
Roger S. Pulwarty1 
Senior Advisor for Climate, and 
Director, National Integrated Drought  
Information System  
NOAA 

Meeting climate and societal challenges: 
From intelligence to security  





Are	
  you	
  doing	
  anything	
  useful?	
  

Why	
  do	
  we	
  see	
  the	
  clouds	
  
that	
  we	
  do,	
  at	
  this	
  7me	
  of	
  
day?,	
  along	
  this	
  terrain?	
  





Dr. Richard Evil        and        Darth Meehl 

(Tor)-mentors 

“Harry” Katzenberger 



Effective early 
warning systems 
and emergency 
preparedness  

Vulnerability reducing 
measures such as pro-

poor economic and human 
development, through 

improved social services 
and protection 

Anticipation 

Resilience 



sample sample  hidden risks 


For exposed and vulnerable communities, even non-extreme 
weather and climate events can have extreme impact 

Short-term actions do not always provide long term risk reduction-
can reduce or increase longer-term risks 

Most estimates of disaster losses exclude indirect losses – 
livelihoods, informal economies, intangible losses including 
ecosystem services, quality of life and cultural impacts 

In some areas drying due to climate change will be overlain 
on the periodic droughts those areas have always 
experienced 

Limited evaluation/appraisals of implementation 



Climate	
  Risk	
  Management	
  -­‐	
  Current	
  Issues	
  and	
  
Challenges	
  (Mar6nez,	
  Pulwarty…	
  et	
  al	
  2012)	
  

Drought	
  Early	
  Warning	
  Informa7on	
  
Systems:	
  Cases	
  (Pulwarty	
  and	
  Sivakumar,	
  
2014)	
  

Adap7ve	
  management	
  
(Walters	
  et	
  al	
  1997;	
  2001)	
  

Cases	
  and	
  Contexts	
  



Adaptation: Crisis, learning and redesign 

What has led to being “proactive”? 

1.  Focusing events and windows of opportunity-
extremes, legal decisions etc. 

3.  Leadership at different levels and the public are 
engaged 

5.  Supported framework for collaboration between 
research and management- 

6.  Existing social basis or even pressure for securing the 
common good: equity, procedure/participation, 
growth, environment 



	
  mad	
  rush	
  to	
  the	
  “Trans-­‐i6on	
  Express”	
  



Demand for Climate Knowledge and Information 
is Increasing 



Regional Integrated Sciences 
and Assessments (RISA) 

Na6onal	
  Integrated	
  Drought	
  
Informa6on	
  System	
  

Caribbean 
Community 
Climate Centre 





“…making	
  sure	
  science	
  is	
  on	
  
the	
  table	
  when	
  decisions	
  are	
  
made…”	
  (J.	
  Lubchenco)	
  

Informing	
  Decisions	
  	
  
National Governors Association Meeting 
24-27 February, 2013, 2014 

Na6onal	
  Drought	
  Outlook	
  March	
  2014	
  

Congressional	
  hearings	
  

Build	
  on	
  the	
  work	
  of	
  others	
  to	
  
create	
  a	
  Coordinated	
  Na6onal	
  
Soil	
  Moisture	
  Network	
  

Memorandum of Understanding  
Western Governors' Association and NOAA 

Collaboration on Drought, Flooding, and Wildfire 
Preparedness:  Building Resilience in  

Planning for Extreme Events 
June 2011, 2014 



“Today,	
  I	
  signed	
  the	
  Na6onal	
  Integrated	
  Drought	
  Informa6on	
  System	
  Reauthoriza6on	
  
Act	
  into	
  law….	
  to	
  help	
  communi-es	
  be0er	
  prepare	
  for	
  droughts	
  in	
  the	
  long	
  term,	
  and	
  
prevent	
  the	
  worst	
  impacts	
  on	
  families	
  and	
  businesses”	
  	
  	
  March	
  6,	
  2014.	
  President	
  
Obama	
  	
  

NIDIS	
  was	
  
reauthorized	
  by	
  
Congress	
  in	
  2014	
  

Appropria7ons	
  bill	
  passed	
  both	
  the	
  House	
  and	
  Senate	
  
subcommiPees	
  
“,	
  the	
  recommenda-on	
  includes	
  support	
  for	
  the	
  Na-onal	
  Integrated	
  Drought	
  Informa-on	
  
