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Changes in extreme weather and climate events

NRC, 2016

How well do we 
understand the 

influence of climate 
change and drought  

on wildfires? On 
convection and flood 

risk?  
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The Making of an Extreme Event: Putting the Pieces Together

(Dole et al 2014 Bulletin American Meteorological Society)

Climatological Climatological + Trend 

Climatological + Trend + 
Boundary conditions

Climatological + Trend + Boundary 
+Initial conditions

2019



Monthly mean sea ice concentration Monthly probability of sea ice existence

‘high tide’ flood 

level exposure: 

0.5-0.65 m MHHW

(Sweet et al. 

[2018] NWS 

informed/tide 

range)

High Tide Flood Frequencies changing in ‘leaps and bounds’

https://coast.noaa.gov/slr

The changing nature of physical risks: 
Examples

Extreme Rain 
Multiplier



Global Framework for Climate Services
Climate services provide climate information to help individuals 

and organizations make climate smart decisions.

National and 
international 
databases provide 
data, maps, risk and 
vulnerability analyses, 
assessments, and 
long-term projections 
and scenarios.

Socio-economic 
variables and non-
meteorological 
data may be 
combined, 
depending on user 
needs.

Customized products  for different user communities.

The Climate Services Information System (CSIS) component of the GFCS 
is the principal mechanism through which information about climate –
past, present and future –is being routinely archived, modelled, 
analyzed, processed, and communicated



What is the Climate Services Information System?
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A climate information system coherently organizes different types of climate 
information and facilitates technical assistance to help decision makers understand 
how to integrate climate information into their planning processes (GAO, 2017: 
Bulletin of the WMO 2019: Bulletin of the American Meteorological Society 2020

Service delivery value chain

Information development chain 



Current status, availability and access to data and products from CSIS entities for applications and planning

Availability of data and products (Non-exhaustive list)
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Climate change 
projections

CMIP5
61 models
20-200 km
historical run: 1850-2005
nominal timescale
time period: 2100 and 

beyond
time resolution: daily

CORDEX
Several global/regional
models
14 domains
12-50 km
nominal timescale
time period: until 2100
time resolution: daily

present

Paleoclimatology
proxies
CRU, NOAA

Reconstructed
variables
CRU, NOAA

More than 10 
types of proxies
(corals, insects, 

pollen, tree
rings, ...)

S2S A2D1850100

Frequency: Daily to monthly

Monthy/seasonal LRF
Global
13 GPCLRFs maps
2 Lead Centers data 2.5° 2.5°
APCC

hindcasts 20-30 yrs
IRI skill
scores

Frequency: Monthly
Monthy/seasonal LRF
Regional
8 RCCs
maps
3 RCC-Networks data 30 km

Frequency: Quarterly
Updates
Global
GSCU (Trial)
El Niño/La Niña Update

Frequency: Once or twice per year
Probabilistic outlook and consensus 
statement
Regional National
19 RCOFs NCOFs

T2m, RR, SSTs, MSLP, T850, Z500 

T2m, RR 

Major 
circulation 
features

T2m, RR 

Frequency: Sub-daily, daily or monthly
In situ data
Global Regional National
GHCN-Daily RBSN BOM CDO       
90 000 stations        4 000 stations      16 000 stations

Climate extreme indices
ETCCDI: 27 indices for more than 100 countries
ICA&D: > 50 indices for more than 15 000 stations

Gridded data and          Remote sensing
gridded merged data    data
CRU: 0.5° 0.5° EUMETSAT       satellite-based
GPCP: 1.0° 1.0° WDC-RSAT       data few km
CMAP: 2.5° 2.5° NOAA NCEI: radar data few km

Atmospheric measurements
6 GAW WDCs: > 1 400 stations

Reanalysis
more than 10 global reanalysis: > 100 km
ERA-Interim, ERA-15, ERA-40, NCEP-NCAR, JRA-55, …
dynamical downscaling
of global reanalysis: CORDEX, CaRD10
regional reanalysis: NARR, ASR

Graphical tools
ENACTS IRI Map Room
maps maps, 
graphics,
data: > 30 years, 4-5 km grid animations, data

ClimatView WMO WWIS
station monthly T2m, RR station normals T2m, RR
1982-present, > 2 500 stations     1 900 stations

More than 200 variables available from stations

10-50 km

FORECASTS

CLIMATE VARIABILITY 

TIMESCALE

WEATHER

TIMESCALE
CONTEMPORARY PASTHISTORICAL PAST

PROJECTIONS

PREHISTORICAL PAST CLIMATE CHANGE TIMESCALE

Frequency: Annual

Annual to Decadal
predictions
Global
GPC-ADCP
LC-ADCP
global maps
variables averaged
over year 1 
and years 1-5
data
time resolution: daily
hindcast data

Updates
Global
GA2DCU (Concept)

T2m, RR, 
SLP, MOC

Major 
circulation 
features



EWISACTs

CTO and CHTA sign the LoA, September 16th, 2016

CWWA signs the LoA, October 26th, 2016

CARDI and CDEMA sign the LoA, December 6th, 2016

CARPHA and CIMH sign the LoA, April 26th, 2017

The Consortium is a key regional mechanism that champions the design, development 

and delivery of tailored climate products and services in the agriculture and food security, 

disaster risk management, energy, health, tourism and water sectors.

