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The Weather–Climate Prediction CHALLENGE 

Rossby wave packets 

Troposphere–stratosphere interactions 

North Atlantic Oscillation 

El Niño  
Southern Oscillation 

WEATHER CLIMATE 

Sources of Predictability 

Blocking 

Madden-Julian Oscillation (MJO) 
Tropical–extratropical interactions 

Predictability 

15 days 0 days 2 mo 3 mo Lead Time 30 days 

•  No natural boundary exists between “weather” and “climate” 
 

•  Despite a theoretical 15-day limit of weather prediction, key climate features 
such as El Niño make extended-range prediction feasible 

Theoretical limit 
of weather 
prediction 

Ocean-, ice-, and land-atmosphere interactions 



www.cpo.noaa.gov | www.noaa.govNational Oceanic and Atmospheric Administration | Climate Program Office

•  Considerable overlap exists between programs addressing the weather–
climate continuum within OAR, and between OAR and NWS 
 

•  EMC and CPC are two centers with particular mission requirements 
spanning the weather–climate continuum  

Out 30 Days: 
OAR Office of Weather & Air Quality (OWAQ), 

NWS Next-Generation Global Prediction System 

RESEARCH PROGRAMS AND NWS MISSION REQUIREMENTS 

Environmental	  Modeling	  Center	  (EMC)	  is	  developing	  a	  
Unified (weather-climate) Global Prediction System Modeling  

Climate	  Predic5on	  Center	  (CPC)	  produces	  various	  Week	  2+	  outlooks 

Other	  NCEP	  centers	  
(e.g.,	  SPC) 

0 days 2 mo 

Week 2 to Seasonal: 
OAR Climate Program Office (CPO),  

NOAA Climate Test Bed (CTB) 

NWS Mission Requirements 

weather–climate  
interface  

15 days Lead Time 



www.cpo.noaa.gov | www.noaa.govNational Oceanic and Atmospheric Administration | Climate Program Office

•  For years, CPO has championed and successfully led multi-institutional, end-
to-end, cutting-edge research and R2X activities linking weather and climate, 
leveraging and playing a leading role in USGCRP

CPO activities support the entire NOAA R&D Funnel: 
•  RESEARCH  
•  CPO sponsors research to understand sources of predictability like the MJO
•  CPO partners with CPC on a variety of Weeks 3–4 research projects
•  DEVELOPMENT

CPO’s modeling and infrastructure investments support EMC’s Unified Global Prediction 
System efforts

CPO and NOAA CTB have jointly organized a workshop in March on subseasonal 
prediction systems

•  DEMONSTRATION  NOAA CTB supports North American Multi-Model Ensemble 
(NMME)

•  DEPLOYMENT  CPO co-supports the NMME Phase II system with NCEP

CPO contributions to Weather–Climate 
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Latest Driver




“Strengthen the integration, alignment, and 
effectiveness of R&D that supports NOAA's 
operational missions, including accelerating the 
transition of research advances to applications” 
NOAA Annual Guidance Memorandum for FY 2015


Many past calls for NOAA to achieve successful transition – 
a 30+ year-old problem
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Context for Climate R2X 

OAR Labs

External 
Community

NOAA 
Operational 

Monitoring and
Prediction
(e.g. NWS/NCEP)

Other NOAA-
Supported 

Climate Services
(e.g. NIDIS, NCA)

R, R&D

CPO/Modeling, Analysis, Predictions and Projections (MAPP) Program


R, R&D and R2X Mission:


 Advance understanding and prediction of variability and changes in Earth's 
climate system and infuse research advances into NOAA’s service activities
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R2X O And A
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"
"


Shared responsibility between CPO/MAPP Program and NCEP
Mission: Advancing Operational Climate Prediction and Products
•  Accelerate R2O transition to improve NCEP operational climate prediction

•  Provide the climate research community with access to operational models, 
forecast tools and datasets (O2R)

3 Focus Areas:
•  Climate Forecast System (CFS) Improvements
•  Multi Model Ensembles 
•  Climate Forecast Products


Highlights:
•  North American Multi Model Ensemble (NMME) for operational national monthly/

seasonal climate forecasts 
•  Climate Process Teams to accelerate improvements in Climate Forecast System
•  U.S. Seasonal Drought Outlook improvements 



AO
LOI
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O2R
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products and 
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• Earth System 
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NOAA Climate Test Bed (CTB) for R2O/O2R
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NCEP

MAPP

MAPP


NOAA Climate 
Test Bed (joint)

NCEP
Operate and 
Identify Gaps

Research


Develop

Demonstrate

Deploy

The Two-Way R2O/O2R Interface Between CPO & NCEP
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A Mission-Driven Process
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PROCESSES & 
ROLES  

PARTNERSHIPS & 
ENGAGEMENT

RESOURCES & 
INFRASTRUCTURE

•  How do we plan and implement end-
to-end demonstration and 
deployment? 

