include	   representatives	   from	   all	   sectors,	   affiliations,	   and	  
states	  and	  communities	  within	  the	  region	  to	  ensure	  that	  the	  outcomes	  of	  this	  workshop	  are	  
truly	  representative	  of	  the	  collective	  region.	  To	  that	  end,	  we	  asked	  participants	  a	  series	  of	  
demographic	  questions.	  The	  workshop	  consisted	  of	  four	  main	  components:	  1)	  introduction	  
to	  risk-‐based	  framing	  of	  climate	  impacts;	  2)	  a	  panel	  of	  experts	  presenting	  on	  the	  likelihood	  
of	   eight	   climate	   risks;	   3)	   an	   online,	   real-‐time	   survey	   collecting,	   from	   each	   participant,	  
responses	   to	   questions	   about	   the	   consequences	   of	   those	   risks;	   and	   4)	   breakout	   group	  
discussions.	  	  

Demographics	  
Through	  a	  survey	  completed	  by	  41	  of	  the	  48	  workshop	  participants,	  we	  asked	  participants	  
about	  their	  views	  on	  climate	  change,	  their	  affiliations,	  and	  expertise.	  All	  survey	  participants	  
are	  climate	  conscious	  and	  savvy	  people	  with	  all	  participants	   indicating	  they	  were	  at	   least	  
moderately	  concerned	  and	  moderately	  informed	  about	  climate	  change.	  About	  three-‐fourths	  
were	  very	  concerned	  and	  about	  80%	  were	  well	  informed	  about	  climate	  change.	  	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Meghan	  Dalton,	  Ginger	  Armbrust,	  Kathie	  Dello,	  Paul	  Fleming,	  Philip	  Mote,	  and	  TC	  Richmond	  
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Most	   attendees	   were	   researchers,	   staff,	   or	   managers	   of	   their	   organizations.	   A	   few	  
educators,	   directors,	   coordinators,	   advisors,	   and	   technical	   specialists	   were	   also	   in	  
attendance.	   Slightly	   more	   than	   one-‐third	   of	   workshop	   attendees	   were	   from	   universities	  
and	   slightly	   less	   than	   one-‐third	   from	   federal	   agencies.	   State	   agencies,	   local,	   county,	   and	  
regional	  organizations,	  tribes,	  private	  companies,	  and	  an	  NGO	  were	  also	  represented	  at	  the	  
workshop.	   For	   a	   list	   of	   organizations	   represented,	   see	   Appendix	   A.	   About	   one-‐third	   of	  
attendees	  had	  been	  with	  their	  organization	  for	  over	  10	  years	  and	  two-‐thirds	  had	  been	  with	  
their	  organization	  for	  10	  years	  or	  less.	  One-‐third	  had	  been	  with	  their	  organization	  for	  less	  
than	  5	  years.	  
	  
The	  main	  areas	  of	   academic	   training	  of	   the	  attendees	  were	   the	  biological,	   environmental	  
and	   physical	   sciences.	   Several	   attendees	   were	   trained	   in	   engineering,	   social	   science,	  
planning,	   economics,	   policy,	   and	   public	   health.	   The	   self-‐identified	   sectors	   of	   expertise	  
represented	  include	  ecosystems,	  public	  health,	  environmental	  quality,	  climate	  and	  climate	  
modeling,	   ecology,	  biology,	  hydrology	  and	  water	   resources,	   geology,	   infrastructure,	   tribal	  
issues,	  coastal,	  agriculture,	  forestry,	  policy,	  and	  economics.	  Participants	  engage	  in	  activities	  
such	   as	   restoration,	   spatial	   analysis,	   data	  management,	   impacts	   assessments,	   adaptation,	  
climate	   policy,	   mitigation,	   conservation,	   communications,	   decision	   support,	   utility	  
regulation	   and	   operation,	   computer	   modeling,	   reclamation	   studies,	   uncertainty	   and	   risk	  
analysis,	   resource	   management,	   and	   land	   use	   planning.	   Representatives	   from	   Oregon,	  
Washington,	   and	   Idaho	  were	   in	   attendance	  with	   geographic	   areas	   of	   expertise	   including	  
both	   sides	   of	   the	   Cascade	   Range,	   Columbia,	   Snake,	   Yakima,	   and	   Deschutes	   River	   basins,	  
Rocky	  Mountains,	  sagebrush	  steppe,	  coastal	  zones	  including	  the	  Puget	  Sound,	  and	  volcanic	  
provinces.	  	  

Risk	  framework	  introduction3	  
To	  inform	  participants	  of	   the	   framework	  for	  this	  workshop,	  which	   is	   the	  NCA	  framework	  
for	  incorporating	  iterative	  risk	  management	  in	  climate	  impact	  assessments,	  we	  invited	  two	  
introductory	  speakers.	  One	  speaker	  was	  Meg	   Jones,	  of	   the	  Washington	  State	  Office	  of	   the	  
Insurance	  Commissioner,	  who	  provided	  a	  look	  into	  the	  common	  use	  of	  a	  risk	  management	  
framework	  within	  the	  insurance	  industry	  and	  compared	  and	  contrasted	  the	  application	  of	  
risk	  management	   to	   climate	   impacts.	   Dr.	   Gary	   Yohe,	   Vice-‐Chair	   of	   the	  NCA	  Development	  
and	  Advisory	  Committee,	  had	  developed	  the	  NCA	  guidance	  for	  incorporating	  the	  risk-‐based	  
framework;	   Dr.	   Yohe	   presented	   (remotely	   via	   speakerphone)	   the	   NCA	   guidance	   on	   risk	  
framework	  and	  how	  to	  handle	  uncertainty.	  	  
	  
A	   working	   definition	   of	   risk	   is	   the	   product	   of	   likelihood	   and	   consequence.	   Likelihood	  
depends	  on	  the	  variability,	  forcing,	  and	  sensitivity	  of	  the	  climate	  and	  the	  consequence	  can	  
be	   assessed	   through	   a	   variety	   of	   metrics	   from	   physical	   impacts	   to	   vulnerability.	   The	  
importance	  of	  risk	  framing	  is	  outlined	  in	  the	  Summary	  for	  Policymakers	  of	  the	  IPCC	  Fourth	  
Assessment	   Report	   synthesis	   (IPCC,	   2007b)	   as	   an	   iterative	   process	   including	   both	  
adaptation	  and	  mitigation	  while	   taking	   into	  account	  not	  only	  damages,	  but	  co-‐benefits	  of	  
climate	  change	  in	  addition	  to	  sustainability,	  equity	  and	  attitudes	  to	  risk.	  Subsequently,	  this	  
framework	   has	   been	   adopted	   by	   all	   four	   National	   Research	   Council	   Panel	   Reports	   of	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  A	  summary	  of	  Gary	  Yohe’s	  presentation	  
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America’s	  Climate	  Choices	  (NRC,	  2010a;	  NRC,	  2010b;	  NRC,	  2011),	  the	  New	  York	  City	  Panel	  
on	  Climate	  Change	  (NPCC,	  2010),	   the	  draft	  Adaptation	  Plan	  for	  the	  United	  States,	  and	  the	  
Department	  of	  Defense.	  
	  
The	  NCA	  strives	  to	  sustain	  an	  “ongoing	  analysis	  of	  scientific	  understanding	  of	  the	  climate	  
change	   impacts,	   risk,	   and	   vulnerability	   that	   is	   relevant	   to	   a	  wide	   range	   of	   decisions	   and	  
policies”	  (NCA	  Strategic	  Plan).	  The	  NCA	  Regional	  Strategy	  encourages	  technical	  input	  teams	  
to	   use	   an	   integrated,	   risk-‐based	   approach	   to	   the	   extent	   possible	   to	   characterize	   key	  
vulnerabilities.	   Criteria	   for	   judging	   key	   vulnerabilities,	   according	   to	   the	   IPCC	   fourth	  
assessment	   report,	   include:	   magnitude,	   timing,	   persistence/reversibility,	   potential	   for	  
adaptation,	  distributional	  aspects,	  likelihood,	  and	  importance	  to	  relevant	  actors.	  
	  

	  
Figure	  1	  Risk	  matrix	  used	  and	  developed	  by	  the	  New	  York	  Panel	  on	  Climate	  Change,	  and	  adopted	  by	  the	  National	  
Climate	  Assessment.	  

The	  risk	  matrix	  can	  be	  used	  as	  a	  tool	  to	  organize	  thoughts	  around	  key	  vulnerabilities	  and	  
risks	   (NPCC,	   2010).	   The	   estimation	   of	   risks	   can	   be	   based	   on	   quantitative	   estimates	   or	  
qualitative	   representations	   of	   likelihood	   and	   consequences.	   According	   to	   Dr.	   Yohe’s	  
presentation,	   these	   risk	   matrices	   “are	   most	   effective	   when	   various	   stakeholders	   defend	  
their	  portraits	  over	  time	  before	  one	  another”.	  For	  this	  purpose,	  we	  gathered	  representative	  
stakeholders	  from	  the	  region	  to	  engage	  in	  group	  discussions.	  
	  
Dr.	   Yohe	   described	   some	   guidance	   for	   assessing	   and	   calibrating	   consequences	   and	  
likelihood,	   found	   in	   his	   draft	   NCA	   guidance	   document	   Adopting	   a	   Risk-‐Based	   Approach	  
Informed	  by	  “Key	  Vulnerabilities”	  in	  the	  NCA	  Process.	  For	  consequences,	  define	  a	  metric	  (e.g.	  
economic,	  human	  health)	  and	  describe	  the	  rationale	  for	  the	  approach	  selected,	  address	  the	  
sensitivity	   of	   consequences	   to	   the	   influence	   of	   multiple	   stresses,	   move	   beyond	   physical	  
impacts	   to	   consider	   vulnerability	   as	   a	   function	   of	   exposure,	   sensitivity,	   and	   adaptive	  
capacity.	   When	   assessing	   likelihood,	   describe	   the	   process	   and	   source	   from	   which	   the	  
likelihood	  judgment	  emerged	  and	  use	  the	  language	  in	  the	  NCA’s	  uncertainty	  guidance.	  An	  
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underlying,	   yet	   important	   caveat	   is	   that	   a	   traceable	   account	   of	   sources	   of	   estimations	   of	  
likelihood	   or	   consequence,	  whether	   qualitative	   or	   quantitative,	  must	   be	   provided	   and	   as	  
complete	  as	  possible.	  
	  
Likelihood	   can	   be	   compared	   across	   risks	   if	   the	   scales	   are	   derived	   from	   the	   same	   or	  
comparable	   climate	   models	   and	   drivers.	   According	   to	   Dr.	   Yohe’s	   presentation,	  
“consequence	   scales	   are	   often	   expressed	   in	   different	   metrics,	   so	   stakeholder	   input	   is	  
required	  to	  develop	  comparable	   judgments	  about	  the	  magnitude	  of	  the	  consequences”,	   in	  
other	  words,	  publically	  defending	   judgments.	  With	  qualitative	  or	  quantitative	  rankings	  of	  
likelihood	   and	   consequences	   of	   several	   climate	   risks,	   ensuring	   a	   complete	   traceable	  
account	  of	  information	  and	  judgment,	  risks	  can	  be	  prioritized	  based	  on	  where	  they	  fall	  on	  
the	  risk	  matrix.	  The	  NCA	  will	   focus	  not	  only	  on	  high	   likelihood	  –	  high	  consequence	  risks,	  
but	   also	   low	   likelihood	   risks	   that	   could	   carry	   high	   consequence.	   For	   the	   likelihood	  
assessment	   portion	   of	   ranking	   climate	   risks,	   we	   chose	   to	   enlist	   a	   panel	   of	   experts	   to	  
formulate	  an	  initial	  determination	  of	  the	  likelihood	  of	  each	  climate	  risk.	  	  

Likelihood	  panel	  	  
The	  purpose	  of	   the	  short	  panel	  presentations	  on	   likelihood	  was	   to	   introduce	  each	  risk	   to	  
the	  workshop	  participants	   in	   terms	  of	   drivers,	   geographic	   area	   affected,	   time	   frame,	   and	  
most	  importantly,	  the	  likelihood	  and/or	  confidence	  of	  occurrence.	  Because	  the	  assessment	  
of	   likelihood	   or	   probability	   involves	   careful	   expert	   judgment	   and	   evaluation	   of	   recent	  
literature,	  we	   selected	   experts	   in	   the	   field	   to	   prepare	   a	   brief	   synthesis	   for	   each	   risk.	  We	  
asked	   of	   each	   person	   that,	   prior	   to	   the	  workshop,	   they	   determine	   the	   best	   estimate	   and	  
range	  (5%	  and	  95%	  confidence	  bounds)	  for	  the	  likelihood	  of	  this	  impact	  occurring	  mid-‐21st	  
century	  relative	  to	  the	  late	  20th	  century,	  or	  for	  whatever	  time	  scales	  there	  exists	  literature).	  
In	  addition,	  we	  asked	  that	  they	  prepare	  a	  written	  synthesis	  with	  citations	  articulating	  their	  
reasoning	  and	  evidence	  for	  the	  likelihood	  determined.	  These	  syntheses	  are	  included	  in	  the	  
likelihood	  subsection	  of	  each	  risk	  summary	  below.	  	  
	  
The	  panel	  of	  likelihood	  experts	  then	  presented	  short	  summary	  of	  each	  of	  the	  climate	  risks	  
to	  rank	  during	  the	  remainder	  of	   the	  workshop.	  The	   identified	  risks	  were	  drawn	  from	  the	  
Oregon	   Climate	   Change	   Adaptation	   Framework	   (2010)	   and	  Washington	   Climate	   Change	  
Impacts	  Assessment	  (2009).	  The	  significant	  aspects	  of	  each	  risk	  were	  presented,	  including:	  
drivers,	   geographic	   area	   affected,	   time	   frame,	   and	   in	   particular,	   the	   likelihood	   of	  
occurrence.	  Presenters	  provided	  the	  preliminary	  likelihood	  ranking	  for	  risk	  prioritization.	  
After	   each	   five-‐minute	   presentation,	   workshop	   participants	   were	   then	   asked	   to	   answer	  
survey	  questions	  regarding	  the	  consequences	  and	  magnitude	  of	  those	  consequences	  for	  the	  
risk	  just	  presented.	  	  

Survey	  
Given	   the	   likelihood	   of	   the	   risk	   just	   presented,	   workshop	   participants	   were	   asked	   to	  
complete	  a	  survey	  in	  which	  they	  were	  asked	  to	  list	  all	  the	  consequences	  of	  this	  risk	  in	  their	  
area	   of	   expertise,	   and	   answer	   a	   series	   of	   rating	   questions	   regarding	   the	   magnitude	   of	  
consequences	  according	  to	  a	  set	  of	  pre-‐determined	  metrics.	  The	  questions	  were	  exactly	  the	  
same	  for	  each	  risk.	  See	  Appendix	  B	   for	  the	  survey	  questions	  used.	  The	  goal	  of	   the	  survey	  
was	   to	   get	   people	   thinking	   individually	   about	   consequences	   before	   engaging	   in	   group	  
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discussion,	   provide	   useful	   data	   for	   analysis	   and	   synthesis	   after	   the	   workshop,	   allow	  
everyone	  to	  provide	  input	  on	  each	  climate	  risk,	  and	  provide	  preliminary	  data	  for	  later	  use	  
within	  the	  afternoon	  breakout	  sessions.	  	  
	  
The	  survey	  rating	  questions	  provided	  a	  preliminary	  set	  of	  metrics	  to	  assess	  the	  magnitude	  
of	  consequences.	  The	  survey	  asked:	  “To	  the	  best	  of	  your	  knowledge,	  how	  would	  you	  rate	  
the	   consequences	   of	   this	   risk	   in	   the	   following	   criteria”:	   Human	   Health	   and	   Welfare	   (in	  
terms	   of	   human	   population	   affected,	   human	   mortality,	   &	   health	   quality),	   Natural	  
Environment	  (in	  terms	  of	  biodiversity	  and	  geographic	  area	  affected),	  Built	  Environment	  (in	  
terms	  of	  public	  services	  and	  infrastructure),	  Economy	  (in	  terms	  of	  cost).	  The	  rating	  criteria	  
and	   scales	   under	  Human	  Health	   and	  Welfare	   and	  Economy	  were	   borrowed	   and	   adapted	  
from	   the	   City	   of	   Atlanta’s	   climate	   change	   vulnerability	   and	   risk	   assessment	   (Morsch	   and	  
Saterson,	   2010).	   The	   biodiversity	   rating	   criterion	   was	   borrowed	   from	   NPCC	   (2010),	  
geographic	  area	  affected	  criterion	  was	  adapted	   from	  Snover	  et	   al.	   (2007),	   and	   the	  public	  
services	  and	  infrastructure	  criterion	  was	  adapted	  from	  NPCC	  (2010).	  	  
	  
The	   answer	   format	   was	   multiple-‐choice,	   with	   one	   choice	   per	   question	   allowed,	   and	  
included	  space	  to	  provide	  rationale	  for	  the	  answer	  selected.	  The	  response	  options	  for	  each	  
question	   were	   descriptive	   and	   included	   degrees	   of	   positive	   and	   negative	   options.	   For	  
example,	  the	  response	  options	  for	  the	  rating	  of	  consequences	  in	  terms	  of	  human	  mortality	  
were:	  Decrease	  in	  Mortality,	  Sign	  Uncertain,	  Increase	  in	  Mortality,	  Don’t	  Know,	  and	  N/A.	  By	  
including	  Don’t	  Know	  and	  NA	  response	  options,	  we	  provided	  a	  way	  for	  survey	  participants	  
to	  actively	  opt	  out	  of	  the	  question.	  	  
	  
An	   initial	   draft	   of	   survey	   questions	   was	   circulated	   among	   the	   workshop	   facilitators	   for	  
comment	  and	  revision.	  We	  would	  recommend	  to	  other	  groups	  considering	  administering	  a	  
similar	   survey	   to	   involve	   a	   social	   scientist	   and/or	   communications	   expert	   in	   the	  
development	  of	   the	   survey.	  While	  many	  positive	   comments	  were	   received	  on	   the	   survey	  
technique	  as	  a	  way	  to	  capture	  opinions	  from	  local	  experts,	  there	  was	  some	  concern	  about	  
the	  appropriate	  knowledge	  and	  time	  for	  providing	  answers	  to	  some	  of	  the	  rating	  questions.	  
Some	  questions,	  particularly	  the	  question	  involving	  economic	  cost,	  were	  said	  to	  be	  simply	  
unanswerable	  at	  this	  time	  or	  that	  answers	  depended	  on	  various	  factors.	  	  
	  
We	  chose	  to	  administer	  the	  survey	  through	  SurveyMonkey,	  a	  provider	  of	  web-‐based	  survey	  
tools.	   While	   we	   considered	   using	   a	   hand-‐held	   audience	   response	   system,	   the	  
SurveyMonkey	   software	   allowed	   an	   opportunity	   for	   participants	   to	   provide	   open-‐ended	  
comments	  and	  the	  workshop	  facilitators	  to	  quickly	  compile	  and	  download	  survey	  reports	  
on	   a	   subset	   of	   survey	   questions	   for	   use	   during	   the	   workshop.	   Quantitative	   and	   some	  
qualitative	   survey	   data	   were	   compiled	   during	   a	   break	   and	   distributed	   for	   use	   during	  
afternoon	  breakout	  sessions.	  See	  Appendix	  D	  for	  an	  example	  of	  the	  survey	  reports	  handed	  
out	  to	  the	  breakout	  groups.	  The	  idea	  was	  that	  expert	  judgment	  within	  the	  groups	  would	  be	  
practiced	   to	   refine	   and/or	   override	   preliminary	   rankings,	   organize	   consequences,	   and	  
produce	   coherent	   rationale	   for	   the	   relative	   ranking	   of	   the	   likelihood	   of	   occurrence	   and	  
magnitude	  of	  consequences	  of	  climate	  risks.	  



	   7	  

Breakout	  Group	  Discussions	  
From	   the	   panel	   presentations,	   the	  workshop	   participants	   heard	   an	   introduction	   to	   each	  
climate	   change	   risk	   and,	   where	   possible,	   a	   preliminary	   judgment	   of	   the	   likelihood.	   The	  
surveys	  provided	   an	  opportunity	   for	  workshop	  participants	   to	  provide	   their	   input	   on	   all	  
risks.	   The	   goal	   of	   the	   breakout	   sessions	   was	   to	   develop	   a	   preliminary	   ranking	   of	   the	  
magnitude	   of	   consequences	   and	   along	   with	   rationale.	   The	   final	   plenary	   discussion	   was	  
designed	  to	  engage	  the	  entire	  group	  in	  a	  discussion	  of	  all	  the	  risks	  together	  on	  a	  common	  
risk	  matrix.	  
	  
There	   were	   two	   breakout	   group	   sessions	   during	   the	   afternoon.	   Each	   breakout	   session	  
consisted	  of	  four	  smaller	  groups,	  one	  for	  each	  risk.	  Each	  person	  selected	  a	  total	  of	  two	  risk	  
groups,	   one	   during	   each	   breakout	   session.	   We	   did	   not	   assign	   people	   to	   groups,	   but	   let	  
everyone	   choose	   which	   breakout	   group	   to	   participate	   in.	   This	   resulted	   in	   an	   uneven	  
distribution	  among	  all	  the	  groups,	  but	  every	  group	  had	  at	  least	  four	  people.	  Each	  group	  was	  
led	   by	   a	   facilitator	   whose	   role	   was	   to	   ensure	   the	   documentation	   of	   the	   process,	   group	  
results,	   and	   other	   useful	   notes,	   and	   to	   keep	   the	   group	   on	   track	   with	   the	   charges.	   The	  
charges	  to	  the	  breakout	  groups	  were:	  	  

1. Identify	  and	  describe	  populations	  and	  areas	  vulnerable	  to	  your	  group’s	  climate	  risk.	  
Why	  and	  how	  are	  they	  vulnerable?	  

2. What	  are	  specific	  risks	  to	  these	  vulnerable	  populations	  and/or	  areas?	  List,	  describe	  
and	  categorize	  the	  consequences	  conveying	  why	  the	  risk(s)	  are	  a	  source	  of	  societal	  
concern.	  

3. Develop	  a	  ranking	  scheme	  and	  rationale	  for	  these	  consequences	  that	  is	  appropriate	  
to	  your	  group’s	  risk(s),	  but	  can	  also	  be	  comparable	  with	  other	  risks.	  Use	  or	  refine	  
the	  provided	  ranking	  criteria	  from	  the	  surveys,	  or	  develop	  a	  new	  one.	  Qualitatively	  
rate	   the	   magnitude/severity	   of	   the	   consequences	   (i.e.	   modest	   to	   severe;	   low	   to	  
high).	  Provide	  written	  rationale	  for	  rating.	  

4. Discuss	  sensitivity	  of	  consequences	  to	  the	  magnitude	  of	  climate	  change	  and	  how	  the	  
magnitude	  of	  consequences	  might	  change	  over	  time.	  What	  factors	  may	  influence	  the	  
sensitivity	  of	  consequences?	  

5. Discuss	  the	  ranking	  of	   the	   likelihood	  of	  occurrence	  of	  your	  group’s	  risk(s).	  Do	  you	  
agree	   with	   the	   preliminary	   ranking?	   How	   would	   you	   modify	   it?	   Provide	   written	  
rationale.	  

	  
After	   each	   breakout	   session,	   the	   groups	   reported	   to	   the	   plenary	   group	   and	   had	   time	   for	  
questions,	  comments,	  and	  discussion.	  We	  did	  not	  have	  time	  for	  a	  final	  plenary	  discussion,	  
but	  the	  discussions	  during	  the	  breakout	  group	  reports	  brought	  up	  several	  challenges	  and	  
points	   of	   consideration	   of	   the	   risk-‐based	   framework.	  While	  much	   of	   the	   breakout	   group	  
discussions	  were	  around	   the	   first	   two	  charges,	   some	  groups	  moved	   into	   the	   third	  charge	  
ranking	   consequences.	   Along	   with	   the	   likelihood	   presentations	   and	   survey	   results,	   the	  
breakout	   group	   discussions	   are	   summarized	   in	   the	   following	   section,	   which	   contains	   a	  
summary	  of	  each	  of	  the	  climate	  risks	  considered	  during	  this	  workshop.	  	  
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RISK	  SUMMARIES	  
	  
The	  climate	  risks	  considered	  during	  this	  workshop	  were	  borrowed	  and	  adapted	  from	  the	  
risks	   identified	   in	   the	   Oregon	   Climate	   Change	   Adaptation	   Framework	   (2010),	   with	  
consideration	   also	   of	   the	   impacts	   discussed	   in	   the	  Washington	   Climate	   Change	   Impacts	  
Assessment	   (2009).	  The	  eight	   risks	  are:	  1)	  extreme	  heat	  events,	  2)	   changes	   in	  hydrology	  
and	   water	   resources,	   3)	   wildfires,	   4)	   ocean	   temperature	   and	   chemistry	   changes,	   5)	   sea	  
level	  rise	  and	  coastal	  hazards,	  6)	  shifts	  in	  distributions	  of	  plants	  and	  animals,	  7)	  increase	  in	  
invasive	   species,	   pests	   and	   diseases,	   and	   8)	   extreme	  precipitation	   and	   flooding.	   The	   risk	  
summaries	   were	   developed	   from	   three	   workshop	   materials	   including	   the	   likelihood	  
syntheses	  and	  presentations	  prepared	  prior	  to	  the	  workshop,	  results	  from	  a	  written	  survey	  
conducted	   during	   the	  workshop,	   and	   notes	   from	   each	   of	   the	   breakout	   groups.	   Each	   risk	  
summary	   contains	   the	   following	   subsections:	   likelihood,	   consequences,	   and	   summary	   of	  
survey	  rating	  questions.	  The	  following	  subsections	  are	  also	  included,	  if	  input	  was	  provided:	  
case	  study	  examples,	  identified	  gaps	  in	  knowledge,	  special	  considerations,	  and	  references.	  	  
	  
The	   likelihood	  section	  consists	  of	   the	  synthesis	  or	  outline	  written	  by	   those	  who	  gave	   (or	  
contributed	  to)	  respective	  presentations	  at	  the	  workshop.	  Some	  syntheses	  were	  modified	  
to	   extend	  geographic	   coverage	  or	  provide	  more	  background.	  Most	   include	   a	   summary	  of	  
the	   climate	   drivers,	   description	   of	   the	   manifestation	   of	   the	   risk	   in	   the	   Northwest,	   and	  
discussion	  of	  the	  likelihood	  and	  confidence	  of	  projected	  future	  changes	  where	  supportive	  
literature	   exists.	   In	   the	   consequences	   section,	   consequences	   are	   summarized	   in	   a	   table	  
organized	   by	   five	   categories:	   Natural	   Systems,	   Managed	   Systems,	   Built	   Environment,	  
Economy,	   and	   Human	   Society.	   The	   information	   in	   the	   table	   is	   drawn	   from	   the	   rating	  
question	   comments	   and	   the	   open-‐ended	   question	   asking	   participants	   to	   list	   all	  
consequences	   in	   their	   respective	   area	   of	   expertise,	   and	   from	   the	   breakout	   group	   notes.	  
Positive	  consequences	  and	  opportunities	  are	  highlighted	  in	  bold	  within	  the	  table.	  Citations	  
are	  included	  wherever	  they	  were	  provided.	  Some	  breakout	  groups	  agreed	  on	  a	  qualitative	  
initial	  rating	  of	  certain	  consequences.	  Those	  ratings	  are	  reflected	  in	  italicized	  parentheses.	  	  
	  