System	
  (NIDIS)	
  to	
  support	
  compe--ve	
  research	
  grants,	
  maintain	
  exis-ng	
  NIDIS	
  ac-vi-es	
  and	
  
develop	
  and	
  expand	
  the	
  Regional	
  Drought	
  Early	
  Warning	
  Informa-on	
  System”	
  May,	
  2014	
  
hUp://appropria6ons.house.gov/uploadedfiles/hrpt-­‐113-­‐hr-­‐fy2015-­‐cjs.pdf	
  



If	
  it’s	
  so	
  easy	
  why	
  is	
  it	
  so	
  hard?	
  (I)	
  

•  The	
  Borg	
   Dreadnaught-­‐	
  
class	
  Starship	
  

Meet “The Borg” 



Strong	
  risk	
  of	
  underes6ma6ng	
  the	
  complexity	
  of	
  
adapta6on	
  

•  Increasing	
  recogni6on	
  of	
  adapta6on	
  buffers	
  arising	
  
from	
  ecosystems,	
  but	
  very	
  liUle	
  commensurate	
  
ac6on	
  to	
  support	
  this	
  awareness	
  

•  Lack	
  of	
  coordina6on	
  on	
  implementa6on	
  across	
  the	
  
scales	
  of	
  governance	
  with	
  unclear	
  division	
  of	
  tasks	
  
and	
  responsibili6es	
  of	
  actors,	
  especially	
  under	
  
conflic6ng	
  6mescales	
  of	
  interven6ons,	
  and	
  
response	
  



When	
  was	
  the	
  Summer	
  of	
  Love,	
  Watergate?-­‐”the	
  climate,	
  	
  it	
  is	
  a-­‐
changin’	
  

The	
  year	
  is	
  2014	
  
We	
  are	
  closer	
  to	
  450	
  ppm	
  and	
  	
  9	
  000	
  000	
  000	
  000	
  people	
  than	
  
to	
  either	
  of	
  these	
  



The cumulative nature of hazards, extremes and disasters-
risk profiles 
•  Systems may change faster than the models can be recalibrated-Projections 

may be most unreliable in precisely the situations where they are most desired 

Proactive decision-making: Learning and policy windows  
•  “Co-­‐produc7on”-­‐	
  valuable	
  concept	
  but	
  can	
  be	
  an	
  incen7ve	
  for	
  mis-­‐

placed	
  advocacy	
  and	
  co-­‐opta7on	
  
•  “Informa7on	
  use”	
  as	
  symbolic	
  commitment	
  to	
  ra7onal	
  choice	
  

•  Win-­‐win	
  not	
  always	
  easy	
  to	
  	
  implement	
  in	
  prac7ce	
  

Information services to support adaptation in changing 
environments 
•  Joint fact-finding, development and diffusion of technology and information 
•  Where do science and policy talk to each other-what do they say? Clarify 

benefits of participation in design, implementation and maintenance 

Crafting Adaptation: considerations 



Decadal prediction lies between initialized weather or ENSO forecasts, 
and future climate change projections-not just “extremes” or “trends” 

• Approach climate model output far more critically than at present, especially 
for impact assessment and scenario development 

1.	
  Acknowledge	
  the	
  cross-­‐scale	
  nature	
  of	
  climate,	
  of	
  early	
  warning	
  
informa7on-­‐and	
  corresponding	
  monitoring	
  and	
  research	
  needs	
  	
  



SST	
  
anomalies	
  

Global-­‐Scale	
  
Atmospheric	
  
Changes	
  

Regional	
  Forcing	
  
and	
  land	
  
feedbacks	
  

Local	
  Impacts,	
  
user	
  needs	
  

Improvements	
  in	
  
global	
  coupled	
  
models,	
  
es6mates	
  of	
  
ocean	
  variability	
  
and	
  
predictability,	
  
GHGs	
  

Reduce	
  
uncertain6es	
  in	
  
atmos.	
  response	
  
to	
  SST,	
  water	
  
cycle,	
  atmos.	
  
variability	
  and	
  
predictability	
  

Reduce	
  uncertain6es	
  
in	
  modeling	
  land/
atmosphere	
  
interac6ons,	
  
predictability	
  of	
  
weather	
  “regimes”,	
  	
  
regional	
  climate	
  
phenomena	
  

Improved	
  
modeling	
  of	
  
“downstream”	
  
impacts	
  on	
  land	
  
hydrology,	
  
higher	
  
resolu6on	
  

Pathways	
  to	
  Predictability	
  
Ke
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en
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2. Recognize “communication” as critical  
but not sufficient	
  