•  How do we solicit and select the 
“right” projects? 

•  Who is responsible for what? 
•  How do we enable/optimize R2X? 
•  What are the requirements of R to 

enable effective X?
•  How do we know we are successful?
•  Does one size fit all?
•  …
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PARADIGM ELEMENTSKEY ISSUES

Work in progress; a joint MAPP/NCEP iterative learning process


Defining A New R2X Paradigm, Since 2012
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Defining Processes and Roles – Big Picture

Two phases for transition of research into operations – a shared process

Demonstration Operational Deployment

Climate Test Bed 
Demonstration Projects 
Part of OAR R&D

Integration of research advances 
in the operational environment 
Part of NWS operations

•  A MAPP–CTB Execution Agreement (2012) defining basic 
process and roles

•  Guiding document: NOAA Administrative Order 216-105 Policy 
on Transition of Research and Development to Application 

?

Demonstration Project Review

10
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Demonstration Operational Deployment

Competitively Select Meritorious 
Climate Test Bed Demonstration  
Projects 

•  Research area of relevance to NCEP
•  Teams involving an NCEP co-PI
•  Clear testing objectives and 

operational outcomes
•  High scientific/technical merit
•  Clear metrics
•  Feasibility and support from NCEP

End-to-end transition plans developed by PIs at the beginning of research 
projects, and jointly discussed by CPO and NCEP

Operationally Deploy Successful 
New Methods and Models




•  Plan for deployment, both 
systems and resources

•  Adapt experimental new methods 
and models to comply with the 
operational suite (e.g., code 
requirements)

11

Defining Processes and Roles – The Nitty-Gritty
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Partnerships and Engagement – Managers


NCEP and MAPP managers meet quarterly to:"


•  Discuss ongoing projects and plan for transition

•  Discuss near-term operational objectives and research activities in 
context of NCEP and CPO Annual Operating Plans

•  Plan for new R2O work

12

The sustained NCEP-CPO partnership has been key to 
defining and implementing the transition process
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Drought Task Force
Advancing Drought Understanding, 

Monitoring and Prediction

CMIP5 Task Force
Developing Projections for 

North America

MAPP Webinars
Facilitating Communication

Prediction Task Force
Advancing ISI Climate 

Prediction

Climate Reanalysis 
Task Force

Climate Model 
Development Task Force

•  NCEP Visiting Scientist Program
•  AGU/AMS Town Halls explaining transition
•  MAPP Program Task Forces and webinars engaging NCEP scientists 

together with external community

13

Partnerships and Engagement – Technical Staff
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Infrastructure and Resources




•  NEMS provides software infrastructure for R2O/O2R at NCEP; 
supported by both NWS and CPO

•  Model data availability for research via the National Climate 
Model Portal

Gaps


•  NCEP needs a budget line to support R2O deployment efforts 
and build an O2R infrastructure to facilitate R2O 

•  CPO needs a dedicated funding line for R2O grants to support 
MAPP-CTB projects


14



What was tested: A multi-model prediction system 
based on major climate models in U.S. and 
Canada for NCEP operational seasonal forecasts


How was it tested: Tests based on 30-year 
hindcasts and real-time forecasts since Aug. 2011


What was demonstrated: Improved forecast 
reliability, forecast skill (anomaly correlation, rank 
probability score)


What was the impact: (1) Improved numerical 
guidance for NCEP/CPC operational seasonal 
forecasts, and (2) the most comprehensive 
seasonal prediction dataset available to the public 
for research and applications


Joint NCEP/CPO planning for transition to 
operations during FY15 – a dual service/
research purpose

CTB/MAPP Example: NMME
 

NMME

CFSv2

Comparison of NMME and CFSv2 
skills based on 30-year hindcasts "

(July 1 start DJF SST forecast 
Ranked Probability Skill Score)

15



www.cpo.noaa.gov | www.noaa.govNational Oceanic and Atmospheric Administration | Climate Program Office


Two Research-to-Application Examples


Different players, same paradigm principles of 

process, partnerships and infrastructure



16
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Drought Research Applied to NIDIS
Drought Task Force  50+ researchers funded 
by the NOAA MAPP Program focused on 
improving understanding, prediction, and 
monitoring of drought in support of NIDIS

Assessment report on the ongoing California drought 
(left).