The	  section	  containing	  a	  summary	  of	  the	  survey	  rating	  questions	  is	  intended	  to	  help	  inform	  
and	  provide	  rationale	  for	  pertinent	  metrics	  of	  use	  to	  rate	  the	  magnitude	  of	  consequences.	  
The	   quantitative	   results	   are	   presented	   along	   with	   a	   summary	   highlighting	   many	   of	   the	  
rating	  question	  comments.	  The	  section	  of	  case	  study	  examples	  contains	  an	  annotated	  list	  of	  
pertinent	  case	  studies	  mentioned	  or	  provided	  by	  workshop	  participants	  either	  through	  the	  
survey	   or	   during	   breakout	   discussions.	   Likewise,	   the	   gaps	   in	   knowledge	   and	   special	  
considerations	   sections	   contain	   information	   brought	   forth	   through	   workshop	   activities.	  
References	  from	  each	  section	  are	  collected	  at	  the	  end	  of	  each	  risk	  summary.	  	  
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Risk	  1:	  Extreme	  heat	  events	  

Likelihood:4	  
While	  the	  definition	  of	  mean	  (or	  average)	  values	  is	  straightforward,	  approaches	  to	  defining	  
extremes	   vary	   considerably	   depending	   in	   part	   on	   application.	   For	   example,	   high	  
temperature	  extremes	  could	  be	  defined	  by	   the	  warmest	  day	  of	   the	  year,	  or	  by	  a	  quantity	  
that	  may	  have	  more	  relevance	  to	  impacts	  on	  human	  health:	  average	  minimum	  temperature	  
over	  three	  consecutive	  days.	  Computing	  trends	  or	  long-‐term	  changes	  in	  extremes	  involves	  
a	  tradeoff	  between	  obtaining	  enough	  events	  for	  robust	  statistics,	  and	  having	  the	  events	  be	  
extreme	  enough	   to	  be	   consequential.	   It	   is	   common	   to	  achieve	   robust	   statistics	   in	  part	  by	  
aggregating	   results	  over	  a	  wide	  area,	   for	  example	   the	  Northwest.	  For	   future	   changes,	  we	  
primarily	   use	   data	   from	   9	   simulations	   in	   the	   North	   American	   Regional	   Climate	   Change	  
Assessment	  Project	  (NARCCAP,	  Mearns	  et	  al.	  2007),	  at	  roughly	  50	  km	  resolution,	  for	  2041-‐
2070	  relative	  to	  1971-‐2000.	  	  
	  
Observed	  changes	   in	  heat	  waves	   in	  Washington	  and	  Oregon:	  Bumbaco	  et	  al	  (unpublished	  
manuscript)	   examined	   heat	   waves	   using	   a	   definition	   of	   3	   consecutive	   daytime	   (or	  
nighttime)	   temperatures	  above	   the	  99th	  percentile	   for	  May-‐September,	   after	   aggregating	  
over	  sub-‐state	  spatial	  domains.	  They	  found	  no	  significant	  change	  in	  heat	  waves	  expressed	  
as	   daytime	   maximum	   temperatures,	   but	   a	   large	   increase	   since	   1980	   of	   heat	   waves	  
expressed	   as	   excessively	   high	   nighttime	  minimum	   temperatures.	   The	   data	   set	   had	   been	  
adjusted	  for	  instrumental	  changes,	  station	  moves,	  and	  urban	  influence.	  	  
	  
Projected	  changes:	  models	  are	  unanimous	  that	  measures	  of	  heat	  extremes	  will	  increase	  and	  
measures	  of	  cold	  extremes	  will	  decrease	  (Table	  1).	  
	  
Table	  1.	  The	  mean	  and	  standard	  deviation	  of	  changes	  in	  selected	  temperature	  variables	  for	  
the	  NARCCAP	  simulations.	  Mean	  changes	  from	  the	  CMIP3	  statistically	  downscaled	  analyses	  
are	  also	  shown	  for	  comparison.	  (Kunkel	  et	  al,	  2012).	  
	  

Variable	  Name	   NARCCAP	  
Mean	  

Change	  

NARCCAP	  
St.	  Dev.	  of	  
Change	  

Statistically-‐
Downscaled	  

Mean	  
Freeze-‐free	  period	   +35	  days	   6	  days	   +30	  days	  
#days	  Tmax	  >	  90°F	   +8	  days	   7	  days	   +19	  days	  
#days	  Tmax	  >	  95°F	   +5	  days	   7	  days	   +11	  days	  
#days	  Tmax	  >	  100°F	   +3	  days	   6	  days	   +4	  days	  
#days	  Tmin	  <	  32°F	   -‐35	  days	   6	  days	   -‐25	  days	  
#days	  Tmin	  <	  10°F	   -‐15	  days	   7	  days	   -‐9	  days	  
#days	  Tmin	  <	  0°F	   -‐8	  days	   5	  days	   -‐4	  days	  
Max	  run	  days	  >	  95°F	   +134%	   206%	   +251%	  
Max	  run	  days	  >	  100°F	   +163%	   307%	   +501%	  
Heating	  degree	  days	   -‐15%	   2%	   -‐16%	  
Cooling	  degree	  days	   +105%	   98%	   +157%	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Authors:	  Philip	  Mote,	  Kathie	  Dello,	  Kenneth	  E.	  Kunkel,	  &	  Laura	  E.	  Stevens	  
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Growing	  degree	  days	  (base	  
50°F)	  

+51%	   14%	   +51%	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
Natural	  Systems	  
(medium	  high)	  

• Decreased	  snowpack	  and	  summer	  water	  supply	  and	  changes	  in	  
runoff	  timing	  

• Cold	  water	  fish	  kills,	  fisheries	  extinction	  
• Salmon	  migration	  timing	  altered	  
• Local	  extirpation	  of	  tree	  species	  
• Loss	  of	  soil	  infiltration	  capacity	  with	  prolonged	  drought/heat	  
wave	  

• Increase	  carbon	  loss	  to	  atmosphere	  from	  fire	  and	  taiga	  
• Increase	  stressors	  on	  species	  &	  habitats	  
• Species	  range	  shifts,	  community	  fragmentation,	  loss	  
• Changes	  in	  water	  flow	  to	  estuaries	  (e.g.	  nutrient	  delivery,	  
stratification)	  

• Decline	  in	  water	  quality	  of	  steams	  &	  estuaries	  
• Some	  trees	  do	  well	  with	  high	  vapor	  pressure	  deficit	  (are	  
relatively	  insensitive	  to	  high	  temperatures)	  

Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  
(medium	  low)	  

• Agriculture	  (maximum	  temperature	  more	  important	  than	  
number	  or	  duration	  of	  events):	  
o Crops	  fail	  to	  harden	  over	  winter	  
o Reduced	  yields	  when	  plants/animals	  suffer	  heat	  stress	  

§ E.g.	  Wheat/maize	  –	  temps	  >	  30C;	  Milk	  production	  
decrease	  w/	  each	  degree	  above	  ideal;	  Corn	  –	  threshold	  of	  
28C	  

o Increased	  water	  needs,	  decreased	  water	  availability	  
• Forests:	  

o Tree	  mortality	  (already	  occurring)	  
o Increased	  disturbances	  (including	  risk	  of	  extreme	  drought)	  

Built	  Environment	   • Material	  stress	  for	  roads,	  bridges,	  dams	  from	  extreme	  heat	  
(especially	  concrete)	  

• Could	  shorten	  lifetime	  of	  infrastructure	  (e.g.	  dams)	  
Economy	   • Loss	  in	  agricultural	  revenues	  (especially	  fruit	  &	  wine	  grape	  

growers)	  depends	  on	  water	  supply;	  Yakima	  valley	  is	  especially	  
vulnerable.	  

• Food	  shortage	  leading	  to	  rising	  prices	  (e.g.	  wheat/grain)	  
• Sharp	  increase	  in	  demand	  on	  water	  supplies	  during	  heat	  events	  
(e.g.	  agricultural	  and	  municipal)	  

• Energy	  grid	  failures	  (i.e.	  outages)	  during	  peak	  summer	  
electricity	  demands	  (Hamlet	  et	  al.	  2010;	  NWPCC,	  2010).	  

• Altered	  economic	  expectation	  in	  forest	  management	  
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• Losses	  to	  recreational	  ski	  areas	  (winter	  warm	  spell	  can	  kill	  a	  ski	  
season	  –	  e.g.	  winter	  2011)	  

• Increased	  wind	  energy	  production	  during	  inland	  heat	  waves	  
Human	  Society	  
(low)	  

• Increase	  in	  heat-‐related	  acute	  &	  long-‐term	  health	  impacts	  &	  
mortality	  (e.g.	  heat	  rash,	  heat	  syncope,	  heat	  exhaustion,	  heat	  
stroke)	  
o 33	  hospitalizations	  per	  year	  related	  to	  heat	  in	  Oregon	  
(Oregon	  Health	  Authority)	  

o 1.8	  heat	  related	  deaths	  per	  year	  in	  Oregon	  (Oregon	  Health	  
Authority)	  

• Effect	  on	  respiratory	  health	  from	  poor	  air	  quality	  from	  air	  
stagnation	  and	  forest	  fires	  during	  heat	  events	  

• Increase	  vector-‐borne	  disease	  
• Impacts	  to	  culturally	  important	  species	  
• Shifts	  in	  growing	  season	  &	  access	  to	  species	  for	  subsistence	  &	  
economic	  needs	  

• Some	  positive	  interactions	  with	  respiratory	  ailments	  
• Potential	  for	  fewer	  cold	  season	  deaths	  

Summary	  of	  Survey	  Rating	  Questions	  
Human	   Population	   Affected:	   In	   terms	   of	   the	   portion	   of	   human	   population	   affected	   by	  
increasing	   extreme	   heat	   events,	   the	   number	   of	   responses	   was	   about	   the	   same	   for	   each	  
response,	  but	  with	  a	  slightly	  higher	  response	  incidence	  of	  ‘Most’.	  Humans	  may	  be	  indirectly	  
affected	   by	   water	   supply,	   air	   quality	   issues,	   food	   and	   agriculture,	   and	   associated	   fires.	  
Direct	   consequences	   of	   increasing	   extreme	   heat	   events	   will	   likely	   vary	   depending	   on	  
vulnerability	  with	  the	  elderly,	  living	  in	  low	  socioeconomic	  systems	  as	  the	  most	  vulnerable	  
population.	   The	  magnitude	   of	   consequences	   is	   also	  moderated	   by	   adaptive	   capacity	   and	  
depends	  on	  relative	  affluence	  and	  access	  to	  AC	  services.	  The	  regions	  with	  most	  exposure	  to	  
increased	  extreme	  heat	  events	  will	  likely	  be	  those	  that	  are	  already	  hot	  and	  adapted	  to	  heat	  
(e.g.	  interior	  Columbia	  Basin).	  	  
	  
Human	   Mortality:	   Fifty-‐five	   percent	   of	   respondents	   indicated	   an	   increase	   in	   human	  
mortality	  from	  increasing	  extreme	  heat	  events.	  The	  remaining	  45%	  were	  uncertain	  of	  the	  
sign	  or	  didn’t	  know.	  Increasing	  extreme	  heat	  events	  will	  impact	  people	  in	  urban	  areas	  and	  
especially	  the	  elderly,	  children,	  sick,	  and	  poor	  populations.	  Evidence	  of	  increased	  mortality	  
from	  increasing	  extreme	  heat	  events	  is	  already	  observed	  (Jackson	  et	  al.	  2010),	  and	  extreme	  
overnight	  lows	  have	  shown	  increasing	  mortality	  in	  places	  not	  acclimated	  to	  such	  extremes.	  
On	   the	   other	   hand,	   there	   could	   be	   a	   decrease	   in	   deaths	   cause	   by	   cold	   temperatures	   and	  
freezing.	  
	  
Human	  Health	  Quality:	  Fifty-‐five	  percent	  of	  respondents	   indicated	  reduced	  general	  health	  
quality	  while	  the	  remaining	  45%	  were	  uncertain	  of	  the	  sign	  or	  didn’t	  know.	  The	  reduction	  
of	  health	  quality,	   including	  exacerbated	  asthma,	  strokes,	  discomfort,	  and	  heat	  stress,	  may	  
depend	  on	  mitigation	  strategies.	  Some	  indirect	  effects	  relating	  to	  human	  health	  quality	  may	  
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be	   increased	   atmospheric	   particulates	   from	   increased	   fire	   or	   increased	   disease	   from	  
contaminated	  shellfish.	  
	  
Biodiversity:	  About	  60%	   indicated	  either	  unfavorable	  or	   severe	   reduction	   in	  biodiversity.	  
Over	  a	  quarter	   indicated	   they	  didn’t	   know.	  The	   risk	  of	   increasing	  extreme	  heat	   events	   is	  
generally	   unfavorable	   for	   some	   species,	   but	   favorable	   for	   other	   species.	   A	   shift	   in	  
distributions	  of	  species	  is	  expected	  with	  some	  species	  displacing	  others.	  Niche	  species	  are	  
especially	  vulnerable,	  for	  example,	  native	  cold	  water	  fish.	  The	  degree	  of	  consequences	  will	  
depend	  on	  the	  individual	  species’	  capacity	  to	  adapt.	  	  
	  
Geographic	   area	   affected:	   Ninety-‐five	   percent	   of	   respondents	   indicated	   that	   either	   a	  
moderate	   portion	   or	   most	   of	   the	   geographic	   region	   would	   be	   affected	   by	   increases	   in	  
extreme	  heat	  events.	  Warming	  will	  impact	  all	  areas	  of	  the	  northwest	  region,	  but	  more	  so	  in	  
the	  eastern	  side	  of	  Oregon	  and	  Washington	  and	  especially	  southern	  Idaho	  (Kunkel	  et	  al,	  in	  
prep).	  
	  
Built	   Environment:	   Approximately	   two-‐thirds	   of	   respondents	   indicated	   a	   moderate	  
disruption	   in	   public	   services	   and	   infrastructure	   from	   increasing	   extreme	   heat	   events.	  
Consequences	  to	  the	  built	  environment	  depend	  on	  timing	  and	  adaptive	  capacity.	  Increasing	  
extreme	   heat	   events	   could	   change	   material	   performance	   and	   durability	   in	   high	  
temperature	   regimes	   and	   could	   create	   higher	   energy	   and	   air	   conditioning	   demands.	  
However,	  there	  may	  be	  power	  shortages,	  especially	  during	  summer,	  when	  there	  will	  likely	  
be	  lower	  stream	  flow	  and	  hydropower	  generation.	  
	  
Economy:	   Economic	   industries	   potentially	   affected	   by	   increasing	   extreme	   heat	   events	  
include	   salmon	   fisheries,	   agriculture,	   hydropower,	   and	   forest	   systems.	   The	   extent	   of	  
economic	   impact	   depends	   on	   adaptive	   management	   strategies,	   time	   scale,	   and	   sign	   of	  
impacts	  on	  natural	   resources.	  For	  example,	   forest	  productivity	  may	   increase	   from	   longer	  
growing	  periods.	  

Case	  Study	  Examples:	  
Partially	   as	   a	   result	   of	   increasing	   temperatures	   and	   extreme	   heat	   events,	   the	   peak	   in	  
electricity	  load	  is	  moving	  from	  winter	  heating	  to	  summer	  air	  conditioning.	  A	  few	  locations	  
in	   the	   Northwest	   already	   have	   summer	   peaks	   in	   electricity	   load.	   (Hamlet	   et	   al.	   2010;	  
NWPCC,	  2010).	  

Identified	  Gaps	  in	  Knowledge:	  
Important	   impacts	   pertaining	   to	   changes	   in	   agriculture	   and	   forest	   productivity	   due	   to	  
extreme	  heat	  events	  are	  not	  explicitly	  represented.	  	  

Special	  Considerations:	  
The	  magnitude	  of	  the	  consequences	  of	  extreme	  heat	  events	  is	  strongly	  affected	  by	  adaptive	  
capacity,	  like	  the	  availability	  and	  use	  of	  air	  conditioning	  during	  heat	  wave	  events.	  The	  risk	  
of	   increases	   in	   extreme	   heat	   events	   is	   closely	   related	   to	   several	   other	   risks	   including	  
increased	   chance	   of	   wildfire,	   increased	   risk	   of	   pathogens,	   diseases,	   and	   cold-‐tolerant	  
species,	  and	  increased	  risk	  of	  drought.	  	  
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The	  aggregate	  position	  on	  the	  risk	  matrix	  that	  this	  breakout	  group	  came	  up	  with	  is	  a	  tear	  
drop	   shape	   with	   the	   bulbous	   part	   in	   the	   low	   to	   medium	   consequences	   and	   the	   narrow	  
source	  of	  the	  tear	  would	  be	  in	  the	  high	  consequence	  box,	  all	  with	  very	  high	  likelihood.	  This	  
reflects	   the	   thought	   that	  most	   of	   the	   consequences	  would	   be	   low	   to	  medium	  with	   a	   few	  
high	  consequences.	  
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Risk	  2:	  Changes	  in	  hydrology	  and	  stream	  flow	  

Likelihood:5	  
Projected	   future	   changes	   in	   hydrology	   and	   stream	   flow	   are	   sensitive	   to	   projected	   future	  
changes	   in	   temperature	   and	   precipitation	   across	   the	   region.	   Some	   of	   the	   hydrological	  
issues	  of	  climate	  change	  facing	  the	  Northwest	  include:	  changes	  in	  seasonal	  cycle	  of	  runoff,	  
especially	   in	   transient	   and	   snow-‐dominated	  basins;	   changes	   in	   annual	   runoff;	   changes	   in	  
precipitation	  extremes,	  especially	  as	  it	  affects	  urban	  runoff;	  and	  changes	  in	  extreme	  floods.	  	  
	  
Projected	  changes	  in	  seasonal	  cycle	  streamflow	  are	  different	  for	  the	  types	  of	  watersheds	  in	  
the	  Northwest,	  which	  are	  rain-‐dominated,	  snowmelt-‐dominated,	  and	  transient	  (mixed	  rain	  
and	   snowmelt).	   A	   typical	   hydrograph	   of	   a	   rain-‐dominated	   watershed	   shows	   a	   peak	   in	  
streamflow	   during	   the	   cold	   season,	   when	   most	   of	   the	   precipitation	   falls.	   Streamflow	   in	  
snowmelt-‐dominated	   watersheds	   typically	   peak	   in	   late	   spring	   or	   early	   summer	   as	   the	  
snowpack	  melts.	   Transient	   watersheds,	   influenced	   by	   both	   rain	   and	   snowmelt,	   typically	  
experience	  a	  winter	  streamflow	  peak,	  and	  a	   late	  spring,	  early	  summer	  peak.	  (Elsner	  et	  al.	  
2010).	  With	  projections	  of	  warming	  temperatures	  and	  increasing	  cool	  season	  precipitation,	  
snowpack	  is	  expected	  to	  decline	  as	  more	  cool	  season	  precipitation	  falls	  as	  rain	  rather	  than	  
snow.	  An	  implication	  for	  snowmelt-‐dominated	  watersheds	  is	  that	  the	  timing	  of	  streamflow	  
may	  shift	  to	  resemble	  transient	  watersheds.	  Transient	  watersheds	  are	  especially	  sensitive	  
to	   changes	   in	   temperature	   and	   precipitation,	   and	   the	   timing	   of	   streamflow	  may	   shift	   to	  
resemble	  that	  of	  rain-‐dominated	  watersheds.	  The	  timing	  of	  streamflow	  in	  rain-‐dominated	  
watersheds	   isn’t	   expected	   to	   change,	   but	   the	   cool	   season	   peak	   may	   increase.	   Changing	  
timing	  of	   streamflow	  has	   implications	   for	  water	  management	   in	   the	   region.	   (Elsner	  et	  al.	  
2010;	  Chang	  and	  Jones,	  2010).	  
	  
Elevation	   is	   an	   important	   factor	  when	  determining	   the	   change	   in	  basin	   runoff	  because	   it	  
affects	  how	  much	  precipitation	  falls	  as	  snow	  in	  the	  winter	  and	  the	  rate	  snowpack	  melts	  in	  
the	  spring.	  At	  higher	  elevations,	  changes	   in	  winter	   temperature	  are	  more	   important	   than	  
winter	  precipitation	  for	  changes	  in	  winter	  runoff;	  changes	  in	  winter	  precipitation	  become	  
more	   important	  at	   lower	  elevations	  (Chang	  and	   Jones,	  2010).	   In	   the	  state	  of	  Washington,	  
composite	  changes	  in	  annual	  and	  cool	  season	  runoff	  are	  projected	  to	  increase	  while	  warm	  
season	  runoff	  is	  projected	  to	  decrease	  (Elsner	  et	  al.	  2010).	  In	  the	  Willamette	  River	  basin	  in	  
Oregon,	  projections	  of	  ensemble	  mean	  changes	  in	  runoff	  are	  shown	  to	  decrease	  in	  summer	  
and	  increase	  in	  winter.	  There	  is	  high	  uncertainty	  in	  projected	  future	  runoff,	  particularly	  in	  
places	   where	   groundwater	   is	   a	   big	   factor	   in	   the	   seasonal	   water	   cycle,	   such	   as	   the	   High	  
Cascades	  (Change	  and	  Jung,	  2010).	  
	  
An	  increase	  in	  precipitation	  extremes	  is	  projected	  for	  future	  climate	  change.	  In	  a	  case	  study	  
of	   Portland,	   Oregon,	   Chang	   et	   al.	   (2010)	   present	   evidence	   for	   increase	   in	   frequency	   of	  
storm	  events	   likely	   leading	   to	  more	  common	   flooding	  of	   road	  cross-‐sections	   that	  already	  
experience	   such	   flooding.	   Mirsha	   and	   Lettenmaier	   (2011)	   analyzed	   trends	   in	   annual	  
precipitation	   maxima	   in	   large	   U.S.	   urban	   areas	   over	   1950-‐2009,	   and	   found	   significant	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  A	  summary	  of	  Dennis	  Lettenmaier’s	  presentation	  with	  additional	  references	  
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increasing	  trends	  in	  a	  majority	  of	  urban	  areas,	  but	  because	  of	  the	  topographical	  complexity,	  
trends	  in	  urban	  areas	  in	  the	  northwest	  were	  more	  ambiguous.	  
	  
Many	  extreme	  rainfall	  events	  and	  resulting	  flooding	  in	  the	  Northwest	  are	  associated	  with	  
atmospheric	  river	  events.	  Ralph	  et	  al.	  (2011)	  present	  some	  examples	  of	  recent	  atmospheric	  
rivers	   that	   produced	   extreme	   rainfall	   and	   flooding.	   It	   is	   possible	   that	   atmospheric	   river	  
events	  may	  increase	  in	  the	  future	  brining	  more	  extreme	  floods.	  Projections	  of	  21st	  century	  
climate	   suggest	   more	   winters	   with	   many	   atmospheric	   rivers	   landing	   on	   the	   Central	  
California	  coast	  and	  fewer	  winters	  with	  few	  land	  falling	  atmospheric	  rivers	  (Dettinger	  et	  al.	  
2009).	  
	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
Natural	  Systems	   • Impacts	  on	  salmon	  &	  fisheries	  from	  altered	  timing	  (e.g.	  loss	  of	  

juveniles	  from	  winter	  scouring	  floods,	  summer	  droughts	  
affecting	  migrating/spawning	  adults)	  –	  (high)	  

• Impacts	  to	  other	  at-‐risk/ESA	  species:	  salmon,	  trout,	  bulltrout,	  
snails	  (high)	  

• Water	  quality	  implications	  (streams	  &	  estuaries)	  
• Increased	  stream	  temperature	  (Isaak	  et	  al.	  2010)	  
• Increased	  stream	  channelization	  (low	  medium)	  
• Increased	  TDML	  to	  Puget	  Sound	  (nutrients,	  DOC,	  contaminants)	  
• Habitat/refugia	  modification	  (e.g.	  riparian	  wetland)	  (medium	  
high)	  

• Mortality	  of	  forests	  from	  drought	  stress	  &	  low	  soil	  moisture	  
(medium)	  

• Changes	  in	  plant	  species	  composition	  (e.g.	  affect	  pollination	  
ecology	  of	  invertebrates	  &	  wildlife	  in	  high	  elevation	  forests	  &	  
meadows)	  

• More	  frequent	  toxic	  red	  tide	  due	  to	  low	  stream	  flow	  (e.g.	  Puget	  
Sound/Skagit	  river	  study,	  Moore	  et	  al.	  2011)	  

• Source	  mentioned:	  Crozier,	  2011;	  Tillmann	  and	  Siemann,	  
2011a;	  

Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Yield	  reduction	  
• Shift	  in	  agricultural	  crop	  types	  &	  methods	  
• Impacts	  from	  droughts	  
• Conflicts	  regarding	  water	  availability	  &	  allocation	  issues	  in	  
summer	  (e.g.	  reduced	  water	  supply	  for	  irrigated	  agriculture	  
(high),	  urban	  (medium),	  hydropower,	  forest	  ecosystems)	  

Built	  Environment	   • Water	  supply	  infrastructure	  &	  operation/management	  
(including	  municipal	  &	  storm	  water	  (urban	  -‐	  high),	  Columbia	  R	  
federal	  dam	  system,	  hydropower,	  reservoir	  capacity	  (medium	  
high))	  (see	  U.S.	  Bureau	  of	  Reclamation	  report)	  
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• Increased	  flood	  risk	  in	  some	  zones	  =>	  structure	  damage	  
Economy	   • Increased	  cost	  of	  electricity	  in	  summer/fall	  from	  lower	  

electricity/hydropower	  production;	  increased	  demand	  
(especially	  for	  agricultural	  growers)	  –	  (medium	  high)	  

• Economic	  impacts	  from	  impacts	  on	  salmon	  &	  fisheries	  
• Changes	  to	  current	  operation,	  infrastructure,	  &	  policies	  related	  
to	  in-‐stream	  biology	  (e.g.	  Columbia	  River	  Treaty	  –	  (high))	  

Human	  Society	   • Impacts	  to	  tribal	  culture	  &	  subsistence	  from	  impacts	  to	  salmon	  
&	  fisheries	  

• Winter	  recreation	  impacted	  (low)	  
• Decreased	  water	  quality	  (e.g.	  concentrated	  pollutants,	  increase	  
bacteria,	  water	  borne	  disease	  (low	  medium))	  

	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	   About	   three-‐fourths	   of	   respondents	   indicated	  most	   or	   about	  
half	  of	  the	  region’s	  human	  population	  would	  be	  affected	  by	  changing	  hydrology	  and	  water	  
resources.	   Many	   people	   will	   be	   affected	   to	   some	   extent	   in	   the	   Columbia	   Basin	   through	  
impacts	   to	   water	   supply,	   hydropower,	   agriculture,	   flooding,	   recreation,	   and	   fisheries	   for	  
example.	   “Tribal	   communities	   are	   particularly	   susceptible	   because	   of	   the	   cultural	   and	  
economic	   importance	   that	   they	   place	   on	   salmon	   and	   other	   cold-‐water	   fish	   populations,	  
which	   may	   be	   diminished	   or	   extirpated	   due	   to	   changes	   to	   hydrology	   in	   the	   Columbia	  
Basin.”	  	  
	  
Human	  Mortality:	  Most	   (86.8%)	  of	   the	   respondents	   selected	  an	  answer	   that	   indicated	  no	  
sign	  of	  change	  for	  human	  mortality	  (Don’t	  Know,	  NA,	  or	  Sign	  Uncertain).	  The	  magnitude	  of	  
the	   impact	   of	   hydrological	   change	   may	   depend	   on	   the	   degree	   of	   water	   scarcity	   and	  
community	  adaptation	  strategies.	  Only	   five	  respondents	  (13.2%)	   indicated	  an	   increase	   in	  
human	  mortality	  due	  to	  changing	  hydrology	  and	  water	  resources.	  	  
	  
