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Changes in extreme weather and climate events
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Attribution of Extreme Weather Events in the Context of Climate Change 
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Adaptation spans multiple activities and scales

Life and 
Property

Aviation
Maritime

Commerce

Forests
Emergency 

Management

Energy Hydropower

InfrastructureConstruction

Agriculture

Ecosystems

Health

EnvironmentReservoir 
Management

IBM, AECOM, National Agencies, UNDRR, UNFCCC….....

Early warning systems save lives and assets worth at least ten times 
their cost. 24-hours warning of a coming storm or heatwave can cut the 
ensuing damage by 30 percent. 

Investing US$250-500 per hectare in better dryland farming practices could 
increase cereal yields by 70-140 percent bringing net economic benefits of billions

Investments that enable more efficient use of water brings benefits that 
are two to four times the costs, with global net economic benefits of 
over US$100 billion a year.

US$1 trillion in the incremental cost of making infrastructure more resilient in 
developing countries would generate US$4.2 trillion in benefits



Responding to the 
Impacts of Climate 

Extremes, Variability, and 
Change

Selected climate-related 
impacts and response actions 
since the Third U.S. National 
Climate Assessment (2014)

Implementation has 
increased but is not yet 
commonplace. 

Sustainable Development Goals Secretary General Report 2019 
Pathways to generate the transformation required to meet the 2030 

SDGs are not yet advancing at the speed or scale required



“We know there will be more outbreaks, as a 
consequence of extreme weather, biodiversity 

destruction, political instability……..”
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Simple 
Risk 

Complicated 
Risks

Complex, compounding
and cascading risks

Traditional risk assessment and management strategies are 
increasingly challenged by systemic and evolving impacts of 
climate extremes, variability and change



Rabobank, 2012

Globally networked risks: 
e.g. modern food systems highly dynamic, complex, 

formal and informal – fundamentally important to food security
Optimized for

• globalized trade 
regimes efficiency
• peace time and

relatively stable      
environments

- Fragile
- Uncontrollable?



Many Indigenous peoples are taking steps to adapt to 
climate change impacts

https://biamaps.doi.gov/nca/. 

…..driving local imbalances
“With drought, Tribes are 
first affected and most 
affected. They are the ones 
on the ground who sustain 
themselves with subsistence 
hunting, fishing and 
gardening.” 
Gary Collins (Northern 
Arapahoe)

Sand dune 
migration

Dust on 
snow



1. If we only knew the    
costs and benefits    
…….

“people are afraid that doing something about 
“climate” will make them poorer/less well off”

The Financial Times 29 August 2016)..so…

If we know what to do…why aren’t we doing better? 
Knowledge and ”deficits”
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Natural Hazard Mitigation Saves: 2017 Assessing the Future 
savings from risk mitigation activities.

Novel configurations of 
land use usually have 
the largest return on 
investment



Reintroducing Beavers to Build Climate Resilience

Engineering by beavers encourages 
the slow release of water to 
downstream users and keeps water 
cool for migrating salmon and other 
aquatic species. 

Reintroduction of beavers throughout 
the western United States is helping 
to retain these functions. Photo credit: 
S. Koenigsberg. 

Adaptations do not always require major investments
(US NCA4 2018)



The New York Times
April 4, 2015 

2. If only we could assess future risks with greater certainty..

“If we are not careful we will end up where we are going” 
(Chinese proverb)



Creating opportunities to Re-think Building Design 
Re-imagine How Water is Used

Last 5 years: The installation of onsite 
water systems is a requirement for 
new buildings over 250,000 square 
feet. 

Up to 95% of Demands are Non-potable in Commercial Buildings

Paula Kehoe SFPUC



1900 2010

Efficient technology….

