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NOAA/ESRL Physical Sciences Division Review Overview

Overview

Welcome to the NOAA Earth System Laboratory Physical Sciences Division 2015 Science Review. The
information contained in this document is also available on our website at:

http://www.esrl.noaa.gov/psd/events/2015/review

Review Themes

THEME |: OBSERVING THE PHYSICAL SYSTEM

Observations are critical for monitoring, analyzing, interpreting and predicting atmospheric, oceanic,
cryospheric, and land surface processes. NOAA’s Physical Sciences Division (PSD) has expertise in the
design, testing, deployment, and maintenance of in situ and remote sensing observing systems that
advance an observation-based process understanding of current environmental conditions, how these
conditions may be changing, and why. PSD collects research-quality observations of key environmental
data that provide critical information on boundary and surface layer fluxes between and among the
atmosphere, ocean, sea-ice, and land. PSD makes strategic use of observations to advance scientific
understanding of physical processes controlling high-impact extreme weather and climate events

that include flux measurements in tropical cyclones and vertical profiles of atmospheric systems for
nowcasting the intensity and duration of extreme precipitation. Advances in PSD’s observation-based
scientific understanding are used to guide development of physical process-based parameterizations that
can improve the skill and reliability of global and regional forecast models.

PSD observations of key parameters range from the microscale to the synoptic scale, and include air-sea/
ice/land fluxes, cloud and sea-spray microphysical properties, surface and cloud radiation, tropospheric
winds, precipitation processes, soil moisture, and aerosols. PSD observations span the globe including
the Arctic, the Tropical Western Pacific and the Western U.S. PSD’s engineering expertise has made it
possible to obtain these kinds of measurements from land-based sites, research aircraft, and research
vessels at sea. Ship-borne observing systems have been used to investigate air-sea transfer processes
in the tropical ocean to better understand and to improve parameterization of these interactions in
climate models. Long-term Arctic atmospheric observatories have been established to better monitor
and understand changing conditions in the Arctic. PSD advances observing technologies including the
development and deployment of a novel radar system for measuring the ocean’s sea spray layer from
aircraft. PSD operates a fast deployable wind/precipitation profiler and surface meteorological network
that is currently deployed across California and the Pacific Northwest to support the monitoring and
improved prediction of heavy precipitation events, to help address associated flooding and water
resource management challenges, and to improve wind energy resource forecasts as part of a Wind
Forecast Improvement Project. PSD has developed unique cloud and precipitation profiling radars that
have allowed new findings about the structure and evolution of precipitating cloud systems. PSD also
develops new observation techniques based on using electromagnetic signals of opportunity such as
Global Navigation Satellite System that have the potential to provide inexpensive measurement of soil,
snow, ice, and vegetation parameters over the land and sea-state and wind over the ocean.
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THEME II: UNDERSTANDING THE PHYSICAL SYSTEM

An integrated understanding of Earth system processes spanning weather and climate timescales is
essential to improve the quality of environmental intelligence NOAA delivers to the nation. PSD research
describes, interprets, and assesses the predictability of weather, climate, and water variations and trends
on time scales ranging from hours to a century. PSD applies innovative diagnostic methods to advance
capabilities to detect, understand, explain, and predict extreme events, and trends in the extremes.
Understanding how atmosphere, ocean, land, and cryospheric conditions are currently being impacted
and may be affected in a changing climate not only provides early warning and informs preparedness,
but also identifies prospects for improved forecasts and projections. PSD’s efforts to improve current
knowledge of the water cycle will advance capabilities to fully understand the linkages between weather,
climate, and water. The collective understanding from PSD research provides the foundation to create
effective and credible scientific knowledge that is needed to inform policy, planning, and decision making
in the management of current and future risks.

Carefully crafted attribution studies carried out by PSD scientists are critical for establishing the principal
causes or physical explanation for observed conditions and phenomena. For example, analyses of
hydrometeorological measurements made by PSD scientists have increased the capability to more
accurately measure and predict precipitation, increasing the understanding of the evolution of droughts,
floods, and stream flows from the short-term (e.g., extreme precipitation events over hours and days)
to the long-term (e.g., estimating streamflow for the Colorado River in the coming years). Observation
based studies have determined the presence and importance of super-cooled liquid water in Arctic
clouds that have profound impacts on sea-ice extent and seasonal snow extent. Reanalysis datasets and
web-based atmospheric and oceanic data visualization and analysis tools, both developed and assessed
by PSD scientists, contribute to the investigation and understanding of the physical system, and are a
mechanism for PSD science to extend to the broader scientific community.

THEME lll: MODELING THE PHYSICAL SYSTEM

Observations and physical process understanding are transformed into predictive capabilities through
numerical modeling. PSD develops and applies data assimilation systems that couple atmospheric,
oceanic, and land data in global and regional earth system modeling to advance analysis, forecast,

and prediction capabilities. PSD advances the scientific basis to provide early warning and inform
preparedness across weather and climate time scales through efforts to improve global and regional
forecast and prediction modeling systems. Approaches such as development of new parameterizations
as well as pre- and post- processing are applied in global and regional forecast and prediction modeling
systems to advance forecast and prediction capabilities. Collectively, PSD’s assimilation, development,
analysis, and modeling research are critical to meet NOAA’s mission responsibilities to understand and
predict changes in climate, weather, oceans, and coasts, and to share that knowledge and information
with others.

PSD continues its long-term relationship with the NOAA National Centers for Environmental Prediction
to improve forecasts. PSD developed, maintains and continues to improve the Ensemble Kalman filter
data assimilation system now used operationally for global weather prediction. PSD also developed

a set of stochastic parameterizations designed to represent model uncertainty in the operational
NCEP global prediction model. In the realm of improved parameterizations, PSD developed an air-sea

ii May 12-14, 2015



NOAA/ESRL Physical Sciences Division Review Overview

coupling module for NCEP’s operational hurricane prediction model that includes an advanced sea-spray
parameterization scheme to account for the complexity in air-sea interaction under high winds. It also
developed a research platform to evaluate the cloud parameterization schemes in NCEP’s global and
regional prediction models using observations of cloud microphysics properties. Through the NOAA
Wind Forecast Improvement Project, PSD is also working with the Department of Energy to improve the
skill of NOAA’s short-term weather forecast models at predicting foundational weather parameters (for
example, wind speed, turbulence intensity, and icing conditions) that impact wind energy generation.

THEME IV: RESEARCH TO APPLICATIONS, OPERATIONS AND SERVICES

The transition of research findings, products and methods into applications, operations and services

is fundamental to ensure the best available science is being applied to support NOAA mission
responsibilities. To address growing service demands and needs for increased accuracy of weather,
climate, and water information, PSD works closely with the NOAA service line offices and external
federal, state, and local partners to accelerate the timely transfer of research advances into operational
settings and the delivery of information for use in policy, planning, and decision making.

PSD works closely with the NOAA National Weather Service (NWS) to incorporate weather, climate, and
water research into operations, including: implementation of testbeds to prototype new observations,
models, and algorithms, data assimilation techniques, regional prediction capabilities, air-sea heat

flux parameterizations, post-processing forecast tools and techniques, seasonal and subseasonal
climate, drought, and hazard outlooks, monitoring analyses, and El Nino Southern Oscillation (ENSO)
diagnostic discussions. PSD partners with the NOAA National Marine Fisheries Service (NMFS) to
develop actionable information in the form of science-based climate and weather knowledge that has
been transformed to be readily understandable and immediately available to support water resource
decision making. PSD also collaborates with groups such as: the US Bureau of Reclamation (USBR), the
U.S. Agency for International Development (USAID), the U.S. Army Corps of Engineers (USACE), the U.S.
Department of Defense (DOD), the U.S. Department of Energy (DOE), the State of California Department
of Water Resources (CA-DWR) and Sonoma County Water Agency (SCWA), and the National Integrated
Drought Information System (NIDIS) to provide the best available weather, climate, and water science to
inform policy and management decisions. PSD leads an international consortium of Arctic Observatories
that network to provide detailed pan-Arctic information on the state of the Arctic atmosphere that will
inform the WMO Polar Predication Project. In addition, PSD conducts research on how stakeholders use
weather, climate, and water information to assess what is needed for the information to be usable and
actionable, thus linking management planning processes and operational issues with potential uses of
weather, climate, and water forecasts and information.
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NOAA Office of Oceanic and Atmospheric Research (OAR)
Earth System Research Laboratory (ESRL)
Physical Sciences Division (PSD)

2015 Science Review
May 12-14, 2015
Boulder, CO

AGENDA

Tuesday, May 12, 2015

PRELIMINARIES

07:00

07:30

Closed Breakfast — Homewood Suites, Boulder Room (OAR Assistant Administrator & Deputy
Assistant Administrator with Review Panel)
Travel to ESRL (Shuttle provided for Review Panel — Other guests should carpool or self-drive)

WELCOMING TALKS (GC402)

08:15
08:30
08:45

09:00

09:45

10:00

Welcome, Introduction of Review Panel — Craig McLean (Assistant Administrator, NOAA/OAR)
NOAA and OAR Research Planning — Steven Fine (Deputy Assistant Administrator, NOAA OAR)
ESRL Overview — Alexander MacDonald (Senior Scientist, NOAA/OAR and Director, OAR/ESRL)

ESRL/PSD Overview — Robert Webb (Director, ESRL/PSD)

Break and Light Refreshments with Demonstrations (15 min)
FACTS Data Access and Visualization — Donald Murray
The Climate Change Web Portal — James Scott
PSD Web-Based Visualization and Analysis Tools — Catherine Smith

PSD Strategic Priorities and Review Themes — Randall Dole (Senior Scientist, ESRL/PSD)

THEME 1: OBSERVING THE PHYSICAL SYSTEM (GC402)

10:15
10:25
10:40
10:55
11:10

Overview: Water Cycle — Allen White

CalWater 2015 — Ryan Spackman

Linking Aerosols and Precipitation — Jessie Creamean

Advances from CALWATER2/VAMOS/DYNAMO Campaigns — Christopher Fairall

Role of gap-filling radars to improve QPE in complex terrain — Robert Cifelli
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11:25 Measurements of Soil Moisture and Ocean Wind Using GNSS Reflected Signals — Valery
Zavorotny

11:40 Summary: Water Cycle — Allen White

11:45 Discussion

12:00 Closed Lunch (Invitation Only) — Review Panel with Senior OAR HQ Leadership and PSD Director
Senior Management (60 min — GB124)

01:00 Overview: Arctic — Taneil Uttal

01:10 Unraveling the Secrets of Arctic Clouds — Matthew Shupe

01:25 Understanding Atmospheric Forcing of Arctic Sea Ice Through Surface Energy Fluxes —
Ola Persson

01:40 Arctic Observing: Addressing Current Limitations to Advance Scientific Understanding —
Gijs de Boer

01:55 Summary: Arctic — Taneil Uttal

02:00 Discussion

02:15 Break and Light Refreshments (15 min)

THEME 2: UNDERSTANDING THE PHYSICAL SYSTEM (GC402)

02:30 Overview: Atmosphere and Ocean Dynamics — George Kiladis
02:40 Stable Boundary Layers — Andrey Grachev

02:55 Impacts of Atmospheric Tropical Waves on Weather and Climate in Observations versus
Models — Juliana Dias

03:10 Tropical Forecasts and Predictability for Week 3 and Beyond — Matthew Newman
03:25 The Processes Underlying the Pacific Decadal Oscillation — Michael Alexander
03:40 Summary: Atmosphere and Ocean Dynamics — George Kiladis

03:45 Discussion
04:00 Break and Light Refreshments (15 min)

04:15 Overview: Explaining Extremes to Improve Predictions — Joe Barsugli
04:25 Understanding and Explaining Causes for Trends in Regional Precipitation — Martin Hoerling

04:40 Understanding and Explaining Causes of Weather and Climate Related Extreme Events — Judith
Perlwitz

04:55 Linkages between ARs and Orographic Precipitation in the Western U.S. — Mimi Hughes
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05:10 On the Current Role of Climate Change in 2011-2014 California Drought — Linyin Cheng
05:25 Summary: Explaining Extremes to Improve Predictions — Joe Barsugli 05:30 Discussion

05:45 Adjourn 06:00 Review Panel Closed Session (1D-708)

07:00 Closed Dinner (Invitation Only) — Review Panel with OAR and PSD Senior Management

Wednesday, May 13, 2015
PRELIMINARIES
07:00 Breakfast at Hotel

07:45 Travel to ESRL (Shuttle provided for Review Panel — Other guests carpool or self-drive)

THEME 3: MODELING THE PHYSICAL SYSTEM (GC402)

08:15 Overview: Improving Model Processes — Robert Cifelli
08:25 Radiative Forcing in CMIP6 — Robert Pincus
08:40 Evaluation of Microphysics Schemes for Numerical Weather Prediction — Jian-Wen Bao

08:55 Improving Weather and Climate Prediction Models Through the Super-Parameterization
Approach — Stefan Tulich

09:10 High Resolution Modeling to Understand Flood Risk and Hail Impacts in Future Climates — Kelly
Mahoney

09:25 Summary: Improving Model Processes — Robert Cifelli

09:30 Discussion
09:45 Break and Light Refreshments with Demonstrations Repeated (15 min)

10:00 Overview: Modeling the Climate System — Prashant Sardeshmukh
10:10 The Stochastic Framework for Understanding Climate — Cecile Penland

10:25 Challenges in modeling extremes — Prashant Sardeshmukh 10:40Modeling the Arctic System —
Amy Solomon

10:55 20th Century Reanalysis — Gilbert Compo
11:10 Summary: Modeling the Climate System — Prashant Sardeshmukh

11:15 Discussion
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POSTER SESSION | — 11:30-12:15 (GC402 and ATRIUM)

Reviewers and Visitors Only

12:15

Impacts of Extratropical-Tropical Interaction on Subseasonal North American Atmospheric
Variability —John Albers

Description and Capabilities of an Automated Objective Technique for Identifying Atmospheric
Rivers — Darren Jackson

Comparison of Simulated Soil Moisture in a Distributed Hydrological Model Using Direct
Observations — Robert Zamora

Development of Calibrated Probabilistic Forecast Products for Extreme Rainfall — Michael
Scheurer

Comparison of Global Precipitation Estimates Across a Range of Temporal and Spatial Scales —
Maria Gehne

Closed Lunch1 (Invitation Only) — Review Panel with Invited PSD Staff (60 min — GB124)
Closed Lunch2 (Invitation Only) — Leadership Across NOAA with PSD Research Team Leads and
PSD Management (60 min —GC402)

POSTER SESSION Il — 01:15-2:00 (GC402 and ATRIUM)

Reviewers and Visitors Only

Impact of Climate Variability and Change on Marine Ecosystems — Michael Alexander
International Arctic Systems for Observing the Atmosphere — Sandra Starkweather
Stakeholders Interactions to Improve the Use of Climate Information — Andrea Ray

Using the Absence of Wind-Profiler Reflectivity to Study Stratocumulus-Topped Marine
Boundary Layer Processes — Leslie Hartten

XPIA: Development of Remote Sensing Techniques for Renewable Energy Applications —
Katherine McCaffrey

High resolution ensemble data assimilation for operational hurricane prediction - Henry
Winterbottom

THEME 4: RESEARCH TO APPLICATIONS, OPERATIONS AND SERVICES (GC402)

02:15 Overview: Serving Stakeholders — Laura Bianco
02:25 Wind Forecast Improvement Project (WFIP and WFIP2) — James Wilczak
02:40 Improving Seasonal Forecasts to Help with Drought Planning in California — Klaus Wolter
02:55 Developing Data Tools and Products in Support of Research to Applications — Allen White
viii May 12-14, 2015
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03:10 A “Sea to Summit to Sea” Approach to Improve Management of Water Resources —
Lynn Johnson

03:25 Summary: Serving Stakeholders — Laura Bianco

03:30 Discussion
03:45 Break and Light Refreshments with Subset of Posters Repeated (15 min)

04:00 Overview: Serving NOAA — Thomas Hamill

04:10 Ensemble Data Assimilation — Jeffrey Whitaker

04:25 Model Uncertainty Parameterization in Ensembles — Philip Pegion
04:40 Ensemble Reforecasts and Post-Processing — Thomas Hamill
04:55 Air—Sea Flux Products — Christopher Fairall

05:10 Summary: Serving NOAA — Thomas Hamill

05:25 Discussion

05:30 Adjourn

05:45 Review Panel Closed Session (1D708)

05:45 NOAA Line Office, OAR and PSD Senior Management Closed Session (3B207)

07:00 Dinner — On Your Own (Optional Reservations for 20 at the Boulder Dushanbe Tea House)