Climate 
Regional Consortium 

Agriculture 
Water DRM 

Health Tourism 
Energy 

Co-design  Co-develop  Co-deliver 

Products & Services 

Sector-specific climate indices

• Facilitates broader dialogue and sustained 
engagement with regional and national stakeholders;

• Facilitates the identification and sharing of textual 
and georeferenced sectoral datasets; 

• Facilitates the identification and sharing climate-
related impact data; 

• Supports research that examines associations 
between climate and relevant sectoral productivity 
outcomes; and

• Promotes the dissemination of climate information.

Caribbean Regional Climate Centre 

Early Warning Information Systems 

Across Climate Timescales 



NOAA’s climate capabilities

Observations, modeling and research

• Monitoring

• Modeling, predictions and projections

• Understanding the causes and impacts of climate 
extremes

• Knowledge, applications and services to 

inform risk management and adaptation 

decisions

The Climate Services Challenge: NOAA’s Role
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Snowstorms/
Blizzards

Tornadoes Wildfires

Hurricanes & 
Tropical Storms

Floods

Geophysical

Heat 
waves

Droughts



Existing NOAA
Regional Climate Services 
Network



Goal: Enhance and simplify access to climate science data 

& information, including projections

(1) Provide easy and robust access to climate projections for "designers" to 

provide adaptation/resilience decision services to their end users/consumers

(2) Conceive and articulate an overall plan for how USGCRP agencies may 

make their climate-related web presence more cohesive, coherent, and user 

friendly

Climate.gov and 
the Climate 
Resilience Toolkit



The “Status” of Climate Services

The benefits of investment in climate services greatly outweigh 

the cost, and yet the capacity to deliver and access these services 

is uneven and inadequate in different regions
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3Simple 

Risk 
Complicated 

Risks

Complex, compounding 

and cascading risks

Emerging Challenge: 

Traditional risk assessment and management strategies are increasingly 

challenged by systemic and evolving impacts of compound extremes, 

biodiversity loss, economic and other instabilities

(IPCC, 2012)

Storm sequences 2017 

Tropical Atlantic hurricane 

season  2018 California 

Fires 
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Challenge: Navigating through (not just “for“) a changing climate

When and where can 

investments and financing be 

prioritized to reduce future 

across the continuum

1. Understand and characterize the cascading and 

compounding nature of structural and systemic climate 

risks



Cascading and Systemic risks: 
e.g. modern food systems highly dynamic, complex, formal and informal – fundamentally 

important to food security

Optimized for
• globalized trade 

regimes efficiency

• relatively stable      
environments



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

3.  Improve knowledge governance: Broadening the actor 
network across the risk management to resilience continuum:

…….

Arrangements for linking emergency management 

responsibilities and decisionmaking for climate-related resilience

http://www.unisdr.org/


…for complex problems .communication is critical   
but not sufficient

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

• More challenging is an understanding the framing and socialization of 
lessons learned by particular individuals and organizations through 
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
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4. Recognize resilience….as an iterative learning process 

Sustaining regional, national and 

local capabilities and 

collaborative learning networks

Beyond co-production: the varieties 

of trust

Joint visioning, policy development, 

and implementation of paths to 

sustainable futures

US NCA4 Ch28-

Reducing Risks through Adaptation Actions

Improving Alignment, Agility and Adaptability



March 2021
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Thank you!
roger.pulwarty@noaa.gov

Challenge: Navigating through a changing climate



Backup 
slides
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WMO Regional climate centres



Environmental Protection Agency

Key Federal Partnerships 



Expanding the ranges of choice:
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(1) Understand and characterize the relationship between

extremes and slow onset physical and social changes: 

rapid transitions, thresholds and tipping points. 

(3) Collaborate with multiple actors on the design and

equitable diffusion of smart technologies, decision

support tools and best practices.

(2) Make the link between capacity-building and

community-based implementation explicit: Monitor 

and evaluate.

(4) Resource the process and the people (as well products e.g. 

assessments and tools): Finance and sustain partnerships and a 

new cadre of entrepreneurs and  leadership at each level.



“Predict-then-Act” methods can backfire in deeply 
uncertain conditions

• Uncertainties are underestimated

• Competing analyses can contribute to gridlock

• Misplaced concreteness can mask surprises

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)

Result: 

• It can be easy to underestimate the complexities of 

adaptation including tradeoffs between near-term 

efficiency and the need for long-term resilience