Human	  Health	  Quality:	   About	   one-‐third	   of	   respondents	   indicated	   reduced	   general	   health	  
quality	  while	   roughly	   60%	   chose	   an	   answer	  with	   no	   indication	   of	   the	   sign	   of	   change	   in	  
human	  health	  quality	  (Don’t	  Know,	  NA,	  or	  Sign	  Uncertain).	  Of	  those	  who	  indicated	  reduced	  
general	   health	   quality,	   the	   reasons	   given	   include	   health	   effects	   of	   water	   shortage	   for	  
drinking	   and	   agriculture	   and	   the	   effect	   of	   the	   availability	   of	   salmon	   as	   an	   important	  
nutritional	   protein	   source	   for	   tribal	   communities.	   The	   risk	   of	   changing	   hydrology	   and	  
water	   resources	   is	   an	   example	   of	   how	   the	   magnitude	   of	   consequences	   depends	   on	  
community	  mitigation	  and	  adaptation	  strategies.	  
	  
Biodiversity:	   Over	   half	   (57.9%)	   of	   respondents	   indicated	   that	   changing	   hydrology	   and	  
water	  resources	  would	  be	  unfavorable	  for	  biodiversity,	  and	  some	  others	  (13.2%)	  indicated	  
a	  severe	  reduction	  in	  biodiversity.	  Fresh	  water	  impacts,	  including	  reduction	  and	  timing	  of	  
stream	   flow	   and	   temperature	   changes,	   on	   aquatic	   species	   and	   habitats	   will	   likely	   be	  
unfavorable	   for	  biodiversity.	  Native	   species	  may	  be	   stressed	  and	  possibly	   extirpated	  and	  
replaced	   by	   invasive	   species.	   Flooding	   and	   increased	   erosion	   may	   affect	   spawning	   and	  
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rearing	   habitats.	   Terrestrial	   systems	   may	   see	   an	   increase	   in	   water	   stress.	   About	   one-‐
quarter	  of	  respondents	  indicated	  they	  didn’t	  know.	  	  
	  
Geographic	   area	   affected:	   About	   95%	   of	   respondents	   indicated	   that	   either	   a	   moderate	  
portion	  or	  most	  of	  the	  region	  would	  be	  affected	  by	  changing	  hydrology	  and	  water	  supply.	  
Twice	   as	   many	   indicated	   that	   most	   of	   the	   region	   would	   be	   affected	   versus	   a	   moderate	  
portion	  affected.	  A	  few	  comments	  indicated	  that	  all	  regions	  are	  impacted	  by	  changes	  in	  the	  
hydrological	   cycle.	   Some	   respondents	   felt	   that	   aquatic	   ecosystems	  would	   be	   sensitive	   to	  
changes	  in	  seasonal	  flow	  patterns,	  and	  terrestrial	  ecosystems	  would	  be	  sensitive	  to	  loss	  of	  
snowpack	   and	   soil	   moisture.	   The	   east	   side	   of	   the	   region,	   that	   is,	   east	   of	   the	   Cascades	  
Mountains,	  may	  be	  most	  affected.	  
	  
Built	  Environment:	   Just	   less	   than	  one	  half	  of	  respondents	   indicated	  moderate	  disruptions,	  
and	   one-‐third	   indicated	   major	   disruption	   of	   public	   services	   and	   infrastructure	   from	  
changing	   hydrology	   and	   water	   resources.	   The	   built	   environment	   including	   hydropower,	  
dam	  operation,	  agriculture,	  and	  municipal	  water	  supply	  will	  likely	  be	  affected.	  Adaptation	  
strategies	  involving	  reorganizing	  dam	  operations	  and	  water	  efficiency	  may	  buffer	  the	  affect	  
on	  water	  supply	  infrastructure.	  
	  
Economy:	  Almost	  two-‐thirds	  of	  respondents	   indicated	  medium	  or	  high	  economic	   loss	  due	  
to	  changing	  hydrology	  and	  water	  supply.	  About	  one-‐quarter	  of	  respondents	  indicated	  they	  
didn’t	   know.	   The	  major	   economic	   activities	   potentially	   affected	   are	   agriculture,	   forestry,	  
fisheries	  (e.g.	  mitigation	  costs	  for	  salmon),	  recreation,	  and	  hydropower	  (e.g.	  reallocation	  of	  
water,	  increase	  cost	  of	  energy,	  loss	  revenue).	  Past	  events	  that	  are	  similar	  to	  those	  expected	  
in	  a	  warming	  world	  need	  to	  be	  examined	  in	  terms	  of	  their	  economic	  impact.	  	  

Case	  Study	  Examples:	  
More	  frequent	  toxic	  red	  tide	  in	  the	  Puget	  Sound	  partially	  due	  to	  low	  stream	  flow	  from	  the	  
Skagit	  River	  (Moore	  et	  al.	  2011).	  

Special	  Considerations:	  
The	  consequences	  of	   changing	  hydrology	  and	   stream	   flow	  depend	  on	   the	  watershed	  and	  
stream	   reach	   according	   to	  work	   done	   by	  Mantua	   et	   al.	   (2009)	   and	  Hamlet	   et	   al.	   Related	  
risks	   include	   increased	  wildfire	   risk,	   increased	   diseases,	   and	   increased	   flooding	   in	   some	  
zones.	  
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Risk	  3:	  Wildfires	  

Likelihood:6	  
Climate	  change	  impacts	  on	  fire	  risk	  in	  the	  Pacific	  Northwest	  

	  
For	  consistency	  with	  the	  NCA	  Forests	  Technical	  Input	  chapter	  (Peterson	  and	  Vose,	  in	  prep),	  
fire	  risk	  is	  defined	  separately	  from	  fire	  hazard,	  which	  is	  often	  confused	  with	  risk.	  Peterson	  
and	   Littell	   use	   Hardy’s	   definition	   therein:	   “Fire	   hazard	   is	   the	   structure,	   condition,	   and	  
arrangement	  of	  a	   fuelbed	  as	   they	  affect	   its	  potential	   for	   flammability	  and	  energy	   release.	  
Fire	  risk	  is	  the	  probability	  that	  a	  fire	  will	  ignite,	  spread,	  and	  potentially	  affect	  one	  or	  more	  
resources	   valued	   by	   people	   (Hardy,	   2005).”	   The	   “best	   estimate”	   of	   risk	   likelihood	   for	  
changes	  in	  fire	  regime	  components	  (fire	  frequency,	  area	  burned,	  severity,	  and	  intensity)	  in	  
the	  Pacific	  Northwest	  varies	  (1)	  with	  the	  fire	  regime	  component	  in	  question	  and	  (2)	  within	  
the	  region	  according	  to	  how	  fire	  risk	  and	  fire	  hazard	  vary	  with	  fuels	  in	  different	  vegetation	  
types	   that	   respond	   to	   climate	   in	   different	   ways.	   For	   the	   region	   as	   a	   whole,	   much	  more	  
information	  on	  the	  effects	  of	  climate	  change	  on	  the	  area	  of	  fire	  is	  available	  than	  for	  changes	  
in	  frequency,	  severity,	  or	  intensity.	  	  
	  
Climate-‐driven	   increases	   in	   regional	   area	   burned	   by	   fire	   are	   very	   likely	   by	  mid-‐century	  
(2040s	  relative	   to	   late	  20th	  century),	  but	  more	   likely	   in	   forested	  ecosystems	   than	   in	  non-‐
forested	  systems.	  Region	  wide,	  the	  probability	  of	  exceeding	  the	  95%	  quantile	  area	  burned	  
for	  the	  period	  1916–2006	  increases	  from	  0.05	  to	  0.48	  by	  the	  2080s	  (Littell	  et	  al.	  2010).	  The	  
probability	   of	   exceeding	   the	   late	   20th	   century	   historical	   (1980-‐2006)	   95%ile	   under	  
expected	  future	  hydroclimate	  (Elsner	  et	  al.	  2010;	  Mote	  and	  Salathé,	  2010,	  for	  A1B	  and	  B1	  
ensemble	   averages	   of	   20	   and	  19	  GCM	   realizations	   for	   the	  2020s,	   2040s,	   and	  2080s)	   is	   a	  
range	  of	  0	  to	  30%	  for	  non-‐forested	  systems,	  1	  to	  19%	  for	  the	  western	  Cascades,	  and	  0	  to	  
76%	  for	  the	  eastern	  Cascades,	  Blue	  Mountains,	  and	  Okanogan	  Highlands	  (after	  Littell	  et	  al.	  
2010).	   No	   statistical	   relationships	   could	   be	   constructed	   for	   the	  Oregon	   Coast	   Range	   and	  
Olympic	  Mountains,	   though	  climate	  effects	  on	   fire	   in	   those	  ecosystems	  are	  evident	   in	   the	  
more	  recent	  paleoecological	  record	  (Henderson	  et	  al.	  1989)	  and	  the	  consequences	  of	  rare	  
events	  are	  extreme	  (>0.5	  million	  ha	  burned	  in	  single	  events).	  
	  
The	  “natural”	  relationships	  between	  climate	  and	  fire	  are	  dependent	  on	  existing	  forest	  fuels,	  
ignitions,	  and	  the	  climatic	  characteristics	  that	  facilitate	  or	  limit	  fire.	  On	  longer	  time	  scales,	  
climate	  also	  affects	   fuels	   through	   forest	  biogeography	  and	  vegetation	  productivity.	  These	  
relationships	   are	   evident	   from	   lake	   settlement	   charcoal	   and	   pollen	   studies	   from	   prior	  
millennia	   (e.g.	   Power	   et	   al.	   2008,	   Marlon	   et	   al.	   2008).	   In	   the	   last	   century,	   ignitions	   and	  
modified	  vegetation	  are	  virtually	  ubiquitous	  with	  human	   land	  use,	  so	  how	  climate	  affects	  
the	  components	  of	  fire	  regimes	  (fire	  area,	  fire	  size,	  severity,	  frequency,	  intensity)	  in	  forests	  
depends	  on	  the	  amount,	  arrangement,	  and	  availability	  fuels.	  Relationships	  between	  climate	  
variability,	   climate	   change,	   and	   wildfire	   interact	   with	   other	   factors	   that	   influence	   fuels	  
(Stephens,	   2005).	   In	   the	   Pacific	   Northwest,	   regional	   land	   use	   history	   (including	   timber	  
harvest/forest	   clearing,	   fire	   suppression	  and	  possibly	   fire	  exclusion	   through	  grazing)	  has	  
affected	  the	  amount	  and	  structure	  of	  fuels.	  This	  is	  particularly	  evident	  for	  drier	  forests	  in	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	  Author:	  Jeremy	  Littell,	  University	  of	  Washington	  
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the	  eastern	  Cascades,	  Blue	  Mountains,	  and	  northwestern	  U.S.	  Rockies	  in	  Washington,	  Idaho,	  
Oregon,	  and	  western	  Montana,	  where	  fire	  suppression	  has	  resulted	  in	  increased	  fire	  return	  
intervals	  (e.g.,	  Hessl	  et	  al.	  2004;	  Heyerdahl	  et	  al.	  2002,	  2008a	  and	  2008b)	  and	  likely	  less	  so	  
in	  wetter	  forests	  (e.g.,	  maritime	  Pacific	  northwest	  coast	  of	  Oregon	  and	  Washington).	  	  
	  
Despite	  changes	  in	  land	  use	  and	  the	  resulting	  effects	  on	  fuels,	  climatic	  correlates	  with	  fire	  
area	  burned	  and	  the	  number	  of	  large	  fires	  are	  consistent	  in	  both	  the	  pre-‐settlement	  period	  
and	   the	   last	   few	   decades.	   The	   impacts	   of	   increases	   in	   temperature	   and	   changes	   in	  
precipitation	  affect	  fuel	  amount,	  structure,	  and	  availability	  via	  seasonal	  influences	  on	  water	  
balance	  and	  effects	  on	   fuel	  moisture	  during	  the	   fire	  season.	  They	  also	  affect	   the	   length	  of	  
the	  fire	  season.	  Syntheses	  of	  fire-‐climate	  relationships	  for	  both	  pre-‐settlement	  and	  modern	  
records	  exist	   in	  several	  subregions	  of	   the	  West.	  Fire	  history	  studies	  (evidence	   from	  trees	  
scarred	   by	   fires	   or	   age	   classes	   of	   trees	   established	   after	   fire	   and	   independently	  
reconstructed	  climate)	  and	  modern	  fire-‐climate	  comparisons	  (evidence	  from	  observed	  fire	  
events	   and	   observed	   climate	   occurring	   in	   the	   seasons	   leading	   up	   to	   and	  during	   the	   fire)	  
agree	   on	   basic	   mechanisms,	   which	   vary	   with	   forest	   and	   region	   (Westerling	   et	   al.	   2003;	  
Littell	  et	  al.	  2009a).	  In	  each	  forest	  type,	  climate	  may	  affect	  the	  availability	  of	  existing	  fuels	  
to	  fire	  through	  drought	  or	  increased	  temperature	  (PNW:	  Heyerdahl	  et	  al.	  2002,	  Hessl	  et	  al.	  
2004,	   Heyerdahl	   et	   al.	   2008a;	   Northern	   Rockies:	   Heyerdahl	   et	   al.	   2008b;	   Westside:	  
Westerling	   et	   al.	   2003,	   Littell	   et	   al.	   2009a).	   Climate	   may	   instead	   influence	   fire	   through	  
increased	   precipitation	   increases	   the	   availability	   of	   new,	   fine	   fuels	   through	   vegetation	  
growth	  which	  then	  becomes	  available	   fuel	   in	  subsequent	  seasons	  or	  years	  (Swetnam	  and	  
Betancourt,	   1998;	   Littell	   et	   al.	   2009a).	   Some	   forests	   have	   elements	   of	   both	   (Littell	   et	   al.	  
2009a).	  	  
	  
The	  impact	  of	  climate	  change	  on	  forest	  fires	  has	  been	  assessed	  using	  statistical	  models	  that	  
project	  area	  burned	  from	  climate	  variables	  (West	  wide:	  McKenzie	  et	  al.	  2004,	  Spracklen	  et	  
al.	  2009,	  Littell,	  2010;	  Pacific	  Northwest:	  Littell	  et	  al.	  2010).	  The	  range	  of	  changes	  in	  area	  
burned	   projected	   in	   these	   studies	   is	   from	   <100%	   increase	   in	   area	   burned	   to	   >	   500%	  
increase	   in	  median	  area	  burned	  depending	  on	   the	   time	   frame,	  methods,	   future	  emissions	  
and	   climate	   scenario,	   and	   region.	   Dynamic	   vegetation	   models	   have	   also	   been	   used	   to	  
project	   future	   fire	   activity,	   suggesting	   a	   range	   (from	   declines	   of	   -‐80%	   to	   increases	   of	  
+500%	   depending	   on	   region,	   climate	   model,	   emissions	   scenario)	   of	   changes	   in	   biomass	  
area	   burned	   based	   on	   climate	   projections	   derived	   from	   prior-‐generation	   GCMs	   over	   the	  
West	   (Bachelet	   et	   al.	   2001).	   Fire	   area	   burned	   in	   PNW	   forests	   is	   sensitive	   to	   climate	  
(McKenzie	  et	  al.	  2004;	  Littell	  et	  al.	  2009a,	  2010).	  The	  projected	  impacts	  of	  climate	  change	  
on	  fire	  in	  the	  PNW	  are	  generally	  for	  increased	  fire	  area	  burned	  and	  biomass	  consumed	  in	  
forests.	   Littell	   et	   al.	   (2010)	   used	   statistical	   climate-‐fire	  models	   to	   project	   future	  median	  
regional	  (WA,	  OR,	  ID,	  w.	  MT)	  area	  burned	  increases	  from	  about	  0.2	  million	  ha	  (0.5	  M	  ac)	  to	  
0.3	  million	  hectares	  (0.8	  M	  ac)	  in	  the	  2020s,	  0.5	  million	  ha	  (1.1	  M	  ac)	  in	  the	  2040s,	  and	  0.8	  
million	  ha	  (2.0	  M	  ac)	  in	  the	  2080s	  (Littell	  et	  al.	  2010,	  average	  of	  CGCM3	  and	  ECHAM5	  GCMs	  
for	   A1B	   emissions).	   The	   area	   burned	   is	   expected	   to	   increase	   on	   average	   (A1B	   and	   B1	  
ensemble	  mean	   climate)	   by	   a	   factor	   of	   3.8	   in	   forested	   ecosystems	   (Western	   and	  Eastern	  
Cascades,	  Okanogan	  Highlands,	  Blue	  Mountains)	  to	  1980–2006	  (Littell	  et	  al.	  2010).	  Rogers	  
et	   al.	   (2011)	   used	   the	   MC1	   dynamic	   vegetation	   model	   to	   project	   fire	   given	   climate	   and	  
dynamic	  vegetation	  under	  three	  GCMs	  (A2	  emissions,	  CSIRO	  Mk3,	  MIROC	  3.2	  med-‐res,	  and	  
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Hadley	   CM3)	   showed	   large	   increases	   in	   area	   burned	   (76%–310%,	   depending	   on	   climate	  
and	  fire	  suppression	  scenario)	  and	  burn	  severities	  (29%–41%)	  by	  the	  end	  of	  the	  twenty-‐
first	  century	  compared	  to	  1971	  -‐	  2000.	  	  
	  
There	   is	   a	   comparative	   lack	   of	   quantitative	   information	   on	   likely	   forest	   fire	   frequency,	  
severity	  and	  intensity	  responses	  to	  climate	  change.	  Fire	  area	  increases	  imply	  increases	  in	  
fire	   frequency	   for	  any	  definable	  unit,	   but	   that	   timing	  of	   these	   is	  uncertain	   relative	   to	   the	  
mid-‐	  and	  late-‐21st	  century	  because	  fire	  return	  intervals	  vary	  from	  less	  than	  10	  to	  over	  500	  
years	   naturally	   within	   the	   region.	   Fire	   severity	   (proportion	   of	   overstory	   mortality)	   is	  
potentially	   influenced	   by	   climate,	   though	   severity	   may	   be	   more	   sensitive	   to	   the	  
arrangement	  and	  availability	  of	  fuels	  (which	  affect	  intensity)	  than	  area	  burned	  and	  so	  the	  
climate	   effects	   in	   the	   future	   are	   less	   certain.	   Extreme	   weather	   events	   and	   self-‐driven	  
weather	   consistent	  with	   large	   fires	   suggests	   greater	   severity	   could	   be	   expected	   in	   forest	  
systems.	  To	  my	  knowledge,	   there	  are	  no	  peer-‐reviewed	  syntheses	  of	  climate-‐fire	  severity	  
effects	  or	  projections	  of	  future	  severity	  as	  a	  function	  of	  climate.	  
	  
The	  risk	  posed	  by	  future	  fire	  activity	  in	  a	  changing	  climate	  is	  a	  function	  of	  the	  likely	  impacts	  
to	  human	  and	  ecological	  systems	  and	  there	  are	  important	  implications	  for	  adaptation	  and	  
vulnerability.	   	   At	   the	   wildland	   /	   urban	   interface,	   changes	   in	   population	   combined	   with	  
changes	  in	  forest	  density	  and/or	  area	  present	  forest	  conditions	  that	  are	  likely	  to	  experience	  
increases	   in	   area	   burned	   and	   possibly	   fire	   severity	   greater	   than	   in	   the	   historical	   record.	  
Fire	  risk	  is	  therefore	  likely	  to	  increase	  in	  a	  warmer	  climate	  due	  to	  the	  increased	  duration	  of	  
the	   fire	   season,	   increased	   availability	   of	   fuels	   if	   temperature	   increases	   and	   precipitation	  
does	  not	  increase	  sufficiently	  to	  offset	  summer	  water	  balance	  deficit.	  There	  are	  also	  likely	  
to	   be	   influences	   on	   managed	   forests	   (private,	   federal,	   state),	   which	   have	   additional	  
economic	  implications.	  In	  systems	  where	  fuels	  management	  (particularly	  using	  prescribed	  
fire)	   is	   common,	   adaptation	   of	   forest	   fuels	   to	   current	   and	   future	   climate	   is	   an	   ongoing	  
process,	   and	   so	   risk	   can	   be	   potentially	  mitigated.	   Finally,	   future	   fire	   risk	  may	   depend	   as	  
much	   on	   whether	   extreme	   fire	   weather	   conditions	   will	   change	   as	   monthly	   to	   seasonal	  
climate	  changes.	  Even	  if	  fire	  weather	  and	  ignitions	  don’t	  change,	  it	  is	  likely	  that	  risk	  driven	  
only	  by	  seasonal	  climate	  changes	  will	  increase,	  particularly	  in	  the	  wildland	  urban	  interface	  
and	  managed	  forests,	  where	  fire	  has	  been	  historically	  rare	  or	  fully	  suppressed	  and	  climate	  
has	  not	  been	  as	  strong	  an	  influence	  as	  in	  wildland	  fires.	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
Natural	  Systems	   • Decrease	  water	  quality	  from	  post	  fire	  runoff	  sedimentation	  &	  

particulates	  
• Increased	  erosion	  into	  tributary	  streams	  
• Loss	  of	  forest,	  rangeland,	  &	  natural	  resources	  (e.g.	  
older/complex	  forests=>younger	  forests;	  shrubland/sagebrush	  
steppe=>grassland)	  

• Disturbance	  of	  aquatic	  habitat	  &	  productivity	  
• Changes	  to	  seasonal	  hydrograph	  after	  fire	  disturbance	  (e.g.	  
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larger	  peak	  flows	  &	  flashier	  response	  to	  precipitation	  events)	  
• Increased	  CO2	  to	  atmosphere	  
• Habitat	  degradation	  &	  loss	  of	  connectivity	  (i.e.	  isolation	  of	  
population	  &	  ecotypes)	  

• Loss	  of	  forest	  biodiversity	  
• Increase	  opportunity	  for	  invasive/alternative	  species	  
• Fire	  maintains	  occurrence	  &	  abundance	  of	  some	  tree	  
species	  

• Wildfire	  as	  a	  tool	  to	  promote	  resilience	  of	  ecosystem	  
function	  to	  environmental	  change	  by	  facilitating	  migration	  
and	  other	  processes	  

Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Loss	  of	  forest	  productivity/resources	  
• Forest	  mortality	  (e.g.	  high	  probability	  in	  East	  Cascades	  and	  Blue	  
Mountain	  ecoregions	  in	  next	  20-‐40	  years,	  Littell	  et	  al.	  2009b)	  

• Large	  scale	  disturbance	  of	  forest	  systems	  (e.g.	  conversion,	  
extirpation,	  extinction,	  facilitation,	  loss	  of	  structure)	  

Built	  Environment	   • Damages	  to	  homes	  &	  property	  &	  other	  encroaching	  built	  
infrastructure	  (urban/wildland	  interface)	  

• Damage	  to	  electricity	  transmission	  lines	  causing	  widespread	  
power	  outages	  

Economy	   • Potential	  loss	  of	  commercial	  timber	  &	  revenues	  
• High	  fire	  management	  costs	  
• Major	  financial	  cost	  for	  private	  land/cabin	  owners	  

Human	  Society	   • Increase	  in	  poor	  air	  quality	  days	  (especially	  East	  side)	  
• Loss	  of	  livelihood	  &	  cultural	  resources	  (e.g.	  timber	  dependent	  
communities;	  native	  American	  communities	  in	  sagebrush	  
steppe)	  

• Cultural	  changes	  in	  forest	  landscape	  (e.g.	  private	  forest	  lands	  
are	  no	  longer	  profitable	  in	  forestry,	  but	  become	  converted	  
lands)	  -‐	  high	  

• Decreased	  drinking	  water	  quality	  from	  particulates	  &	  
retardants	  in	  surface	  water	  supply	  

• Increase	  in	  injuries/fatalities	  &	  home	  displacement	  from	  fire	  
	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	   Half	   of	   the	   respondents	   indicated	   that	   few	   people	  would	   be	  
affected	  by	  an	  increase	  in	  wildfires.	  A	  common	  reason	  reported	  was	  that	  the	  forested	  areas	  
of	   high	   wildfire	   risk	   in	   the	   Northwest	   are	   not	   highly	   or	   densely	   populated.	   Though	   the	  
people	  who	  do	  live	  in	  areas	  at	  risk	  to	  fire	  are	  certainly	  threatened,	  including	  development.	  
The	   risk	  of	   smoke	   inhalation	  and	  potential	   asthma	  cases	  has	  a	   farther-‐reaching	  effect	  on	  
the	  population.	  
	  
Human	  Mortality:	  About	  half	  of	   the	  respondents	  said	  there	  would	   likely	  be	  an	   increase	   in	  
human	  mortality	   due	   to	   increased	  wildfires	  with	   the	  most	   common	   cause	   due	   to	   smoke	  
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inhalation	  or	   air	   quality	   issues.	  One	   comment	   indicated	   that	   there	   is	   some	  evidence	   that	  
there	   is	   already	   an	   increase	   in	   mortality	   from	   wildfires,	   and	   the	   trend	   may	   generally	  
increase	  over	  time	  and	  may	  depend	  on	  adaptation	  and	  preparedness	  techniques.	  The	  other	  
roughly	  half	  of	   the	  respondents	   indicated	  uncertainty	   in	  whether	  human	  mortality	  would	  
increase	  or	  decrease.	  	  	  
	  
Human	   Health	   Quality:	   About	   three-‐fourths	   of	   respondents	   indicated	   there	   would	   be	   a	  
reduction	  in	  general	  health	  quality	  due	  to	  wildfires,	  but	  not	  an	  extreme	  reduction.	  The	  most	  
common	  cause	  is	  respiratory	  issues	  to	  smoke	  exposure	  and	  reduced	  air	  quality,	  especially	  
for	  those	  with	  existing	  respiratory	  problems.	  About	  one-‐fifth	  chose	  a	  response	  that	  did	  not	  
indicate	  a	  sign	  of	  change	  regarding	  consequences	  of	  wildfires	  to	  human	  health	  quality,	  but	  
a	   few	   people	   mentioned	   respiratory	   issues	   from	   smoke	   inhalation	   as	   an	   potential	  
consequence.	  
	  
Biodiversity:	  Just	  over	  60%	  of	  respondents	  indicated	  that	  an	  increase	  in	  wildfire	  would	  be	  
unfavorable	   for	   biodiversity	   and	   just	   over	   15%	   indicating	   a	   severe	   reduction	   in	  
biodiversity.	  Forest	  vegetation	  mortality	  may	   lead	  to	  a	   loss	  of	  habitat	   for	  small	  birds	  and	  
animals	  and	  niche	  species.	  Species	  composition	  will	  likely	  change	  after	  wildfires	  and	  there	  
may	   be	   a	   shift	   to	   generalist	   or	   invasive	   species,	   through	   repopulation,	   at	   the	   expense	   of	  
specialist	  or	  native	  species.	  However,	  traditional	  use	  of	  fire	  may	  have	  beneficial	  effects	  on	  
local	  ecosystems.	  About	  one-‐fifth	  of	  respondents	  indicated	  they	  didn’t	  know.	  	  	  
	  
Geographic	  area	  affected:	  Just	  less	  than	  two-‐thirds	  (64.1%)	  of	  respondents	  indicated	  that	  a	  
moderate	   portion	   of	   the	   region	  would	   be	   affected	   by	   increasing	  wildfires.	   About	   18%	  of	  
respondents	  indicated	  that	  most	  of	  the	  region	  would	  be	  affected.	  Roughly	  half	  of	  the	  region	  
is	   forest	  cover	  (Littell	  et	  al.	  2009b;	  ODF;	  USFS)	  with	  some	  areas	  highly	  disrupted	  already	  
like	   the	   Blue	   Mountains,	   Cascades,	   and	   grass	   areas.	   Areas	   with	   low	   moisture,	  
disease/infestations,	  and	  wind	  are	  more	  susceptible	  to	  wildfire,	  like	  Eastern	  Washington.	  
	  