Thursday, May 14, 2015
PRELIMINARIES
07:00 Breakfast

07:45 Travel to ESRL (Shuttle provided for Review Panel if needed — other guests carpool or self-
drive)

STAKEHOLDER SESSIONS

08:00 Preparation for Concurrent Closed Sessions with Review Panel

Session 1 (1D708)

08:15 Gary Eilerts (Program Manager, Famine Early Warning Systems Network, USAID) — DC
08:35 Wayne Higgins (Director, Climate Program Office, NOAA Research) — CO

08:55 Levi Brekke (Chief, Research and Development, U.S. Bureau of Reclamation) — CO

09:15 John Cortinas (Director, Office of Weather and Air Quality, NOAA Research) — CO

09:35 Michael Anderson (State Climatologist, California Department of Water Resources) — CA

May 12-14, 2015 ix
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Session 2 (1D403)

08:15 Hendrik Tolman (Director, Environmental Modeling Center, NOAA National Weather Service) —
DC

08:35 Joel Cline (Program Manager, Wind and Water Power Program, U.S. Department of Energy) —
DC

08:55 Von Walden (Professor, Department of Civil Engineering, Washington State University) — WA
09:15 Tony Willardson (Executive Director, Western States Water Council) — UT
09:35 Roger Pulwarty (Director, National Integrated Drought Information Service) — CO

REVIEW PANEL SUMMARY, WRAP-UP AND DISCUSSION (1D708)
10:00 OAR and PSD Senior Management with Review Panel

REVIEW PANEL CLOSED SESSION (1D708)

10:30 Discussion and Report Coordination

REVIEW PANEL PRELIMINARY REPORT-OUT (1D708)
12:00 OAR and PSD Senior Management with Review Panel

01:00 Adjourn
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NOAA RESEARCH . ESRL - PHYSICAL SCIENCES DIVISION
Arctic Observing: Addressing Current Limitations to

Advance Scientific Understanding

Gijs de Boer

Science Review
12-14 May 2015
Boulder, Colorado

Science Driver: Aerosol-Radiation Interactions
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PSD Observations in the Arctic
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Science Driver: Understanding Spatial Variability

NCEP-1
275

o PN AL NS A
hat

: NS A
L5 265 \/\\M//\/M-j E ]””
260 -10

ERA-I Observations CAMS

. Bias
(K)
o
-—
——
—

T

< Bias
GD)
o
i
-
<
*
:

A Yl‘*

70
08/12 08/15 08/18 08/21 08/24 08/27 08/30 09/02
Date 788()*&H(&5(-1%:(; <=C(PDEF4(

]
x

Science Review + Boulder, CO + 12-14 May 2015

Science Driver: The Evolving Arctic Surface
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Summary and Conclusions

PSD observing advances Arctic physical process understanding and
aids in validation of models and reanalyses

These efforts benefit from measurements made using new platforms
such as unmanned aircraft systems (UAS)

Current UAS efforts focus on development and deployment of
platforms measuring lower atmospheric thermodynamic state, aerosol
size distribution, and radiative transfer

These UAS provide critically-needed three-dimensional insight and
can operate over thin and broken ice environments,

Such activities enhance existing capabilities at observatories and from
ice breakers and can benefit upcoming Arctic studies (e.g. YOPP,
MOSAIC).
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Theme 1: O

rving the Physical System

Arctic- Summary

Taneil Uttal

Science Review
12-14 May 2015
Boulder, Colorado

What you heard
PSD has extensive Arctic observing expertise, capabilities

Cherskii, Russia 4

Tiks, Russla

RCH « ESRL -« PHYSICAL SCIENCES DIVISION

PSD Arctic Research Notable Successes

PSD is a leader in Arctic observing science, and active participants in
national and international planning

PSD observations and research have characterized the formation and
maintenance mechanisms of Arctic mixed phase clouds

PSD has quantified the influence of Arctic clouds and the boundary layer
on the surface radiation heat budget

.

PSD makes Arctic observations and research products easily accessible
to facilitate collaboration science

.

PSD continues to innovate Arctic observing technology and push
observational excellence

Science Review + Boulder, CO + 12-14 May 2015
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PSD Arctic Research is Aligned with NOAA
Priorities

Sustain climate records
Improve understanding of interactions and processes

of key oceanic, terrestrial, and atmospheric
components of Earth’s climate system

Maximize the amount of information from NOAA
observing systems, partnerships, and leveraged non-
NOAA observing capabilities

PSD is advancing understanding of the complex Arctic system with

1-1 Matthew Shupe

RC SRL « PHYSICAL SCIENCES DIVISION

What you heard

comprehensive observations and analyses

—~a,

- I 1-3 Gijs de Boer W

CO + 12-14 May 2015
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What'’s Next for Arctic Observations?

Continued commitment to obtaining pan-Arctic
atmospheric measurement records and
developing innovative observing technologies

WWRP Polar Prediction Project
Science Plan

Continued leadership to obtain a full annual
cycle of coupled Arctic system observations —
MOSAIC

Participation in Year of Polar Prediction

Continuing to work with our partners in NOAA,
across agencies and universities, and
internationally

‘e Review + Boulder, CO « 12-14
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What'’s Next for Arctic System Research? Panel Discussion

* How can observations help
us to understand the two-
way linkages between the
Arctic and global weather
and climate?

* Taneil Uttal

* Matthew Shupe
Unraveling the Secrets of Arctic Clouds

* OlaPersson
Understanding Atmospheric Forcing of Arctic Sea Ice
Through Surface Energy Fluxes

How can sea ice models and
forecasting be improved
through observations that
allow for a more
comprehensive
understanding of coupled
Arctic processes?

* Gijs de Boer
Arctic Observing: Addressing Current Limitations to
Advance Scientific understanding

Science Review + Boulder, CO + 12-14 May 2015 Science Review + Boulder, CO + 12-14 May
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Theme 2: Understanding the Physical Syst

Atmosphere and Ocean Dynamics
Overview

George Kiladis

Science Review
12-14 May 2015
Boulder, Colorado

RCH « ESRL « PHYSICAL SCIENCES DIVISION

Atmosphere and Ocean Dynamics

Much of what we do under this theme involves Interactions Across Multiple Time and Space
Scales

1 1 il il 100
WEEK | MONTH YEAR DECADE YEARS

Turbulent Fluxes EquatorialWaves ~ MJO  Sub-Seasonal Prediction ~ ENSO Pacific-Decadal Oscillation|

PSD has a long history, going back to the days of the Climate Diagnostic Center, of tropical and
tropical-extratropical research

Understanding tropical variability and its interaction with the extratropics offers tremendous
potential to extend global predictions across the entire range of weather to climate time scales

« Boulder, CO + 12-14 May 2015
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Atmosphere and Ocean Dynamics

Much of what we do under this theme involves Interactions Across Multiple Time and Space
Scales

1 1 1 1 100
WEEK | MONTH YEAR DECADE YEARS

Turbulent Fluxes EquatorialWaves ~ MJO  Sub-Seasonal Prediction ~ ENSO

Pacific-Decadal Oscillation)
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Atmosphere and Ocean Dynamics

Much of what we do under this theme involves Interactions Across Multiple Time and Space
Scales

1 1 1 ] 100
WEEK | MONTH YEAR  DECADE YEARS
Turbulent Fluxes Equatorial Waves ~ MJO  Sub-Seasonal Prediction ENSO  Pacific-Decadal Oscillation|

PSD has a long history, going back to the days of the Climate Diagnostic Center, of tropical and
tropical-extratropical research

Understanding tropical variability and its interaction with the extratropics offers tremendous
potential to extend global predictions across the entire range of weather to climate time scales

...as well a providing targets for model validation and development

« Boulder, CO + 12-14 May 2015
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Atmosphere and Ocean Dynamics
PSD 2010 Strategic Goal Addressed:

Improve Observations and Understanding of Earth System Processes

NOAA Strategic Goal Addressed:

Improved Scientific Understanding of the Changing Climate System and its Impacts
Specific NOAA Goals in the 5-Year Plan:

1. Atmospheric and Oceanic Observations Integrated into Earth System Modeling

2. Improved Understanding of Interactions and Processes of Key Oceanic, Terrestrial, and
Atmospheric Components of Earth’s Climate System

Specific OAR Science Goals:

What is the State of the Climate System and How is it Evolving?

cience Review « Boulder, CO + 12-14 May 2015
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Atmosphere and Ocean Dynamics
PSD 2010 Strategic Goal Addressed:

Improve Observations and Understanding of Earth System Processes

NOAA Strategic Goal Addressed:

Improved Scientific Understanding of the Changing Climate System and its Impacts
Specific NOAA Goals in the 5-Year Plan:

1. Atmospheric and Oceanic Observations Integrated into Earth System Modeling

2. Improved Understanding of Interactions and Processes of Key Oceanic, Terrestrial, and
Atmospheric Components of Earth’s Climate System

Specific OAR Science Goals:

What is the State of the Climate System and How is it Evolving?
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ESRL « PHYSICAL SCIENCES DIVI
Intraseasonal Moisture Transport Associated with the Leading Mode of Zonal Wind over North

Intraseasonal Moisture Transport Associated with the Leading Mode of Zonal Wind over North
Pacific (essentially the Aleutian Low Strength)
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Ref: Newman et al., J. Climate 2012

+ Boulder, CO « 12-14 May 2015  Ref: Newman et al., J. Climate 2012

RCH - ESRL « PHYSICAL SCIENCES DIVISION RCH - ESRL - PHYSICAL SCIENCES DIVISION
Leading Mode of Moisture Transport

over Western North America

Leading Mode of Moisture Transport

Track Density of Moisture Paths Leading Vertical Section of Moisture Path
over Western North America to Extreme Precipitation over eastern

Washington

Leading to Extreme Precipitation
over eastern Washington
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What are the paths of moisture leading to extreme precipitation over the

What are the paths of moisture leading to extreme precipitation over the
Western United States?

Western United States?

CO « 1214 May 2015 Ref

etal. 2015, J. Hydrometeorology
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Comparison of Precipitation Data Sets over North America

Upcoming Talks....
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Stable Boundary Layers- Andrey Grachev

Do We Understand
Turbulent Fluxes over
Stable Boundary
Layers?

SEARCH « ESRL « PHYSICAL SCIENCES DIVISION

Tropical Forecasts and Predictability for Week 3 and Beyond-
Matt Newman

Month 6 Tropical IndoPacific SST hindcast skill

Can we characterize
predictability beyond week 27

Pattern Correlation

To6s 1990 1995 2000 2005 2010
year

SEARCH - ESRL - PHYSICAL SCIENCES DIVISION

Understanding Convective Coupling in Atmospheric Tropical Waves-
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Stable Boundary Layers

Andrey A. Grachev

Science Review
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Boulder, Colorado
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Why do we care about the SBL?

+ The SBL remains the least understood element of the atmospheric boundary layer.
« Principal characteristic of SBL - suppresses vertical mixing

- Allows buildup of high concentrations of contaminants; dispersion models perform poorly;

+ Nocturnal weak-wind clear-sky: frost damage, fog formation;

- Unrealistic 'runaway' surface cooling in numerical models;

- Polar atmospheric boundary layers are stable for long periods;

+ Othercivilian and military applications, e.g., safe aviation, visibility (fog and aerosol) predictions for the
battlefield, circulation in complex terrain, katabatic winds etc.)

]

Accumulation of smoke near the upper boundary of the thin SBL

iew + Boulder, CO + 12-14 May 2015
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Stable Boundary Layer Regimes
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Stratification and Earth rotation control the SBL over a flat

rough surface. Different SBL regimes:

*Monin-Obukhov stability parameter (/L)

*Ekman number (EK) influence of the Earth’s rotation
*Bulk Richardson number (Ri y) intensity of the turbulence.

3D view of the Ekman spiral for 14:00 UTC JD
507 (local time 6
height scale.

Science Review + Boulder, CO + 1
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Atmospheric Boundary Layer Structure

+ Atmospheric boundary layers are usually classified into three types: neutral, convective and
stable, based on atmospheric stability (buoyancy effects) and production of turbulence by
wind shear.

+  Turbulence in the stable boundary layer (SBL) is generated by shear and destroyed by
negative buoyancy and viscosity. The strength of turbulence in the SBL is much weaker and it
is much shallower in comparison to the neutral and convective boundary layers.

Free Atmosphere

Stable Boundary Layer

Noon Sunset Midnight Sunrise Noon

Atypical daily cycle of the atmospheric boundary layer in fair weather (after Stull, 1988).

The SHEBA flux algorithm (Andreas et al. 2010a, b);

+  Outlier problem for gradient-based scaling in the
SBL (Grachev et al. 2012);

*  The critical Richardson number and limits of
applicability of Monin-Obukhov similarity theory
in the SBL (Grachev et al. 2013);

+ Similarity theory based on the Dougherty-
Ozmidov length scale (Grachev et al. 2014);

«  The turbulence structure of katabatic flows below
and above wind-speed maximum (Grachev et al.
2015);

* Turbulent mixing and similarity of scalars in the

SBL (Grachev et al. 2015).

Surface Heat Budget of the Arctic Ocean
Experiment (SHEBA)

Boulder, CO «
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Turbulence Suppression in the SBL

Turbulent stress and the critical Richardson number

Behavior of the downward momentum flux
for five levels of the main SHEBA tower
plotted versus

(a) Local gradient Richardson number,Ri,
(b) Flux Richardson number, Rf
(¢) Monin-Obukhov stability parameter, z

TNm?)

The median fluxes for the five levels are
shown as the background x-symbols. The
vertical dashed lines correspond to Ri and Rf =
02.

*(Nm?)

Increasing stability suppresses the momentum
flux from atmosphere to surface

Grachev et al. (2013), Boundary-Layer Meteorology
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Non-Dimensional Vertical Gradients
The SHEBA paramgterizations

v

The Phi functions relate the local gradients of wind speed and temperature to
the turbulent fluxes of momentum and heat.

These parameterizations are widely used in numerical models:
*The COARE bulk flux algorithms

*SHEBA bulk flux algorithm by Andreas et al. (2010a, b)

*Radar and EM propagation ducting models (Ding Ju-li et al. 2011)
*Evaporation from the Arctic Ocean (Boisvert et al. 2015).

+ Boulder, CO - 12-14 Grachev et al. (2007), Boundary-Layer Meteorology. 7

Grachev et al. (2013), Boundary-Layer Meteorology.
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Summary and Conclusions

« SBLdirect data are used principally to develop parameterizations,
improve the observing system, and ‘verify’ model results;

* Research feeds fundamental physics of the SBL (turbulence structure,
critical Richardson number, turbulent Prandtl number etc.);

« Products include flux-profile parameterizations, flux algorithms, and flux-
profile databases;

« Applications include better measurements in the SBL, better flux
formulations for NWP and climate models, and flux-profile datasets for
calibration and validation of regional and large-scale models;

*  Our research will also improve the formulation of turbulent and
mesoscale transport in dispersion models for cases of weak winds and
weak turbulence.
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Katabatic winds: Nocturnal Flow From Steep Terrain

Wind Speed Air Temperature
2 20) 7

Plots of vertical
profiles of the (a)
wind speed, (b) air
temperature, (¢)
momentum flux, ()
T 95— heat flux observed at

U ms?) o (@e80) the ES3 flux tower
Momentum Flux Heat Flux
207 7 7

(on the right) on the
East slope of Granite
Mountain, US Army
Dugway Proving
Grounds in Utah, on
28 September 2012.
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Understanding Convective Coupling in
Atmospheric Tropical Waves

Juliana Dias

Science Review
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How to diagnose convectively coupled tropical waves?

TRMM (obs)
SymmetriciBacka

Eastward &
symmetric
modes

our focus is on synoptic-to-planetary waves that are coupled to rainfall

Ref: Jaramillo, Dias and Kiladis (in prep.)
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Why study convectively coupled tropical waves?

 tropical waves control local
weather;

* larger scale tropical waves
(such as MJO and ER) affect
higher latitude weather;
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How well do models resolve tropical waves?

ass menew CMIP5 (models),, ..,
Crsv2

Eastward &
symmetric
modes
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Why do models have a difficult time representing
tropical waves?

TRMM (obs) CMIP5 (models).....

Sv2

Eastward &
symmetric
modes

Ref: Jaramillo, Dias and Kiladis (in prep.)
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Why do we care about tropical waves?

TRMM (obs) s e
Mean

_SMIPS (models)......
) “crsv2

extratropical interactions

S s @ 1 I 13
Eastward& @ . * Toimprove ‘
symmetric both weather

modes &
and climate

CMIP5 representation of trop| predictions -




(1) How sensitive are synoptic scale waves to cumulus

parametrizations and the basic flow?