Useful to: 
1) Help regional stakeholders better 
understand the causes and extent of the 
drought (R2A)"


2) Focus the research community on 
necessary improvements to prediction 
systems and areas of understanding 
requiring research focus (A2R)

Process: Competitive selection and group in "
Task Force"


Partnerships: Among scientists; MAPP/NIDIS


Infrastructure: MAPP program organization "
of activities
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Seager, R., et al. (2014), Causes and Predictability of the 2011-14 
California Drought, DTF/NIDIS Assessment report, doi:10.7289/
V58K771F

Available at http://cpo.noaa.gov/sites/cpo/MAPP/
california_drought_report.pdf
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Projections Science Applied to Support NCA
CMIP5 Task Force  30+ researchers funded 
by the NOAA MAPP Program focused on 
evaluating model performance and producing 
projections of North American climate based 
on CMIP5 data

Report on climate processes and projections for North 
America, focused on comparing CMIP3 and CMIP5 
models (left).

Report will be delivered to the National 
Climate Assessment (NCA).

18

Sheffield, J., et al. (2014), Regional Climate Processes and 
Projections for North America: CMIP3/CMIP5 Differences, 
Attribution and Outstanding Issues, NOAA Technical Report OAR 
CPO-2, doi:10.7289/V5DB7ZRC

Available at http://cpo.noaa.gov/sites/cpo/MAPP/
CMIP5_TR_2014.pdf

Process: Competitive selection and group in 
Task Force"


Partnerships: Among scientists; MAPP/NCA"

Infrastructure: MAPP program organization of 
activities
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The New R2X Paradigm


PROCESSES & ROLES   PARTNERSHIPS & 
ENGAGEMENT

RESOURCES & 
INFRASTRUCTURE
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Integrating research and operational cultures 
toward more effective transition

The Take Away



R2A webpage: http://cpo.noaa.gov/MAPP/R2A
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Additional Information

21



Climate 
Reanalysis

Climate and Earth 
System Models Drought Understanding, 

Monitoring and 
Prediction

Advance understanding and prediction of variability and 
changes in Earth's climate system and 

infuse research advances into NOAA’s service activities

Modeling, 
Analysis, 
Predictions & 
Projections

Intraseasonal to 
Interannual Climate 
Prediction

MAPP Program Research Goals

 Long-Term 
Climate Outlooks

Staff: Annarita Mariotti (Lead), Dan Barrie, Heather Archambault and Will Chong 
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NOAA Climate Test Bed Highlights
CFS Development

•  Climate Process Team research on convection parameterizations is 
embedded in GFS and will contribute to CFSv3

•  Contributed land modeling and NLDAS upgrades for CFSv3
•  Engaged the external community in CFSv3 planning and development

Multi-Model Prediction 
•  Tested NMME system for real-time operations
•  Tested MJO multi-model prediction, which shows good promise
•  Developed a new experimental prediction product for the Pacific Islands

Forecast Products
•  NMME-based products have improved NCEP and NIDIS operational 

drought products
•  Engaged external community via the Drought Task Force to assess new 

drought prediction methodologies
23
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2011 2012 2013 2014 2015

Joint NCEP–MAPP NOAA CTB Milestones

New CTB 
management at 
NCEP and CPO

Jointly 
organized 
workshop to 
scope NMME-I 

CFSv2 evaluation 
workshop and 
special collection

Climate Test Bed 
Execution Agreement 
between NCEP and CPO 
signed – sets the ground 
rules for MAPP-CTB 
projects

MAPP-CTB NMME 
Phase-II project 
selected 

NMME-I project 
initiated 

2 new MAPP-CTB 
Climate Process 
Teams selected

NCEP metrics, data and 
models are publicly posted for 
reference to new MAPP-CTB 
proposals

Drought Task Force 
organized involving 
CTB/NIDIS

Climate Prediction 
Task Force organized 
involving CTB

NCEP/CPO discuss 
alignment of R2O 
AOP milestones (e.g. 
NMME plans)

Climate Model 
Development TF jointly 
organized – engaging 
the community in CFSv3 
research and planning

7 new MAPP-CTB 
projects on forecast 
and model 
development are 
selected

NMME project 
review/decision 
on transition

24



www.cpo.noaa.gov | www.noaa.govNational Oceanic and Atmospheric Administration | Climate Program Office 25

MAPP–CTB Agreement
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CPO Science Supports Drought Early Warning

NIDIS%Drought%and%Water%Resources%
Partnerships%(Federal,%States,%Tribes,%Urban,%other)!

Monitoring & Forecasting 
Drought and Flood Impacts 

Assessments and Scenarios 

Communication and Outreach Engaging Preparedness &  
Adaptation 

Early Warning 
Information Systems 

NIDIS: National Integrated Drought Information System for 
drought early warning


R2O efforts to improve 
forecasts such as NMME 
are being linked to broader 
efforts to develop an Early 
Warning system for 
drought in support of NIDIS

These efforts involve 
important activities to 
communicate and engage 
users of the forecasts 
information – that 
meaningfully deliver the 
warning
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