Built	  Environment:	  About	  half	  of	  the	  respondents	  indicated	  a	  moderate	  disruption	  of	  public	  
services	   and	   infrastructure	   due	   to	   increasing	   wildfires.	   About	   22%	   indicated	   little	  
disruption,	   and	   about	   14%	   indicated	  major	   disruption.	  Within	   the	   comments,	   two	  main	  
themes	  of	  disruption	  to	  the	  built	  environment	  were:	  direct	  disruption	  to	  infrastructure	  and	  
communities	  on	   the	  urban/forest	   interface	  and	   indirect	  disruption	   to	  water	  management	  
facilities	   including	   cost	   increase	   of	  water	   supply	   filtration.	   A	   few	   of	   those	  who	   reported	  
little	   disruption	   also	   indicated	   impacts	   on	   the	   built	   environment	   at	   the	   urban/forest	  
interface,	  but	  that	  it	  constituted	  a	  small	  portion	  of	  the	  built	  environment.	  
	  
Economy:	  About	  two-‐thirds	  of	  respondents	  indicated	  either	  medium	  or	  high	  economic	  loss	  
due	  to	  increasing	  wildfires.	  About	  one	  quarter	  of	  respondents	  indicated	  they	  didn’t	  know.	  It	  
was	   noted	   that	   it	   is	   difficult	   to	   estimate	   economic	   losses	   because	   it	   depends	   on	   the	  
timescale,	   geographic	   vulnerabilities,	   size	   of	   economy,	   forest	   productivity	   changes,	  
infrastructure	   damage,	   and	   fire	  management.	   However,	   it	   is	   generally	   corroborated	   that	  
there	   would	   be	   economic	   losses	   due	   to	   increasing	   wildfires,	   especially	   to	   the	   timber	  
industry	   and	   built	   environment.	   A	   review	   of	   historical	   economic	   impacts	   of	   wildfire	   is	  
needed.	  	  
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Special	  Considerations:	  
The	   breakout	   group	   identified	   two	   broad	   categories	   of	   consequences:	   ecosystem	   and	  
biophysical	  impacts	  and	  impacts	  to	  human	  health,	  well-‐being,	  and	  infrastructure.	  While	  the	  
group	   chose	   not	   to	   rank	   consequences,	   most	   of	   the	   consequences	   would	   either	   be	  
characterized	  as	  high	   consequence	  and	  high	   likelihood,	  or	  high	   consequence	  with	   low	  or	  
uncertain	   likelihood	   in	   the	   short	   term,	   but	   expected	   eventually.	   The	   degree	   of	  
consequences	  varies	   across	   sub-‐regional	   climates,	   vegetation	  or	   ecosystem	   type,	   and	   fire	  
regime.	   When	   considering	   the	   consequences	   of	   increases	   in	   wildfire,	   geographic	  
heterogeneity	  and	  severity	  of	  consequences	  need	  to	  be	  taken	  into	  account.	  Disaggregating	  
consequences	  into	  East	  and	  West	  parts	  of	  the	  region	  might	  facilitate	  a	  better	  assessment	  of	  
the	  magnitude,	  as	  consequences	  could	  be	   larger	  and	   less	  predictable	   in	   the	  Cascades	  and	  
Coast	  Range.	  It	  may	  also	  be	  helpful	  to	  distinguish	  between	  acute	  risk	  (e.g.	  house	  burning)	  
and	  chronic	  consequence	  (e.g.	  smoke	  in	  rural	  communities).	  	  
	  
There	  was	   also	   a	   noteworthy	   discussion	   of	   the	   cultural	   impacts	   on	   timber	   communities,	  
particularly	  on	  the	  west	  side	  of	  the	  region,	  and	  shrub	  steppe	  communities	  on	  the	  east	  side	  
of	   the	   region.	   A	   high	   consequence	   impacting	   forest	   landowners,	   workers,	   timber-‐
dependent	  communities,	  and	  tribes,	  could	  be	  the	  change	  in	  development	  pressure	  dynamic	  
for	  private	  forests,	  that	  is,	  if	  economic	  consequences	  of	  increasing	  wildfires	  cause	  lands	  to	  
become	  unprofitable	   for	   timber	   production	   and	   are	   converted.	   The	   shrub	   steppe	   system	  
may	  be	  more	   likely	   than	  forest	  systems	  to	  experience	   fire-‐driven	  step	  changes	  that	  could	  
occur	  quickly	  and	  are	  due	   to	  a	  combination	  of	   factors	   including	   invasive	  grasses	  and	   fire	  
feedbacks.	   The	   potential	   consequence	   of	   conversion	   of	   steppe	   to	   grassland	   is	   a	   loss	   in	  
biodiversity	   of	   flora	   and	   fauna,	   and	   could	   adversely	   impact	   the	   Native	   American	  
communities	  living	  in	  the	  sagebrush	  steppe	  regions.	  
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Risk	  4:	  Ocean	  temperature	  and	  chemistry	  changes	  

Likelihood:7	  
The	   likelihood	  of	   chemistry	   changes	   in	   association	  with	  ocean	  acidification	   is	  high	  
because	   it	   is	   already	   occurring	   and	   documented	   for	   Pacific	   Northwest	  waters.	   It	   is	  
well	  established	  that	  human	  activities	  are	  changing	  the	  chemistry	  of	  the	  ocean	  (Feely	  et	  al.	  
2008;	   Doney	   et	   al.	   2009;	  NRC,	   2010)	   by	   causing	   atmospheric	   CO2	   levels	   to	   climb	   higher	  
than	  at	  any	  time	  in	  at	  least	  the	  past	  650,000	  years.	  Current	  estimates	  are	  that	  about	  30%	  of	  
the	  anthropogenically-‐derived	  CO2	  released	  to	   the	  atmosphere	  over	   the	  past	  250	  years	   is	  
now	  dissolved	  in	  the	  ocean	  (Canadell	  et	  al.	  2007;	  Feely	  et	  al.	  2010).	  Once	  dissolved	  in	  the	  
ocean,	  CO2	  causes	  the	  pH	  and	  carbonate	  saturation	  state	  of	  seawater	  to	  decline,	  rendering	  
ocean	   water	   corrosive	   with	   respect	   to	   the	   calcite	   and	   aragonite	   shells	   and	   skeletons	   of	  
marine	  organisms.	  These	  changes,	  commonly	  referred	  to	  as	  ocean	  acidification,	  are	  larger	  
and	  are	  occurring	  faster	  than	  at	  any	  time	  in	  the	  past	  hundreds	  of	  thousands	  to	  millions	  of	  
years.	   The	   persistence	   of	   contemporary	   marine	   ecosystems	   is	   threatened,	   as	   is	   the	  
persistence	  of	  shellfish	  aquaculture	  and	  the	  human	  communities	  that	  depend	  on	  them.	  
	  
A	  combination	  of	  factors	  renders	  the	  Pacific	  coast	  of	  North	  America	  especially	  vulnerable	  to	  
acidified	  “corrosive”	  water	  events.	  Deep	  waters	  of	  the	  Pacific	  are	  the	  oldest	  in	  the	  world’s	  
oceans	   and,	   to	   a	   degree,	   are	   naturally	   corrosive	   from	   accumulated	   natural	   respiration	  
processes	  and	  oxidation	  of	  organic	  matter.	  Anthropogenic	  additions	  of	  CO2	  further	  reduce	  
the	  pH	  and	  carbonate	  saturation	  state	  of	  Pacific	  coast	  waters	   to	   levels	   that	  can	  challenge	  
calcification	   in	   shelled	   organisms	   (Feely	   et	   al.	   2008,	   2010).	   This	   is	   exacerbated	   when	  
seasonal	   upwelling	   transports	   these	   corrosive	  water	  up	  onto	   the	   continental	   shelf	   of	   the	  
Pacific	  Northwest,	  where	  in	  some	  places,	  they	  reach	  all	  the	  way	  to	  the	  surface	  (Feely	  et	  al.	  
2008;	  Hauri	  et	  al.	  2009).	  In	  coastal	  estuaries,	  inputs	  of	  nutrients	  and	  organic	  matter	  reduce	  
pH	  and	   carbonate	   saturation	   state	   even	   further	   such	   that	   conditions	  within	  Puget	   Sound	  
were	   more	   corrosive	   waters	   exist	   than	   observed	   off	   the	   coast	   (Feely	   et	   al.	   2010).	  
Consequently,	   natural	   processes,	   anthropogenic	   additions	   of	   CO2,	   and	   additions	   of	  
nutrients	   and	  organic	  matter	   to	   estuaries	   and	  nearshore	  areas	   combine	   to	   intensify	  
ocean	   acidification	   in	   Pacific	   Northwest	   coastal	   estuaries.	   Rykaczewski	   and	   Dunne	  
(2010)	   note	   that	   the	   Pacific	   coast	   between	   British	   Columbia	   and	   northern	   California	   is	  
particularly	   productive	   and	   retentive	   of	   organic	   material	   when	   compared	   with	   other	  
regions	   of	   the	   California	   Current	   System,	   and	   conclude	   that	   this	   area	   will	   be	   impacted	  
earlier	   and	   more	   intensely	   than	   other	   North	   American	   coastal	   regions	   by	   ocean	  
acidification.	  	  
	  
The	  same	  Pacific	  Northwest	  coastal	  estuaries	  that	  are	  threatened	  by	  ocean	  acidification	  are	  
the	   source	   of	   highly	   valued	   shellfish	   fisheries.	   In	  Washington	   alone,	   shellfish	   growers	   in	  
2005	   produced	   approximately	   90	  million	   pounds	   of	   shellfish	  with	   an	   estimated	   value	   of	  
$97	  million	  (PCSGA,	  2010).	  Shellfish	  aquaculture	  provides	  an	   important	  source	  of	   jobs	   in	  
Washington,	   and	   revenues	   directly	   benefit	   state	   and	   local	   economies.	   Loss	   of	   shellfish	  
aquaculture	   from	   the	   Pacific	   Northwest	   would	   impose	   substantial	   social	   and	   economic	  
costs.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  Authors:	  Jan	  Newton,	  University	  of	  Washington;	  Kathie	  Dello,	  Oregon	  State	  University	  
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Bivalves	  are	  known	  to	  be	  highly	  vulnerable	  to	  reductions	   in	  pH	  and	  carbonate	  saturation	  
state	   (Green	  et	   al.	   2004;	  Gazeau	  et	   al.	   2007;	  Talmadge	  and	  Gobler,	  2009;	  Hettinger	  et	   al.	  
2010).	  Projections	  based	  on	  future	  scenarios	   indicate	  that	  mussel	  and	  oyster	  calcification	  
rates	  could	  decline	  by	  as	  much	  as	  25%	  and	  10%,	  respectively,	  by	   the	  end	  of	   this	  century	  
(Gazeau	  et	  al.	  2007;	  Ries	  et	  al.	  2009).	  Larval	  and	  juvenile	  stages	  are	  particularly	  sensitive	  to	  
corrosive	  water	  conditions.	  Growth	  rates	  in	  larval	  and	  juvenile	  stages	  of	  the	  Olympia	  oyster	  
were	  up	   to	  41%	  slower	  under	  high	  CO2	   conditions	   (970	  ppm)	   compared	  with	   growth	   in	  
controls	  (Hettinger	  et	  al.	  2010).	  Slower	  growth	  rates	  persisted	  among	  treated	  oysters	  even	  
after	  they	  had	  been	  restored	  to	  control	  conditions	  that	  matched	  present-‐day	  levels	  of	  CO2	  
in	   seawater,	   suggesting	   the	   existence	   of	   legacy	   or	   carry-‐over	   effects	   from	   larval	   to	   adult	  
stages.	  
	  
The	   likelihood	  of	  rising	  ocean	   temperatures	   is	  high	  because	   it	   is	  already	  occurring	  
and	  documented	  for	  Pacific	  Northwest	  waters,	  but	  there	  is	  considerable	  spatial	  and	  
temporal	  variability	   to	  be	  expected	   in	   the	  signal.	  Ocean	  heat	  content	  and	  average	  sea	  
surface	   temperatures	   (SSTs)	   have	   been	   increasing	   on	   a	   global-‐ocean	   scale	   (Bindoff	   et	   al.	  
2007;	  Trenberth	  et	  al.	  2007).	  Models	  predict	  PNW	  coastal	  SST	  to	  increase	  by	  1.2	  °C	  by	  the	  
2040s	  (Mote	  and	  Salathé,	  2010).	  Locally,	  the	  coastal	  upwelling	  /	  downwelling	  cycle	  leads	  to	  
strong	   variation	   in	   temperature	   annually;	   the	   average	   sea	   surface	   temperature	   in	   near	  
coastal	  environments	  varies	  by	  about	  8°C	  seasonally	  (Mote	  and	  Salathé,	  2010).	  Changes	  in	  
upwelling	  could	  cause	  more	  or	  less	  dramatic	  temperature	  shifts,	  depending	  on	  what	  wind	  
shifts	  occur	  and	  the	  timing	  of	  such.	  SST	  will	  be	  highly	  influenced	  by	  several	  weather-‐related	  
factors,	   such	   as	   wind	   and	   air	   temperature,	   as	   well	   as	   ocean-‐related	   factors,	   such	   as	  
upwelling,	   mixing,	   stratification,	   as	   well	   as	   factors	   associated	   with	   geography	   such	   as	  
proximity	   to	   rivers	   and	   bathymetric	   features	   that	   cause	   turbulent	   mixing.	   Thus	   strong	  
spatial	  variation	  in	  the	  PNW	  can	  be	  expected.	  
	  
Moore	   et	   al.	   2008	   investigated	   the	   influence	   of	   climate	   on	   Puget	   Sound	   oceanographic	  
properties	   on	   seasonal	   to	   interannual	   timescales	   using	   continuous	   profile	   data	   at	   16	  
stations	  from	  1993	  to	  2002	  and	  records	  of	  sea	  surface	  temperature	  (SST)	  and	  sea	  surface	  
salinity	  (SSS)	   from	  1951	  to	  2002.	  Variability	   in	   the	   leading	  pattern	  of	  Puget	  Sound	  water	  
temperature	  and	  salinity	  profiles	  was	  well	  correlated	  with	   local	  surface	  air	   temperatures	  
and	  freshwater	  inflows	  to	  Puget	  Sound	  from	  major	  river	  basins,	  respectively.	  SST	  and	  SSS	  
anomalies	  were	   informative	  proxies	   for	  the	   leading	  patterns	  of	  variations	   in	  Puget	  Sound	  
temperature	   and	   salinity	   profiles.	   They	   found	   that	   SST	   and	   SSS	   anomalies	   also	   have	  
significant	   correlations	   with	   Aleutian	   Low,	   El	   Niño-‐Southern	   Oscillation,	   and	   Pacific	  
Decadal	   Oscillation	   variations	   in	   winter	   that	   can	   persist	   for	   up	   to	   three	   seasons	   or	  
reemerge	   the	   following	   year.	   However,	   correlations	   with	   large-‐scale	   climate	   variations	  
were	  weaker	  compared	  to	   those	  with	   local	  environmental	   forcing	  parameters.	  As	  climate	  
change	   will	   affect	   both	   local	   and	   large-‐scale	   forcings,	   effects	   on	   SST	   and	   SSS	   may	   be	  
complex.	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
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Natural	  Systems	   • Disruption	  to	  food	  chain,	  especially	  loss	  of	  important	  species	  at	  
the	  base	  and	  compounding	  effects	  upwards	  (high)	  

• Species	  affected	  negatively:	  Salmon	  (health	  &	  mortality	  if	  
warmer	  ocean	  temps	  =>	  increase	  hypoxic	  events),	  Lamprey,	  
Shellfish	  (establishment	  &	  growth),	  calcifying	  organisms,	  
migratory	  birds	  

• Increase	  algal	  blooms	  affecting	  water	  quality	  &	  migratory	  birds	  
• Disrupt	  ocean	  organisms	  &	  ecosystems	  &	  biodiversity	  (see	  
Tillmann	  and	  Siemann,	  2011b)	  (medium)	  

• High	  risk	  to	  marine	  life	  in	  upwelling	  zones	  &	  estuaries	  
Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Negative	  impacts	  on	  oyster	  recruitment	  in	  hatcheries	  (already	  
seen	  in	  last	  5	  years,	  see	  Grossman	  article;	  Barton	  et	  al.	  in	  press)	  

• Reduction	  in	  shellfish	  development	  impacting	  the	  industry	  (lack	  
of	  natural	  recruitment	  (Dumbauld	  et	  al.	  2010))(high)	  

• Loss	  numbers	  of	  returning	  salmon	  
• Affects	  estuary	  aquaculture	  (i.e.	  Coquille	  tribe	  has	  a	  cranberry	  
bog)	  (medium)	  

Built	  Environment	   • Decrease	  salmon	  health	  affects	  Columbia	  River	  management	  
Economy	   • Disruption	  to	  seafood	  industry	  (i.e.	  harvest	  loss)	  especially	  

shellfish,	  fisheries,	  salmon	  (high)	  
• Affects	  fishing	  tourism	  (high)	  &	  beach	  tourism	  (low)	  

Human	  Society	   • Impacts	  on	  fisheries	  dependent	  communities	  (high)	  
• Human	  health	  effects	  (medium)	  (e.g.	  from	  increase	  harmful	  algal	  
blooms)	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	  Of	  the	  two	  most	  common	  response	  choices,	  respondents	  were	  
divided	  between	  few	  people	  affected	  (36.8%)	  and	  most	  of	  the	  population	  affected	  (28.9%).	  
However,	   comments	   indicated	   that	  most	   coastal	   communities	  and	   tribal	  populations	   that	  
depend	  on	  coastal	  marine	  resources	  will	  likely	  be	  affected	  through	  impacts	  to	  the	  economy	  
from	  ocean	  harvest	  or	  a	  change	  in	  diet	  from	  decreased	  harvest	  of	  fisheries	  and	  shellfish	  and	  
a	  potential	  collapse	  of	  the	  marine	  food	  web	  over	  the	  long	  term.	  
	  
Human	  Mortality:	  About	  80%	  of	  respondents	  chose	  a	  response	  that	  didn’t	  indicate	  a	  sign	  of	  
change	   in	  human	  mortality.	  Changes	   in	  ocean	  temperature	  and	  chemistry	  are	   likely	  not	  a	  
factor	   contribution	   to	   increased	  human	  mortality.	   Just	   less	   than	  one-‐fifth	   of	   respondents	  
indicated	   an	   increase	   in	  mortality.	   There	   is	   a	   slight	   potential	   for	   increased	   illnesses	   and	  
deaths	   associated	   with	   harmful	   algal	   blooms	   if	   they	   were	   to	   increase	   in	   frequency	   and	  
severity	  in	  the	  future,	  but	  that	  is	  unlikely.	  
	  
Human	   Health	   Quality:	   About	   two-‐thirds	   of	   respondents	   chose	   a	   response	   that	   did	   not	  
indicate	  a	  sign	  of	  change	  for	  human	  health	  quality.	  Many	  felt	  that	  changes	  in	  health	  quality	  
would	  not	   likely	  be	  a	   factor.	  About	  one-‐third	   indicated	   that	  a	   reduction	   in	  general	  health	  
quality	   is	   to	   be	   expected.	   Two	   factors	   mentioned	   in	   terms	   of	   contributing	   to	   potential	  
decrease	  in	  human	  health	  quality	  are	  loss	  of	  protein	  in	  diets	  from	  decreased	  ocean	  harvests	  
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and	   illnesses	   related	   to	   harmful	   algal	   blooms	   and	   consumption	   of	   contamination	   of	  
shellfish.	  
	  
Biodiversity:	   The	   majority	   felt	   biodiversity	   would	   be	   negatively	   affected	   by	   ocean	  
temperature	  and	  chemistry	  changes.	  47.4%	  of	  respondents	  indicated	  a	  severe	  reduction	  in	  
biodiversity,	   while	   28.9%	   indicated	   unfavorable	   for	   biodiversity.	   All	   the	   comments	  
indicated	  a	  negative	  affect	  or	  loss	  to	  marine	  organisms	  and	  habitats	  including	  slow-‐moving	  
species	  from	  hypoxic	  areas,	  shell-‐forming	  organisms,	  effects	  of	  a	  cascading	  food	  web,	  and	  
effects	   from	  ocean	   acidification	   occurring	   too	   quickly	   for	   species	   to	   adapt.	   There	   is	   little	  
adaptive	   capacity	   on	   the	   part	   of	   humans	   to	   protect	   marine	   organisms,	   but	   individual	  
species	  may	  or	  may	  not	  have	  adaptive	  capacity.	  
	  
Geographic	  area	  affected:	  Over	  four-‐fifths	  of	  respondents	  felt	  that	  either	  a	  moderate	  portion	  
(as	   indicated	   by	   50%	  of	   respondents)	   or	  most	   of	   the	   region	  would	   be	   affected	   by	   ocean	  
temperature	  and	  chemistry	  changes.	  Comments	  indicated	  that	  response	  choice	  depends	  on	  
the	  definition	  of	  ‘region’,	  whether	  it	  be	  the	  entire	  Northwest	  or	  just	  the	  coastal	  Northwest.	  
In	  any	  case,	  respondents	  felt	  the	  entire	  Northwest	  coastal	  area	  including	  estuaries	  and	  the	  
Puget	  Sound	  would	  be	  affected,	  but	  with	  regional	  spatial	  and	  temporal	  heterogeneity.	  
	  
Built	   Environment:	   Over	   half	   (56.8%)	   of	   respondents	   felt	   that	   there	   would	   be	   little	  
disruption	   in	  public	   services	  and	   infrastructure	  due	   to	  ocean	   temperature	  and	  chemistry	  
changes.	  Ocean	  acidification	  could	  affect	  coastal	  and	  offshore	  structures	  such	  as	  pipelines,	  
cooling	  intakes	  or	  other	  metal	  structures,	  though	  respondents	  were	  uncertain	  of	  the	  extent	  
of	  this	  possibility.	  There	  could	  be	  indirect	  effects	  on	  coastal	  infrastructure	  due	  to	  sea	  level	  
rise	  caused	  by	  ocean	  temperature	  increase	  and	  thermal	  expansion.	  
	  
Economy:	   The	   respondents	  who	   provided	   rationale	  with	   their	   ratings	   converged	   on	   two	  
main	   industries	   for	   potential	   large	   economic	   losses:	   shellfish	   industry	   (negative	   impacts	  
already	   being	   seen)	   and	   coastal	   fisheries,	   including	   salmon.	   There	   is	   uncertainty	   in	   the	  
extent	   of	   economic	   loss.	   The	   coastal	   tourism	   industry	   is	   also	   suggested	   as	   a	   possible	  
contributor	  to	  economic	  loss.	  

Case	  Study	  Examples:	  
A	   workshop	   participant	   highlighted	   the	   Coquille	   Tribe	   cranberry	   farmers	   of	   Coos	   Bay,	  
Oregon	  as	  an	  example	  of	  the	  effects	  of	  ocean	  acidification.	  	  
	  
Another	   compelling	   example	   with	   strong	   economic	   impacts	   is	   the	   effect	   of	   ocean	  
acidification	   on	   the	   survival	   rates	   of	   shellfish	   at	   the	  Whiskey	   Creek	   and	   Taylor	   shellfish	  
hatcheries	  (see	  Grossman	  article;	  Barton	  et	  al.,	  in	  press)	  as	  well	  as	  the	  lack	  of	  economically	  
viable	   natural	   recruitment	   of	   oysters	   in	  Willapa	  Bay	   since	   2005	   (Dumbauld	   et	   al.	   2011).	  
The	   economic	   losses	   have	   been	   estimated	   at	   roughly	   $46	   million	   dollars	   in	   this	   region	  
alone	  (source:	  Sustainable	  Fisheries	  Partnership).	  

Identified	  Gaps	  in	  Knowledge:	  
Major	   uncertainty	   still	   exists	   in	   terms	   of	   how	   coastal	   winds,	   and	   hence	   upwelling,	   will	  
change	   with	   climate	   change	   and	   regarding	   a	   possible	   link	   between	   warmer	   ocean	  
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temperatures	   and	  hypoxic	   events.	   Lack	  of	   timeseries	  data	   and	  adequate	   spatial	   coverage	  
make	  risk	  assessments	  challenging.	  Experiments	  with	  native	  organisms	  and	  local/expected	  
conditions	  are	  only	  starting	  to	  gain	  traction	  so	  there	  are	  fewer	  results	  to	  draw	  from.	  

Special	  Considerations:	  
Pacific	  waters	  are	  susceptible	  to	  being	  corrosive	  due	  to	  the	  long	  residence	  time	  of	  the	  deep	  
Pacific	  waters,	   seasonal	   upwelling	   that	   brings	   these	   deep	  waters	   in	   contact	  with	   coastal	  
areas,	   and	   potential	   for	   further	   carbon	   and	   nutrient	   loading	   from	   both	   natural	   and	  
anthropogenic	   sources.	   These	   factors	   combine	   to	  make	   the	   Pacific	   Northwest	   one	   of	   the	  
first	   regions	   that	   will	   likely	   see	   the	   effects	   of	   ocean	   acidification.	   Another	   factor	  
contributing	   to	   changing	   ocean	   temperature	   and	   chemistry	   is	   changes	   in	   river	   flow	   and	  
timing	  from	  rivers	  like	  the	  Columbia	  and	  Fraser.	  	  
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Risk	  5:	  Sea	  level	  rise	  and	  coastal	  hazards	  

Likelihood:8	  
What	  is	  the	  likelihood	  of	  increased	  coastal	  erosion	  and	  risk	  of	  inundation	  from	  increasing	  
sea	  levels,	  increasing	  wave	  heights,	  and	  storm	  surges	  occurring	  mid-‐21st	  century	  relative	  to	  
the	  late	  20th	  century?	  –	  HIGH	  	  
	  
Earth’s	   changing	   climate	   is	   expected	   to	   have	   significant	   physical	   impacts	   along	   the	   coast	  
and	  estuarine	  shorelands	  of	  the	  Northwest,	  ranging	  from	  increased	  erosion	  and	  inundation	  
of	   low	   lying	   areas	   to	   wetland	   loss.	   The	   environmental	   changes	   associated	   with	   climate	  
change	  include	  rising	  sea	   levels,	  possibly	  the	   increased	  occurrences	  of	  severe	  storms,	  and	  
rising	  air	  and	  water	   temperatures.	   	  The	  combination	  of	   these	  processes	  and	  their	  climate	  
controls	   are	   important	   to	   beach	   and	   property	   erosion	   and	   flood	   probabilities,	   with	   the	  
expectation	  of	  significant	  changes	  projected	  for	  the	  21st	  century.	  	  
	  
Coastal	   change	   and	   flood	   hazards	   along	   the	  Northwest	   coast	   are	   caused	   by	   a	   number	   of	  
ocean	  processes,	  each	  of	  which	  has	  significant	  climate	  controls	  such	  that	  the	  severity	  and	  
frequency	  of	  the	  hazards	  in	  the	  future	  can	  be	  expected	  to	  increase.	  	  Not	  only	  will	  global	  sea	  
level	  almost	   certainly	   increase	   throughout	   the	  21st	   century,	  by	  perhaps	  a	  meter	  or	  more,	  
there	  is	  good	  reason	  to	  believe	  that	  the	  rate	  of	  sea	  level	  rise	  will	  itself	  increase	  (Rahmstorf,	  
2007;	   Rahmstorf,	   2010).	   	   Evaluating	   the	   consequences	   of	   intensified	   and	  more	   frequent	  
hazards	   is	   complicated	   by	   the	   tectonic	   setting	   of	   the	   Northwest,	   with	   there	   being	  
significantly	  different	  rates	  of	  land	  uplift	  along	  the	  coast.	  	  Taken	  together,	  the	  variable	  rate	  
of	  uplift	  plus	  the	  present-‐day	  rate	  of	  sea	  level	  rise,	  some	  stretches	  of	  the	  coast	  are	  presently	  
submerging	  as	  the	  sea-‐level	  rise	  is	  greater	  than	  the	  tectonic	  uplift,	  whereas	  other	  areas	  are	  
emerging	   where	   the	   reverse	   is	   true	   (Komar	   et	   al.	   2011).	   	   The	   prospects	   are	   that	   with	  
accelerated	   rates	   of	   sea-‐level	   rise	   the	   entire	   coast	   will	   eventually	   be	   submerging	   and	  
experience	  significantly	  greater	  erosion	  and	  flood	  impacts	  than	  at	  present	  day.	  	  
	  	  