@ ©
(a) KW amplitude o7] 20|
S 0] _
g - .
03
H <
e GE e ISE U0 1 ow AN @n o o
(b) MRG amplitude o 0w
; } (@ )
= \(
5 )
- - H Sue
Y L r ™
moister drier i
fongitude (deg) o)

«  Convective coupling induced by Betts- 1620 40 &b e TR
Miller rypes of cumulus Zonal wave number Zonal wind (ms)
parameterizations have different *  Wave scales are not too sensitive to
impacts synoptic scale tropical waves. vertical shear

+ Boulder, CO + 12- Ref: Dias et al., 2013 JAS/ Dias and Kiladis, 2014 GRL
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(2) Are multi-scale interactions key to the existence
and propagation of the MJO?

Is there a pattern of higher frequency
disturbances that is common to most MJO
events?

(a) Eastward power-spectrum
At

" g - W 25

(@) DYNAMO

MO everts
rd power-spectrum

o8 % TEETET

MIO amplitude

cycles per da;

* Thereis no systematic y
enhancement of synoptic scale woL________ . Moo
variability within the MJO envelope MJO events from 1979 to 2012

Science Review + Boulder, CO + 12-14 May 2015 Ref: Dias, Tulich and Kiladis, 2011 JAS / Dias et al,, 2012 GRL 8
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(3) What defines the MJO? Zonal wind or Convection?

RMM and OMI are both bivariate MJO
indexes. RMM is primarily a zonal
wind based index, and OMI is an OLR-
only index.

RMM (zonal wind) OMI (OLR)
Phase? Wesempacic Mases  Prose? Wesempadi Phase s
< 20157 2015
:

SIr

 aseud (ownen) § oseud

/IAN FEB

Phase 1 WH/Africa_Phase 8

APR N F]GaN Fes

1) 5 I i a ]
Phase? Indian Ocean Piase 3 Phase 2 indian Ocean Phase 3
OMIis a useful index for tracking the MJO
JEori 15 convective envelope, including its

— seasonal changes;
i 24

o i
(b) EOF1 Jul, 15

OMI produces robust statistics of MJO
primary events; an

u . OMMsavaMable.at
‘ mjoindex/

patterns

OMI EOF

Ref: Kiladis et al. 2014, MWR
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Summary and Conclusions

(1) Both cumulus parameterization and basic flow impact tropical waves in
different ways, highlighting differences in the physical processes
underlying their convective coupling.

Is that why it is so difficult to represent tropical waves in models?

(2) Because the MJO does not organize higher frequency waves it is possible
that model resolution is not critical to the MJO representation;

MJO representation in models might be possible in a coarse resolution global model.

(3) OLR based indexes are an important target for model development because
they better track the MJO convective envelope.

A model can have high MJO skill based on a circulation index without properly
representing MJO rainfall.

« Boulder, CO + 12-14 May 2015
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Tropical Forecasts and Predictability for
Week 3 and Beyond
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Linear Inverse Model (LIM)

Empirically model the evolution of climate anomalies with the linear
stochastically forced dynamical system

dx/dt=Lx +F,

x(1): series of maps, L: stable operator, F, : white noise (also maps)

* (Ensemble mean) forecasts for lead = :x(t + ) =exp(LT)x(t)
« “Forecast the forecast skill": based on forecast signal-to-noise

“C-LIM": 5-day running mean tropical anomalies (1982-2011)
Ocean: $5T/20°C isotherm depth
Atmosphere: OLR/200&850 mb wind
Low-order model (prefiltered in reduced EOF space)
Determine LIM from 0 and 5-day lag covariance of x (as in AR1 model)
Hindcasts: ined from cro: lidation (10% data withheld!

Near real-time forecasts and predicted skill available on PSD website, soon at CPC

Science Revi

Establishing useful subseasonal forecasts

* Week 3 and beyond: the subseasonal-to-seasonal
("S2S") forecast problem where daily weather
variations can no longer be predicted

* Need to quantify forecast uncertainty
(predictability), including at the process level

= What skill can (and should) we expect?
= Is skill naturally higher for some places and at some times?
= If so, can we identify “forecasts of opportunity”a priori?

* We apply a distinctive PSD approach, competitive
with state-of-the-art forecasting systems, to make
both forecasts and forecasts of forecast skill

CH « ESRL - PHYSICAL SCIENCES DIVISION

In LIM: maximum forecast signal leads to
maximum forecast skill

OLR “optimal” amplification over 20 days SST “optimal” amplification over 180 days

3
8

B
8

2
3

Time >(days)

o 60E  120E 180 120W 60W 0

Contours: OLR
Hovmoller: equatorial (85-8N) average Shading: SST
Vectors: 850 hPa winds

Z20 not shown

w + Boulder, CO + 12-14 May 2015
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LIM and CFS2 have similar pattern of OLR skill:
some places are more predictable than others

Predicted LIM skill
A A

1206 ‘ o 150w+
Adtual M ndcast s

OLR Days 16-20
hindcast skill

Average skill has spatial
structure because so does
average signal-to-noise
variance

LIM forecasts are

competitive with
coupled GCMs

Science Review + Boulder, CO + 12-14 May 2015
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Skill is higher when initial conditions strongly project on
optimal growth structure
Lim

Tropical OLR skill split into cases with 05
either high or initial projection on 04
optimal growth pattern. 03

02
On average, LIM predicted skill is 01
realized by hindcasts (when predicted s %% %
skill > 04) Forecast lead (days)

CFs2

Skill measure: pattern correlation of Tropical o7 T TR ]
IndoPacific OLR anomaly forecast with o8 Slow il pjeoen
verification 0s

o4

03

oz
201
5 610 1115 162 2125 260
Forecast period (Days)
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LIM and NMME have similar patterns of SST skill: LIM and NMME show similar variations in SST skill:

some places are more predictable than others some years are more predictable than others
Month 6 Tropical IndoPacific SST hindcast skill

Predicted Month 6 LIM skill Actual Month 6 LIM skill 08
I _ _ . NNIVE (bias-corrected))
- W a Tz 07 \ (S Esecesmsa |
. Wik "
o ~ = — Month 6 skill averaged osll |
0 E E by year (based on \
{ initialization date)
r(LIM/NMME skill,
Individual expected skill) = 0.8 \
NMME models
(bias corrected Thin horizontal lines o1 (
by model) i
represent mean skill 0 Lower skill in 2000’s?
<« ol 1985 1990 1995 2000 2005 2010
NMME ensemble bl
mean LIM dynamics fixed -> variations in skill due to variations in noise

Science Review + Boulder, CO + 12-14 May 2015
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Summary and Conclusions

* LIM s useful for forecast uncertainty quantification because
its forecast skill is comparable with coupled GCMs (also
provides key benchmark for GCM skill)

* Subseasonal-interannual forecast skill may be predicted
based on LIM signal-to-noise
= Forecasts of opportunity can be identified a priori
= Recent reduced tropical SST forecast skill: random variations in initial
conditions rather than long-term changes?

Tropical “C-LIM” currently transitioning for new Weeks 3/4
CPC forecast guidance (operational by end of FY15)
http://www.esrl.noaa.gov/psd/forecasts/clim/
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The Processes Underlying the
Pacific Decadal Oscillation
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Random Forcing
Aleutian Low Variability

EOF 1 SLP (50%)

* Oceanisasimpleslabno 7/

currents thus no ENSO or
ocean gyres

* Leading pattern => _ |
changes in strength of the  '* o e me M n
Aleutian Low

* Changes in surface fluxes
forces ocean

* Ocean integrates flux
forcing creates SST
anomalies that resemble
the PDO

Science Review + Boulder, CO + 12-1

Alexander, 2010; AGU Monograph Chapter
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Kuroshio-Oyashio “Fee— = ——— I
frontal variability | TS il

* SSTanomaliesandthe /*: — b
atmospheric response - e ——— bt
to the frontal 0 ssTaimT ] 02
anomalies in an - : - b

atmospheric model .
300 hPa height (m)
CA

CAM5 1/4° 51° 50
30

10

g -10
TN Y

o #1200 150 180 150 120 -90° 00

Science Review + Boulder, CO + 12-14 May 2015  Smirnov, Newman, Alexander et al., 2015; J. Climate s

Why study the PDO?

* Leading pattern of SST
variability in the North
Pacific (> 20°N)

Associated with climate,
ecosystem and
hydrologic fluctuations

¢. PDO Time Series

HADISST!
» Develop a process ‘ :

understanding - key to FRSSTV3D

prediction and CMIPS e LI RALRAE.

applications

‘e Review + Boulder, CO + 12-14 May
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Midlatitude Ocean
Processes

* Reemergence

= Acts to“lengthen” ENSO
& random atmospheric

Central Pacific (35°-45°N, 170°W-150°W)

Depth(m)

JPM AMS JUAS  OND JFMe1 AMUT JASH1 ONDs

forcing West
Pacific SST Sea Surface Height (33°-35°N)
+ Ve

* Wind generated Ocean
Rossby waves
= |mpacts SST near Japan,
along the Kuroshio-
Oyashio Extension (KOE)
front

Year

+ Boulder, CO + 12-14 May 2015 Newman, Alexander et al,, 2015; BAMS, submitted

Building the PDO

+ Empirical Model
(LIM)

* Leading Pacific
dynamical modes

= Not EOFs, not
orthogonal

» Time series show
projection of each
mode onto the
PDO

‘e Review + Boulder, CO » 12-14 May 2015 Newman, Alexander et al., 2015; BAMS, submitted
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Summary and Conclusions

* Processes: Summary View
At h . MECHANICS OF THE PACIFIC DECADAL OSCILLATION
* Atmospheric - o -
Bridge (ENSO) fe——
* Random forcing : @
* Reemergence v insrerins - (R ;
* Ocean Rossby A s
waves & ocean <«
fronts oty Ocoan Waves cumcus
. AtmOSpheriC Atmospheric Bridge
response to KOE G,
SST anomalies? it

Science Review + Boulder, CO + 12-14 May 2015 Newman, Alexander et al,, 2015; BAMS, submitted
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Additional slides
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FMA PDO Correlation w/SODA 1958-2004 (de-trended)
"Re—emergence” - SST Central Pacifc (35°N-40°N, 190°E-210°E)
anomalies can recur in
consecutive winters in

the extratropics

Depth(m)

Acts to lengthen
ENSO and Random
Aleutian Low forcing

JFM  AMJ  JAS  OND JFMi1 AMJs1 JASs1 OND4t

Gulf of AK (50°N-55N, 215°E-235°E)

Depth vs. time cross-
section of ocean
temperature
anomalies (°C) in two
regions, correlated on
the PDO (1958-2004)

Depth(m)

T T T T T T T T
JFM  AMJ  JAS  OND JFMi1 AMJs1 JAS+1 OND+1

Newman, Alexander et al., 2015; BAMS, submitted.
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Epoch differences in SST

i) 1949 1968/1969 1988 j) 1957197611977 1996
| |

1969-1988 minus 1949-1968

ce Review + Boulder, CO + 12-14 May 2015
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PDO and ENSO “climate signals” are not
independent

Nov-Mar precipitation
correlated with PDO

Nov-Mar precipitation
correlated with ENSO
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NDU NP1 oads SST by 3 months (corolated W FMA SST)

e
e

Local and remote
forcing of the
PDO

Top: atmosphere
(NPI) leads SST by
three months

Middle: SST leads
NPI by three months

leads SST ipped sn)

Bottom: ENSO index
leads SST by three
months
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Pacific Ocean
currents and
variability

‘SODA Ocean Currents

Kuroshio-Oyashio J
Extension (KOE) system is a 1208 1508
key component of the
North Pacific ocean-
atmosphere system

Shifts in the subarctic SST
front are associated with Subarctic front
longer time scales
(westward propagating
Rossby waves)

_ical "
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ENSO-PDO representation in CMIP5

Taylor diagram compares

PDO determined from

HadISST, 1901-2004, to

« CMIP3: green

+ CMIP5: red

*  Black dots: 50-yr Monte
Carlo subsampling

« Triangles: other data sets

c. PDO Taylor Diagram

Key result:

*  Models reproduce a PDO
EOF but none reproduce
PDO well

« ESRL « PHYSICAL SCIENCES DIVISION
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PDO/ENSO
spectra

Gray shading:
1000 1000-yr LIM
(multivariate ART)
realizations

CMIPS5 spectra
lies within
confidence
interval (a-c)
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Removing tropically-forced portion of the PDO
yields "“internal” North Pacific SST mode

Top: Leading pattern of North Pacific variability (PDO)

Multivariate AR1 Bottom: Leading pattern of “internal” North Pacific
model (LI M): seasonal variability (after uncoupling Tropics and North
Pacific dynamics within B)

Leading North Paciic SST EOF

dx/dt = Bx + F,

Determined from
observations, where x
represents seasonal mean
anomalies (1958-2008) of
- Tropical Pacific 7 <. ==
[SST, thermocline depth]

- North Pacific

[SST, mixed layer temp //D

(30-100m)] -

ENSO-PDO representation in CMIP5

PDO(n) = r PDO(n-1) + @ PCly, e (n) + b PC2 1o(n) + €
Fitting (simpler) AR1 .
model to observations wf T T
and CMIP5 models, o II I|
1901-2004 = III.II“II |.|||||I _..Illlllllllilllllll
r
Key results:

*  Most models reproduce
PDO EOF

+  Almost all models
underestimate tropical
forcing of PDO (a)

*  Most models (slightly)
overestimate r
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Theme 2: Understanding the Physical Syst

Atmosphere and Ocean Dynamics
Summary

George Kiladis

Science Review
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We continue to work on the Characterization and Understanding of the State of the Global
Atmosphere and Ocean...with a primary focus on tropical-extratropical interaction

sulder, CO « 12-14
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We continue to work on the Characterization and Understanding of the State of the Global
Atmosphere and Ocean...with a primary focus on tropical-extratropical interaction
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We continue to work on the Characterization and Understanding of the State of the Global
Atmosphere and Ocean...with a primary focus on tropical-extratropical interaction

PSD Web-Based Visualization and Analysis Tools ~
Catherine Smith

The Climate Change Web Portal - James Scott
Impact of Climate Variability and
Change on Marine Ecosystems —

Michael Alexander \

+ Boulder, CO +
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Atmosphere and Ocean Dynamics

Going forward we plan to continue to address the following PSD 2015
Overarching Science Goals:

1. Develop new knowledge and capabilities to explain observed weather and climate extremes. ..

2. Identify new sources of predictive skill and improve predictions of weather, water, and climate through
observations, understanding and modeling of physical processes. ..

cience Review « Boulder, CO + 12-14 May 2015
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Atmosphere and Ocean Dynamics

Going forward we plan to continue to address the following PSD 2015
Overarching Science Goals:

1. Develop new knowledge and capabilities to explain observed weather and climate extremes...

2. Identify new sources of predictive skill and improve predictions of weather, water, and climate through
observations, understanding and modeling of physical processes. .

ce Review + Boulder, CO + 12-14 May 2015
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OoN

Observations

Work with Global Systems Division (GSD/ESRL) to Assess the tropical performance
of the Flow-following finite-volume Icosahedral Model (FIM)

s N 1
} / b /

Assessing the Ability of Coupled
Models to Simulate the PDO

NOAA OLR Power Spectrum

FIM Run 2 OLR

FIM Run 2 OLR
GFS Physics and GFS Physics plus
Convection GF Convection
- s
“06-05 04 -03-02 0.1 0 0102 03 04 05 06 60 km 120 km

« Boulder, CO « 12-14 5 Newman et al. 2015 Bulletin of the Am

Met. Soc. (submitted) 7
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Work with National Marine Fisheries Service (NMFS) to Assess Climate Change Impacts on Cusk

Our Speakers

, o

Turbulent Fluxes-

Equatorial Waves-
Andrey Grachev

Juliana Dias

2060-2100
+1.78 C

o/ )
§/ 1963-2009 »ﬁ/ 20202060 =

) +1.04C i
Population decreased rapidly over the last 20 years
Consider listing species as threatened or endangered
Needs cold water and rocky bottom
Warming causes habitat to shrink

and fragment

Pacific Decadal
| Oscillation-

! Mike Alexander

Linear Inverse Modeling- /.74
Matthew Newman (-
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Explaining Extremes to Improve
Predictions - Overview

Joseph Barsugli

Science Review
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NOAA Strategic Objectives
= Improved scientific understanding of the changing climate system and its
impacts
= Assessments of current and future states of the climate system that identify
potential impacts and inform science, service and stewardship decisions

NOAA 5-Year Plan Objectives for R&D
= Identify the causes of climate trends and their regional implications

OAR Science Questions
= What causes climate variability and change on global to regional scales?
= How does climate affect seasonal weather and extreme weather events?
= What improvements in global and regional climate predictions are possible?