Laws-regulatory demands (Clean 
Water)

Behavioral Changes…

No loss of economic 
competitiveness

(Rogers 2003; Gleick,2014, NCA4)

1975



3. “if only we get the communication right”
“communication” is critical but not sufficient

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

Framing Factor Water Managers 
Perspective

Researchers
Perspective

Identifying critical 
issue
Time frame
Spatial resolution
Goals
Basis for Decisions
Expectation
Product 
Characteristics
Frame
Nature of Use

The “push” /supply of new information and technology , and the “pull”
/demand for new information is never linear-and is more than 2- way



4. “Predict-then-Act” 
approaches can backfire in deeply uncertain conditions

• Uncertainties are underestimated

• Competing analyses can contribute to gridlock

• Misplaced concreteness can increase decisionmakers 
vulnerability to surprise

What will future 
conditions be?

Under those 
conditions, what is best 

near-term decision?

How sensitive is 
the decision to 

those conditions?

(US National Climate Assessment Adaptation 2018, Lempert et al 2017, Linkov, Pulwarty 2018)

• Easy to underestimate the complexities of adaptation
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Moving forward…...
....Integrated approaches…..and…. windows 

1. Acknowledge the cross-scale nature of early warning 
information-and modernize EWS across timescales-

• dynamic thresholds, stability domain disruptions, 
cascading  risk, entry points/opportunities for 
information and interventions

Where might investments be prioritized to reduce future risks 
across this continuum? 



Best Metrics-Based Approach: Resilience Matrix

Physical 

Information

Cognitive

Social

PREPARE ABSORB RECOVER ADAPT

System Domains
Disruptive Event Stages

Scale
Home      Neighborhood          Town            County           Region       State      Country

Financial entry points: long-term benefits of addressing 
near-term risk reduction

(Based on Linkov et al 2018)



Partners do not 
just share data-
they also share 

risks and  
responsibilities

Ensure 
political 

authority and 
policy 

coherence

Decentralize
Step by step 

Develop a 
culture of 
partnerships
beyond 2-way 
communication

Accountability…………………………….Efficiency

2. Governing the Risk to Resilience continuum
Broaden the “Actor Network”: 

Distribution of responsibilities across responses

Arrangements for individual and institutional learning
co-production without cooptation



Fundamental question of adaptation
How often should criteria for “robustness” be 

reconsidered and tested?

(US NCA4 2018)
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3. The Case for Alignment to Advance Climate-Resilient Development

This brief focuses on alignment of country efforts under the 2030 Agenda for Sustainable Development, the 
Paris Agreement and the Sendai Framework for DRR. These agendas have been chosen based on their inter-
connected objectives and common themes as a means of advancing climate-resilient development. Despite the 
chosen focus, the concept of alignment can be extended to other international relevant agendas with similarly 
overlapping objectives (e.g. the Global Framework for Climate Services, the Aichi Targets under the Convention 
on Biological Diversity and the New Urban Agenda etc.).

When considering alignment, it is helpful to better understand where the different policy processes connect. 
At the international level, the texts of these agendas make links to one another, both through direct references 
and through references to thematic linkages, as shown in Figure 1. This creates a foundation for creating 
functional linkages in country efforts to achieve these global agendas.

Figure 1. Connections in the texts of the global agendas

2030 Agenda 
for Sustainable 

Development

Paris 
Agreement 
under the 
UNFCCC

Sendai 
Framework for 
Disaster Risk 

Reduction

Recognizes climate change as 
a driver of disaster risk

Direct references Thematic linkages

Notes that addressing climate change 
is the mandate of the UNFCCC
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between climate action and 
sustainable development

Notes that DRR is essential 
for sustainable development

National 
Adaptation 
Programs of 
Action 

Systematic Alignment: shared visions, 
implementation and financing 

2030 
Agenda 
SDGs

Sendai 
Framework 

for DRR

UNFCCC 
Agreements 
(Paris etc.)

Addis Ababa 
Action 

Agenda  



Challenge:  
Sustaining collaborative learning networks across 
research, observations, services, and decision-making

WEF linked risks

IPCC SREX pathways choices

Thank you!
roger.pulwarty@noaa.gov

NIDIS,   CSIS