Allan	  et	  al.	  (2011)	  analyzed	  the	  Yaquina	  Bay	  storm	  surge	  record	  and	  found	  no	  increases	  in	  
surge	  levels	  and	  frequencies	  since	  the	  late	  1960s.	  Several	  recent	  studies	  have	  documented	  
increasing	  wave	  heights	   and	   in	  particular	   increasing	   extreme	  wave	  heights	   in	   the	   region	  
from	  analyses	  of	  buoy	  data	  (e.g.,	  Allan	  and	  Komar,	  2006;	  Menendez	  et	  al.	  2008,	  Ruggiero	  et	  
al.	   2010).	   However	   these	   results	   have	   recently	   been	   called	   into	   question	   after	   careful	  
analyses	   of	   modifications	   of	   the	   wave	   measurement	   hardware	   as	   well	   as	   the	   analysis	  
procedures	  since	  the	  start	  of	  the	  observations	  have	  demonstrated	  inhomogeneities	   in	  the	  
records	  (Gemmrich	  et	  al.	  2011).	  On	  the	  other	  hand,	  the	  satellite	  altimetry	  record	  from	  1985	  
–	  2008	  reveals	  increases	  in	  extreme	  wave	  heights	  (99th	  percentiles)	  and	  wind	  speeds	  in	  the	  
region	  (Young	  et	  al.	  2011).	  
	  
The	  periodic	  occurrence	  of	  major	  El	  Niño	  events	  in	  the	  future	  will	  compound	  the	  impacts	  of	  
increasing	   sea	   levels,	   resulting	   in	   severe	   episodes	   of	   coastal	   erosion	   and	   flooding,	   as	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	  Author:	  Peter	  Ruggiero,	  Oregon	  State	  University.	  Note	  that	  much	  of	  the	  text	  is	  pulled	  directly	  from	  the	  
Oregon	  Climate	  Assessment	  Report	  chapter	  on	  Impacts	  of	  climate	  change	  on	  Oregon’s	  coasts	  and	  estuaries,	  of	  
which	  Ruggiero	  is	  the	  first	  author.	  	  
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experienced	  during	  the	  El	  Niño	  winters	  of	  1982-‐83	  and	  1997-‐98.	  At	  present	  it	  is	  not	  known	  
whether	  El	  Niño	  intensity	  and	  frequency	  will	  increase	  under	  a	  changing	  climate.	  With	  these	  
multiple	   processes	   and	   their	   climate	   controls	   having	   important	   roles	   in	   causing	   erosion	  
and	  flooding	  along	  the	  coast,	  it	  is	  challenging	  to	  collectively	  analyze	  them	  with	  the	  goal	  of	  
providing	   meaningful	   assessments	   of	   future	   coastal	   hazards	   during	   the	   next	   several	  
decades.	  	  	  
	  
Coastal	   infrastructure	  will	   come	  under	   increased	   risk	   to	  damage	  and	   inundation	  under	  a	  
changing	   climate	  with	   impacted	   sectors	   including	   transportation	   and	   navigation,	   coastal	  
engineering	   structures	   (seawalls,	   riprap,	   jetties	   etc.)	   and	   flood	   control	   and	   prevention	  
structures,	   water	   supply	   and	   waste/storm	   water	   systems,	   and	   recreation,	   travel	   and	  
hospitality.	   	   Situated	   just	   slightly	   above	   current	   sea	   level,	   the	  major	   ports	   of	   Seattle	   and	  
Tacoma	  in	  the	  Puget	  Sound	  of	  Washington	  are	  making	  plans	  to	  raise	  heights	  of	  some	  port	  
infrastructure	  in	  response	  to	  sea	  level	  rise	  (CIG,	  2009).	  
	  
Unfortunately,	   significant	   knowledge	   gaps	   remain,	   impairing	   our	   ability	   to	   accurately	  
assess	   the	   impacts	  of	   climate	   change	  along	  our	   coast	   and	  estuarine	   shorelands.	  The	  NCA	  
Sea	  Level	  Change	  Scenarios	   team	  has	  medium	  high	  confidence	   in	  a	  0.2	   to	  2	  meter	  rise	   in	  
global	  mean	  sea	   level	  by	  2100.	  At	  present	  we	  do	  not	  conclusively	  understand	  the	  climate	  
controls	  on	  changing	  patterns	  of	   storminess	  and	  wave	  heights	  and	   therefore	  have	  a	  very	  
limited	   ability	   to	   project	   future	   trends	   in	   coastal	   storm	   impacts.	   The	   magnitude	   and	  
frequency	  of	  major	  El	  Niño	  events	  has	  significant	  implications	  for	  the	  Northwest,	  however,	  
at	  this	  time	  we	  are	  unable	  to	  assess	  whether	  or	  not	  these	  will	  increase	  in	  the	  future	  due	  to	  
climate	  change.	   	  Further,	   the	   long-‐term	  time-‐series	  data	  necessary	   to	  definitively	   identify	  
perturbations	   of	   estuarine	   communities	   that	   can	   be	   attributed	   to	   anthropogenic	   climate	  
change	   are	   lacking	   and	   therefore	   our	   understanding	   of	   anticipated	   shifts	   remain	   largely	  
speculative.	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
Natural	  Systems	   • Estuarine	  impacts	  (increased	  salinity,	  sediment	  transport)	  

• Soil	  salinization	  
• Beach,	  bluff,	  dune	  loss	  from	  erosion	  
• Compromised	  coastal	  habitats	  (intertidal,	  wetlands	  –	  important	  
nursery	  habitat,	  tidal	  marsh,	  etc.)	  

• Threatened/Endangered	  Species	  (snowy	  plover)	  
• Loss	  of	  species	  from	  SLR	  (seabirds,	  shorebirds,	  waterbirds,	  etc.)	  
• Alter	  food	  web	  
• Mobilization	  of	  toxics	  affects	  ecosystems	  (especially	  industrial	  
areas	  around	  Puget	  Sound,	  Columbia	  River,	  &	  Astoria)	  

• Increase	  in	  shallow	  water	  habitat	  
Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Altered	  location	  of	  aquaculture	  
• Increase	  flooding	  in	  low	  lying	  agricultural	  areas	  and	  tribal	  land	  
(e.g.	  Skagit	  Valley	  farming;	  Coquille	  cranberry	  farming)	  
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Built	  Environment	   • Property	  &	  Infrastructure	  loss	  or	  damage	  (roads,	  railroads,	  
waste	  water,	  houses,	  businesses,	  docks,	  seawall,	  dikes,	  levees,	  
harbor	  reconfiguration,	  ports,	  private	  property	  &	  land,	  bridges)	  

• Transportation	  –	  (Increased	  maintenance	  cost	  of	  roads,	  
abandoning	  roads	  influencing	  accessibility)	  

• Protect	  private	  structures	  –	  (rip	  rap,	  businesses	  that	  depend	  on	  
proximity	  to	  shore,	  relocation	  

Economy	   • Decreased	  property/real	  estate	  value	  
• Altered	  recreational	  value	  (tourism)	  
• Altered	  commercial	  fisheries	  value	  
• Shellfish	  aquaculture	  industry	  
• Shipping	  -‐	  bar	  closures	  
• Extreme	  wave	  heights	  could	  be	  beneficial	  for	  wave	  energy	  
production	  

• Increase	  in	  storm-‐watching	  tourism	  
Human	  Society	   • Water	  treatment	  plants/water	  quality	  implications	  from	  storm	  

surge	  inundation	  
• Increase	  risk	  of	  storm-‐related	  injuries/death	  from	  higher	  waves	  
• Saltwater	  intrusion	  in	  coastal	  aquifers	  
• Algal	  blooms	  from	  increased	  storminess	  causing	  toxicity	  and	  
water	  closures	  affecting	  human	  health	  (e.g.	  shellfish)	  

• Mobilization	  of	  toxics	  in	  industrial	  areas	  (especially	  Puget	  Sound,	  
Columbia	  River,	  &	  Astoria)	  

• Tribal	  losses	  of	  land,	  homes,	  cultural	  resources	  (tribal	  trust	  lands	  
with	  no	  compensation)	  

• Displacement	  of	  communities	  
• Decreased	  accessibility	  from	  abandoned	  roads	  
• May	  lose	  public	  access	  to	  beaches	  (shoreline	  management	  act)	  

	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	  Just	  fewer	  than	  50%	  of	  respondents	  indicated	  that	  few	  people	  
would	  be	  affected	  by	  sea	  level	  rise	  and	  coastal	  hazards;	  about	  20%	  indicated	  about	  half	  of	  
the	  population	  would	  be	  affected;	  and	  13.2%	  indicated	  that	  most	  of	  the	  population	  would	  
be	  affected.	  While	  over	  half	  of	  the	  US	  population	  resides	  in	  coastal	  zones	  (NOAA	  Ocean),	  a	  
smaller	  percentage	  of	  the	  Northwest’s	  population	  actually	  lives	  in	  coastal	  zones.	  In	  Oregon,	  
about	  6.5%	  of	  the	  population	  lives	  within	  50	  miles	  of	  the	  coast	  (OCMP),	  but	  a	  much	  greater	  
number	  of	  people	  live	  in	  counties	  along	  the	  Washington	  coast	  (NOAA	  Washington),	  which	  
are	   seeing	   a	   large	   coastal	   population	   growth	   rate.	   There	   are	   low	   population	   densities	  
within	   coastal	   communities,	   especially	   in	   Oregon	   (29	   people	   per	   square	   mile,	   OCMP),	  
excluding	  population	  centers	  like	  the	  Seattle	  area.	  Those	  at	  great	  risk	  include	  people	  who	  
live	   near	   the	   shoreline	   on	   vulnerable	   bluffs	   for	   example,	   and	   tribal	   communities	   whose	  
reservations	   are	   located	   in	   near-‐shore	   coastal	   zones	   like	   tribes	   of	   the	   Puget	   Sound	   and	  
Olympic	  Peninsula.	  While	  direct	  consequences	  of	  sea	   level	   rise	  and	  other	  coastal	  hazards	  
may	  affect	  relatively	  few	  people,	  indirect	  consequences	  have	  the	  potential	  to	  affect	  a	  much	  
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larger	  portion	  of	  the	  population.	  These	  indirect	  consequences	  include	  economic	  effects	  of	  
coastal	   property	   and	   infrastructure	   damages,	   effects	   from	   altered	   food	   webs,	   shipping	  
disruptions,	  inland	  migration,	  and	  depends	  on	  the	  locations	  and	  degree	  of	  vulnerability	  of	  
water	  facilities,	  roads	  and	  irrigation	  agriculture.	  	  
	  
Human	  Mortality:	   About	   42%	   of	   respondents	   indicated	   an	   increase	   in	   human	   mortality	  
with	   comments	   indicating	   direct	   effects	   like	   storm	   events,	   storm	   surges,	   and	   flooding	   to	  
people	   caught	   off	   guard	   like	   extreme	   storm-‐watchers.	   However,	   these	   changes	   won’t	  
happen	  overnight	  and	  behavioral	  adaptation	  should	  mitigate	  the	  risk	  of	  human	  loss	  of	  life.	  
About	  24%	  of	  respondents	  indicated	  that	  the	  sign	  was	  uncertain.	  
	  
Human	  Health	  Quality:	  There	  could	  be	  some	  reduced	  health	  quality	  (as	  indicated	  by	  27%	  of	  
respondents)	  from	  losing	  homes	  and	  people	  being	  displaced	  and	  limiting	  health	  access,	  or	  
from	  water	  quality	  and	  disease	  transmission	  or	  other	  health	  consequences	  from	  increased	  
storm	  water	   and	  wastewater	  backups.	  However,	   it	   is	  difficult	   to	  determine	  where	  health	  
impacts,	  especially	  indirect	  ones,	  could	  occur	  and	  so	  the	  sign	  of	  impacts	  to	  health	  quality	  of	  
those	   people	   affected	   is	   uncertain	   (62.1%	   of	   respondents	   chose	   a	   response	   that	   did	   not	  
indicate	   a	   sign	   of	   change).	   A	   reduction	   in	   public	   safety	   may	   be	   more	   relevant	   than	   a	  
reduction	  in	  public	  health.	  
	  
Biodiversity:	   Just	   over	   half	   (51.4%)	   of	   respondents	   indicated	   sea	   level	   rise	   and	   coastal	  
hazards	   would	   be	   unfavorable	   for	   biodiversity.	   According	   to	   comments,	   conditions	  
unfavorable	  for	  biodiversity	  could	  result	  from	  the	  disruption	  or	  loss	  of	  coastal	  habitats	  and	  
ecosystems	  due	   to	   erosion	  or	   fixed	   infrastructure	  near	   shorelines.	   For	   example,	   the	  high	  
biodiversity	  of	  near-‐shore	  rocky	  intertidal	  areas	  may	  suffer	  due	  to	  the	  inability	  of	  species	  to	  
migrate	   upwards	   into	   higher	   coastline.	   Saltwater	   intrusion	   is	   a	   problem	   for	   native	  
vegetation	  and	  irrigated	  agriculture.	  The	  magnitude	  of	  these	  consequences	  depends	  partly	  
on	   the	   local	   coastal	   land	   elevation	   and	   tectonic	   uplift	   rates,	   which	   could	   determine	  
vulnerable	  areas.	  However,	   impacts	  on	  biodiversity	  still	   remains	  unclear	   (as	   indicated	  by	  
24.3%),	  especially	  as	  there	  will	   likely	  be	  winners	  and	  losers,	  and	  much	  future	  research	  is	  
needed.	  It	  was	  noted	  that	  biodiversity	  is	  also	  not	  the	  only	  metric	  to	  measure	  consequences	  
to	  the	  natural	  environment.	  	  
	  
Geographic	  area	  affected:	  As	   indicated	  by	  respondent	  comments,	   the	  geographic	  extent	  of	  
areas	  affected	  by	  sea	  level	  rise	  and	  other	  coastal	  hazards	  is	  restricted	  to	  coastal	  shorelines,	  
especially	  those	  with	  low	  near-‐shore	  gradient,	  the	  low-‐lying,	  and	  tidally	  affected	  areas.	  The	  
Puget	  Sound	  is	  a	  good	  example.	  Inland	  areas	  affected	  would	  be	  low-‐lying	  estuaries	  like	  the	  
Tillamook	  watershed.	  The	  extent	  of	  the	  area	  affected	  depends	  on	  the	  magnitude	  of	  sea	  level	  
rise	   that	   occurs	   globally,	   and	   relative	   sea	   level	   rise	   locally.	   About	   60%	   of	   respondents	  
indicated	   a	   moderate	   portion	   of	   the	   region	   would	   be	   affected,	   about	   18%	   and	   13%	  
indicated	  few	  isolated	  areas	  and	  most	  of	  the	  region,	  respectively.	  
	  
Built	  Environment:	   Over	   half	   of	   respondents	   indicated	   a	  moderate	   disruption	   and	   36.8%	  
indicated	  a	  major	  disruption	  in	  public	  services	  and	  infrastructure.	  There	  is	  a	  lot	  of	  coastal	  
infrastructure	   at	   risk	   of	   damage	   of	   degradation	   from	   sea	   level	   rise,	   storm	   surges,	   and	  
erosion	   including:	   roads,	   buildings,	   utilities,	   ports,	   rails,	   sea	  walls,	   bridges,	   homes,	  waste	  
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water	   treatment	   plants,	   communities.	   The	   disruption	   will	   likely	   be	   limited	   to	   coastal	  
regions	  only,	  with	  little	  inland	  disruption.	  The	  disruption	  will	  depend	  on	  the	  frequency	  of	  
events.	  	  
	  
Economy:	  Respectively,	  56.8%,	  16.2%,	  and	  8.1%	  of	  respondents	  indicated	  a	  high,	  medium,	  
and	  low	  economic	  loss	  due	  to	  sea	  level	  rise	  and	  coastal	  hazards.	  There	  are	  many	  valuable	  
coastal	  assets	  including	  infrastructure	  and	  near-‐shore	  habitats	  that	  could	  be	  vulnerable	  to	  
damages	  from	  sea	  level	  rise	  and	  other	  coastal	  hazards,	  but	  may	  depend	  on	  the	  rate	  of	  sea	  
level	  rise.	  One	  respondent	  noted	  that	  there	  may	  already	  be	  several	  million	  dollars	  loss	  per	  
year	   from	   storm	   surge	   damage,	   but	   no	   studies	   are	   available	   for	   future	   estimates	   of	  
economic	  loss.	  Mitigation	  and	  adaptation	  costs	  could	  be	  high.	  Other	  economic	  disruptions	  
include	   high	   damage	   repair	   costs,	   business	   interruptions,	   and	   relocating	   coastal	  
communities	  and	  facilities.	  	  

Case	  Study	  Examples:	  
Infrastructure	  disruption	  could	  be	  large,	  not	  only	  for	  coastal	  cities	  like	  Seattle,	  but	  also	  for	  
smaller	   coastal	   communities	   like	   the	   city	   of	   Stanwood,	  Washington	   on	   the	   Puget	   Sound.	  
Large	  areas	  of	  Stanwood	  might	  be	  inundated	  by	  saltwater	  if	  sea	  level	  rose	  only	  2	  feet	  above	  
mean	  high	  tide	  (WSDOT	  vulnerability	  map).	  Low-‐lying	  agricultural	  areas,	  deltas,	  and	  tribal	  
lands	  are	  also	  vulnerable	   to	   increased	   flooding	  and	   inundation.	  Two	  examples	  are	  Skagit	  
Valley,	  Washington	  and	  the	  Coquille	  Tribe	  cranberry	  farms	  in	  southern	  Oregon.	  	  

Identified	  Gaps	  in	  Knowledge:	  
There	   is	   little	   information	   on	   sediment	   dynamics	   and	   how	   that	   would	   contribute	   to	  
consequences	   of	   sea	   level	   rise	   and	   increasing	   coastal	   hazards.	   There	   is	   also	   high	  
uncertainty	  and	  variability	  in	  the	  ecological	  response	  to	  such	  these	  climate	  changes.	  
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Risk	  6:	  Shifts	  in	  distributions	  of	  plant	  and	  animals	  

Likelihood:9	  
Likelihood	  of	  changes	  in	  abundance	  and	  geographical	  distributions	  of	  plant	  species	  

and	  habitats	  for	  aquatic	  and	  terrestrial	  wildlife	  in	  the	  Northwest	  
	  
Changes	   in	   the	   abundance	   and	   geographical	   distributions	   of	   plant	   species	   and	  
habitats	  for	  aquatic	  and	  terrestrial	  wildlife	  in	  the	  Northwest.	  
Likelihood	  of	  occurrence	  by	  mid-‐21st	  century:	  High*	  
	  
There	   is	   substantial	   evidence	   that	   climate	   change	   directly	   affects	   the	   abundance	   and	  
geographical	  distributions	  of	  plant	  species	  (Chmura	  et	  al.	  2011).	  The	  paleoenvironmental	  
record	  demonstrates	  that	  plant	  species	  have	  responded	   individualistically	   to	  past	  climate	  
changes	   (Davis	   and	   Shaw,	   2001).	   Climate-‐driven	   changes	   in	   the	   abundance	   and	  
geographical	  distribution	  of	   some	  plant	  species	  and	  habitat	  have	  been	  observed	  over	   the	  
past	   century,	   for	   example,	   in	   changes	   in	   sub-‐alpine	   tree	  populations	   (e.g.,	   lodgepole	  pine	  
[Pinus	  contorta]	  in	  the	  central	  Sierra	  Nevada;	  Millar	  et	  al.	  2004).	  Climate	  changes	  may	  affect	  
plant	  phenology,	  such	  as	  plant	  flowering	  dates	  (e.g.,	  common	  purple	  lilacs	  [Syringa	  vulgaris	  
f.	   purpurea]	   and	   honeysuckle	   [Lonicera	   spp.]	   in	   the	   western	   United	   States,	   Cayan	   et	   al.	  
2001),	  which	  in	  turn	  may	  alter	  the	  timing	  and	  availability	  of	  plant	  resources	  used	  by	  other	  
species.	  There	  is	  evidence	  that,	  for	  some	  species,	  plant	  responses	  to	  climate	  change	  may	  be	  
mediated	   by	   the	   physiological	   response	   of	   plants	   to	   changes	   in	   atmospheric	   CO2	  
concentrations	   and	   these	   responses	   may	   vary	   both	   within	   species	   and	   geographically	  
across	  a	  species’	  range	  (Chmura	  et	  al.	  2011).	  
	  
In	  addition	   to	  being	  directly	  affected	  by	  changes	   in	  climate,	  plant	   species	  abundance	  and	  
distribution	   in	   the	   Northwest	   also	   may	   be	   affected	   by	   climate-‐driven	   changes	   in	  
disturbance	  regimes,	  such	  as	  wildfire	  (Littell	  et	  al.	  2010),	  insect	  outbreaks	  (e.g.,	  mountain	  
pine	   beetle;	   Logan	   et	   al.	   2003),	   disease	   (e.g.,	   Swiss	   needle	   cast;	   Black	   et	   al.	   2010),	   and	  
drought	  occurrence	  (van	  Mantgem	  et	  al.	  2009;	  Knutson	  and	  Pyke,	  2008).	  The	  response	  of	  
plant	  species	  to	  future	  climate	  changes	  may	  also	  be	  mediated	  by	  a	  number	  of	  other	  factors,	  
including	  land	  use	  changes	  (e.g.,	  grazing)	  and	  interactions	  with	  other	  species	  (e.g.,	  invasive	  
species)	  (Chambers	  and	  Wisdom,	  2009).	  	  In	  the	  absence	  of	  empirical	  data	  for	  many	  species,	  
various	   types	   of	   vegetation	   and	   species	   distribution	  models	   have	   been	   used	   to	   simulate	  
Northwest	   plant	   species	   and	   habitat	   responses	   to	   potential	   future	   climate	   changes	   (e.g.,	  
Coops	  and	  Waring,	  2011;	  Bachelet	  et	  al.	  2011).	  	  In	  general,	  model	  simulations	  indicate	  large	  
potential	   changes	   for	   some	   plant	   species	   and	   habitats	   in	   the	   Northwest,	   such	   as	   the	  
simulated	   loss	   of	   subalpine	   habitat	   (Millar	   et	   al.	   2006),	   although	   there	   are	   a	   number	   of	  
uncertainties	  associated	  with	  model	  simulations	  of	  future	  vegetation	  change	  (McMahon	  et	  
al.	  2011).	  
	  
Changes	  in	  the	  abundance	  and	  geographical	  distributions	  of	  aquatic	  and	  terrestrial	  
wildlife.	  
Likelihood	  of	  occurrence	  by	  mid-‐21st	  century:	  High*	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	  Author:	  Sarah	  Shafer,	  U.S.	  Geological	  Survey,	  Corvallis,	  Oregon	  
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As	  with	   plant	   species,	   there	   is	   substantial	   evidence	   that	   changes	   in	   climate	  may	   directly	  
affect	   the	  abundance	  and	  geographical	  distributions	  of	  wildlife	  species	  (Root	  et	  al.	  2003).	  
Changes	  in	  the	  abundance	  and	  geographical	  distributions	  of	  aquatic	  and	  terrestrial	  wildlife	  
have	  been	  documented	  for	  a	  number	  of	  species	  in	  the	  Northwest	  (e.g.,	  Edith’s	  checker-‐spot	  
butterfly	  [Euphydryas	  editha],	  Parmesan,	  2006;	  see	  Hixon	  et	  al.	  2010;	  Janetos	  et	  al.	  2008).	  
Species	   may	   be	   directly	   affected	   by	   changes	   in	   climate	   (e.g.,	   mortality	   from	   increased	  
frequency	  of	  lethal	  temperatures)	  or	  indirectly	  affected	  by	  climate	  change	  effects	  on	  habitat	  
(e.g.,	  shifts	  in	  the	  seasonality	  and	  amounts	  of	  snowpack	  and	  runoff),	  disturbance	  regimes,	  
competition	   and	   predator-‐prey	   interactions	   with	   other	   species,	   and	   disease	   (Parmesan,	  
2006;	   Hixon	   et	   al.	   2010).	   Among	   species	   in	   the	   Northwest	   that	   have	   been	   identified	   as	  
affected	  by	   the	  potential	   future	   loss	  of	  alpine	  and	  subalpine	  habitat	  are	  wolverines	   (Gulo	  
gulo;	  Copeland	  et	  al.	  2010)	  and	  pika	  (Ochotona	  princeps;	  Beever	  et	  al.	  2010).	  
	  
Wildlife	  species	  that	  are	  dependent	  on	  marine	  resources	  may	  be	  affected	  by	  climate	  change	  
effects	  on	  marine	  systems,	  such	  as	  potential	  changes	  in	  the	  timing	  and	  strength	  of	  coastal	  
ocean	  upwelling	  (e.g.,	  Cassin’s	  auklet	  [Ptychoramphus	  aleuticus];	  Barth	  et	  al.	  2007),	  gradual	  
and	   abrupt	   changes	   in	   the	   distribution	   of	   sea	   surface	   temperatures	   (Payne	   et	   al.	   2012),	  
ocean	   acidification	   (Hofmann	   et	   al.	   2010),	   the	   salinity	   of	   estuaries	   (see	   discussion	   in	  
Ruggiero	   et	   al.	   2010),	   and	   the	   occurrence	   of	   anoxic	   zones	   (Chan	   et	   al.	   2008).	   A	   key	  
Northwest	  issue	  identified	  in	  the	  2009	  “Global	  Climate	  Change	  Impacts	  in	  the	  US”	  report	  is	  
the	  potential	  effect	  of	  future	  climate	  change	  on	  salmon	  and	  other	  aquatic	  species:	  
	  

“Salmon	  and	  other	   coldwater	   species	  will	   experience	  additional	   stresses	  
as	   a	   result	   of	   rising	   water	   temperatures	   and	   declining	   summer	  
streamflows.	   Northwest	   salmon	   populations	   are	   already	   at	   historically	   low	  
levels	  due	  to	  variety	  of	  human-‐induced	  stresses.	  Climate	  change	  affects	  salmon	  
throughout	  their	  life	  stages	  and	  poses	  an	  additional	  stress.	  Studies	  suggest	  that	  
about	   a	   third	   of	   the	   current	   habitat	   for	   the	   Northwest’s	   salmon	   and	   other	  
coldwater	  fish	  will	  no	  longer	  be	  suitable	  for	  them	  by	  the	  end	  of	  this	  century	  due	  
to	  climate	  change.”	  (Northwest	  Fact	  Sheet;	  http://www.globalchange.gov	  
/images/cir/region-‐pdf/NorthwestFactSheet.pdf)	  
	  

Mantua	   et	   al.	   (2010)	   concluded	   that	   potential	   future	   climate	   changes	   could	   increase	  
thermal	   stress	   for	   some	   salmon	   populations	   in	   Washington.	   Bull	   trout	   (Salvelinus	  
confluentus)	  populations	  may	  also	  be	  affected	  by	  potential	  future	  climate	  changes	  (Rieman	  
et	  al.	  2007).	  As	  with	  plants,	  the	  response	  of	  aquatic	  and	  terrestrial	  wildlife	  to	  future	  climate	  
changes	  may	   also	  be	  mediated	  by	   a	   number	   of	   other	   factors,	   including	   land	  use	   changes	  
(e.g.,	   grazing)	   and	   interactions	  with	   other	   species	   (e.g.,	   invasive	   species)	   (Chambers	   and	  
Wisdom,	  2009).	  	  
	  