PSD Strategic Goals (2010)
= Understand, attribute and predict extremes in a variable and changing climate

Science « Boulder, CO « 12-14
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Explaining Extremes to Improve Predictions

Key roles for PSD are to:

* Understand the physical basis for prediction of high-impact
weather and climate events

* Communicate this understanding and its implications to
decision-makers and the public

* Work within NOAA and with other organizations to advance
predictive capability

In this session we focus on the explanation of observed trends,
variability, and extreme events

* Climate-scale drivers

* The roles of predictable and unpredictable climate variability
and anthropogenic change
* Interaction with regional processes and feedbacks

SRL « PHYSICAL SCIENCES DIVISION

Why Explain Observed Extremes?
Connecting “model world” to “real world” — esp. mechanisms that
generate tail risk

Develop scientifically-supported narratives, situational awareness
Establish confidence in predictions
Improve characterization of uncertainty
Inform climate monitoring & nowcasting
Identify needed model improvements

Support adaptation & preparedness on many timescales

Science R Boulder, CO + 12-14 May 2015

Arctic Tropospheric
Warming - linkage
to midlatitudes

Perlwitz et al, 2015)

PSD Trend and
Extreme Event
Assessments
2010-present

reference

M PSD contributions (2010-present) to
assessment of high-impact events
and regional climate trends are
outstanding in quality and quantity
and have national and international
exposure and impact

Explaining Extreme Events
from a Climate Perspective

« Boulder, CO + 12-14 2015 Publicai http://ww
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@ e
@

California 2011-?
Seager et al., 2014) ?

PSD Trend and
Extreme Event
Assessments
2010-present

Prm———— T s Missouri River 2011
. cience Collaboration = 3 ;g—,—l
. keholder Invol: & [Hoerling etal, 2014) Hoerling et al., 2013

http://www.esrl.noaa.




Regional Factors and Models

To explain high impact
events we also need to
understand the local and

regional factors that make

extremes “extreme”
A “
More examples: e
* \Vegetation response .= August2012
« Evapotranspiration Ey—

Example: Soil Moisture and Drought

+ ESRL - PHYSICAL SCIENCES DIVISION

Snowpack evolution
Orographic
precipitation

SRL - PHYSICAL SCIENCES DIVISION

Talks: From trends to events, large scale drivers to local processes

How have sea surface temperatures been driving the
trends and multi-decadal precipitation variability in the
US? (Marty Hoerling)

Could we have anticipated the 2011 Texas drought and
heatwave event? (Judith Perlwitz)

How critical is the wind direction during atmospheric
rivers for heavy orographic precipitation? (Mimi
Hughes)

What can soil moisture tell us about the drought
response to temperature and precipitation? (Linyin
Cheng)
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Understanding and Explaining Causes for Trends

in Regional Precipitation

Martin Hoerling

Science Review
12-14 May 2015
Boulder, Colorado
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Characterizing Observed Precipitation Trends

“Its Getting Drier”
s

i IS0 %0 160 197 1%0 190 @00 @0

Your

010 J. Climate
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Got Forcing? What Forcing? What's Next? 2
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Characterizing Observed Precipitation Trends

“Its Dry....Again”
s

i IS0 %0 10 1970 10 190 @00 &0

Your
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Characterizing Observed Precipitation Trends

“Its Getting Drier” °

W W 0 0 9% 10 10 @0 @0

ent of Climate Change in the Southwest US, CH3: Hoerling et al. 2013; Nowak etal. J. Climate 2012 5
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Characterizing Observed Precipitation Trends

“I'll Get Wetter Again” °

W W %0 10 9% 10 10 @0 &0

6
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Observed Precipitation: 1901-2014 Observed Precip & SST-1901-2013

i o0 %0 160 197 10 190 200 @00

Extended Dry & Wet Regimes are Symptoms of the Semi-Arid West

SRL « PHYSICAL SCIENCES DIVISION

Observed Precip & SST - 1901-2013 Historical Simulations (AMIP) : 1871-2013

Are Wet and Dry Regimes Determined by Warm and Cold Ocean Regimes?

SRL

+« PHYSICAL SCIENCES DIVISION

Historical Simulations (AMIP) : 1871-2013 Historical Simulations (CMIP) : 1921-2013

rid West 11

What'’s the Nature of the Forc
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Historical Simulations (CMIP) : 1921-2013

0BS AMIP cMmip

Southwest US Precipitation Regimes of Last Century Have Not Been Strongly Forced

RL - PHYSICAL SCIENCES DIVISION

0BS AMIP cMmIP

Improved Situational Awareness

Southern Great Plains Precipitation Regimes of Last Century Have Been More Strongly Forced

PHYSICAL SCIENCES DIVISION

N s N
s £ s s
i
2
? ° It's likely that sea surface temperatures have forced ?
i . . N N -0 2
R T multi-decadal trends in NA precipitation during the b0
3 / last century, especially over the southern GPlains. /
What's Nex

° The consequential SST forcing has mostly been due
to natural internal variability.
(Contrast with Hoerling et al. 2012 for Mediterranean Pepn trends)

° The particular history of SST variations has very likely
been more important than the particular history of
external radiative forcing.

(Is this true for East Africa drying? See Liebmann et al. 2014)

° Appreciable precipitation trends arise without
forcing, via atmospheric noise/land coupling alone.

(is this the paradigm for Mega-droughts of the American Southwest?)

We’re Getting Smarter Improved Situational Awareness

: Improved Situational Awareness 17

We’re Getting Smarter
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Understanding and Explaining Causes of

Weather and Climate Related Extreme Events

Judith Perlwitz

Science Review
12-14 May 2015
Boulder, Colorado
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PSD’s Objective:
Provide physical explanation of the magnitude and probability of
extreme events to assess their predictability

= Climatological
—— Climatological+Trend

0 8 6 4 2 0 2 4 6 8 10
Temperature Departure (°C)
NOAA Mission:
To understand and predict changes in climate, weather, oceans, and coasts

Science Review + Boulder, CO + 12-14 May 2015
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PSD’s Objective:
Provide physical expl ion of the and probability of
extreme events to assess their predictability

== Climatological - - 9

|
1
|
|
|
1
o8 6 4 2 0 2 4 § 8 1

‘Temperature Departure (°C)

d

0

NOAA Mission:
To understand and predict changes in climate, weather, oceans, and coasts
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PSD’s Objective:
Provide physical I ion of the itude and probability of

extreme events to assess their predictability

= Climatological
—— Climatological+Trend
— Ciimatological+Trend+Boundary Conditions.

—>
—

08 6 4 2 0 2 4 6 8 10
Temperature Departure (°C)
NOAA Mission:
To understand and predict changes in climate, weather, oceans, and coasts
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PSD’s Objective:
Provide physical explanation of the magnitude and probability of
extreme events to assess their predictability
= Climatological
« Climatological+Trend

= Climatological+Trend+Boundary Conditions
= Climatological+Trend+BC+Initial Conditions

—
-

Temperature Departure (°C)

NOAA Mission:
To understand and predict changes in climate, weather, oceans, and coasts

Science Review + Boulder, CO + 12-14 May 2015

SRL « PHYSICAL SCIENCES DIVISION

A Tale of Two Extremes-
The 2011 Texas Drought and Heat Wave

June-August 2011 Statewide Ranks Sep 2010-Aug 2011 Statewide Ranks
N onx A

Nation! CimatcDaa ContarNESOISWOR

stonelCimte Dot Canir NESDISN

Precipitation

An Extreme Event with more than 7 Billion Dollar in Agricultural Loss
Alone

Boulder, CO + 12-14
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Precipitation

5]

Temperature

Analysis Approach

What are possible
contributing factors
to the 2011 Texas

* Role of anthropogenic forcing (including

drought and heat Peroent of Climatalogy (9 begres Celius () . )
9 iaas increase in GHGs)
wave? Summer Popr ve. Summer Tmp ) . .
i * Role of forcing associated with anomalous
(:‘;})é) N I e boundary conditions (SST, sea ice, soil moisture)
P * Unforced internal variations
Hoerling, M., A. Kumar, R. Dole, J. H
W. Nielsen-Gammon, J. Eischeid, J. g
Perlwitz, X. Quan, T. Zhang, P. g
Pegion, and M. Chen, 2013: An 2
anatomy of an extreme event. J.
Climate -3
T T

Precipitation (%)

Hoerling et al. 2013
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Observed Temperature and Precipitation Changes Role of Anthropogenic Precipitation Temperature
Texes Summer (114) Tomperature Departures ™\ Forcing (based on 20 3
3
N 1A
Temperature g * CMIP5 models) 2011
+ ~0.6°C for 1981-2010 i L
o for oo 3o J— ——

e ~0°Cfor periods i * No significant change in =

starting prior to ~1950 2 precipitation

=50 1910 1920 19%0 1940 1950 1960 1970 1980 1990 2000 2010 « Nearly homogenous
reer temperature pattern over U.S. -z 04| —1981-201
. Texas Summer (1JA) Precipitation Departures oo 201 g | —won

Precipitation e ® * ~0.6°C temperature increase H H
+ Century-scale trend % w over Texas (20%) e é’“ i

fowards wetter § o * Increase in probability for new  §** i

conditions for 3 -2 temperature record from 3% to : ‘

annual means % 40 6% 5575 <5 O 5 %o T GO g

e of Gty 6
- 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Your

Science Review + Boulder, CO + 12-14 May 2015 Hoerling et al. 2013 9 Science R Boulder, CO « 12-14 May 2015 Hoerling et al. 2013

ele Precipitation Temperature
Anomalous Lower Boundary Conditions Role of SST patterns (GF!
Observea SST ik 2011 Observed Pepn ik 2011 AMIP ensemble)
Concurrent
Summer 2011
« Forced atmospheric response b A e
captures several regional
features of 2011 climate
conditions ooz .
- 04— 1081-201
Preceding ¢ ~1.1°Ctemperature increase § o § 201
0Oct 2010- over Texas (40%) o001 H
May 2011 . o 1 z
= « Increase in probability for ~ } o 1. N
new temperature record Zoos z
—— T T from 4% to 23% H H
+ Preceding moderate La Nifia event that decayed by summer TR e 0 ]
. I o Percent of Climatology (5) egres Colsio (')
+ La Nina related preceding drought conditions - e et €9

Science Review + Boulder, CO « 12-14 May 2015 Hoerling et al. 2013

+ Boulder, CO + 12-14 E Hoerling et al. 2013
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Role of Prolonged Drought Conditions Conclusions of Study

Impact of Cumulative Drought

Texas JJA Temperature * No strong evidence for a detected change towards either hotter
—— Unconditioqed or drier summer based on historical records.

Dry Oct—Mpy/JJA

Estimated PDF of Texas
summer temperatures
when the preceding
and concurrent
precipitation were
both in lowest 20% of
AMIP runs over years
1950-2010

« Virtually all the precipitation deficits appear to be related to
ops natural variability.

$
e
> 04
8

« Contributing factors to heat wave magnitude relative to
1980-2010:

= ~40% due to a severe rainfall deficit (antecedent and

S 02l concurrent season) related to anomalous SST (including La
egrees Celsius (°C)
* Extreme warm summer conditions were more likely in AMIP simulations Nifia)
when both preceding and concurrent conditions are dry. = ~20% due to human induced climate change

Science Review « Boulder, CO + 12-14 May 2 Hoerling et al. 2013 3 Science Review « Boulder, CO + 12-14 May 20 Hoerling et al. 2013
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CFSv2
Was this event Precipitation Temperature
predictable? , 2

Each Extreme Event has Different Predictive Attributes

Atmospheric internal variability
2010 Russian Heat Wave (Doleetal. 2011)

Phenomena on all time scales from climate change to
weather (including MJO event)

2012 Midwest March Record Warmth (Dole et al. 2014)

Percent of Climatology (%) Degrees Celsius (°C)

* Forecasts initialized in May
were able to anticipate
much of the SST-enhanced
risk for an extreme summer
drought/heat wave over
Texas.

0zone chemistry-climate interactions
2011 Record Spring NAO (Karpechko, Perlwitz et al. 2014)

End

Snow cover

2013/2014 Upper Midwest Unusual Cold Winter (Wolter et al. 2015,
submitted)

Perost f bt ()

Science Review + Boulder, CO + 12-14 May 2015 Hoerling et al. 2013 5 Science R Boulder, CO « 12-14 May 2015
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Linkages Between Atmospheric Rivers and
Orographic Precipitation in the Western U.S.

Mimi Hughes

Science Review
12-14 May 2015
Boulder, Colorado
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Automated AR Detection Tool (ARDT)

Sample application on 7 November 2006

Automated tool Y
developed for detection
of AR events in observed
and modeled IWV fields
Based on thresholds for
width, length, and IWV

cool seasons ‘Core IWV Along River Axis re IWV at Landfall
= 92.8% critical success @ | |
index 15 b<!

Procedure returns core z ;
IWV, AR width, and N o5
orientation along length = ** 4
of AR 20

Wick et al., TGRS, 2013

]
[

00|

Namberol Cheenatiors

(a)

ENNRCIN ) 2 B 0
Indox along iver axis WY em)
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Floods vs. duds: AR orientation

gion 1. 1op
! top
ooasl => Link between AR angle ogion 4 ton| |
and flood risk: higher risk = = Redenbet
- with west-southwesterly eSon 4. bot
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Atmospheric River wind direction

CH -« ESRL - PHYSICAL SCIENCES DIVISION

Flooding on California’s Russian River:
Role of atmospheric rivers

17 Feb 04 daily
streamflow rank 3 . ,
© Record , Ralph, F.M., P.J. Neiman, G. A. Wick, S.
g ;:;?;ﬁfﬁm I. Gutman, M. D. Dettinger, D. R. Cayan,
2 Remoaerosies : A. White
b Geophys. Res. Lett., 2006
Russian River floods are associated

with atmospheric rivers
- all 7 floods over 8 years.

Flooding in Western Washington: The
Connection to Atmospheric Rivers
Paul J. Neiman, L. J. Schick, F. M. Ralph,
M. Hughes, and G. A. Wick
J. Hydrometeorology (2011)

46 of 48 annual peak daily flows on 4
watersheds were associated with
atmospheric rivers.

Slide courte: Ralph
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CA landfalling ARs as a function of time

L I L B A

B crsR |
SSMI

Number of days with AR landfalls on CA coast

20 ol b Lo Lo Lo Ly
1985 1990 1995 2000 2005 2010
Water Year

Figure courtesy D. Jackson

RCH - ESRL - PHYSICAL SCIENCES DIVISION

Floods vs. duds: AR orientation
0.04 T T T T T T
o8| => Local aspect to this:
Different basins respond
> differently to AR angle.
£ oosp
=
@
-8 0025 i
s Coastal 4 Sierra  ——
T ooz} mountains Nevada: = = ]
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w
001 B
0.005 ‘ 1
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Atmospheric River wind direction
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Landfalling Atmospheric River (AR) -> Extreme

Precipitation amounts in Arizona

=40
I ;'
=20

|

Integrated Water Vapor (cm) (@) 22Jan 2010

[ T | T
025 25 64 127191254 38 51 64 76 102 127 152 203 254rm
i eI i el A0S Quantitative precipitation estimation (mm)
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Linear Model applied
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Linear Model applied

HYSICAL SCIENCE

r angle shifted by ~20 degrees, mm

0 20 40 60 80 100120140160180200220240260280300320

Smith and Evans
(2007) Linear model
(LM) of orographic
precipitation

S K :
o g
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2.5an Juan Mountains'
3.Sierra Nevada

4. Southern California
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Linear Model applied
LM precip for angle shifted by ~30 degrees, mm
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RESEARC
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Linear Model applied

LM precip for angle shifted by ~10 degrees, mm
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Linear Model applied

LM precip for angle shifted by 0 degrees, mm
P T -
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Linear Model applied

LM precip for angle shifted by 10 degrees, mm

[ ]
0 20 40 60 80 100120140160180200220240260280300320

OAA RESEARCH - ESRL - PHYSICAL

Linear Model applied

LM precip for angle shifted by 20 degrees,
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Linear Model applied

LM precip for angle shifted by 30 degrees, mm
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Linear Model applied

LM precip for angle shifted by 40 degrees, mm
2
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Mesoscale precipitation response to ARs
Southern AZ
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Mesoscale precipitation response to ARs Summary and Conclusions

12 Southern AZ Verde River Basin * ARs are a dominant cause of, but not a sufficient
% {@ 6% difference region-wide 33% difference basin-wide condition for, extreme precipitation - and often
g ! [ flooding - events on the US west coast.
5 0.8 * While ARs are themselves synoptic-scale features,
E I mesoscale orographic processes control where
X 0'6: and how much precipitation falls as a result of their
€04l landfall.
2 » Continued work in this area will help understand

Wind Shlft degrees Wind Sh'f‘ deg'ees the processes that control extreme precipitation
Water vapor flux angle at the basin scale - fundamental for deducing

From Hughes et al. 2014 flood risk.