Broad	
  societal	
  processes	
  that	
  create	
  dynamic	
  pressures	
  and	
  
unsafe	
  condi-ons	
  are	
  not	
  easy	
  to	
  change,	
  yet	
  are	
  
fundamental	
  to	
  human	
  vulnerability	
  

•  Social process(es) of risk communication are more than “one-
way” AND more than “two-way”  

•  The	
  “push”	
  supply	
  of	
  new	
  informa6on	
  by	
  would-­‐be	
  providers	
  of	
  
informa6on/technology	
  ,	
  and	
  the	
  “pull”	
  demand	
  for	
  new	
  informa6on	
  
from	
  would-­‐be	
  learners	
  is	
  never	
  linear	
  

•  More challenging is an understanding the socialization of 
lessons learned by particular individuals and organizations 
through their own, direct trial and error experiences 



3. Reframing risk governance


Frame the goals and objectives of international and country and  
local-level program intervention strategy in terms of “securities” – 
water, food, energy, national  



How often should criteria for “robustness” be (re)considered? 

Recognize when our assumptions are failing 

How does learning take place?  

Innovation Evaluation 

Learning 

Monitoring 



If	
  it	
  is	
  so	
  easy	
  why	
  is	
  it	
  so	
  hard	
  ?	
  (II)	
  

The	
  need	
  to	
  “change”	
  in	
  the	
  light	
  of	
  new	
  
informa6on	
  is	
  not	
  widely	
  acknowledged	
  



2011	
  Global	
  Assessment	
  Report	
  on	
  Disaster	
  Risk	
  Reduc6on	
  
	
  Revealing	
  Risk,	
  Redefining	
  Development	
  

Use public investment planning


2011	
  Global	
  Assessment	
  Report	
  on	
  Disaster	
  Risk	
  Reduc6on	
  
	
  Revealing	
  Risk,	
  Redefining	
  Development	
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NOAA’s Climate Goals:  Societal Challenges 

Coasts and 
Climate 

Water Resources 
(Drought) 

Weather-Climate 
Extremes 

Marine Ecosystems 

Monitoring, Prediction and Risk assessment 
Decision support for risk management and adaptation 

Cross-cuts- Health, Water-Energy nexus, others… 

30 
DAYS 

1 
SEASON 

3 
YEARS 

10 
YEARS 

30 
YEARS 

100 
YEARS 

SHORT-TERM INTERANNUAL DECADE-TO- 
CENTURY 

Weather-climate continuum and adaptation deficits   



So	
  what	
  is	
  needed?	
  

Jolene Tallsalt Robertson 
Hydrologist, Navajo Nation 

Department of Water Resources 

Rachael Novak 
US Environmental 
Protection Agency 

Casey	
  Kahn-­‐Thornbrugh	
  
instructor	
  of	
  Geography	
  

Tohono	
  O’odham	
  Community	
  College	
  
&	
  

PhD	
  Candidate,	
  UA	
  School of Geography & Regional 
Development	
  

Dr. Margaret Hiza 
US Geological Survey 

Capacity and coordination: sustaining 
networks of local policy entrepreneurs 

•  Make risks and benefits transparent 
•  Conduct post-audits 
•  Do this for a long time 

This usually ticks-off “institutional” folks 



Let’s  Not  Wait Too Long!


photo courtesy K. Dixon, NOAA GFDL  



Strong	
  impacts	
  of	
  underes6ma6ng	
  the	
  complexity	
  	
  
of	
  adapta6on	
  and	
  of	
  claims	
  of	
  sustainability	
  



C-­‐1.	
  Principles	
  of	
  Effec7ve	
  Adapta7on	
  	
  

A	
  first	
  step	
  towards	
  adapta6on	
  to	
  future	
  climate	
  change	
  is	
  reducing	
  vulnerability	
  
and	
  exposure	
  to	
  present	
  climate	
  variability	
  (high	
  confidence).	
  Strategies	
  include	
  
ac6ons	
  with	
  co-­‐benefits	
  for	
  other	
  objec6ves.	
  Poor	
  planning,	
  overemphasizing	
  
short-­‐term	
  outcomes	
  results	
  in	
  maladapta6on	
  

Adapta6on	
  planning	
  and	
  implementa6on	
  at	
  all	
  levels	
  of	
  governance	
  are	
  con6ngent	
  
on	
  societal	
  values,	
  objec6ves,	
  and	
  risk	
  percep6ons	
  (high	
  confidence).	
  Recogni7on	
  
of	
  diverse	
  interests,	
  circumstances,	
  social-­‐cultural	
  contexts,	
  and	
  expecta7ons	
  can	
  
benefit	
  decision-­‐making	
  processes.	
  