*Likelihood	   assessment	   based	   on	   paleoecological	   evidence	   of	   species’	   responses	   to	   past	   climate	   changes,	  
observations	  of	  species’	  responses	  to	  climate	  changes	  over	  the	  past	  century,	  and	  empirical	  and	  modeling	  studies	  
of	  species’	  sensitivities	  to	  changes	  in	  climate.	  	  Responses	  to	  future	  climate	  changes	  will	  vary	  by	  species	  depending	  
on	  species	  sensitivities	  and	  potential	  future	  climate	  change.	  
	  



	   41	  

Consequences:	  
	  
Category	   Consequences	  (bold	  denotes	  a	  positive	  consequence)	  
Natural	  Systems	   • Species	  loss	  (ecotonal	  boundaries,	  local	  loss)	  –	  (high)	  

• ESA	  Threatened	  species	  (e.g.	  sage	  grouse)	  
• Species	  shifts	  (forest	  tree	  species	  highly	  vulnerable)	  
• Ecological	  traps	  
• Migration	  limited	  species	  (e.g.	  pika,	  pygmy	  rabbit,	  ponderosa	  
pine:	  east	  of	  Cascades,	  but	  won’t	  survive	  as	  they	  move	  west	  
across	  the	  Cascades)	  –	  (high)	  

• Ponderosa	  pine	  habitat	  wildlife	  (elk,	  white-‐headed	  woodpecker)	  
–	  (high)	  

• Salmon:	  hydrograph	  shift,	  earlier	  snowmelt,	  warm	  temperatures	  
• Predator-‐prey	  dynamics	  (spatial	  redistribution)	  (e.g.	  as	  waters	  
warm,	  mussels	  move	  deeper	  in	  sea	  where	  sea	  stars,	  which	  are	  
predators	  of	  mussels,	  live)	  

• Regional	  identity/keystone	  species	  
• Increase	  in	  invasive	  species	  
• Decoupling	  of	  ecosystems	  (e.g.	  pollinators	  &	  host	  plants)	  
• Resources	  that	  provide	  habitat	  –	  (high)	  
• Charismatic	  species	  –	  (high)	  
• Changes	  in	  species	  abundance,	  productivity,	  phenology,	  timing,	  
seasonality	  (see	  Case	  et	  al.	  2010)	  

• May	  have	  2	  algal	  bloom	  seasons	  in	  Puget	  Sound	  
• Increase	  in	  generalist	  species	  (e.g.	  coyotes,	  raccoons,	  crows)	  
• Increase	  in	  exotic	  species	  
• Increase	  in	  non-‐native	  species	  (e.g.	  American	  shad,	  small	  
mouth	  bass)	  

Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Shift	  of	  microclimates	  for	  wine	  varietals	  	  (low)	  
• Crop	  yield	  changes	  

Built	  Environment	   • 	  
Economy	   • Wine	  varietal	  microclimate	  sensitive	  to	  temperature	  –	  (low)	  

• Loss	  of	  traditional	  animals	  &	  plants	  in	  place	  (tribes)	  
• Crop	  yield	  changes	  
• Resource	  based	  economies	  -‐	  (high)	  
• Wine	  industry	  in	  Oregon	  &	  Washington	  could	  see	  economic	  
benefit	  of	  harboring	  microclimates	  able	  to	  support	  more	  
wine	  grape	  varietals	  

• Some	  species	  more	  abundant	  leading	  to	  economic	  
opportunities	  or	  additional	  food	  source	  

Human	  Society	   • Seafood	  toxicity	  from	  shifting	  HAB	  species	  (may	  have	  2	  bloom	  
seasons	  in	  Puget	  Sound)	  

• Cultural	  effects	  of	  range	  shifts	  
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• Tribal	  impacts	  (gathering	  traditions,	  first	  foods	  ceremonies,	  
place-‐based	  limited	  treaty	  rights,	  identity)	  

• Changes	  in	  disease	  ecology	  
• Loss	  of	  livelihood	  if	  depend	  on	  certain	  species	  

	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	  Very	   little	  direct	  effect	  on	  humans	   is	  expected	   from	  changing	  
distributions	   of	   plant	   and	   animal	   species,	   as	   most	   of	   the	   comments	   indicated	   potential	  
indirect	   effects.	   Respectively,	   35.1%,	   16.2%,	   and	  27%	  of	   respondents	   indicated	   that	   few,	  
about	  half,	  and	  most	  of	  the	  human	  population	  would	  be	  affected.	   It	   is	  difficult	  to	  quantify	  
benefits	   that	  native	   species	   and	  habitats	  provide	   to	  human	  health	   and	  welfare.	   21.6%	  of	  
respondents	   indicated	   they	   didn’t	   know.	   Some	   people	   feel	   that	   a	   large	   portion	   of	   the	  
Northwest	  population	  is	  disconnected	  from	  nature	  and	  wouldn’t	  even	  notice	  these	  kinds	  of	  
changes.	  The	  definition	  of	  “affected”	  is	  unclear.	  Those	  at	  greatest	  risk	  are	  those	  who	  depend	  
on	  and	  consume	  natural	  resources	  for	  a	  living,	  such	  as	  rural	  and	  native	  communities.	  
	  
Human	   Mortality:	   It	   is	   unclear	   how	   human	   mortality	   would	   be	   affected	   by	   changes	   in	  
distributions	  of	  plants	  and	  animals	  (91.8%	  of	  respondents	  indicated	  they	  didn’t	  know,	  the	  
sign	   was	   uncertain,	   or	   the	   question	   not	   applicable).	   However,	   changing	   distributions	   of	  
disease	  vectors	  may	  relate	  to	  human	  disease	  incidence	  (8.1%	  of	  respondents	  indicated	  an	  
increase	  in	  human	  mortality).	  
	  
Human	  Health	  Quality:	  Although	  ecosystems	  provide	  goods	  and	  services	  essential	  to	  human	  
health	  and	  welfare,	   it	   is	  uncertain	  how	  human	  health	  quality	  may	  be	   impacted	  (63.1%	  of	  
respondents	  indicated	  they	  didn’t	  know	  or	  the	  sign	  was	  uncertain).	  Possible	  consequences	  
include	   enhanced	  allergies,	   psychological	   impacts	   for	   a	   region	  whose	   identity	   is	   partially	  
tied	   to	   its	   ecosystems,	   food	   availability	   including	   public	   health	   implications	   for	   tribal	  
members	   regarding	   first	   foods	   (especially	   salmon),	   and	   hardships	   from	   loss	   of	   natural	  
resources	   used	   directly	   or	   for	   income.	   28.9%	   of	   respondents	   indicated	   reduced	   general	  
human	  health	  quality.	  	  
	  
Biodiversity:	   There	   will	   be	   some	   winners	   and	   losers,	   but	   how	   species	   are	   affected	   will	  
depend	  on	  the	  rate	  of	  change.	  Climate	  change	  may	  occur	  faster	  than	  some	  species	  can	  adapt	  
spatially.	   Some	   shifts	   in	   distributions	  may	   be	   beneficial	   or	   neutral.	   Generally,	   the	   group	  
feels	   that	   shifting	   distributions	   of	   plant	   and	   animal	   species	   due	   to	   climate	   change	   is	  
unfavorable	  for	  biodiversity	  (44.7%	  of	  respondents	  indicated	  unfavorable,	  28.9%	  indicated	  
severe	  reduction,	  and	  26.3%	  indicated	  they	  didn’t	  know).	  Some	  unfavorable	  consequences	  
may	  be	  that	  “weed”	  species	  generally	  outcompete	  native	  species	  or	  that	  there	  will	  be	  a	  loss	  
of	   specialist	   species	   in	   favor	   of	   generalists.	   The	   pertinent	   theme	   from	   the	   respondent	  
comments	  is	  the	  changing	  or	  disassociation	  of	  existing	  species	  assemblages	  as	  populations	  
move	  to	  follow	  climate	  zones	  or	  are	  extirpated.	  
	  
Geographic	   area	   affected:	   Most	   respondents	   (81.1%)	   indicated	   that	   most	   of	   the	   region	  
would	   be	   affected	   by	   shifting	   distributions	   of	   plants	   and	   wildlife.	   The	   remainder	   of	  
respondents	   indicated	   that	   a	  moderate	   portion	   of	   the	   region	  would	   be	   affected.	   Despite	  
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differences	  across	  microhabitats,	  changes	  to	  temperature	  and	  precipitation	  will	  likely	  affect	  
all	  areas	  of	  the	  NW,	  and	  thus	  affect	  habitats	  and	  plant	  and	  animal	  species	  that	  respond	  to	  
these	  climate	  conditions.	  
	  
Built	   Environment:	   The	   potential	   disruption	   of	   public	   services	   and	   infrastructure	   due	   to	  
changing	   distribution	   of	   plants	   and	   animals	   was	   indicated	   as	   minor	   (56.8%	   of	  
respondents).	   The	   potential	   concern	   for	   disruption	   of	   infrastructure	   is	   the	   expansion	   of	  
harmful	  invasive	  species	  that	  could	  potentially	  affect	  agriculture,	  grazing,	  aquaculture,	  and	  
other	   infrastructure	   (13.5%	   of	   respondents	   indicated	   moderate	   or	   major	   infrastructure	  
disruption).	  
	  
Economy:	   Economies	   that	   could	   be	   impacted	   are	   tourism,	   especially	   wildlife-‐dependent	  
tourism	  and	  recreation,	  natural	  resource	  economies	  like	  forest	  products,	  food	  production.	  
Just	  fewer	  than	  half	  of	  respondents	  indicated	  they	  didn’t	  know	  or	  the	  sign	  was	  uncertain.	  	  

Case	  Study	  Examples:	  
The	  wine	  grape	  industry	  in	  Oregon	  and	  Washington.	  	  

Special	  Considerations:	  
While	  the	  likelihood	  of	  shifting	  distributions	  of	  plant	  and	  animal	  species	  may	  be	  high	  since	  
we	  are	  already	  seeing	  evidence	  of	  this	  occurring,	  the	  consequences	  are	  dependent	  on	  what	  
the	  systems	  deliver	  and	  widely	  vary	  depending	  on	  the	  species	  under	  consideration.	  Shifting	  
species	  distributions	  is	  dependent	  on	  many	  factors	  including	  climate,	  diseases,	  pathogens,	  
and	  wildfire.	  

References:	  
Bachelet,	  D.,	  B.	  R.	  Johnson,	  S.	  D.	  Bridgham,	  P.	  V.	  Dunn,	  H.	  E.	  Anderson	  and	  B.	  M.	  Rogers.	  

2011.	  Climate	  change	  impacts	  on	  western	  Pacific	  Northwest	  prairies	  and	  savannas.	  
Northwest	  Science	  85:411-‐429.	  

Barth,	  J.	  A.,	  B.	  A.	  Menge,	  J.	  Lubchenco,	  F.	  Chan,	  J.	  M.	  Bane,	  A.	  R.	  Kirincich,	  M.	  A.	  McManus,	  K.	  J.	  
Nielsen,	  S.	  D.	  Pierce,	  and	  L.	  Washburn.	  2007.	  Delayed	  upwelling	  alters	  nearshore	  
coastal	  ocean	  ecosystems	  in	  the	  northern	  California	  current.	  Proceedings	  of	  the	  
National	  Academy	  of	  Sciences	  104:3719-‐3724.	  

Beever,	  E.	  A.,	  C.	  Ray,	  P.	  W.	  Mote,	  and	  J.	  L.	  Wilkening.	  2010.	  Testing	  alternative	  models	  of	  
climate-‐mediated	  extirpations.	  Ecological	  Applications	  20:164-‐178.	  

Black,	  B.	  A.,	  D.	  C.	  Shaw,	  and	  J.	  K.	  Stone.	  2010.	  Impacts	  of	  Swiss	  needle	  cast	  on	  overstory	  
Douglas-‐fir	  forests	  of	  the	  western	  Oregon	  Coast	  Range.	  Forest	  Ecology	  and	  
Management	  259:1673-‐1680.	  

Case,	  M.	  J.,	  J.	  Lawler,	  J.	  Tomasevic,	  E.	  M.	  Gray,	  J.	  Langdon,	  B.	  McRae,	  J.	  Michael	  Scott,	  and	  L.	  
Svancara.	  2010.	  Assessing	  the	  sensitivities	  of	  species	  and	  ecosystems	  to	  climate	  
change	  in	  the	  Pacific	  Northwest.	  PNW	  Climate	  Science	  Conference,	  Portland,	  Oregon,	  
June 15-16, 2010.	  

Cayan,	  D.	  R.,	  S.	  A.	  Kammerdiener,	  M.	  D.	  Dettinger,	  J.	  M.	  Caprio,	  and	  D.	  H.	  Peterson.	  2001.	  	  
Changes	  in	  the	  onset	  of	  spring	  in	  the	  western	  United	  States.	  	  Bulletin	  of	  the	  
American	  Meteorological	  Society	  82:399-‐415.	  



	   44	  

Chambers,	  J.	  C.,	  and	  M.	  J.	  Wisdom.	  2009.	  Priority	  research	  and	  management	  issues	  for	  the	  
imperiled	  Great	  Basin	  of	  the	  western	  United	  States.	  Restoration	  Ecology	  17:707-‐714.	  

Chan,	  F.,	  J.	  A.	  Barth,	  J.	  Lubchenco,	  A.	  Kirincich,	  H.	  Weeks,	  W.	  T.	  Peterson,	  B.	  A.	  Menge.	  2008.	  
Emergence	  of	  anoxia	  in	  the	  California	  Current	  large	  marine	  ecosystem.	  Science	  
2008:920.	  

Chmura,	  D.	  J.,	  P.	  D.	  Anderson,	  G.	  T.	  Howe,	  C.	  A.	  Harrington,	  J.	  E.	  Halofsky,	  D.	  L.	  Peterson,	  D.	  C.	  
Shaw,	  and	  J.	  B.	  St.	  Clair.	  2011.	  Forest	  responses	  to	  climate	  change	  in	  the	  
northwestern	  United	  States:	  Ecophysiological	  foundations	  for	  adaptive	  
management.	  Forest	  Ecology	  and	  Management	  261:1121-‐1142.	  

Coops,	  N.	  C.,	  and	  R.	  H.	  Waring.	  2011.	  Estimating	  the	  vulnerability	  of	  fifteen	  tree	  species	  
under	  changing	  climate	  in	  Northwest	  North	  America.	  Ecological	  Modeling,	  
doi:10.1016/j.ecolmodel.2011.03.033	  

Copeland,	  J.	  P.,	  K.	  S.	  McKelvey,	  K.	  B.	  Aubry,	  A.	  Landa,	  J.	  Persson,	  R.	  M.	  Inman,	  J.	  Krebs,	  E.	  
Lofroth,	  H.	  Golden,	  J.	  R.	  Squires,	  A.	  Magoun,	  M.	  K.	  Schwartz,	  J.	  Wilmot,	  C.	  L.	  Copeland,	  
R.	  E.	  Yates,	  I.	  Kojola,	  and	  R.	  May.	  2010.	  The	  bioclimatic	  envelope	  of	  the	  wolverine	  
(Gulo	  gulo):	  do	  climatic	  constraints	  limit	  its	  geographic	  distribution?	  Canadian	  
Journal	  of	  Zoology	  88:233-‐246.	  

Davis,	  M.	  B.,	  and	  R.	  G.	  Shaw.	  2001.	  Range	  shifts	  and	  adaptive	  responses	  to	  Quaternary	  
climate	  change.	  Science	  292:673-‐679.	  

Hixon,	  M.	  A.,	  S.	  V.	  Gregory,	  W.	  D.	  Robinson.	  2010.	  Oregon’s	  fish	  and	  wildlife	  in	  a	  changing	  
climate,	  in	  Oregon	  Climate	  Change	  Research	  Institute	  (K.	  D.	  Dello	  and	  P.	  W.	  Mote,	  
eds.),	  Oregon	  Climate	  Assessment	  Report.	  College	  of	  Oceanic	  and	  Atmospheric	  
Sciences,	  Oregon	  State	  University,	  Corvallis,	  OR.	  	  Available	  at:	  http://occri.net/ocar	  

Hofmann,	  G.	  E.,	  J.	  P.	  Barry,	  P.	  J.	  Edmunds,	  R.	  D.	  Gates,	  D.	  A.	  Hutchins,	  T.	  Klinger,	  and	  M.	  A.	  
Sewell.	  2010.	  The	  effect	  of	  ocean	  acidification	  on	  calcifying	  organisms	  in	  marine	  
ecosystems:	  an	  organism-‐to-‐ecosystem	  perspective.	  	  Annual	  Review	  of	  Ecology,	  
Evolution,	  and	  Systematics	  41:127-‐47.	  

Janetos,	  A.,	  L.	  Hansen,	  D.	  Inouye,	  B.	  P.	  Kelly,	  L.	  Meyerson,	  B.	  Peterson,	  and	  R.	  Shaw.	  2008.	  
Biodiversity.	  In:	  The	  effects	  of	  climate	  change	  on	  agriculture,	  land	  resources,	  water	  
resources,	  and	  biodiversity	  in	  the	  United	  States.	  A	  Report	  by	  the	  U.S.	  Climate	  Change	  
Science	  Program	  and	  the	  Subcommittee	  on	  Global	  Change	  Research.	  Washington,	  
DC,	  USA,	  362	  pp.	  

Knutson,	  K.	  C.,	  and	  D.	  A.	  Pyke.	  2008.	  Western	  juniper	  and	  ponderosa	  pine	  ecotonal	  climate-‐
growth	  relationships	  across	  landscape	  gradients	  in	  southern	  Oregon.	  Canadian	  
Journal	  of	  Forest	  Research,	  38:3021-‐3032.	  

Littell,	  J.	  S.,	  E.	  E.	  Oneil,	  D.	  McKenzie,	  J.	  A.	  Hicke,	  J.	  A.	  Lutz,	  R.	  A.	  Norheim,	  and	  M.	  M.	  Elsner.	  
2010.	  Forest	  ecosystems,	  disturbance,	  and	  climatic	  change	  in	  Washington	  State,	  
USA.	  Climatic	  Change	  102:129-‐158.	  	  

Logan,	  J.	  A.,	  J.	  Régnière,	  and	  J.	  A.	  Powell.	  2003.	  Assessing	  the	  impacts	  of	  global	  warming	  on	  
forest	  pest	  dynamics.	  Frontiers	  in	  Ecology	  and	  the	  Environment	  1:130-‐137.	  

Mantua,	  N.,	  I.	  Tohver,	  and	  A.	  Hamlet.	  2010.	  Climate	  change	  impacts	  on	  streamflow	  extremes	  
and	  summertime	  stream	  temperature	  and	  their	  possible	  consequences	  for	  
freshwater	  salmon	  habitat	  in	  Washington	  State.	  Climatic	  Change	  102:187-‐223.	  

McMahon,	  S.	  M.,	  S.	  P.	  Harrison,	  W.	  S.	  Armbruster,	  P.	  J.	  Bartlein,	  C.	  M.	  Beale,	  M.	  E.	  Edwards,	  J.	  
Kattge,	  G.	  Midgley,	  X.	  Morin,	  and	  I.	  C.	  Prentice.	  2011.	  Improving	  assessment	  and	  



	   45	  

modeling	  of	  climate	  change	  impacts	  on	  global	  terrestrial	  biodiversity.	  Trends	  in	  
Ecology	  and	  Evolution	  26:249-‐259.	  

Millar,	  C.	  I.,	  R.	  Neilson,	  D.	  Bachelet,	  R.	  Drapek,	  and	  J.	  Lenihan.	  2006.	  Climate	  change	  at	  
multiple	  scales.	  Chapter	  3	  in	  H.	  Salwasser	  and	  M.	  Cloughesy	  (eds).	  Forests,	  carbon,	  
and	  climate	  change:	  a	  synthesis	  of	  science	  findings.	  Oregon	  Forest	  Resources	  
Institute	  Publication.	  

Millar,	  C.	  I.,	  R.	  D.	  Westfall,	  D.	  L.	  Delany,	  J.	  C.	  King,	  and	  L.	  J.	  Graumlich.	  2004.	  Response	  of	  
subalpine	  conifers	  in	  the	  Sierra	  Nevada,	  California,	  U.S.A.,	  to	  20th-‐century	  warming	  
and	  decadal	  climate	  variability.	  Arctic,	  Antarctic,	  and	  Alpine	  Research	  36:181-‐200.	  

Parmesan,	  C.	  2006.	  Ecological	  and	  evolutionary	  responses	  to	  recent	  climate	  change.	  Annual	  
Review	  of	  Ecology,	  Evolution,	  and	  Systematics	  37:637-‐669.	  

Payne,	  M.	  C.,	  C.	  A.	  Brown,	  D.	  A.	  Reusser,	  and	  H.	  Lee,	  II.	  2012.	  Ecoregional	  analysis	  of	  
nearshore	  sea-‐surface	  temperature	  in	  the	  North	  Pacific.	  PLoS	  ONE	  7:	  e30105.	  
doi:10.1371/journal.pone.0030105.	  

Rieman,	  B.	  E.,	  D.	  Isaak,	  S.	  Adams,	  D.	  Horan,	  D.	  Nagel,	  C.	  Luce	  and	  D.	  Myers.	  2007.	  Anticipated	  
climate	  warming	  effects	  on	  bull	  trout	  habitats	  and	  populations	  across	  the	  interior	  
Columbia	  River	  Basin.	  Transactions	  of	  the	  American	  Fisheries	  Society	  136:1552-‐
1565.	  

Root,	  T.	  L.,	  J.	  T.	  Price,	  K.	  R.	  Hall,	  S.	  H.	  Schneider,	  C.	  Rosenzweig,	  and	  J.	  A.	  Pounds.	  2003.	  
Fingerprints	  of	  global	  warming	  on	  wild	  animals	  and	  plants.	  Nature	  421:57-‐60.	  

Ruggiero,	  P.,	  C.	  A.	  Brown,	  P.	  D.	  Komar,	  J.	  C.	  Allan,	  D.	  A.	  Reusser,	  and	  H.	  Lee,	  II.	  2010.	  Impacts	  
of	  climate	  change	  on	  Oregon’s	  coasts	  and	  estuaries,	  in	  Oregon	  Climate	  Change	  
Research	  Institute	  (K.	  D.	  Dello	  and	  P.	  W.	  Mote,	  eds.),	  Oregon	  Climate	  Assessment	  
Report.	  College	  of	  Oceanic	  and	  Atmospheric	  Sciences,	  Oregon	  State	  University,	  
Corvallis,	  OR.	  	  Available	  at:	  http://occri.net/ocar	  

van	  Mantgem,	  P.	  J.	  ,	  N.	  L.	  Stephenson,	  J.	  C.	  Byrne,	  L.	  D.	  Daniels,	  J.	  F.	  Franklin,	  P.	  Z.	  Fulé,	  M.	  E.	  
Harmon,	  A.	  J.	  Larson,	  J.	  M.	  Smith,	  A.	  H.	  Taylor,	  and	  T.	  T.	  Veblen.	  2009.	  Widespread	  
increase	  of	  tree	  mortality	  rates	  in	  the	  western	  United	  States.	  Science	  323:521-‐524.	  

	  
	   	  



	   46	  

Risk	  7:	  Invasive	  species,	  pests,	  and	  diseases	  

Likelihood:10	  
Insects	  and	  diseases	  are	  key	  disturbances	  in	  the	  forest	  of	  the	  Northwest.	  	  Outbreaks	  of	  bark	  
beetles	  and	  defoliating	  insects	  have	  affected	  millions	  of	  hectares	  of	  forest	  in	  the	  last	  several	  
decades	   (USDA	  Forest	   Service,	   2010;	  Hicke	   et	   al.	   2012).	  Diseases	   also	  play	   an	   important	  
role	  in	  regulating	  forest	  structure	  and	  function.	  	  Our	  general	  understanding	  that	  climate	  is	  a	  
major	  driver	  of	   these	  biotic	  disturbances	  (Ayres	  and	  Lombardero,	  2000;	  Bale	  et	  al.	  2002;	  
Raffa	  et	  al.	  2008;	  Bentz	  et	  al.	  2009;	  Sturrock	  et	  al.	  2011).	   	  Climate	  influences	  forest	  insect	  
and	  pathogen	  populations	   in	   several	  ways.	   	  Temperature	  directly	  affects	   insect	  mortality	  
and	  life	  stage	  development	  rates.	   	  Unseasonably	  low	  temperatures	  during	  the	  fall,	  winter,	  
and	   spring	   can	   kill	   insects	   (Wygant,	   1940;	   Régnière	   and	   Bentz,	   2007).	   	   Year-‐round	  
temperatures	   regulate	   development	   rates,	   thereby	   influencing	   the	   number	   of	   years	  
required	   to	   complete	   an	   insect’s	   life	   cycle	   and,	   for	   bark	   beetles,	   affect	   population	  
synchronization	   for	   mass-‐attacking	   host	   trees	   (Hansen	   et	   al.	   2001;	   Logan	   and	   Powell,	  
2001).	   	   Pathogens	   are	   likewise	   impacted	   by	   temperature,	   and	   also	   influenced	   by	   foliar	  
moisture	   (Sturrock	   et	   al.	   2011).	   	   Biotic	   disturbances	   are	   indirectly	   governed	   by	   climate	  
change	  effects	  on	  host	  tree	  stress,	  which	  is	  related	  to	  the	  capacity	  of	  a	  tree	  to	  defend	  itself	  
from	   attack	   (Ayres	   and	   Lombardero,	   2000;	   Sturrock	   et	   al.	   2011).	   Drought	   events	   can	  
weaken	   trees	   and	  have	  been	   linked	   to	   epidemics	   of	   biotic	   agents	   (Raffa	   et	   al.	   2008),	   but	  
major	  uncertainties	  remain.	  	  	  
	  
Recent	  climate	  change	  has	   led	   to	  novel	  or	  more	   intense,	   frequent,	  or	  severe	  outbreaks	  of	  
biotic	  disturbance	  agents	  in	  the	  Northwest	  and	  surrounding	  regions.	  	  Mountain	  pine	  beetle	  
outbreaks	   have	   been	   influenced	   by	   warming	   in	   British	   Columbia,	   where	   northward	  
expansion	  of	  the	  beetle	  is	  occurring	  (Safranyik	  et	  al.	  2010),	  and	  in	  high-‐elevation	  forests	  in	  
western	  North	  America,	  where	  warming	  has	   facilitated	  prolonged	  outbreaks	   in	   locations	  
considered	  typically	  too	  cold	  to	  support	  the	  insect	  (Logan	  et	  al.	  2010).	  	  Major	  outbreaks	  of	  
two	  other	  bark	  beetles	  have	  been	  linked	  to	  warming	  and/or	  drought.	  	  Warm,	  dry	  summers	  
were	  associated	  with	  a	  large	  epidemic	  of	  spruce	  beetle	  in	  Alaska	  (Berg	  et	  al.	  2006;	  Sherriff	  
et	  al.	  2011).	  	  Extreme	  drought	  in	  the	  Southwest	  in	  the	  early	  2000s	  was	  tightly	  coupled	  to	  a	  
population	   increase	  of	   pinyon	   ips	   (Raffa	   et	   al.	   2008).	   	   Expansion	  of	   area	  of	   Swiss	  needle	  
cast,	  caused	  by	  Phaeocryptopus	  gaeumannii,	  a	  foliar	  pathogen	  that	  infests	  Douglas-‐fir	  in	  the	  
coastal	   areas	   of	   the	   Northwest,	   has	   been	   associated	   with	   warming	   and	   precipitation	  
changes	   (Stone	   et	   al.	   2008).	   	   Sudden	   oak	   death,	   caused	   by	   Phytophthora	   ramorum,	   a	  
virulent	   invasive	   pathogen	   in	   the	   Northwest,	   is	   affected	   by	   temperature	   and	   moisture	  
(Venette	   and	   Cohen,	   2006).	   	   Declines	   of	   yellow-‐cedar	   and	   aspen	   have	   been	   linked	   to	  
warming	   and	   earlier	   snowmelt	   (Hennon	   et	   al.	   2010)	   and	   drought	   stress	   (Worrall	   et	   al.	  
2010),	  respectively.	  
	  