Science Review + Boulder, CO + 12-14 M
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Current Effects of Human-Induced Climate

Change on California Drought

Linyin Cheng

Science Review
12-14 May 2015
Boulder, Colorado
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Case 1: California Drought using Precipitation Observations

Data: from CA Climate Division Precipitation Data (Oct. 1895~ Sep. 2014)
A time series of 119-year record of water year (hereafter, WY, accumulated
from Oct. to Sep. next year) anomalies (i.e., departures from the climatological
mean value).

acof- 4

“ll"”L"II'W 1 "‘I'ILIM "ij%l

300}

Precipitaton Anomaly (mm)

1900 7920 1940 1980 2000

o6t
Water Years

Figure 1119-year Water Year Precipitation Anomaly

Science Review + Boulder, CO + 12-14 May 2015
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Multivariate Assessment on 2011-2014 California Drought:

« Use historical observed Precipitation to characterize the 3-year CA drought

What is the human-induced climate change effect on California drought?

* Use Precipitation and Soil

from historical CCSM4 simulations

+ ESRL « PHYSICAL SCIENCES DIVISION

Case 1: Using observed Precipitation Anomalies

Bivariate Analysis: Drought Severity and Duration

Define:

Drought Duration : defined as the number of consecutive intervals (e.g., djs no. of
years) where anomalies remain below the threshold value (i.e.,
climatology mean of CA precipitation = 563 mm)

Drought Severity: defined as cumulative anomalies during a drought period,

a
ie, s = —Z Anomalies;
:

(note: the negative of anomalies is used in Case 1 for convenience)

Science R Boulder, CO + 12-14 May 2015

I;=lnterarrival tme

Time
Figure is from Mirabbasi 2012 paper

Science Review + Boulder, CO + 12-14 May 2015
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Total drought events in history are 30 events.
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Case 1: Drought Severity and Duration using Precipitation Observations

e: the current CA drought duration is 3 years (ranked 7t, Return Period = 19 yr)
the 3-year precipitation deficit is 522 mm (ranked 3¢, Return Period = 41 yr)

1987~1992| " 198741992
S5 700
s .
1946~1950 600
a5 . 1928~1931
- = * e A1-yr
z E soo .
g ¢ £ s
= 35 £ a00
% 3
S 3pr->er £ 300
2 i
1.5 100 I
1 - - - ol - - -

Return Period (Years) Return Period (Years)

Figure 2 Univariate return period for drought duration (left) and severity (right) fitted to Gamma distribution
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Case 1: Drought Severity and Duration using Precipitation Observations
Bivariate Return Period: Joint analysis of CA drought duration and severity using copulas
T 1987-1992
700+ 0.1 N 5ﬂ—vr
600 \
— ¥ . 1928-1931
¥
E 500 2091 . . 1946-1950
5  1959-1963
& 40 1917+1920
3 . . \
P S ol
& 300- — | ‘
&
200+ |
|
100+ i
o i . L.
o 1 3 5 6
Duration (years)
Figure 3 Joint return period of CA drought duration and severity
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Assuming two variables  {fluration) and  (s&verity) with cumulative distribution
functions:

Fy(x)=Pr(X <x)and F,(y)=Pr(Y <y)

the copula ( § can be used to obtain their joint distribution function:

F(x,y) = C(Fx (), Fy ()

B (), 0 (u2)yf) S1<0<H Zarcsin(9) Sarcsin(2)
(u;g+u;€—1)'1/‘9 8€(0,00) ﬁ *

o~0u1 _ 1)(g=0u2 _ |
Frank 4 log (1 + w> 0€(-00,00)  L=3[l=Di0)] 1= FDa(6) - Dal0)]
AliMikhailkHag (1 - (1 - ug)(1 - u2))] ™" -1<6<1 (22 *

“31-§ Pm(1-6)
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Bivariate Return Period: Joint analysis of CA drought duration and severity based on SPI

60
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Duration (months)
Figure 4 Joint return period of CA drought duration and severity based on observed SPI18
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Multivariate Assessment on California Drought:

* Use Precipitation from Climate Division and CCSM4 simulations

What is the human-induced climate change effect on California drought?

|- Use Precipitation and Soil Moisture from historical CCSM4 simulations |

Science Review + Boulder, CO + 12-14 May
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Two equilibrium runs with 2000-year monthly data{Y1 850: preindustrial

Y2000Lindustrial (current climate)

Climatology Mean Temp WY Prcp SM 10cm SM 1m

Y1850 14.57°C  762.31mm 22.31 kg/m? 218.87 kg/m?
Y2000 (warm wet) 1622°C  817.0mm  22.33kg/m?>  220.39 kg/m?
Y2000-Y1850 1.65°C 54.69 mm 0.02 kg/m? 1.52 kg/m?
Statistics of two runs:

« Soil moisture at 10cm is very close in Y1850 and Y2000

* Y2000 has more deep soil moisture than Y1850

Science Review + Boulder, CO + 12-14 May 2015




Case 2: Precipi and Soil Moi: e (at 10cm) from Y1850 and Y2000

Data: simulated Precipitation and Soil Moisture at 10cm from CCSM4 Model
two runs with 2000 period: Y1850: preindustrial; Y2000: industrial

Bivariate Analysis: 2~4-yr WY total prcp anomalies and WY averaged soil moisture
anomalies (baseline is the climatology of Y1850).

« ESRL « PHYSICAL SCIENCES DIVISION

Case 3: Precipi and Soil Moisture (at 1m) from Y1850 and Y2000

+ ESRL - PHYSICAL SCIENCES DIVISION
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Case 2: Precipi and Soil Moisture (at 10cm) from Y1850 and Y2000
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Summary and Conclusions

« The 2011-2014 (3-year) CA drought is not an exceptional rare event from the
bivariate perspective of duration and severity using precipitation, nor is the
2011-2015 (4-year) CA drought.

« Different land surface (soil moisture) responses to climate change:

1) Using a bivariate drought definition of 10-cm soil moisture and precipitation,
droughts of all severities of the 1850-vintage become more frequent in the
current climate.

2) Using a bivariate drought definition of 1-m soil moisture and precipitation,
moderate-severe droughts of the 1850-vintage become less frequent in the
current climate.

4 May 2015
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Theme nderstanding the Physical S

Explaining Extremes to Improve
Predictions - Summary

Joseph Barsugli

Science Review
12-14 May 2015
Boulder, Colorado
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Notable Successes

« Improved understanding of SST-forced and other boundary-

forced components of regional trends and extreme events

Contributed to a multi-faceted understanding of the factors

that determine the flooding impact of atmospheric rivers

* Produced and contributed to assessments of the causes and
predictability of many high-impact events

« Peer-reviewed articles; stakeholder meetings; webinars

« Inform operational forecasts and outlooks through regular
participation in Climate Prediction Center (NOAA/CPC) and

Famine Early Warning System (FEWSNET) calls

ulder, CO « 12-14 May 2015
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Future Directions

» Assess high-impact weather and climate events

» Explore future scenarios of extremes in more
detail

» Refine event attribution approaches

Address seasonal risks of extremes

Connect climate and local/regional land surface

processes and weather scale dynamics

* Enhance ensembles and web-based tools (e.g.

FACTS)

Explore effective communication strategies to

explain causes of events

Science Review + Boulder, CO + 12-14 May 2015
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Science Questions Addressed

* What are the causes of climate variability and
change on regional scales?

* How does climate affect extreme events?

* What is the role of local and regional factors in
making an event “extreme”?

Review  Boulder,

+« PHYSICAL SCIENCES DIVISION

* Developing large
atmosphere, coupled,
and hydrologic model
ensembles to address
these questions

» Developing FACTS
website to share data
and enable analysis
(Poster by Don Murray)

Science Review + Boulder, CO « 12-14 May 2015 http://www.esrl.noaa.gov/psd/repository/alias/facts
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Future Directions

PSD Strategic Goal 2015-2020

» Develop new knowledge and capabilities to explain
observed weather and climate extremes, trends and their
impacts to inform risk management and adaptation
decisions

« Work across teams in PSD to integrate event and
trend analysis with fundamental predictability studies,
fine-scale hydrologic modeling and analysis

« Work with partners to better incorporate predictive
physical understanding in impact modeling and
assessments, adaptation, and preparedness

Science Review + Boulder, CO + 12-14 May 2015
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Theme 3: Modeling the Physical Syste

Improving Model Processes - Overview

Rob Cifelli

Science Review
12-14 May 2015
Boulder, Colorado
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Example of Improving Model Processes to Support
Stakeholder Needs: Streamflow Forecasting

Russian River has some of the most
severe flood damage in California
Small tributaries especially flood-
prone

= Flows are not forecast by NWS
PSD prototyping distributed
hydrologic models to provide
streamflow estimates everywhere
in the basin

= Assess sensitivity to precipitation

forcing

Part of a national effort by NWS

= Determine how distributed

modeling can be used to support
flash flood services

[ Lo il
051 25 5 10

0 30
Discharge (kcfs)

Science Revi
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Improving Model Processes

> Yy y

* Environmental prediction is key element of
NOAA's mission of Science, Service, and
Stewardship

« Toimprove prediction, need to understand
model treatment of physical processes over
range of time-space scales

«  From this understanding, can assess model skill
- develop process better representations

3 ;

= Better predictions lead to more reliable actionable Research to inform actions ranging
intelligence for decision makers
* PSD research spans the weather-climate
continuum to understand and improve model
processes
= minutes to multiple decades ; local to global

from issuing weather/flood warnings
to future climate projections

H « ESRL - PHYSICAL SCIENCES DIVISION

Example of Improving Model Processes to Support
Stakeholder Needs: Streamflow Forecasting

* PSD modeling research to I A
inform flood risk ;
management for extreme

events
Max model QPF's (blue
= WRF-Hydro modeling o ellipse) generally
fl'a meWOI’k displaced from max

QPE > timing,
intensity errorsin
streamflow (but sill
useful situational
awareness for
forecasters)

Impact of soil moisture and
QPE on initial conditions (see
poster by R. Zamora)

Propagation of forecast
uncertainty from
precipitation to streamflow
(see poster by M. Scheurer)

apedien
=1 Sreamiow
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Strategic Context
» NOAA Strategic Goal(s) Addressed:
= Weather Ready Nation
= Climate Adaptation and Mitigation
* NOAA Strategic Objective(s) Addressed:
*= Improved scientific understanding of the changing climate system and its
impacts
= Reduced loss of life, property, and disruption from high impact events
» NOAA 5-Year Plan Objective(s) Addressed:
= Improved predictive guidance
* OAR Science Question(s) Addressed:
= How can we improve forecasts, warnings, and decision support for high-
impact weather events?
= What causes climate variability and change on global to regional scales?
* PSD Strategic Goal Addressed:
. Ulpdetrstand, attribute, and predict extremes in a variable and changing
climate

Improving model processes strongly supports goals and objectives at all NOAA levels

ce Review + Boulder, CO + 12-14 May 2015
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What You Will Hear: Use-Inspired Research to
Improve Model Processes Across the Weather-
Climate Continuum

* Robert Pincus: Radiative Forcing in CMIP6
= Future climate projections: In providing
reliable projections of future climate, including
extreme events, do we understand model error
characteristics?
« Jian-Wen Bao: Evaluation of Microphysics
Schemes for Numerical Weather Prediction
= Precipitation forecasts: How much
complexity is required to accurately represent
microphysical processes in weather forecast
models?

ce Review + Boulder, CO « 12-1
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What You Will Hear: Use-Inspired Research to
Improve Model Processes Across the Weather-

Climate Continuum
& 4

Stefan Tulich: Improving Weather and
Climate Prediction Models Through the
Super-Parameterization Approach
= Innovation: What key processes must be
represented to capture extreme events?
» Kelly Mahoney: High Resolution
Modeling to Understand Flood Risk and
Hail Impacts in Future Climates
= Inform decision-makers : How can high-
resolution modeling better inform future
flood risk management applications?

¥ + Boulder, CO + 12-14
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Radiation: Pathways to Accuracy and

Implications for Interpretation

Robert Pincus

Science Review
12-14 May 2015
Boulder, Colorado
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Unpacking radiative transfer

1. Determine optical properties of

»CGases >
= Clouds
= Aerosols

2. Compute transport

oupling: use heating rates, surface fluxes to
dvance the model

Science Review + Boulder, CO + 12-14 May 2015
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Coupling radiation to dynamics

Insight: Frequent randomly-chosen subsets of the
spectral integration are an unbiased estimate of
the full calculation
¢ < ,
F(z,y,2,t) ~ e Z weFy(s's 2y, 2,t)
9(i€[L..G])

Why is this useful?

= Samples temporal variability

= Can save computation time

= Converges properly

Review + Boulder, CO + 12-14 5 Pincus a
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Context

 Radiation is the fundamental driver of weather and
climate. Accurate representation is key to weather
prediction and climate projection.

« Radiation is on uniquely solid theoretical grounds
among physical parameterizations, but balancing
computational cost and accuracy have been a challenge

« I'll describe work to improve the representation of
radiation in models, assess errors, and determine how
those errors impact interpretation of climate
simulations

Review + Boulder, CO + 12-
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Coupling radiation to dynamics

* Radiation is really computational intensive, so
we approximat§
F )~ Fy(, 1, 2, trad (t) {Fraa (£) — t < Aty
(z,y,2,t) @,}D a woFy(x,y, 2, trad(t) Q\igf)fit /t )

that is we compute radiation fluxes less frequently
than other terms and correct for time dependence

= Consistent with slow forcing by radiation

= We assume hope this works

Science Review + Boulder, CO + 12-14 May 2015
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Temporally Sparse, Spectrally Dense Monte Carlo Spectral Integration
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Monte Carlo Spectral Integration: impacts

Understanding why this works helped us better
understand the coupling of radiation and cloud
dynamics

MCSI enabled realistic radiation in large-eddy
simulations

...leading to new insights into cold pool/cloud dynamics,
aerosol cloud interactions...

* Interactive land surface makes this problem harder

Experiments in weather and climate contexts show no
obvious advantage but the jury is still out

Science Review + Boulder, CO + 12-14 May 2015 Schlemmer and Hohenegger, 2014; Seifert et al, 2015
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Coupling strategies aside, the accuracy of radiation
parameterizations can be assessed...

LW present-day flux error, SFC LW forcing error, SFC

Increasing PWV ~ ——

Pincus et al., 2015
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... and are getting better, but still show a surprising range of skills
especially in forcing calculations

£
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B ?
g <
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Error in SW TOA forcing (W/m?)

Error in SW absorption in present-day (W/m?)

Science Review + Boulder, CO + 12-14 May 2015 Pincus etal., 2015
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Even in “controlled” experiments
each GCM is subject to different
radiative forcing. This diversity
arises from errors, loose
specifications, and specific aspects
of the model that modify the
instantaneous forcing.

i

Temeraure chge )
° :
&

We can't understand diversity in
response without quantifying the
diversity in forcing and
understanding how much of that
diversity is plausible.

Aduste frcig (W)

+ Boulder, CO + 12-14 May 2015 Forster et al., 2013
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Radiative Forcing (RF) model intercomparison project

* Motivation

= Disentangle variability in forcing from variability in
response across models

* Approach
= Characterize and assess radiative forcing for each model
= Coordinate simulations in which RF is tightly specified
e Components
= Offline assessment of parameterizations (Pincus)
= Online diagnosis of effective radiative forcing (Forster)
= Integrations with tightly-controlled RF (Stevens)

Science Review + Boulder, CO + 12-14 May 2015
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Summary

We are making models better by

= improving radiation parameterizations for weather and climate
applications

= exploring radical new coupling strategies
We are leading an international effort to understand how
relationships between forcing and climate response past,
present, and future. This is key to interpreting projections, and to
detection and attribution.

= Feeds directly into climate assessments such as IPCC AR6.

‘e Review + Boulder, CO » 12-14 May 2015
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Budgetary Evaluation of Microphysics Schemes
Used in Numerical Weather Prediction

Jian-Wen Bao

Science Review
12-14 May 2015
Boulder, Colorado
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An idealized tropical cyclone intensification case

WRF-ARW (v3.5) is run nested 9km and 3km domains, 43 vertical levels, with the
following 4 MP schemes.