	
  Indigenous,	
  local,	
  and	
  tradi-onal	
  knowledge	
  systems	
  and	
  prac-ces………..are	
  a	
  
major	
  resource	
  for	
  adap-ng	
  to	
  climate	
  change,	
  but	
  these	
  have	
  not	
  been	
  used	
  
consistently	
  in	
  exis-ng	
  adapta-on	
  efforts.	
  Integra-ng	
  such	
  forms	
  of	
  knowledge	
  
with	
  exis-ng	
  prac-ces	
  increases	
  the	
  effec-veness	
  of	
  adapta-on.	
  



backups	
  



Monitoring	
  &	
  Predic7on:	
  
MAPP,	
  Climate	
  Obs	
  

Interdisciplinary	
  research,	
  
applica7ons,	
  and	
  assessments:	
  

RISAs,	
  SARP	
  

Communica7on	
  and	
  Outreach:	
  
RCSDs,	
  NWS	
  

Integrated	
  Informa7on	
  Systems:	
  
Preparedness	
  and	
  Adapta7on	
  	
  

Engaging Preparedness  & 
Adaptation Communities: 

RCCs, Coastal Services, RISAs, 
NMFS Habitat 

Partnerships integrate ASSETS and 
CAPABILITIES 



Resources Vulnerability Capability 

Physical/material	
  

What	
  hazards,	
  skills,	
  
produc6ve	
  resources	
  
exist?	
   
Social/Organiza6onal	
  

What	
  are	
  the	
  rela6ons	
  
and	
  organiza6ons	
  among	
  
people?	
  gender,	
  age,	
  
class… 
Behavioral/Incen6ves	
  

How	
  does	
  the	
  community	
  
view	
  its	
  ability	
  to	
  create	
  
change? 

Capabilities and vulnerabilities matrix 



Predictability	
  
Sp

at
ia

l S
ca

le
s 

Temporal Scales 

H
ig
h	
  

Minute Day Week Season 1 yr 10 
yrs 

100 
yrs 

1 
km 

10 
km 

100 
km 

1000 
km 

10000 
km 

Information 
Needs 

Current 
Skill 

Higher	
  resolu6on,	
  improved	
  Rossby	
  
wave	
  impacts,	
  land/atmos	
  coupling,	
  
land	
  ini6al	
  states,	
  improved	
  atmos/
land	
  seasonal	
  cycle,	
  weather	
  
extremes,	
  etc	
  

Improved	
  ENSO	
  predic6on	
  
and	
  regional	
  response,	
  high	
  
res.,	
  improved	
  land/atmos	
  
coupling,	
  soil	
  moisture,	
  
snow	
  observa6ons,	
  etc	
  

Research	
  on	
  decadal	
  
predic6on,	
  global	
  
warming	
  impacts,	
  role	
  of	
  
land	
  use	
  changes,	
  
aerosols,	
  etc.	
  



Problem-­‐solving	
  approaches	
  condi6oned	
  by	
  system	
  uncertainty	
  	
  
and	
  decision	
  stakes	
  (Adapted	
  with	
  permission	
  Functowicz	
  and	
  Ravetz,	
  1990)	
  	
  

Consultancy	
  
	
  	
  (Specific	
  

applica-ons	
  
&output)	
  

Applied	
  
Sciences	
  
(Impacts)	
  

	
  >2	
  nd	
  Order	
  Contexts	
  	
  
(Integrated	
  Assessments	
  

Decision-­‐support)	
  

Decision	
  Stakes	
  

Problem	
  solving	
  
approach	
   System	
  Uncertainty	
  

	
  Physical	
  systems	
  and	
  linkages	
  	
  
Economics	
  &Human	
  Dimensions	
  

Opera6onal	
  

Cons6tu6ve	
  



Short-term 
Scheduling 

Long-term 
Planning 

Mid-term 
Operations 

Real-time 
Control 

Operational 
Activity Decisions 

Operating 
Criteria and 
Guidelines 

Annual Operating 
Plan 

Water and 
Power 

Schedules 

Automatic 
Generation 
and Control 

P/PE< 0.125 

Colorado Basin 



  Sharp increase in adaptation literature and plans 

•  1741 articles published between (2006 and 2009)  
•  At least 62 different adaptation plans publicly released 

in the United States, Canada  
•  Over 300 adaptation  actions United Kingdom and 

Australia (doubled from 2005 to 2010) 

•  The gray literature reports a growing number of 
adaptation plans and strategies at the national and 
subnational level in developed countries, and at a 
lower pace in developing countries.  

•  Limited evaluation of implementation 