Based	   on	   our	   theoretical	   understanding	   of	   the	   role	   of	   climate,	   future	   climate	   change	   is	  
expected	  to	  modify	  outbreaks	  of	  insects	  and	  diseases	  in	  the	  Northwest.	  	  In	  addition,	  specific	  
projections	  have	  been	  made	  for	  some	  key	  biotic	  disturbance	  agents.	  	  The	  region	  of	  suitable	  
temperatures	   for	   outbreaks	   of	   mountain	   pine	   beetle	   is	   predicted	   to	   move	   upslope	   with	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10	  Author:	  Jeffrey	  A.	  Hicke,	  University	  of	  Idaho	  
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future	  warming,	  continuing	  the	  high	  level	  of	  susceptibility	  of	  high-‐elevation	  pine	  forests	  to	  
this	   insect	   (Littell	  et	  al.	  2010).	   	  Similarly,	   the	  probability	  of	  one-‐year	   life	  cycles	  of	   spruce	  
beetles	   will	   increase	   at	   high	   elevations	   in	   western	   North	   America,	   leading	   to	   enhanced	  
probability	   of	   outbreak	   (Bentz	   et	   al.	   2010).	   	   Climate	   change	   is	   predicted	   to	   increase	   the	  
capacity	   of	   Swiss	   needle	   cast	   to	   infest	  Douglas-‐firs	   in	   the	   Pacific	  Northwest	   (Stone	   et	   al.	  
2008).	   	   Projections	   of	   climate	   change	   suggest	   increased	   impacts	   of	   sudden	   oak	   death	   in	  
response	  to	  climate	  change	  (Sturrock	  et	  al.	  2011).	  
	  
Through	   alterations	   of	   forest	   structure	   and	   function,	   biotic	   disturbance	   agents	   have	   the	  
capacity	  to	  affect	  future	  climate,	  thereby	  creating	  a	  feedback	  between	  climate	  change	  and	  
insect	   and	   disease	   outbreaks	   (Adams	   et	   al.	   2010;	   Hicke	   et	   al.	   2012).	   	   Reductions	   in	  
photosynthesis	  following	  attack	  and	  increases	  in	  decomposition	  of	  killed	  trees	  can	  result	  in	  
forests	  becoming	  carbon	  sources	  instead	  of	  sink	  (Kurz	  et	  al.	  2008).	  	  However,	  modifications	  
to	  surface	  albedo	  can	  led	  to	  surface	  cooling	  that	  may	  be	  greater	  than	  warming	  associated	  
with	  carbon	  release	  (O'Halloran	  et	  al.	  2012).	  	  	  
	  
Key	  outstanding	  gaps	  in	  knowledge	  include:	  

• improved	  understanding	  of	  the	  role	  of	  climate	  in	  most	  species,	  including	  the	  
situations	  that	  result	  in	  more	  favorable	  or	  less	  favorable	  conditions	  

• development	  of	  monitoring	  system	  that	  ranges	  from	  plot	  to	  regional	  scales	  
• development	  of	  predictive	  models	  of	  insects	  and	  disease	  
• better	  understanding	  of	  interactions	  among	  disturbance	  agents	  and	  with	  other	  

disturbances	  (windthrow,	  drought)	  

Consequences:	  
	  
Category	   Consequences	  
Natural	  Systems	   • Pests/Agriculture	  Disease:	  

o Water	  quality	  decline	  from	  pesticides/polluted	  runoff	  
• Forest	  Insects/Disease	  
o Bark	  beetle	  infestations	  
o Mortality	  of	  forest	  &	  vegetation	  species	  
o Increased	  wildfire	  risk	  
o Loss	  of	  forest	  services	  
o Loss	  of	  species	  dependent	  on	  old	  growth	  habitat	  (salmonids,	  
migratory	  song	  birds,	  keystone	  wildlife:	  grizzly	  bear,	  
wolverine,	  lynx)	  

Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Pests/Agriculture	  Disease:	  
o Potentially	  large	  impacts,	  wiped	  out:	  Wine,	  fruit	  trees,	  grass	  

seed,	  wheat,	  nursery	  (range	  from	  low	  to	  high)	  
o East	  side	  –	  large	  scale	  farms:	  wheat	  industry	  
o West	  side	  –	  small	  scale	  farms	  &	  high	  value	  crops:	  horticulture,	  

wine	  grapes,	  organic	  food,	  vegetables,	  grass	  seed,	  fruit	  trees	  
o Increased	  pesticide	  &	  fertilizer	  use/costs	  =>	  increase	  carbon	  

emissions	  
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o Livestock	  health	  risk	  
• Forest	  Insects/Disease	  
o Forestry:	  bark	  beetle,	  pathogens,	  declines	  
o Reduced	  forest	  health	  (reduced	  growth	  rate,	  increased	  
windthrow,	  increase	  vulnerability	  to	  invasive	  species)	  

• Invasive	  species:	  
o Rangeland	  impacts	  from	  weeds	  in	  terms	  of	  land	  degradation	  –	  
(medium)	  

Built	  Environment	   • 	  
Economy	   • Pests/Agriculture	  Disease:	  

o Value	  of	  crops;	  cost	  of	  producing	  crops	  
o Farm	  income	  down,	  food	  prices	  up	  (potentially	  affecting	  

regional/international	  markets)	  
o Small/Large	  farms	  impacts/vulnerabilities	  different	  
o Potential	  need	  to	  import	  more	  food	  

• Human	  Disease	  –	  (low	  to	  high,	  depending)	  
o Shellfish	  industry	  decline	  (people	  won’t	  eat	  oysters)	  

• Forest	  Disease	  
o Forestry:	  pine	  bark	  beetle	  –	  (high)	  
o Decreased	  production/loss	  of	  commercially	  viable	  tree	  
species	  

o Increase	  coast	  of	  pest	  &	  disease	  control	  
Human	  Society	   • Pests/Agriculture	  Disease	  

o Increased	  use	  of	  pesticides	  &	  subsequent	  water	  quality	  
decline	  =>	  Food/water	  contamination	  

o Food	  increases	  impact	  the	  poor	  most	  
• Human	  Disease	  –	  (high,	  for	  limited	  pops)	  
o Vector	  &	  water	  borne	  diseases	  (e.g.	  Dengue,	  West	  Nile	  Virus,	  
Rift	  Valley	  Fever,	  Encephalitis,	  Hanta	  Virus,	  Cholera,	  San	  
Joaquin	  River	  Valley	  Fever,	  Cryptococcus	  gattii	  from	  British	  
Columbia)	  –	  (high,	  for	  those	  with	  weak	  immune	  systems:	  
children,	  elderly,	  diseased)	  

o Communicable	  diseases	  –	  (low,	  density	  dependent)	  
o Food	  &	  water	  contamination	  
o Harmful	  Algal	  Blooms	  

	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	   Population	   Affected:	   Humans	   could	   be	   indirectly	   affected	   by	   increases	   in	   insect	  
outbreaks	  on	  forests	  insomuch	  as	  the	  fire	  potential	  increases.	  But,	  there	  are	  low	  population	  
densities	   in	   affected	   areas,	   that	   is,	   mountainous	   areas.	   There	   are	   some	   diseases	   and	  
pathogens	   affecting	   humans	   like	   West	   Nile	   and	   Lyme	   disease.	   36.1%	   of	   respondents	  
indicated	   that	   few	   people	  would	   be	   affected.	   One-‐fourth	   of	   respondents	   indicated	   either	  
about	   half	   or	   most	   of	   the	   population	   would	   be	   affected.	   One-‐third	   indicated	   they	   didn’t	  
know.	  
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Human	  Mortality:	  There	  is	  no	  clear	  direct	  effect	  on	  human	  mortality	  from	  diseases,	  invasive	  
species,	  and	  pests	  (71.5%	  of	  respondents	  indicated	  they	  didn’t	  know,	  the	  sign	  is	  uncertain,	  
or	   was	   not	   applicable).	   Indirect	   effects	   include	   increased	  wildfire	   risks	   or	   water	   quality	  
issues	  (28.6%	  indicated	  an	  increase	  in	  human	  mortality).	  	  
	  
Human	  Health	  Quality:	   From	   forest	   insects	   and	  disease,	   the	   risk	   of	  wildfire	  may	   increase	  
leading	   to	   human	   health	   quality	   consequences	   like	   reduced	   air	   quality	   and	   smoke	  
inhalation.	  Increases	  in	  pathogens	  and	  toxic	  algae	  would	  also	  affect	  human	  health	  quality.	  
37.1%	   of	   respondents	   indicated	   reduced	   general	   human	   health	   quality.	   Pests	   to	  
agricultural	   crops	   could	   increase	  pesticide	  use	  possibly	   resulting	   in	  water	   quality	   issues.	  
60%	   of	   respondents	   indicated	   they	   didn’t	   know,	   the	   sign	   was	   uncertain	   or	   was	   not	  
applicable.	  	  
	  
Biodiversity:	   Generally,	   increases	   in	   diseases,	   insects,	   and	   pests	   were	   indicated	   as	  
unfavorable	  for	  biodiversity	  (60%	  of	  respondents	  indicated	  unfavorable	  and	  20%	  indicated	  
severe	   reduction).	   Most	   comments	   were	   through	   the	   lens	   of	   forest	   insect	   outbreaks.	  
Negative	  consequences	   from	  severe	  outbreaks	  could	   include	  shifts	   in	   food	  webs,	   impacts	  
on	  “native”	  forests	  and	  wildlife,	  overtaken	  resiliency	  of	  systems,	  species	  may	  not	  be	  able	  to	  
migrate	   to	   new	   environment	   if	   those	   areas	   killed	   by	   pests/pathogens.	   Positive	  
consequences	  include	  possible	  increase	  in	  species	  richness	  because	  dead	  and	  dying	  forests	  
provide	  resources	  for	  invertebrates,	  birds,	  and	  other	  species.	  
	  
Geographic	   area	   affected:	   Over	   80%	   of	   respondents	   indicated	   moderate	   or	   most	   of	   the	  
region	  would	  be	  affected.	  In	  terms	  of	  forest	  disease	  and	  insect	  outbreaks,	  a	  large	  portion	  of	  
the	   region	   is	   forestland	   and	   many	   areas	   are	   already	   seeing	   effects,	   mainly	   in	   Eastern	  
Washington	  and	  Idaho.	  Most	  native	  conifers	  already	  have	  insects	  that	  are	  partially	  driven	  
by	  climate,	  so	  likely	  to	  be	  affected	  as	  the	  climate	  changes.	  	  
	  
Built	  Environment:	   Consequences	   of	   disease,	   insects,	   and	   pests	  were	  mostly	   indicated	   as	  
either	  minor	  (47.2%)	  or	  moderate	  (11.1%),	  and	  relate	  mostly	  to	  fire	  impacts.	  There	  could	  
be	   a	   loss	   of	   timber	   supply	   and	   impacts	   to	  water	   treatment	   facilities.	   Over	   one-‐fourth	   of	  
respondents	  indicated	  they	  didn’t	  know.	  
	  
Economy:	  There	  is	  a	  potential	  for	  high	  economic	  costs	  due	  to	  loss	  of	  forest	  production	  and	  
timber,	  and	  loss	  of	  agricultural	  revenue,	  food	  supply,	  and	  increased	  food	  costs	  due	  to	  crop	  
failure	   (50%	   of	   respondents	   indicated	   high	   economic	   loss	   and	   22.2%	   indicated	  medium	  
loss).	  These	  economic	  losses	  are	  hard	  to	  quantify	  and	  there	  is	  low	  confidence	  to	  the	  extent	  
that	  disease	  and	  pests	  will	  affect	  forests.	  

Identified	  Gaps	  in	  Knowledge:	  
Agricultural	   and	   vegetation	   impacts	   are	  not	  well	   captured	   in	   climate	   related	  models	   and	  
hydrological	  impacts	  of	  forest	  mortality	  remain	  uncertain.	  



	   50	  

Special	  Considerations:	  
While	   the	   likelihood	   presentation	   focused	   on	   forest	   insect	   and	   disease	   outbreaks,	   the	  
survey	   responses	   may	   include	   consequences	   of	   agricultural	   pests	   and	   diseases,	   human	  
diseases,	  and	  other	  invasive	  species	  in	  addition	  to	  forest	  insects	  and	  diseases.	  
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Risk	  8:	  Extreme	  precipitation	  and	  flooding	  

Likelihood:11	  
Observed	  changes	  in	  extreme	  precipitation	  during	  the	  past	  several	  decades	  are	  ambiguous.	  
The	   general	   picture	   that	   emerges	   from	   several	   studies	   using	   different	   definitions	   of	  
extremes	   is	   that	   in	   Washington	   State,	   especially	   western	   Washington,	   most	   metrics	   of	  
extremes	  show	  increases	  of	  10-‐20%.	  In	  the	  rest	  of	  the	  region,	  results	  are	  more	  mixed,	  with	  
some	  locations,	  time	  periods,	  and	  metrics	  showing	  increases	  and	  others	  decreases.	  
	  
Projected	   future	   changes	   in	   extreme	   precipitation	   are	   less	   ambiguous	   (Table	   2).	   The	  
NARCCAP	  results	  indicate	  increases	  throughout	  the	  Northwest	  in	  the	  number	  of	  days	  >	  1”.	  	  
	  
Table	   2.	   Mean	   changes,	   along	   with	   the	   standard	   deviation	   of	   selected	   precipitation	  
variables	  from	  the	  NARCCAP	  simulations.	  
	  

Metric	  of	  extreme	  
precipitation	  

NARCCAP	  	  
Mean	  Change	  

NARCCAP	  	  
St.	  Dev.	  Of	  Change	  

#days>	  1	  inch	   +13%	   7%	  
#days	  >	  2	  inches	   +15%	   14%	  
#days	  >	  3	  inches	   +22%	   22%	  
#days	  >	  4	  inches	   +29%	   40%	  
Max	  run	  days	  <0.1	  inches	   +6	  days	   +3	  days	  

Consequences:	  
	  
Category	   Consequences	  
Natural	  Systems	   • Decreased	  water	  quality	  from	  storm	  water	  and	  combined	  storm	  

water-‐sewer	  overflows	  puts	  untreated	  waste	  water	  into	  streams	  
and	  other	  waterways	  

• Increased	  turbidity	  from	  erosion	  &	  landslides	  (e.g.	  Willamette	  
River)	  affects	  fish	  in	  some	  rivers	  –	  (high)	  

• Loss	  of	  habitat	  for	  spawning	  salmon	  and	  salmonids	  from	  scouring	  
floods	  

• Changes	  in	  stream	  hydrology	  &	  physical	  characteristics	  
• Tree	  &	  forest	  mortality	  from	  windthrow	  events	  due	  to	  unstable	  
slopes	  and	  saturated	  soils	  

• Impacts	  on	  coastal	  estuarine	  circulation	  and	  wetlands	  from	  
freshwater	  input	  

• Increased	  TDML	  &	  delivery	  of	  sediments,	  nutrients,	  &	  
contaminants	  to	  Puget	  Sound	  

• Increased	  risk	  of	  landslides	  
• Debris	  flow	  cause	  flooding	  
• Losing	  glacier	  buffering	  (e.g.	  Rainier)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	  Author:	  Philip	  Mote,	  Oregon	  State	  University	  
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Managed	  Systems	  
(e.g.	  Agriculture,	  
Forestry)	  

• Dam	  management	  trade	  off	  between	  water	  supply	  and	  flood	  risk	  	  
• Crop	  loss/reduce	  production	  
• Soil	  loss/erosion	  of	  farmlands	  
• Livestock	  loss	  
• Reservoir	  systems	  in	  danger	  
• Decline	  shellfish	  production	  

Built	  Environment	   • Flood	  &	  landslide	  damage	  (roads,	  including	  forest	  access	  roads,	  
culverts,	  bridges,	  power	  substations,	  water	  supply	  infrastructure)	  
–	  (high)	  

• Erosion	  &	  extreme	  precipitation	  events	  detrimental	  to	  dam	  
operations	  &	  energy	  infrastructure	  

• Increased	  loss	  &	  damages	  to	  homes	  &	  property	  in	  low-‐lying	  areas	  
&	  floodplains	  

• Disrupt	  transportation	  networks	  
• Urban	  flooding	  
• Increased	  turbidity	  affect	  municipalities	  with	  no	  backup	  well	  field	  
–	  (high)	  

Economy	   • Flood	  and	  debris	  flow	  damages	  and	  repair	  costs	  to	  infrastructure	  
such	  as	  road,	  bridges,	  and	  culverts	  

• Reduction	  in	  agricultural	  income	  
Human	  Society	   • Landslide	  &	  flood	  hazards	  increase	  potential	  deaths	  and	  injuries	  

• Decreased	  water	  quality	  from	  storm	  water	  overflows	  affecting	  
drinking	  water	  and	  human	  health	  

• Water	  borne	  illnesses	  
• Respiratory	  problems	  from	  increased	  household	  mold	  
• Impaired	  recreation	  from	  debris	  flow	  (e.g.	  Salmon	  River)	  

	  

Summary	  of	  Survey	  Rating	  Questions:	  
Human	  Population	  Affected:	  The	  same	  number	  of	  respondents	  (32.4%	  each)	  indicated	  that	  
either	  about	  half	  or	  most	  of	  the	  population	  would	  be	  affected.	  About	  one-‐fifth	  indicated	  that	  
few	  people	  would	  be	  affected.	  The	  human	  population	  will	   likely	  experience	  consequences	  
directly	  and/or	  indirectly.	  Direct	  consequences	  from	  floods	  would	  impact	  most	  population	  
centers	   in	   the	   Northwest,	   especially	   those	   built	   on	   rivers	   and	   in	   floodplains,	   urban	  
populations	  and	  isolated	  populations.	   Indirect	  effects	   include	  contaminated	  water	  supply,	  
economic	  impacts,	  and	  transportation	  disruption	  (e.g.	  I-‐5	  closure).	  Consequences	  will	  vary	  
by	  the	  extent	  of	  the	  event.	  
	  
Human	  Mortality:	   There	   is	   a	   potential	   for	   increases	   in	   human	  mortality	   (as	   indicated	   by	  
48.6%	   of	   respondents)	   due	   to	   extreme	   precipitation	   and	   flooding.	   Possible	   deaths	  
associated	  with	   the	   risks	   of	   increased	   flooding	   include	   disease	   from	   standing	  water	   and	  
septic	  system	  failures,	  although	  good	  water	  quality	  monitoring	  may	  likely	  limit	  the	  health	  
impacts	  of	  contaminated	  water	  supply.	  The	  number	  of	  flood	  deaths	  is	  quite	  small,	  and	  are	  
often	   not	   fatal	   owing	   to	   good	   flood	   predictions.	   Increases	   in	   automobile	   accidents	   from	  
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extreme	  precipitation	  events	  and	  associated	  deaths	  may	  occur.	  Much	  uncertainty	  exists	  as	  
roughly	  half	  of	  respondents	  indicated	  they	  didn’t	  know	  or	  the	  sign	  was	  uncertain.	  
	  
Human	  Health	  Quality:	  There	   is	  potential	   for	   reduced	  human	  health	  quality	   (indicated	  by	  
38.9%	  of	   respondents)	   due	   to	  water	   borne	   diseases,	   contamination	   of	  water	   supply	   and	  
water	   quality,	   potential	   for	   injury,	   and	   if	   drinking	   and	   waste	   water	   facilities	   are	   out	   of	  
service.	  Over	  half	  of	  respondents	  indicated	  they	  didn’t	  know	  or	  the	  sign	  was	  uncertain.	  	  
	  
Biodiversity:	  Extreme	  precipitation	  and	  flooding	  events	  may	  be	  unfavorable	  to	  biodiversity	  
(indicated	  by	  41.7%	  of	   respondents)	  due	   to	  damage,	  disruption,	  and	   loss	  of	  habitat	   from	  
erosion,	  flooding	  and	  debris	  flows.	  There	  may	  be	  a	  short-‐term	  decrease	  in	  biodiversity,	  but	  
in	  the	  long	  run,	  there	  is	  a	  potential	  increase	  in	  biodiversity	  on	  riverine	  systems	  unless	  the	  
floods	  occur	  too	  frequently.	  Half	  the	  respondents	  indicated	  they	  didn’t	  know.	  Flooding	  also	  
carries	   a	   positive	   benefit	   to	   ecosystems,	   transporting	   sediments,	   nutrients,	   and	   habitat-‐
promoting	  debris.	  
	  
Geographic	  area	  affected:	  Respondents	  indicated	  that	  more	  frequent	  extreme	  precipitation	  
and	   flooding	   events	   would	   affect	   a	   moderate	   portion	   (54.1%	   of	   respondents)	   to	   most	  
(29.7%	   of	   respondents)	   of	   the	   geographic	   area	   of	   the	   Northwest,	   mostly	   west	   of	   the	  
Cascades.	  Areas	  particularly	  vulnerable	  to	  flooding	  include	  those	  near	  rivers,	  streams,	  and	  
wetland	   and	   adjacent	   floodplains.	   The	   frequency	   and	   severity	   of	   future	   extreme	  
precipitation	  is	  uncertain	  and	  a	  major	  factor	  involves	  changes	  in	  storm	  tracks	  and	  extreme	  
events	  associated	  with	  atmospheric	  rivers.	  	  
	  
Built	   Environment:	   Respondents	   indicated	   that	   increases	   in	   extreme	   precipitation	   and	  
flooding	  would	   have	  major	   (48.6%),	  moderate	   (29.7%),	   or	  minor	   (16.2%)	   consequences	  
for	   public	   services	   and	   infrastructure,	   including	   roads	   and	   rails	   (e.g.	   I-‐5	   closure	   as	  
precedent),	   storm	  water	  and	  waster	  water	   treatment	  plants,	  urban	  areas,	  and	   levees	  and	  
dams.	   The	   consequences	   to	   the	   built	   environment	   could	   be	   considerable	   given	   that	  
communities	  tend	  to	  build	  infrastructure	  near	  rivers	  and	  in	  floodplains.	  The	  consequences	  
depend	  a	  lot	  on	  the	  magnitude	  of	  change	  of	  extreme	  precipitation	  events.	  
	  
Economy:	   Respectively,	   45.9%	   and	   24.3%	   of	   respondents	   indicated	   high	   and	   medium	  
economic	   loss.	   According	   to	   comments,	   the	   main	   systems	   affected	   are	   transportation	  
networks,	  agricultural	  systems	  (from	  soil	  loss),	  and	  other	  buildings	  and	  utilities.	  	  

Case	  Study	  Examples:	  
The	   rain-‐on-‐snow	   flood	   events	   of	   1996	   in	   Oregon	   resulted	   in	   a	   disaster	   declaration	   for	  
three-‐quarters	  of	  the	  counties.	  (Halpert	  and	  Bell,	  1996;	  Chang	  et	  al.	  2010;	  State	  of	  Oregon	  
report).	  	  
	  
It	   was	   also	   mentioned	   that	   adaptation	   efforts	   are	   already	   underway	   in	   terms	   of	  
infrastructure	  investments	  to	  elevate	  above	  “flashy”	  creeks.	  	  



	   55	  

Special	  Considerations:	  
It	   was	   noted	   that	   there	   are	   contrasting	   concerns,	   with	   more	   extreme	   precipitation	  
concentrated	   in	   winter	   and	   decreasing	   seasonal	   precipitation	   in	   summer.	   Flooding	   can	  
result	  from	  extreme	  precipitation,	  high	  temperatures	  melting	  snowpack,	  or	  a	  combination	  
of	  both	  known	  as	  rain	  on	  snow	  events.	  It	  was	  also	  noted	  that	  runoff	  doesn’t	  scale	  linearly	  
with	  extreme	  precipitation.	  It	  is	  important	  to	  distinguish	  between	  small	  urban	  watersheds	  
and	   larger	   rivers.	   In	   small	   watersheds,	   floods	   are	   controlled	   by	   precipitation	   intensities	  
over	  a	   timescale	  of	  hours.	  Larger	  river	  systems	  respond	   to	   longer	   time	  periods	   including	  
antecedent	   conditions	   such	   as	   snowpack	   leading	   to	   rain	   on	   snow	   events.	   In	   snow-‐
dominated	  basins,	   the	  snowline	  during	  extreme	  precipitation	  events	  partially	  determines	  
the	  runoff	  response.	  
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CONCLUSIONS	  
	  
The	   aspirational	   goal	   for	   this	  workshop	  was	   to	  develop	   an	   initial	   ranking	  of	   each	   risk	   in	  
terms	  of	  likelihood	  and	  magnitude	  of	  consequences.	  The	  final	  group	  plenary	  discussion	  was	  
designed	  to	  discuss	  and	  defend	  the	  placement	  of	  all	   the	  risks	   together	  on	  a	  common	  risk	  
matrix	   resulting	   in	   a	   preliminary	   prioritization	   of	   key	   risks	   and	   vulnerabilities	   with	  
associated	   rationale	   from	   the	   groups.	  While	   the	   actual	   course	   of	   the	  workshop	   deviated	  
from	   the	   initial	   plan,	   the	   breakout	   group	   discussions	  were	   engaging	   and	   productive	   and	  
many	  points	  for	  consideration	  in	  implementing	  this	  risk-‐based	  framing	  were	  discussed.	  We	  
also	  describe	  below	  the	   lessons	   learned	   throughout	   the	  workshop	   from	  the	  design	  phase	  
through	  implementation.	  	  

Lessons	  Learned	  
This	   workshop	   was	   characterized	   by	   a	   fast-‐paced,	   intensive	   morning	   and	   a	   productive,	  
engaging	  afternoon.	  The	  workshop	  participants	  spent	  the	  morning	  in	  a	  sequence	  of	  events	  
alternating	   between	   listening	   to	   a	   five-‐minute	   presentation	   on	   a	   single	   climate	   risk	   and	  
spending	  five	  to	  ten	  minutes	   furiously	  typing	   in	  their	  survey	  answers.	  The	  afternoon	  was	  
spent	  in	  deep	  discussion.	  Some	  commented	  that	  a	  five-‐minute	  presentation	  was	  too	  short	  
to	  convey	   the	  background,	  and	  none	  of	   the	  groups	  had	   time	   to	  discuss	  more	   than	  one	  or	  
two	   of	   the	   breakout	   group	   charges.	   A	   two-‐day,	   rather	   than	   single-‐day,	   workshop	  might	  
have	  been	  better	  suited	  to	  accommodate	  the	  goals	  and	  components	  of	  this	  workshop.	  	  
	  