DTECHLTELS Predicted Variables
Parameterization

Ferrier Mixing ratios of cloud water, rain water, snow; rime
(a version of NOAA’s factor

Mixing ratios of cloud water, rain water, cloud ice,
snow and graupel

Mixing ratios of cloud water, rain water, cloud ice,
Thompson snow and graupel; number concentration of rain

water and cloud ice

Mixing ratios of cloud water, rain water, cloud ice,
snow and graupel; number concentration of rain
water, cloud ice, snow and graupel

actoup aRAN arce

Thamson Tharpson

A Narien " et 2

Holght (k)

Domain and time
averaged hydrometeors:
1-24 hours (gestation
period)

o
Mixing Rato (kghka) Miing Rato (kgkg)

cience Review « Boulder, CO + 12-14 May 2015
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Basis for budgetary evaluation

Water Vapor

Gain and loss of a hydrometeor due
to gravitational sedimentation

Gain of a hydrometeor due to
. Cloud f Cloud Ice
nucleation on aerosols Water Droplets [€ | crystals
z

Gain and loss of a hydrometeor due
to collision and coalescence

evaporation
Collection

Vapor deposition
‘aggregation

Gain and loss of a hydrometeor due Walzrﬂbnmps
to self-collection or breakup

What is the minimal complexity in
microphysics schemes required in NWP
model?

RCH « ESRL - PHYSICAL SCIENCES DIVISION

Sensitivity of intensification to microphysics parameterization
Maximum 10-m wind speed Minimum Sea Level Pressure
50 : et 1 1010 I I | .
——Ferrier /\/ /4—\%;
—— Thompson /
e = 1000 ] N L
__ 401 ——Morrison re \
> <
£ 2 990 b
> gestation period a gestation period
ko g.)
B 30 o
2 o 980 F
° [
£ 3
2 = o704 —Ferrier L
20 rg ——Thompson
@ ——WsMé
960 ~——Morrison \[
10 T T T T T T T T
0 10 20 30 40 0 10 20 30 40
Forecast Time (hr) Forecast Time (hr)
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Domain and time averaged MP diabatic heating: 1-24 Hours (gestation period)
15 ' f‘Ferrier‘
——Thompson
—WSMe
12 + ~———Morrison r
E g - Leadsto lest =, Leads to more
3 | intensificatit intensification
=
=4
5] i L
L6
3 L
N4
0 T T T T
-1.0 0.0 1.0 2.0 3.0
Diabatic Heating (K/s)
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SRL - PHYSICAL SCIENCES DIVISION

Mixing ratios of cloud and rain water and MP diabatic heating

QcLoUD at =5 QRAN at =5

Hoight (am)
Height fam)

Miing Ratio (kgkg) Mixing Ratio (kgkg)

Diab Hi duo to MP al fhr=5

Different conversion rates for
cloud to rain water, and
different latent heating rates

Domain sum vertical 44\
——

profiles at t=5 h

Height (um)

« Boulder, CO + 12-14 May 2015
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Budgets of rain water mixing ratio tendency at hour 6:

Morrison vs Ferrier (a version of NOAA’s operational scheme)

Height (km)

Morrison Ferrier
. . L 100 ~—L " s "

Total rain water
tendency

L,

> (R =
e O r-coll-c E +
---------- z
2>
S
2
J—
Cond/Ey
ond/evap -Total rain water
sedimentation tendency
sedmentaton [/ 7" — "
-0.60 -0.30 0.00 0.30 0.60 -0.60 -0.30 0.00 0.30 0.60
() (okg's)

Different size assumptions embedded in all the sink/source terms

Science Review + Boulder, CO + 12-14

Single- vs double-moment formulation for rain water

Time and Dom Avg QR, NR  hrs=1-24 Time and Dom Avg QR, NR  hrs=1-24

0 40 80 120 160 200 240 (H/kg) © 40 80 120 160 200 240 (#/kg)
1 . ! |

5 1 WSM6 r 51 Thompson

—Miing ratio —— Mixing ratio
—--Number conc. -~ Number conc

single-moment

double-moment

Height (km)
Height (km)

0
T T R T T T
0.000 0.003 0.006 0.008 0012 0015 0.018 0000 0.003 0.006 0.009 0.012 0.015 0.018
(g/ka) (g/kg)

0

Caution: it has been unclear so far if the differences are important or if they can be validated.

iew + Boulder, CO + 12-14 May 2015
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Summary and Conclusions

No significant differences in cloud water production between
the four schemes are found in this idealized case study.

Differences in the parameterized rain water production are in
the size distribution assumption embedded in the calculations
of autoconversion, collection growth, sedimentation and
evaporation.

Double-moment schemes differ from single-moment ones in
the parameterizations of self-collection/breakup process and
number concentration sorting.

There is a tradeoff between the complexity needed to
represent detailed microphysical processes and the
uncertainties introduced by the added complexity.

w + Boulder, CO + 12-14 May 2015
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Improving Weather and Climate Prediction
Models Through the Super-Parameterization
Approach

Stefan Tulich

Science Review
12-14 May 2015
Boulder, Colorado
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Motivation

The weather/climate modeler’s lament:
The more things change, the more they stay the same

Since the 1980s: 1000-fold+ increase in both core speed and # or cores

Global model grid spacing: 1980s (400-km) === 2010s (50-km)
Parameterization is still the

e
proverbial “thorn”in our side |

Science Review + Boulder, CO + 12-14 May 2015
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Motivation

The weather/climate modeler’s lament:
The more things change, the more they stay the same

Since the 1980s: 1000-fold+ increase in both core speed and # or cores

Global model grid spacing: 1980s (400-km) =3 2010s (50-km)

Yet many deficiencies remain: biases, missing transients
(MJO), lack of spread, etc.

RCH - ESR HYSICAL SCIENCES DIVISION

“Super-parameterization” (SP): a promising alternative

Pioneered by W. Grabowski 15 yrs ago

= Based on first principles: F=ma, etc.

= Exploits chaotic CRM evolution

= Accounts for key subgrid interactions
= Embarrassingly parallel

+ Boulder, CO
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“Super-parameterization” (SP): a promising alternative

Pioneered by W. Grabowski 15 yrs ago

= Based on first principles: F=ma, etc.

= Exploits chaotic CRM evolution

= Accounts for key subgrid interactions
= Embarrassingly parallel

Simulation of tropical
variability, especially
the MJO, is greatly
improved

Boulder, CO « 12-14 May 2015
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“Super-parameterization” (SP): a promising alternative

Pioneered by W. Grabowski 15 yrs ago

= PBL/shallow clouds not resolved

= Coarse GCM

= 2D geometry, Periodic BCs

= No convective momentum transport
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“Super-parameterization” (SP): a promising alternative

Pioneered by W. Grabowski 15 yrs ago

= PBL/shallow clouds not resolved

= Coarse GCM

= 2D geometry, Periodic BCs

= No convective momentum transport

Mean-state biases
are still a big issue...
an opportunity for
learning

Science Review + Boulder, CO + 12-14
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A story of knowledge discovery
with SP-WRF...

..or, how to simplify the game of Whac-a-Mole
Typicallehiallénge confronti
model evelop: I Convection closure/triggering
PBL turbulence +
surface fluxes

Entrainment/detrainment

Cloud-radiation Rain evaporation/downdrafts

interactions

ESRL - PHYSICAL SCIENCES DIVISION

A new SP version of the WRF model (SP-WRF)

Unique capabilities:
» Can be run either regionally or globally
» Wide variety of bulk physics options

P NONE g e entum transport (CMT)

« Boulder, CO + 12-14 May 2015
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A story of knowledge discovery
with SP-WRF...

...or, how to simplify the game of Whac-a-Mole

PBL turbulence +

Arguably, one of the least
examined aspects of the
parameterization problem

RCH « ESRL - PHYSICAL SCIENCES DIVISION

PSD has tremendous expertise concerning ocean surface fluxes

NOAA R/V Latent Heat Flux vs. 10—m vector wind speed

200~

sope = 140 W m / m 5 : 10 cruises during the 90’s

including COARE, JASMINE,
— and KWAJEX

y-intercept = 30.5 W m*

150~

LH W m?)

Direct (covariance)

50l siope = 13.4 W™ / m s 4
< y—intercept = 31.2 W m
0 n . L n
o 2 6 8 10
Uy (m s7)
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PSD has tremendous expertise concerning ocean surface fluxes

NOAA R/V Latent Heat Flux vs. 10—m vector wind speed

10 cruises during the 90’s
including COARE, JASMINE,
-| and KWAJEX

slope = 14.0 W m* / m s °
*

y-intercept = 30.5 W m*

LH W m

Direct (covariance)
50 siope = 13.4 W™ / m s

y-intercept = 31.2 W m™*

0 s L
0 4 6 8 10
Uy (m s7)

Critical observation:
Surface fluxes don’t go to zero!

Boulder, CO + 12-14 I
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Practical implications for bulk flux algorithms

LH = —(pL,)C,AqU

Agq=q,— qsfc

U= [uZ+vZ+V?

2 def 92iBsfey1/,
v pE s

Science Review + Boulder, CO + 12-14 May 2015
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Practical implications for bulk flux algorithms

LH = —(pL,)C,AqU

Aq=q,— qsfc

U= u?l + Ug ‘ “Gustiness” wind speed

v pEeLy s
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Practical implications for bulk flux algorithms
LH = —(pL,)C,AqU
Aq=q,— qsfc

U= ué + 17,% @ “Gustiness” wind speed

COARE3.0 algorithm

2 der 9ziBsfc 1
Vg = B( T, ) /3 uses Deardorff velocity

Science Review + Boulder, CO + 12-14 May 2015
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But what is the appropriate choice of gustiness
for use in models?

* Gustiness strength in nature increases with spatial
scale E(k) ~ k 5/3)

* Models often have steeper E(k) curves near grid
scales

+ Systematic model biases can lead to steepening of
the LH vs U relationship (Cq =~ constant)

Science Review + Boulder, CO + 12-14 May 2015
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The assumed strength of gustiness matters importantly in SP-WRF

in the context of MJO hindcasts:

OLR composite of 15 MJO events during oll_year

| Ensemble of
15 strong events.

Log (dy)

Hindcast
start date ~*0-

Experiment details:
+ 2.8x2.8 deg. global
* Initialized from ERAI

« Time-varying SSTs

Science Review + Boulder, CO + 12-14 May 2015
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Ensemble-mean SP-WRF hindcast (“weak” gustiness)

OLR (NOAR) U200 (ERA-interim)
5

Log (seys)
Log (doys)

LML)

s = s
5% w0 0 00
on on o

¢
U200 (SP-WRF) g

Log (soys)
Log (doys)
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Increasing the gustiness brings out the MJO!
OLR (NOAA) U200 (ERA-interim)
"
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= 5 -
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Changing gustiness also leads to time-mean rain differences

Strong gustiness

Lotitude

Lotitude
Normalized diff.

R

Science Review + Boulder, CO + 12-14 May 2015
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Summary and Conclusions

* SP-WRF is unique and versatile tool that we are using to
inform the broader modeling community (future plan:
knowledge transfer to in-house operational version of GFS)

* Model also helping to improve our physical understanding
of the weather/climate system (MJO, ITCZ, etc.)

« Story from today illustrates the diverse range of skills and
knowledge that are brought together within PSD
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High-Resolution Modeling to Understand Flood

Risk and Hail Impacts in Future Climates

Kelly Mahoney

Science Review
12-14 May 2015
Boulder, Colorado
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X2R: Needed: Climate change information at weather scales

Challenges:
 Users want high-resolution information to inform climate change planning

* Global climate models: Main tool for climate change info...but not designed for
simulation of extreme precipitation (resolution, parameterizations)

* How to connect climate-scale questions with weather-scale answers?

Green Mountain Dam
Climate Change

Science

SRL - PHYSICAL SCIENCES DIVISION

Flood risk and decision-making needs
« Will climate change affect flood risk for specific
locations, civil/water infrastructure design, operations?

» Can elevation thresholds for storms, flooding, hail
change in future?

1976: Big Thompson Conyon
and washed out US 34 near

2013: Big Thompson Canyon
‘and washed out US 34 neor
Estes Park, CO
(elevation: ~5000ft)
101ves fost

SRL « PHYSICAL SCIENCES DIVISION

X2R: Needed: Climate change information at weather scales

Bureau of Reclamation Dam Safety/Flood Risk Study

How will climate
change affect
extreme
precipitation in the
inter-mountain
West?

USA Dam Failures Nederland, €O 27 July 2010

Can intense rainfall
occurabove 7500 @ (g
ft? e 7

Common wisdom:
all hail

Denver Post

Current practice:
Hail at high
elevations >
reduced flood risk
- reduced dam
safety criteria

Small hail common in high terrain: Time
tomelt > slower flood response

Science R Boulder, CO + 12-14 May 2015

ESR HYSICAL SCIENCES DIVISION

X2R: Needed: Climate change information at weather scales

Downscaling method:
1. Select extreme cases from regional climate model data
2. Create initial conditions for weather model (WRF) simulations
3. Execute high-resolution simulations
4. Compare past, future high-resolution simulations

resolution modeling

NCAR NARCCAP project: g
3 regional climate model projections used - Storm-resolving
Past (1971 - 2000) vs. Future (2041 - 2070) No cumulus parameterization
SRES-A2 scenario - Microphysical detail

L SRL « PHYSICAL SCIENCES DIVISION

Connecting climate and weather scales

24-hour precipitation at regional climate model (RCM) scale 24-hour precipitation at weather model (WRF) scale

(50-km grid spacing)
T

T N

s /{J
'/q“i\‘;f‘/l ) z |
: f('r’;’y{é,ff - Mcolorago ¥

o i ﬁ ( {,_

T
15w 10w 1050 as f

16 30 44 58 72 86 100 114 128 142 - o S

Simulated 60+ individual cases at 1-km grid spacing
Precipitation trends varied across climate model inputs (Mahoney et al. (2013))

High-resolution output: Can be used for scenario planning, input into impact models (e.g., hydrologic
models), to identify and explain climate model errors
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Beyond traditional climate model predictors: Hail? Beyond traditional climate model predictors: Hail?

—evceap —mmao

BRuBrsnRog dageR

Instantaneous verticalcross-sections of raupel/hail (kgke ) 20.case average A melting
Melting level (0'C-isotherm; red contour), level height (m)
Terrain height (m, thick brown contour)

5=

“:

Future storm simulations: Nea”y no surface hail Height of freezing level increases in future (~400 m difference)
above 7500 ft Surface (small) hail accumulation decreases due to increased
If hail becomes rain, will flood risk increase? melting in warmer future environment

“Future” storms still produce a lot of in-cloud hail

v - Boulder, CO + 12-14 May 2015
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Summary and Conclusions
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Hail, runoff, and flood risk

Hydrologic impact of hail-
turned-rain?

Coupled atmospheric-
hydrologic modeling
framework: WRF-Hydro

Flood risk/impacts sensitivity
testing: hail vs. rain, land cover/
use changes, impact of climate
changes

Future

ginstead ina

Appliqtions: Da.m safety G High-resolution modeling: more realistic treatment of physical processes critical to heavy
regulations (national § flash flood research rainfall, hail

standard?), flood risk
evaluation in complex terrain

Precipitation (mm) Climate downscaling experiments: dramatic decrease of high-elevation surface hail
overlaying

streamflow (cfs)

Present-day hail becoming future rain: enhanced flood risk - decision-maker,
stakeholder considerations

Science Rev + Boulder, CO + 12-14 May 2015
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Summary and Conclusions

* Future work

= Rain vs. hail (or snow) at various
elevation thresholds, additional
climate scenarios

Total flood risk: combine
traditional atmospheric fields
with new coupled hydro-met
(e.g., runoff, inundation)

Effectively communicate relative,
combined flash flood
uncertainties (atmospheric +
hydrologic)
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Theme 3: Modeling the Physical Syst:

Improving Model Processes - Summary

Rob Cifelli

Science Review
12-14 May 2015
Boulder, Colorado
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Notable Successes

* PSDresearchis
improving model
predictions

= Provide increased
confidence in
forecasts across time
scales Sub- Multi-
= |[nform policy seasonal decade
makers on regional
to global variability
and trends

Science Review + Boulder, CO + 12-14 May 2015
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Science Issues Addressed

* Use-inspired research addressing PSD science
goals
= Rigorously characterize and predict weather, water, and

climate extremes and their uncertainties to inform
decision-making

= Develop new process understanding, observational
and modeling capabilities to predict conditions
associated with too much or too little water for
improved early warnings, preparedness and resource
management

CH « ESRL - PHYSICAL SCIENCES DIVISION

What You Heard

* Addressing PSD goals to
understand and predict
extremes across the weather-
climate continuum

= Accurate projections of future
global climate require improved
understanding of model
uncertainty (R. Pincus)

= Increased complexity in model
physics doesn’t necessarily
translate to improved prediction
(J-W. Bao)

« Boulder, CO + 12-14 May 2015
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What You Heard

* Addressing PSD goals to
understand and predict
extremes across the weather-
climate continuum

= Using models with
sophisticated parameterizations
to inform models with simpler
parameterizations, targeted at
key weather-climate
phenomena (S. Tulich)

High resolution modeling of o,

extreme events to inform flood Soar |

risk management (K. Mahoney) \ < &

Science Review + Boulder, CO + 12-14 May 2015
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Future Directions

* Apply lessons learned to
produce “seamless water
prediction” ‘
= Support NOAA concept for an

Integrated Water Information
System i
= PSD contributions are extensive
* Characterization of forecast Past to Present: Reanslyses,strbution, and sssessments of psst and ongeing
uncertainty from flash floods to &
global climate change i
= Provide policy makers with
actionable information over a
range of time scales
 Flood risk
* Water supply

An integrated information system for decision
support on water-related risks and impacts

Sdoptation

Examples of potential PSD Contributions

asts of water-related risks sross fme scales

Science Review + Boulder, CO + 12-14 May 2015
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Session Speakers

* Robert Pincus: Radiative Forcing in CMIP6
* Jian-Wen Bao: Evaluation of Microphysics
Schemes for Numerical Weather Prediction

Stefan Tulich: Improving Weather and Climate
Prediction Models Through the Super-
Parameterization Approach

* Kelly Mahoney: High Resolution Modeling to
Understand Flood Risk and Hail Impacts in Future
Climates

Science Review + Boulder, CO - 12-14 May 2015
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Theme

Modeling the Ph

Modeling the Climate System -
Overview

Prashant Sardeshmukh

Science Review
12-14 May 2015
Boulder, Colorado
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Human responses to complex chaotic systems : Modeling is Key

System Attributes

Observe

Understand <— == 77—\77774/

Processes

Human Responses

Observe
Understand

Predict

Control / Adapt

ESRL - PHYSICAL SCIENCES DIVISION

Human responses to complex chaotic systems

System Attributes

Human Responses

Observe

Understand

Reanalyze
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Human responses to complex chaotic systems : Modeling is Key

System Attributes

Processes

Q
Predict / )

Control / Adapt

Science Review + Boulder, CO + 12-14 May 2015

> Variability

Phenomena

Predict /

C \o—j/)\_i Variability

Phenomena

Control / Adapt

Science Rev

« Boulder, CO + 12-14 May 2015

in the

Two appi

to

le anomaly

nonlinear climate system
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PSD does not specifically develop Big Weather and Climate models

Large scale components X; Smaller scale components X Unresolved components X,,

- Help extend the climate record back to 1850 through Reanalysis
- Identify simulation and prediction errors that are systematic across models

A distinctive PSD contribution is much simpler “Linear Inverse Models” (LIMs) derived

anomalies, that are an attractive alternative to expensive ensemble GCM integrations.

Review + Boulder, CO + 12-14 May 2015

Truth GCM truncation

In other words, there is no “PSD GCM” (although there could be, if there is support) dx, a F The large scale components are
o = ACLx.x) o+ influenced by chaotically nonlinear

. - interactions among all components
Instead, we both run and analyze GCMs developed elsewhere to : chaotic nonlinear Jorcing s "
P " o GCM appr

- Diagnose the causes of weather and climate variations and extremes

- Identify regions of relatively large sensitivity and predictability dx, A, %) ¢ Bagpxom o+ F The need for additional accurate

- Perform focused dynamical and physical process studies dt oo o S;‘z”’““;’” Z‘f’;’"‘:"" Hations ”"’”

chaotic nonlinear stochastic forcing only gradually become apparent.

ZLow A, + (B,+Bx)n + F i et
. & X o+ Bix, diagnoses and predictions of
directly from data, that are useful for many of the above (and several other) purposes. Jinear stochastic Jforein anomalies (and errors) based on
! stochas ¢ correlations and linear regressions
Another distinctive development is simple physically based “Probability Models” of extreme (predictable) (unpredictable)

ce Review + Boulder,

The LSF approximation provides an explicit separation of the predictable and unpredictable large scale anomaly
dynamics, and an efficient characterization of all linear feedbacks and interactions among system components

This approximation underlies ALL
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The Linear Stochastically Forced (LSF) App: is relevant, and useful

P

ﬁ. A, + B+Bx)n + F
linear stochastic forcing
(predictable) (unpredictable)

The linear feedback and stochastic forcing matrices can be estimated directly from data through
Linear Inverse Modeling (LIM) (Penland and Sardeshmukh 1995, and many other PSD publications)

Useful for :
- Highly competitive predictions on weekly and longer time scales. Useful for benchmarking GCM forecast skill.

- Explicit separation of predictable and unpredictable anomaly dynamics, in general as well as in individual cases.
- Identification of sources of predictive skill, as well as of forecast “derailment”.

- Diagnosis of climate variability, through analysis of the linear feedback and stochastic forcing matrices.

- Diagnosis of GCM errors, through comparisons of the corresponding feedback and stochastic forcing matrices.

- Diagnosis of extremes, through Monte Carlo simulations and the associated “SGS” probability distributions.

Many papers by Penland, Sardeshmukh, Newman, Compo,
Shi

ESRL - PHYSICAL SCIENCES DIVISION

Our modeling activities address the following NOAA, OAR, and PSD Goals and Objectives :

NOAA Strategic Goals:
Climate Adaptation and Mitigation: an informed society anticipating and responding to climate and its impacts.
Weather Ready Nation: society is prepared for and responds to weather-related events.

NOAA Strategic Objective:
Improved scientific understanding of the changing climate system and its impacts.

NOAA 5-yr plan R&D Objectives:

Identify the causes of climate trends and their regional implications.
Improved predictive guidance.

Produce best-quality reference data (reanalysis)

(OAR Science Questions:

What is the state of the climate system and how is it evolving?

What causes climate variability and change on global to regional scales?
How does climate affect seasonal weather and extreme weather events?

PSD 2010 Strategic Goal:
Understand, attribute and predict extremes in a variable and changing climate.

PSD 2015 Overarching Science and Priority Research Goals:

Develop new knowledge and capabilities to explain observed weather and climate extremes, variations, trends.
Rigorously characterize and predict weather, water, and climate extremes and their uncertainties to inform
decision-making.

) Pegion, Alexander, Solomon, Hartten, Capoton

ESRL « PHYSICAL SCIENCES DIVISION

The 4 Talks in this Session

=

Cécile Penland
The Stochastic Framework for Understanding Climate
A magical mystery tour of stochastics

2. Prashant Sardeshmukh
Challenges in modeling extremes
Tails of the Unexpected, and how they can be muddled

3. Amy Solomon
Filling conceptual gaps in Arctic Cloud Processes with focused model studies
Clearing up some cloudy Arctic issues

4. Gil Compo
The 20th Century Reanalysis project version 2¢ (1851-2011)
How to Reanalyze it all. Again.
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The Stochastic Framework for
Understanding Climate
(Not all randomness is created equal)

Cécile Penland

Science Review
12-14 May 2015
Boulder, Colorado
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NAO acts as stochastic forcing of North Tropical Atlantic SST

(Essentially) Gaussian example: dx; =YLx, +§_
~ i Si
i

dt

1.000

0.600

0.400

(Auto)Correlation

0.200

0.000 -
20

Lead (weeks)

Science Review + Boulder, CO + 12-14 May 2015 Penland and Hartten (2014)
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A high-resolution GCM may be able to generate chaotic structures that
we want to parameterize in a simpler, coarse-resolution model.

The Central Limit Theorem says when and how we can treat this
variability as a Gaussian or a Gaussian-driven (not itself Gaussian)

process.
» 10
20
I s
10
- n_/\_/\/\/\/\/ S
-10 t
IR 5
I
20
-30 -10
100 110 120 130 140 150 160 0 100 200 300 400 500

time time

Science Review + Boulder, CO + 12-14 May 2015

, Sardeshmukh and Penland (2015)
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Example with forcing that is nearly, but not quite, Gaussian:
Tropical SSTs. Predictable on seasonal timescales, but...

a)
Optimal Siructure Nomalized to unity

58t

e

o We  wE W we e W0 W ww  ww oW Ww o

Unis alalng 10 05,

NOAA/ESRL PSD and CIRES/CDC Experimental Forecast

?:,n B ahs A poath B osinal ARA L
B AL AT AR I R O

an52 Tang2 T2 Janaz Janz Tond2 Tani2
Date

bt (7C)

Science Review + Boulder, CO - 12-14May2015  Penland and Sardeshmukh (1995) 4
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Example with forcing that is nearly, but not quite, Gaussian (cont.):
...stochastic forcing still important.
ds,
o = ? Lyx,+¢&
. £(t) may be estimated as white
even on sub-monthly timescales.
o
e o34 55T
g 04
. &. About 10% of the stochastic forcing
variance of tropical SSTA is MJO.
Lead (weeks)

Science Review + Boulder, CO + 12-14 May 2015
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Non-Gaussian example: (with heavy tails)
Skew vs. Kurtosis PDF

Daily anomalies of

1) B

i

1) Relative vorticity

2)Temperature
3)Vertical velocity
D
are well-approximated by
B et (E bE,—~Eg/2
3) g | i +(Ex+g)§ +bE,—Eg
Sardeshmukh et al. (2015)

Sardeshmukh and Penland (2015)

Science Review + Boulder, CO + 12-14 May 2015
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Summary and Conclusions

« The stochastic forcing the Earth system cares about has a
dynamical/physical basis. It may not be Gaussian.

* We can objectively estimate the time series of stochastic
forcing using Linear Inverse Modeling in a multi-resolution
setting.

* We can use these estimations to investigate the multiscale
nature of the climate system.

* We may be the only ones doing this type of work.




NOAA RESEARCH - ESRL - PHYSICAL SCIENCES DIVISION

Challenges in Modeling Extremes

Prashant Sardeshmukh

The basic challenge is to
represent not just shifts of the
mean but also changes in the
width and shape of the
probability distributions, all of
which can strongly impact tail
probabilities.

Science Review
12-14 May 2015
Boulder, Colorado

The PDFs of daily atmospheric anomalies are generally not Gaussian.
They are distinctively skewed and heavy tailed.
This large implications for i ing, and predicting extreme anomaly risks.

Stochastically Generated Skewed distributions (SGS distributions)

[ s
p(x)= W[llzn |

with E, g, and b, are physi iated with linear
Markov processes driven by correlated additive and multiplicative noise
(CAM noise), and are particularly relevant to the analysis of weather
and climate extremes.

One tail of all such distributions is heavier, and the other lighter, than

a Gaussian tail beyond about 173 standard deviations, and its heaviness
(lightness) is proportional to the Skew S.

( Sardeshmukh, Compo, and Penland 2015; in revision )
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But what about changes in daily temperature extremes?

Are we not reasonably certain that 20" century global warming has led to increases of
daily warm extremes, and decreases of daily cold extremes, in most regions ?

Isn’t the mean shift (i.e. the mean warming) a useful guide at least in this context ?

We address this issue using the daily lower heric 850 hPa P fields

- In the 20 Century Reanalysis dataset (“20CR-v2c”), and

- in 20 century sil ions (“AMIP-v2c”) g d using the same model as the
reanalysis model, and with identical prescriptions of boundary and external radiative
forcings.

ESRL - PHYSICAL SCIENCES DIVISION

Changes in extremes are not linked simply to the mean shift of the distribution

For Gaussian distributions, the sign of the change in probability of exceeding high
(x> X,0) and low (* < -X,0 ) anomaly thresholds is given by the sign of an
extremal Probability Shift Index (PSI), defined as

PSI) = =& x40 o LA, eyl
o o o o

where +(-) refers to the change of positive (negative extremes), X7 is the

threshold in standardized units, and Ax and Ao are the changes in the mean and

standard deviation (Katz and Brown 1992; Sardeshmukh et al 2015).

If there is no change in standard deviation, then a positive mean shift implies an
increase of positive extremes and a decrease of negative extremes.

But if there is a change in standard deviation, then for high enough thresholds
the fractional change in standard deviation dominates, and gives the same
sign for changes in positive and negative extremes, regardless of the sign and
magnitude of the mean shift.

The situation gets even more complicated for non-Gaussian distributions whose
changes are not shape preserving.

Atmospheric circulation and “storminess” changes associated with global warming
(1943-2010 DJF average minus 1874-1942 DJF average)
Sardeshmukh, Compo, Penland, and McColl, 2015

The changes are not significant in the gray shaded areas,
and there is disagreement concerning even the mean changes in many areas of “significant” change.
This has important implications for assessing changes in extremes.

Daily 850 hPa Temperature Probabilities of exceeding + 2 sigma (DJF 1981-2005)
Both probabilities would be 0.022 if the distributions were Gaussian
P (x <-2 sigma) P (x> 2sigma) Skew

Era-Interim Reanalysis
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20 century changes in the mean, daily standard deviation, and probabilities of 850 hPa
daily warm temperature extremes (DJF 1981-2005 minus DJF 1901-1925)

(A Mean) / o (40)/ 0 A, = A (Probability > +20)

20CR-v2¢ Reanalysis

208 04 02 07 00 01 02 08 08 12 0% 020 0.10 005 001 000 001 005 010 020 038 T T

AMIP-v2¢ simulations

109 020 010 005 001 605 001 005 0.10 020 030 o So ams oo oo 008

T2 08 04 02 07 00 01 02 08 08 12

Note ! The pattern of the change in extreme warm daily temperature probabilities
A, = A (Probability > +20) looks nothing like the pattern of mean warming.

YSICAL SCIENCES DIV
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Summary

The fact that changes in extreme anomaly risks cannot be deduced simply from shifts of
the mean is disturbing, but understandable in terms of basic weather dynamics and the
Climate-Weather connection.

Climate Models must 77 ility and its links with
longer term changes to adequately capture the changes in the mean, width, and shape

of the iated p 'y

Currently they have difficulty in capturing even the mean changes in many regions.

This is a challenge, but also an opportunity.

nd McColl,
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Model Studies of Arctic Cloud Processes

Amy Solomon

Science Review
12-14 May 2015
Boulder, Colorado
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Arctic and Subtropical Stratocumulus differ!
<> Mixed-phase
<> Ice formation limits liquid content //—«l e I
<> Persistence of decoupled systems e fomation \
<> Humidity inversions

Cloud top
radiative cooling

<~ Cloud extending into inversions
<~ Weaker inversions
< Weaker mean subsidence

How do these unique properties
determine the persistence of
Arctic mixed-phase stratocumulus?

Surface moisturel [
“and energy flux | | Striace radiatve
heating.

ad

Morrison et al. (2011)

Science Review + Boulder, CO + 12-14 May 2015
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Motivation

Supercooled liquid in Arctic clouds is ubiquitous (curry et
al. 2000; Intrieri et al. 2002)

* Liquid-bearing clouds play a fundamental role in the
surface energy budget and the structure of the

boundary layer—net effect in the Arctic is a warming
(Curry et al. 1996; Shupe and Intrieri 2004; Morrison and Pinto 2006; Francis and
Hunter 2007)

* Models struggle to simulate these cloud systems and
sparse measurements limit validation of cloud liquid
and ice properties (prenni et al. 2007; Kiein et al. 2009)

ESR HYSICAL SCIENCES DIVISION

Arctic Model Toolbox

Morrison Two-Moment Microphysics

12km Neste?®

3km Nest

WRF-LES Model
06 g/kg1.2

00 18

1o 1Bt

Height (km)

Science R + Boulder, CO 4 May 2015
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Filling Conceptual Gaps
FOCUS on: WRF Gioud Water Content WRF Cloud lce Content
1) Maintenance of decoupled
cloud systems
2) Processes that determine
phase-partitioning

A
ISDAC- North Slope of Alaska April 2008 Giagonal scrossnest (k)

WRF QTOT kg

diagonalacoss ot ) Giagonal cross st ()

(Solomon, Shupe, Persson, Morrison 2011)

v + Boulder, CO + 12-14 May 2015
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Maintenance of Observed >
Sounding 12}
Cloud T
Decoupled Cloud i
Reduced Water
Systems Vapor Below Cloud g Initil Total
| Water
» Reduced Water 209
Vapor Above and o
N Below Cloud
o
1 'v\y
= °° aviara
= oo
E¥I 1 Equilibrated
g,/ CloudLiquid (solid) and 50 o
2400 lce (dash) )
i )
L =%
02fy Qa 20
! 3
810
B N =
okg
(Solomon, Shupe, Persson, Morrison, Yamaguchi, Caldwell, de Boer 2014)

‘e Review + Boulder, CO » 12-14 May 2015
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Maintenance of Phase- 70y Vater Paths o
Partitioning between Cloud 603/ b+ Current Priorities

iqui — [0 S A el S
Il;igcl;/lc(:jli?'ngdolfclece Nuclei i * Continue investigations to fill conceptual gaps -

Through model-observation collaborations

e noposphere . * Apply new understanding of Arctic cloud

= 1620 howr 0o feedbacks to the coupled system-Extreme melt
Ice Number Flux

i E Nuvcoud ™™ Ny, croud 0 ‘ events, sea ice melt back and freeze up
3 - ——— — . * Improve simulations of Arctic climate -- Through
TEf Nuswoow  Nigsuocou AChidsste L\ collaborations with the Regional Arctic System

£ g ixed-Layer Base . .