The	   use	   of	   the	   online	   survey	   was	   an	   efficient	   and	   effective	   tool	   to	   collect	   a	   wealth	   of	  
opinions,	  comments,	  and	  rationale	  from	  local	  experts.	  There	  are	  several	  ways	  in	  which	  the	  
design,	  implementation,	  and	  use	  of	  survey	  results	  could	  be	  improved	  and	  are	  summarized	  
as	   a	   list	   of	   recommendations.	   First,	   a	   team	   of	   physical	   and	   social	   science	   and	  
communications	   experts	   should	   be	   consulted	   when	   designing	   the	   survey.	   Some	   of	   the	  
questions	  were	  difficult	  to	  answer	  because	  responses	  depended	  on	  various	  factors.	  There	  
was	   some	   concern	   about	   the	   appropriate	   knowledge	   and	   time	   for	   providing	   answers	   to	  
some	  of	   the	  rating	  questions.	  Second,	   to	  make	  better	  use	  of	   the	  survey	  results	  during	  the	  
workshop,	   the	   survey	   could	   have	   been	   distributed	   and	   results	   compiled	   before	   the	  
workshop.	   One	   challenge	   of	   the	   breakout	   groups	  was	   getting	   beyond	   compiling	   a	   list	   of	  
consequences	  and	  ranking	  those	  consequences.	  The	  survey	  asked	  participants	  to	  list	  all	  the	  
consequences	  of	  the	  risk.	  Designing	  more	  structure	  into	  the	  survey	  so	  as	  to	  categorize	  the	  
consequences	  may	   have	   better	   facilitated	   the	   use	   of	   the	   open-‐ended	   survey	   results	   and	  
advanced	   the	   breakout	   group	   conversations	   toward	   ranking	   and	   rationales	   instead	   of	  
spending	   as	   much	   time	   recapitulating	   the	   consequences.	   In	   general,	   the	   surveys	   were	  
successful	   in	   that	   everyone	  was	   able	   to	   provide	   their	   opinions	   and	   those	   opinions	  were	  
summarized	  into	  the	  previous	  risk	  summaries.	  
	  
Recommendations:	  

• Consider	  setting	  aside	  a	  day	  and	  a	  half	  or	  two	  days	  for	  a	  similar	  workshop	  
• Iterate	  with	  a	  team	  of	  physical	  and	  social	  science	  and	  communications	  expert	  when	  

designing	  a	  similar	  survey	  
• Consider	  distributing	  a	  survey	  and	  compiling	  survey	  results	  before	  the	  workshop	  
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• Structure	  a	  survey	  in	  such	  a	  way	  that	  the	  results	  feed	  directly	  into	  the	  next	  phase	  of	  
the	  group	  discussions	  
	  

A	  number	  of	  challenges	  arose	  during	  the	  workshop.	  It	  was	  difficult	  for	  groups	  to	  talk	  about	  
consequences	  without	  bringing	   in	   likelihood.	   In	  many	  cases,	   the	   likelihood	  of	  a	  particular	  
risk	  occurring	  is	  quite	  uncertain.	  Some	  groups	  felt	  that	  the	  consequences	  depended	  on	  the	  
likelihood	  of	  a	  risk	  occurring,	  thus	  much	  of	  the	  breakout	  group	  discussion	  tended	  toward	  
characterizing	   the	   likelihood.	   It	   was	   not	   defined	   ahead	   of	   time	   how	   to	   think	   about	   the	  
dependence	   of	   consequences	   on	   the	   likelihood,	   but	   an	   impromptu	   suggestion	   was	   to	  
consider	  the	  consequences	  assuming	  the	  risk	  occurs.	  The	  groups	  highlighted	  the	  fact	  that	  
the	   Northwest	   region	   is	   characterized	   by	   heterogeneous	   geographic	   texture,	   and	   many	  
participants	   were	   reluctant	   to	   make	   sweeping	   generalizations	   about	   the	   entire	   region.	  
Another	  challenge	  in	  some	  groups	  was	  the	  hesitancy	  to	  qualitatively	  rank	  consequences.	  
	  
Challenges:	  

• Separation	  of	  likelihood	  and	  consequences	  
• Considering	  the	  Northwest	  region	  generally	  while	  recognizing	  geographic	  texture	  
• Defining	  a	  system	  for	  qualitative	  ranking	  

	  
Despite	  these	  challenges,	  group	  discussions	  were	  quite	  productive.	  Some	  groups	  were	  able	  
to	  begin	  to	  characterize	  by	  risk	  ranking	  and	  other	  groups	  suggested	  other	  ways	  of	  talking	  
about	  risks.	  All	  groups	  brought	  up	  many	  common	  issues	  and	  points	  of	  consideration.	  One	  
common	   issue	   was	   how	   to	   incorporate	   adaptive	   capacity	   in	   the	   determination	   of	  
magnitude	  of	   consequences.	  Without	  adaptive	  measures,	   the	   consequences	  of	   some	  risks	  
could	   be	   quite	   large,	   but	   could	   easily	   be	   remedied	   with	   relatively	   easy	   and	   common	  
adaptation	  strategies	  such	  as	  use	  of	  air	  conditioning	  during	  extreme	  heat	  events	  to	  prevent	  
human	   mortality.	   Another	   common	   issue	   was	   determining	   an	   aggregate	   magnitude	   of	  
consequences,	   when	   different	   sub-‐regions	   and	   watersheds	   are	   dominated	   by	   different	  
climate	   impacts.	   One	   suggestion	   was	   to	   disaggregate	   the	   risk	   assessment	   either	   by	   the	  
eastern	  and	  western	  parts	  of	  the	  region,	  or	  consider	  separate	  risks	  to	  watersheds	  with	  and	  
without	  abundant	  storage.	  Many	  participants	  commented	  about	  the	  need	  to	  incorporate	  a	  
way	  to	  include	  the	  positive	  opportunities	  in	  addition	  to	  the	  negative	  consequences	  on	  the	  
risk	   matrix.	   In	   terms	   of	   developing	   the	   Northwest	   chapter	   of	   the	   NCA	   following	   this	  
workshop,	  several	  participants	  suggested	  incorporating	  short	  compelling	  narratives	  to	  get	  
a	  flavor	  of	  risks	  and	  vulnerabilities	  in	  the	  Northwest.	  
	  
Considerations:	  

• Magnitude	  of	  consequences	  depends	  on	  adaptive	  capacity	  	  
• Sub-‐regional	  disaggregation	  of	  risks	  
• Include	  positive	  consequences	  within	  the	  risk	  matrix	  
• Use	  of	  short	  compelling	  narratives	  to	  tell	  the	  story	  of	  climate	  risks	  and	  

vulnerabilities	  in	  the	  Northwest	  
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APPENDIX	  B:	  SURVEY	  QUESTIONS	  
	  
Introduction:	  
This	  survey	  will	  ask	  you	  for	  your	  expert	  judgment	  n	  the	  likelihood	  and	  consequences	  of	  
climate	  risks	  in	  the	  Northwest	  region,	  defined	  as	  Oregon,	  Washington,	  &	  Idaho.	  The	  survey	  
is	  designed	  so	  that	  you	  keep	  pace	  with	  the	  series	  of	  presentations	  introducing	  climate	  risks	  
and	  the	  likelihood	  of	  occurrence.	  Following	  each	  presentation,	  you	  will	  be	  asked	  to	  answer	  
a	  few	  questions	  pertaining	  to	  the	  risk	  that	  was	  just	  presented.	  Please	  follow	  along	  with	  the	  
pace	  of	  the	  presentations.	  Selected	  results	  from	  this	  survey	  will	  be	  available	  as	  a	  tool	  for	  
the	  breakout	  session	  groups.	  There	  are	  9	  pages	  in	  total:	  a	  page	  of	  pre-‐survey	  questions,	  and	  
a	  page	  for	  each	  risk.	  Be	  sure	  to	  click	  “Next”	  directly	  after	  completing	  each	  page.	  Your	  
responses	  for	  that	  page	  will	  not	  be	  saved	  until	  you	  click	  “Next”.	  If	  you	  exit	  the	  survey	  before	  
completing	  all	  pages,	  you	  can	  return	  at	  any	  time	  to	  complete	  it	  by	  returning	  to	  the	  URL.	  You	  
will	  be	  directed	  to	  the	  last	  unanswered	  page.	  You	  can	  navigate	  between	  questions	  until	  
completion.	  If	  you	  change	  you	  response	  on	  a	  previous	  page,	  those	  changes	  will	  not	  be	  saved	  
unless	  you	  click	  “Next”.	  Click	  “Next”	  to	  answer	  the	  pre-‐survey	  questions.	  
	  
Pre-‐Survey	  Questions:	  

1. Name	  of	  your	  organization:	  
2. Length	  of	  time	  with	  your	  organization	  (in	  years):	  
3. Please	  select	  your	  organization	  type.	  (Federal,	  State,	  Tribe,	  University,	  Extension,	  

Private,	  NGO,	  Local/County/Regional)	  
4. Please	  select	  your	  position	  type.	  (Manager,	  Educator,	  Researcher,	  Staff,	  Director)	  
5. In	  what	  area	  is	  your	  academic	  training?	  (Check	  all	  that	  apply.	  Biological	  Science,	  

Environmental	  Science,	  Physical	  Science,	  Engineering,	  Social	  Science,	  Planning,	  
Business,	  Economics,	  Public	  Health,	  Other)	  

6. List	  your	  area(s)	  of	  expertise.	  (e.g.	  agriculture,	  utilities,	  vegetation,	  water	  fisheries,	  
etc.)	  	  Please	  list	  all.	  	  

7. List	  the	  geographic	  area(s)	  within	  your	  expertise	  (e.g.	  entire	  NW,	  Idaho,	  Oregon	  
coast,	  Puget	  Sound,	  etc.)	  

8. What	  is	  your	  personal	  level	  of	  concern	  about	  climate	  change?	  (Very	  concerned,	  
Moderately	  concerned,	  Not	  very	  concerned,	  Not	  concerned	  at	  all,	  Don’t	  Know)	  

9. How	  well	  informed	  do	  you	  fell	  about	  climate	  change?	  (Well	  informed,	  Moderately	  
informed,	  Not	  well	  informed,	  Not	  at	  all	  informed,	  NA)	  

	  
Risk	  Questions:	  

1. Within	  your	  area(s)	  of	  expertise,	  please	  list	  populations/areas	  vulnerable	  to	  this	  
climate	  risk.	  

2. Within	  your	  area(s)	  of	  expertise,	  please	  list	  important	  consequences	  were	  this	  risk	  
to	  occur.	  

3. To	  the	  best	  of	  your	  knowledge,	  how	  would	  you	  rate	  the	  consequences	  of	  this	  risk	  in	  
the	  following	  criteria:	  Human	  Health	  &	  Welfare:	  Human	  Population	  Affected	  (Few,	  
About	  Half,	  Most,	  Don’t	  Know,	  NA;	  Please	  provide	  rationale	  (optional))	  

4. Human	  Health	  &	  Welfare:	  Human	  Mortality	  (Decrease	  in	  mortality,	  Sign	  Uncertain,	  
Increase	  in	  Mortality,	  Don’t	  Know,	  NA;	  Please	  provide	  rationale	  (optional))	  
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5. Human	  Health	  &	  Welfare:	  Health	  Quality	  (Improved	  general	  health	  quality,	  sign	  
uncertain,	  reduced	  general	  health	  quality,	  extreme	  reduction	  in	  general	  health	  
quality,	  Don’t	  Know,	  NA;	  Please	  provide	  rationale	  (optional))	  

6. To	  the	  best	  of	  your	  knowledge,	  how	  would	  you	  rate	  the	  consequences	  of	  this	  risk	  in	  
the	  following	  criteria:	  Natural	  Environment:	  Biodiversity	  (Favorable	  for	  increased	  
biodiversity,	  Little	  or	  no	  change,	  Unfavorable	  for	  biodiversity,	  Severe	  reduction	  in	  
biodiversity,	  Don’t	  Know,	  NA;	  Please	  provide	  rational	  (optional))	  

7. Natural	  Environment:	  Geographic	  area	  affected	  (Few	  isolated	  areas,	  Moderate	  
portion	  of	  the	  region,	  Most	  of	  the	  region,	  Don’t	  Know,	  NA;	  Please	  provide	  rational	  
(optional))	  

8. To	  the	  best	  of	  your	  knowledge,	  how	  would	  you	  rate	  the	  consequences	  of	  this	  risk	  in	  
the	  following	  criteria:	  Built	  Environment:	  Public	  Services	  &	  Infrastructure	  (Little	  
Disruption,	  Moderate	  Disruption,	  Major	  Disruption,	  Don’t	  Know,	  NA;	  Please	  provide	  
rationale	  (optional))	  

9. To	  the	  best	  of	  your	  knowledge,	  how	  would	  you	  rate	  the	  consequences	  of	  this	  risk	  in	  
the	  following	  criteria:	  Economy:	  Cost	  (e.g.	  revenue	  loss,	  repair	  costs)	  (Possible	  net	  
economic	  gain,	  No	  change/Sign	  uncertain,	  Low	  net	  economic	  loss	  –	  up	  to	  several	  
million,	  Medium	  net	  economic	  loss	  –	  up	  to	  ~$50	  Million,	  High	  net	  economic	  loss	  –	  
more	  than	  ~$50	  Million,	  Don’t	  Know,	  NA;	  Please	  provide	  rationale	  (optional))	  

10. Is	  there	  any	  aspect	  of	  the	  climate	  risk	  and	  likelihood	  summary	  that	  the	  presenter	  
has	  just	  provided	  that	  you	  would	  modify	  or	  add?	  If	  so,	  please	  briefly	  comment.	  	  

	  
For	  a	  complete	  report	  of	  the	  survey	  responses	  and	  results,	  please	  contact	  Meghan	  Dalton,	  
mdalton@coas.oregonstate.edu.	  
	  
	   	  



	   67	  

APPENDIX	  C:	  WORKSHOP	  PROGRAM	  
	  

 
 
 

Workshop Sponsored by: 
 

Climate Impacts Research Consortium (CIRC) 
The Pacific Northwest NOAA-funded RISA 

http://pnwclimate.org 
 

Northwest Climate Science Center (NW CSC) 
funded by US Department of the Interior 

 
USGS Grant 

 
 
 
 

Information about the National Climate Assessment  
and the US Global Change Research Program can be found here: 

 
http://www.globalchange.gov/what-we-do/assessment 

 
 
 
 
 

 
Oregon Climate Change Research Institute 

Oregon State University 
(541) 737-5705 
http://occri.net 
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Northwest  
National Climate Assessment  

Risk Framing Workshop 
 
 

 
 

Friday, December 2, 2011 
8:00 a.m. to 5:00 p.m. 

 
DoubleTree by Hilton  

1000 NE Multnomah Street 
Portland, OR 97232 

(503) 281-6111 
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8:00-8:30 am Check-In & Continental Breakfast – Oregon Room 
  
8:30-8:50 am Welcome & Overview of the Day  

Philip Mote, Director, Oregon Climate Change Research 
Institute 

  
8:50-9:30 am Incorporating Risk Management into the Northwest NCA 

Meg Jones, Office of the WA State Insurance Commissioner  
and 
Gary Yohe, Vice-Chair, NCA Development Advisory 
Committee (remote)  

  
9:30-10:20 am 
(5 minute 
presentation 
followed by 5 
minute survey) 

Climate Risk Panel Presentation & Audience Survey  
1. Extreme heat events (Phil Mote) 

Increases in average annual air temperature and likelihood of 
extreme heat events. 

2. Hydrology & water supply (Dennis Lettenmaier) 
Changes in hydrology and water supply; reduced snowpack and 
water availability in some basins; changes in water quality and 
timing of water availability; including increased incidence of 
drought. 

3. Wildfires (Jeremy Littell) 
Increases in wildfire frequency, intensity, and severity. 

4. Ocean temperature & chemistry changes (Kathie Dello) 
Increases in ocean temperatures, with potential for changes in ocean 
chemistry and increased ocean acidification. 

  
10:20-10:40am Morning Break (Coffee & Tea provided) 
  
10:40-11:30 am Climate Risk Panel Presentation & Audience Survey (cont’d) 

5. Sea level rise & coastal hazards (Peter Ruggiero-
remote) 
Increased coastal erosion and risk of inundation from increasing sea 
levels and increasing wave heights and storm surges. 

6. Shifts in distributions of plants & animals (Sarah 
Shafer) 
Changes in abundance and geographical distributions of plant 
species and habitats for aquatic and terrestrial wildlife. 

7. Diseases and pest outbreaks (Jeff Hicke –remote) 
Increases in diseases and insect, animal and plant pests. 

8. Extreme precipitation & flooding (Phil Mote) 
Increased frequency of extreme precipitation events and incidence 
and magnitude of damaging floods. 

  
 
 
 
 
 



	   70	  

 
 

11:30-11:40 am Overview of afternoon breakout sessions 
  
11:40-12:40 pm Lunch (provided) – Idaho/Alaska Room 
  
12:40-1:50 pm Breakout Session I – Oregon Room 

Identify & rank consequences 
a. Extreme Heat Events 
b. Changes in hydrology & water supply 
c. Wildfires 
d. Ocean temperature & chemistry changes 

  
1:50-2:20 pm Report to Plenary I 
  
2:20-2:40 pm Afternoon break (Coffee & Tea provided) 
  
2:40-3:50 pm Breakout Session II – Oregon Room 

Identify & rank consequences 
a. Sea level rise & coastal hazards 
b. Shifts in geographic distribution of plants & animals 
c. Spread of diseases, invasive species, and pest 

outbreaks 
d. Extreme precipitation & flooding 

  
3:50-4:20 pm Report to Plenary II 
  
4:20-4:50 pm Plenary Discussion 

Discuss, defend, refine aggregated risk ranking  
  
4:50-5:00 pm Concluding Remarks 
  
5:00 pm Adjourn 
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APPENDIX	  D:	  EXAMPLE	  SURVEY	  RESULTS	  REPORT	  
	  

Risk	  1:	  Extreme	  Heat	  Events	  
 
Within your area(s) of expertise, please list populations/areas vulnerable to 
this climate risk. 
1 children and adult with chronic disease , poor in vulnerable areas critical and already at risks species 
2 Human populations in urbanized areas; vulnerable human populations in rural areas that do not have 
effective means to provide shelter. Ares of the state that depend in part on mountain snowpack for water 
supply. 
3 1) fisheries - particularly those that are already endangered or threatened and those that have no where 
to move 2) agriculture/farming – increased temperatures would likely create need for increased irrigation, 
but with climate change, natural storage rights (in-stream use) may become less available. Stored water 
may also become less available in the PNW because their is likely going to be a greater draw on stored 
water due to decreased in-stream flow during the warmer season. 
4 disadvantaged urban human populations rural populations near forest boundaries tree & agricultural 
species foraging fish, shallow water species alpine & sub-alpine plant & animal species 
5 fish (esp salmonids), wetlalnds, streams and rivers, forests  
6 Agriculture (particularly crops that need chill hours, etc.), forests (reduced likelihood of pest die-off), 
broad ecosystems - potential for advancement of invasive species that otherwise would be restricted by 
temp; cold-water fish (including higher water temps, altered streamflows if temperature changes alter 
snowpack and runoff patterns). 
7 cold water fish populations; forests; fruit trees and vines; human populations in the inland PNW (E. WA, 
E. OR, S. Idaho); energy systems that deliver power to the western US grid in summer - particularly a big 
issue for heat waves in California where human population and cooling demand is greatest; risk for 
vulnerable human populations in inland NW to heat-related stress (elderly, poor, people in poor health, 
without access to air conditioning) 
8 Trees species in the Pacific Northwest  
9 Geographically isolated species and populations; cool and cold water fishes; species with obligate-level 
relations with geophysical AND climatic niche-spaces 
10 Potential impacts to snow pack and hydrology, therefore affecting Columbia basin include the entire 
Northwest. Populations would include human, particular fish species, etc. 
11 high altitude salmon habitat in the Cascades, snow-cover dependent species, upland species, tribal 
elders, aquatic species 
12 salmon during summer low flow periods, esp in interior Columbia basin; typically vulnerable urban 
populations (poor, elderly); farm workers; 
13 Older people, children, those with cardiovascular disease/compromise, some env justice communities, 
urban/suburban communities, 
14 plant and wildlife populations are vulnerable  
15 southern Idaho agricultural irrigation districts, mountain communities in forested areas, communities in 
range lands, urban areas around and including Boise 
16 10 Million 
17 Tribes, plant and animal species of cultural importance to tribes 
18 Salmonids (particularly in streams and oligohaline portion of estuaries) Possibly commercial 
aquaculture (i.e., oysters) due to increased disease linked to warmer temperatures; Increase in harmful 
algal blooms (Stephanie Moore's research from Puget Sound). 
19 Water treatment facilities. 
20 Salmonids and other aquatic organisms in streams without cold water (i.e., groundwater) sources; 
urban areas (Portland, Seattle, but probably most likely Boise) 
21 Higher likelihood of forest insect outbreaks with decrease in cold spells throughout PNW/Alaska. 
Increase in taiga fire frequency and loss of permafrost already observed. Increased fire frequency in 
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shrubsteppe vegetation. 
22 Cold water fish and other aquatic species; species that are drought prone; increased competition from 
species, pathogens, pests that have historically been restricted in range due to winter lows 
23 People, Salmonids, some crops 
24 areas vulnerable: eastern OR, WA, S ID populations: forest species (e.g. lodgepole pine) 
25 entire region and NW states, urban areas in particular 
26 Shellfish aquaculture 
27 Urban concentrations of people from rural to larger areas, water temperatures for trout and salmon 
elderly people and poor housing with no air conditioning relief 
28 coastal, water sheds 
29 Areas less adapted to hot weather, I.e the coast may experience more heat illness morbidity. These 
areas are less likely to have air conditioned homes. Elderly, the ill, and pregnant women, those who work 
outside, and lower income may be more vulnerable to extreme heat events. 
30 Crops are vulnerable to heat stress, particularly during flowering, with potential for significant yield 
reduction 
31 urban poor and elderly, heat-sensitive species 
32 Outdoor workers Elderly Chronically ill Disabled 
33 agricultural producers, coastal residents 
34 Urban / populated areas Urban wildland interface (increased fire ignitions, higher fire spread potential 
given extreme fire weather) 
35 ag ecosystems marine coastal areas  
36 elderly, urban areas  
37 all  
 
Within your area(s) of expertise, please list important consequences 
were this risk to occur. 
1 infrastructure damage, livestock, species dependent on cool water risk respiratory problem for human 
irrigated agriculture -- increase in water needs water loss crop yield reduction for dryland increase ocean 
acidification due to accelerated decomposition of organic matter 
2 Drought; heat-related deaths; increased chance of wildfire.  
3 1) Fisheries issue - extinction of fisheries is the highest consequence, which would have a domino 
affect on the ecosystem (any species relying on those that become extinct may be in trouble, etc); 2) 
Agriculture issue - this could cause food shortages causing prices to skyrocket (e.g., wheat/grain a few 
years ago). 
4 increases in acute and long-term human health impacts; decreases in local food supplies; air quality 
impacts from forest fire; reductions in amount and quality of summer and fall water supplies; 
5 decrease snowpack, changes stream hydrology, areas refugia, soil moisture changes, decrease 
wetlands 
6 Consequences: loss in agricultural revenues; increased potential for forest disturbances; declines if cold 
water fish populations 
7 large financial losses for fruit and possibly wine growers; forests at risk to extreme drought stress during 
prolonged heat waves; summertime migrating salmon rearing or resident cold water fish at risk of major 
fish kills during hot spells that warm water temps above ecologically significant thresholds; potential for 
energy grid failures at periods of exceptionally high demand could lead to rolling blackouts 
8 Local extirpation or extinction of tree species could result.This could change the structure and function 
of ecosystems in the Pacific Northwest. Economic, social, and ecological instability could result. Forests 
and tree species contribute substantially to the northwest economy through timber and other products; 
they also offer water quality control, flood protection, fisheries protection, carbon storage for climate 
change mitigation, and many other products and services. 
9 Disruption of population structure, popuulation and community fragmentation; population and species 
loss 
10 Changes in snowpack, runoff timing, availability of water for multiple uses including for hydropower 
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generation, flood control, fish and wildlife needs, irrigation, etc 
11 lethal temperatures for some aquatic species, less likely to be lethal to elders in the Puget Sound, loss 
of infiltration capacity of soils with prolonged drought/heat waves 
12 increased human morbidity and mortality - positive interactions w/ respiratory ailments; barriers to 
salmon migration, altered timing of salmon migrations, increased salmon mortality 
13 Increased mortality and morbidity, socio-economic costs of expanded aqm programs, 
14 changes could occur to the competitive abilities of plant species thus changes in plant species 
composition in areas most affected would also occur. Changes in plant species will, in turn, affect wildlife 
and invertebrate species dependent on the plant species that have experienced stress or loss. Economic 
expectations from forest management could also be affected because primary production would be 
altered among tree species. 
15 increased demand on water supplies, greater likelihood of fire  
16 Impacts to culturally important species from increased warming; shift in growing seasons, access to 
species for subsistence and economic needs. 
17 Decline in salmonids, possible decline in water quality in streams & oligohaline portions of estuaries 
(e.g., decline in oxygen levels due to increased respiration & reduced saturation) 
18 Issues with water availability and water quality.  
19 Shift towards warmer-water species in streams, likely increase in stream-and lake borne pathogens 
(i.e., toxic algae blooms); altered life history timing (i.e., migration, spawning) 
20 Tree mortality and conversion of ecosysten dominant tree species, hence, biotas. Conversion of 
shrubsteppe to exotic-annual grassland. Increased loss of carbon to atmosphere through fire and loss of 
organic peats in taiga. Change in dominant taiga forest species from coniferous to deciduous. 
21 species range shifts; increased stressors on species and habitats; ecosystems with new assemblages 
of species-- unknown results of interactions, etc.; increased risk of fire, increased fire frequency; 
increased risk of pathogens, disease, and competition or toher consequences from increased native 
(pest) and non-native species 
22 People: some additional heat related deaths; salmon-decline and or extinction based on poor rearing 
conditions, cool-temperature crops - poor yields of unable to grow; some crops prmaturely exposed to fost 
damage or failure to harden over winter; Highe/peaky demand for electricity for A/C 
23 forest mortality (already occurring)  
24 Increased peaking needs of energy load to meet additional cooling needs will lead to more need for 
additional energy generation resources, and likely increased greenhouse gas emissions ... Potential 
impacts on wind power generation although precise impacts are difficult to ascertain. Potential impacts 
on materials from extreme heat, concrete especially. Perhaps shorten lifetime of dams and such. 
25 Increased cases of pathogenic Vibrio and potentially toxic red tide events -- relationships with air 
temperature are strong, but note that to my knowledge impacts of extreme heat events haven't been 
evaulated (I imagine for Vibrio the risk is high) 
26 Fish risk related to regulatory requirements Need to meet peak day water supply needs in summer 
Flooding risks for infrastructure facilities 
27 changes in water flow to estuary changes in sea surface temperature changes in water stratification 
and delivery of nutrients to surface waters 
28 Increased morbidity and mortality related to heat illness. Extreme heat can also affect air quality- so 
could increase bad air days and affect respiratory health and cardiovascular events. 
29 More important than number or duration of events, it is the absolute Tmax that will take place. For 
example, wheat and maize (and other cereals in the region) will experience yield reductions with exposure 
to temperatures above 30 C. 
30 heat stress, heat-related morbidity, species range loss for heat-intolerant species, expansion of cold-
intolerant species esp pests 
31 Heat-related illness (heat rash, heat syncope, heat exhaustion, heat stroke)  
32 changes in income, risk of damage from sea level rise  
33 Increased rate of wildfire ignitions and extreme fire weather translate to larger fires, more fires, 
potentially more extreme fires that are harder to suppress, and when they occur near populated areas, the 
impacts on infrastructure, forests, and people can be large through fire and air pollution (smoke, PM2.5 
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particulate) 
34 reduce yields changes in land use patterns  
35 human morbidity and mortality, increased vectorborne disease  
36 changes in snowmelt runoff (associated with warmer temps) and annual flows -- obviously this is an 
indirect, rather than direct effect. there may be some indirect effect also associated with increased 
evaporative demand. 
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