§ £ s, s Model team and NOAA sea ice forecasting

(solomon, Feingold, Shupe 2015) 10 20 hour 30 ' 40

Science Review + Boulder, CO - 12-14 May 2015 Science Review + Boulder, CO » 1214 May 2015
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20th Century Reanalysis

Gilbert P. Compo

Science Review
12-14 May 2015
Boulder, Colorado

20CR Ensemble Data Assimilati Compo et al. 2011

20CR analysis x?is a weighted average of the first guess x° and
pressure observation y°. Each observation is assimilated serially.

x3, xP 3-dimensional x8= xb + K(yo— xb)
state of the atmosphere

xb
xb
= First guess
O, = analysis uncertainty uncertainty

and th

analysis time (0Z) analysis time (6Z) analysis time (122Z)

Root Mean Square difference of
Surface and Sea Level Pressure Observations and
24 hour Forecasts from 20CRv2 and (Jan-Dec)

(a) Northern Hemisphere (b) Southern Hemisphere

New v2c

Root-Mean-Square Error (hPa)

1850 1900 1950 2000
Northern Hemisphere 24 hr forecasts beat persistence even in 1850s.
Southern Hemisphere has an analysis that produces forecasts
comparable to persistence starting in 1900s. New v2c is an improvement.

PSD’s 20t Century Reanalysis v2¢ implementation of

Ensemble Kalman Filter Algorithm
(Whitaker and Hamill 2002, Whitaker et al. 2004, Compo et al. 2006, Compo et al. 2011)

PSD algorithm makes a weighted average of pressure observations and an
ensemble of GCM forecasts.
The weight K varies with the atmospheric flow and the observation network.

SODAsiI.2¢c 18 member pentad SST and COBE-SST2 monthly sea ice

(fixes sea ice bug) |G et al. 2015, Hirahara et al. 2014]

New observations: International Sur re Datab 3 , millions of
new observations fi Oldweather.org, ACRE, NCDC, universities, Met
services.

1851-2011: T62 (~200km), 28 level NCEP GFS08ex atmosphere/land model
9 hour forecasts for 6 hour centered analysis window
- time-varying CO,, solar and volcanic radiative forcing (Sato et al.)

http://go.usa.gov/XTd Compo et al. 2011, doi 1002/qj.776

20CR  Analyses of Sea Level Pressure
for selected dates in 1831 and 1886

1831

1831010912 Scout3.5.1
-~
o
1886010912 Scout3.5.1

Contours-ensemble mean (ci: 4 hPa, 1000 hPa thickened)

Shading- blue: more uncertain, white: more certain

Analysis system responds to the observations and the flow, providing
quantitative uncertainty for every variable at each analysis time.

Reconstructing the effects of Tamb 5 and the Year Wi t a Summer of 1816
Comparison of anomalies from
[SIEIRelel] subdaily independent Air T and assimilated SLP from

[RUEEENENE 20CR-1815 ensemble range ( 1815 to 1817)

4 other N.
American and

10 European
Station, and
~10 Ship Obs
assimilated
each day.

Airtomperature (C)

possible.

‘Sea-lovel pressure (hPa)

r T T T )
181507 1816-01  1816-07  1817-01 181707
Date
In regions such as Europe, 20CR-1815 compares well, showing skillful weather variability
from the pressure observations. 1816 doesn't appear particularly anomalous in either
dataset. (Compo, Brohan, ker, Broennimann, Brugnara, Allan, shmukh 2015)




(Compo, Brohan, Whitaker, Broennimann, Brugnara, Allan, Sardeshmukh 2015)

E= 7 == UA1816 g =3
i?‘ﬁ%\x‘ \%‘No Aerosols z-is? N “
S — .
°0
. -
20CR JJA 1816 2m temperature anomaly (C) - No Aerosols
=y v ==
== == JIA1816 = R 4
;?s“_f&%% with Aerosols g
e minus no Aerosols
S = ’
— 0
. 4

Additional cooling effect of adding Crowley aerosols is moderate but detectable.

Thank you to organizations contributing observations to ISPD.
All Ru R of Hydrometeorologi
Information
Database N
NOAA Earth System Research Laboratory

nmental Prec n
er at Comell U
t UIUC

Meteorological Institute
her Wetterdienst

leteorologi
nographic Laboratory

ETH-Zurich s of environmental change in the
European Rea I he Ge stitut

GCOS AOP
GCOS/WCRP WG on Obs Data €

Hong Kong Observatory

Icelandic orological Office of Colorado-CIRES/Climate Diagnostics Center
IBTrACS of East Anglia-Climatic Research Unit

Division of Climate of Toronto-Dept of Ph
teorological and Hydrological Service, Croatia U. of Washington
I Center for Atmospheric Re:
Nicolaus
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Summary and Conclusions

PSD has generated first 20CRv2 1871-2012 and now “2c¢”
1851-2011 ensemble reanalysis.

Used in many studies of climate, weather and water variability
and extremes (more than 500 citations since 2011; most in PSD and
CIRES).

Unexpected uses: e.g., iceberg risk during the Titanic (1912),
coastal storm surge risk, and Tse fly variability.

Coordinating with NCEP and NCDC on a consistent suite of
NOAA Climate Reanalyses using upper-air and satellite
observations.

Future: improved algorithm, higher resolution model, longer
span (200 years could be possible! Quality would depend on

region).
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Theme 3: Modeling the Physical Syste

Modeling the Climate System -
Summary

Prashant Sardeshmukh

Science Review
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Boulder, Colorado
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Science Questions Addressed

From the PSD Strategic Plan:

*  What is the state of the climate system and how is it evolving?

+ What causes climate variability and change on global to regional scales?

+ What improvements in global and regional climate predictions are possible?
* How does climate affect seasonal weather and extreme weather events?

+ How can we best use current and emerging environmental data ?

Science Review + Boulder, CO + 12-14 May 2015
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PSD is using models to generate better human responses to the chaotic climate system

System Attibutes

V Observe

~
Reanalyze
V Understand <\\ — /
//:

C \

Processes ¢

Variability V

/ Predict / -

Phenomena V

Control / Adapt
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Some Notable Scientific Successes of the last 5 years

. y: back into the mid-19*" century.

« Establishing the critical role of tropical SST patterns in global climate variability and
trends, and how current climate models misrepresent such patterns.

* D ping a cleaner modeling and di ic i
variability and predictability from weekly to decadal scales.

k for understanding climate

« Developing stricter LIM-based benchmarks for sub-seasonal to decadal predictions
made using comprehensive models.

+ Introducing a new class of probability distributions called Stochastically Generated
Skewed ("SGS”) distributions for characterizing and understanding weather and climate
extremes.

Science Review + Boulder, CO + 12-14 May 2015
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Some Future Directions

PSD will continue to both run and analyze GCMs developed elsewhere to :

Diagnose the causes of weather and climate variations and extremes
Identify regions of relatively large sensitivity and predictability

Perform focused dynamical and physical process studies

*  Help extend the climate record back to 1850 through Reanalysis

« Identify simulation and prediction errors that are systematic across models

PSD will additionally continue to develop and use Linear Inverse Models (LIMs)
for many of the above (and several other) purposes.

PSD will also develop physically based “Probability Models” of extreme
anomalies as an attractive alternative to expensive ensemble GCM integrations.

view « Boulder, CO + 12-14 May 2015
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What you heard in this Session

1. Cécile Penland : The ic Framework for L ing Climate
A magical mystery tour of stochastics.
How of the ic forcing can illumi loss of pre in general, and of

forecast derailment in particular cases.

[

Prashant Sardeshmukh : Challenges in modeling extremes
Tails of the Unexpected, and how they can be muddled
Even the sign of changes in extremes cannot generally be deduced from the mean shift alone.

3. Amy Solomon: Filling conceptual gaps in Arctic Cloud Processes with focused model studies
Clearing up some cloudy Arctic issues
Model misrepresentation of simple features such as humidity inversions can have serious
implications.

4. Gil Compo: The 20th Century Reanalysis project version 2c (1851-2011)
How to Reanalyze it all. Again.
It’s currently the only game in town for characterizing atmospheric variability and trends over the
full 150-yr historical period of record. The new Version 2c is better than the widely used Version 2b.

ce Review + Boulder,
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Theme 4: Resear

to Applications, Operations and Services

Serving Stakeholders - Overview

Laura Bianco

Science Review
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Research to Applications, Operations and Services (R2X)
Serving Stakeholders

Observe Understand

AlD

Us. Agency for us. army US. Departmentof S, Department of

@ International Development  Corps of Engineers Defense Energy v

USBureau of State of California Sonoma County National ntegrated
Reclamation Department of Water Resources  WaterAgency  Drought Information System

+ Boulder, CO + 12-14 M
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Research to Applications, Operations and Services (R2X)
Serving Stakeholders

Observe Understand

PSD represents NOAA priorities: Investing in Observational Infrastructure, Advancing Earth system and Ecosystem
Modeling, Achieving Organizational Excellence, Providing Information and Services to make communities more resilient

S USAID & e

Agency for s, Army US. Departmentof U, Department of

us.
@ International Development  Corps of Engineers Defense Energy @
& s s

US Bureau of State of California Sonoma County National Integrated
Reclamation Department of Water Resources  Water Agency  Drought Information System

CH
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* NOAA Strategic Goal Addressed
v Climate Adaptation and Mitigation
v Weather Ready Nation
* NOAA Strategic Objectives
v Improved scientific understanding of changing climate system and its impacts
v Integrated services meeting the evolving demands of regional stakeholders
» NOAA 5-Year Objectives

v Improved observations and decision support tools for the ultimate purpose of
improving preparedness and response

* OAR Science Questions

v" What improvements to weather and climate predictions are possible?

v" What are the best observing systems to meet NOAA's mission?

v" How can modeling be best integrated and improved with respect to skill, and efficiency
* PSD’s 2010 Strategic Goal Addressed

v" Improve observations and understanding of Earth system processes

v Conduct research and develop prototypes to improve information and services

w + Boulder, CO + 12-14 M
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A successful example of how PSD research serves society

Improving EPA Community Multi-scale Air PHES/L ORMG AYSCO Gy FEST RS

Quality (CMAQ) Model

+ The CMAQ modeling system is designed to
provide air-quality forecast to prevent health-
related problems

PSD conducted research to correct the
forecast of the Fine Particulate Matter (PM, 5),
the deadliest form of air pollution, up to 38%
in terms of RMSE

PM,.; concentration (ug/m?)
s

This advanced Analog/Kalman-Filter bias- Forccast woun 12 w1 eveue
correction method code has been coded and Diurnal cycle of PM, ; for February 2015
transitioned to NCEP Courtesy of NCEP

L. Djalalova et al, 2015, Atmospheric Environment

Science Review + Boulder, CO + 12-14 May 2015
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James Wilczak - "The Wind Forecast Improvement Projects: WFIP and WFIP2" (¥)

(*) UVIG 2015 Achievement Award for WFIP
Value-added information: long term field campaigns 2z
aimed to better understand boundary-layer
phenomena and to improve model forecasts in order
to reduce renewable energy costs
Technology transfer: Instrument and operational
model imp ts (PSD-GSD ¢ ion)
driven through public-private partnership readily
available to stakeholders and the public

Value-added information: PSD scientists work closely
with NOAA Climate Prediction Center on seasonal
forecasts, going beyond the general “ENSO paradigm”to
address CA drought concerns.

Partners: California Department of Water Resources
(DWR), National Integrated Drought Information System
(NIDIS)

+ 12-14 May 2015
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Allen White - "Developing data tools and products in support of research to applications”

(%) “Water vapor flux tool” awarded with Bronze Medal
Value-added information: PSD scientists use their
expertise to create specialized data displays and
tools (*)
Technology transfer:
* enhanced situational awareness
decision support for NWS forecasters
support to research in the government,
academic, and private sectors

— = —
12 3 4 5 6 7
W igamy
Lynn Johnson - "A "Sea to Summit to Sea" approach to improve management of

water resources” ummit

Innovation: Integrated monitoring, analysis and prediction
system aimed at increase water supply, reduce flood-
damages, reduce combined sewer discharges, and enhance
endangered fisheries habitat

Added-value: Forecast benefits assessment

Reservoirs

Sea
Partners: San Francisco Bay Area stakeholders and
collaborators

Science Review + Boulder, CO + 12-14 May 2015
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What You Will Hear

James Wilczak: "The Wind Forecast Improvement Projects: WFIP
and WFIP2"

Klaus Wolter:  “Improving seasonal forecasts to help with
drought planning in California”

Allen White:  “Developing data tools and products in support of
research to applications”

Lynn Johnson: “A "Sea to Summit to Sea" approach to improve
management of water resources”

Science Review + Boulder, CO + 12-14 May 2015
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Improving Forecasts for Wind Energy:

WFIP and WFIP2

Jim Wilczak

Science Review
12-14 May 2015
Boulder, Colorado
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Is there economic value in improving wind
forecasts?

250 NREL & GE study

over western U.S.
200 / finds ~$200M annual
150
100 20% improvemen?g

improvement in
forecast skill for
“next day” forecasts

savings from a 20%
50

Extrapolating for the
10% improvement | entire U.S., the

savings would be
$975M/ year.

Savings over SOA Forecast ($M)

0 10 20
Wind Energy Penetration Level (%)

L t al, 2011
Results for WECC Western US grid area eweta

Science Review + Boulder, CO
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Outline

* Motivation: Why improving wind forecasts for
wind energy is important

* Wind Forecast Improvement Project (WFIP)
= Goals, Methods, Partners, Results

* WFIP2

= Goals, Methods, Partners, Science Issues
* Summary

RCH « ESRL + PHYSICAL SCIENCES DIVISION

Historical and Future Wind Energy Generation

Percent U.S. Electricy Generation from Wind Future Wind Energy Production?
o DOE/NREL REFS (2050):

82% non-fossil fuel

43% wind

Electricity Cost: 15.6¢ / kWh
s
2s
B NOAA NEWS (2030):
. 80% non-fossil fuel
42% wind
! I Electricity Cost: 10.7¢ / kWh
olm m m WA | I

- . 2014 average cost of electricity:
20 02 20w 205 e o0 208 ;w9 2o o ;e 0m 2| 30 e

From U.S. DOE/Energy Information Administration

Science Review + Boulder, CO + 12-14 May 2015
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Wind Forecast Improvement Project (WFIP)

DOE sponsored program with some NOAA funding

Can wind energy grid integration costs be decreased by improving
short-term (0-6 h) wind energy forecasts by:

CH - ESRL - PHYSI

SCIENCES DIVISION

Northern Study Area (NSA)
Wind Logics/MISO

Southern Study Area (SSA)
AWS Truepower/ERCOT

Eov.(m) 100 300

@seucy

Partners
« Deploying a regional network of upper-air remote DOE labs
sensing observations Wind Logics Inc
+ Combining this network with proprietary industry Miso
provided tall-tower and wind turbine nacelle Awsiejgpower
meteorological observations ERCOT
* Assimilating this data into NWP models Meso, Inc.
* Improving NWP forecast systems ou, TTU, NCSU
ICF International
1 year field program 2011-2012 NOAA/ESRL/GSD, ARL

(Wilczak et al., 2015 BAMS)

eview + Boulder, CO - 12-14 May 2015

9 radar wind profilers
5 sodars

135 tall towers

+ ~400 nacelle anemometers

Boulder, CO + 12~

3 radar wind profilers

7 sodars

50 towers

62 surface met Industry tall
tower locations
not shown
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NORTH SITE BIAS CORREGTEL NAM and GFS RMSE improvements

= 15 Oct 2( 2004-2013
5 14— e
B
g0 12 h forecasts
Y 850 mb vector winds
= 2 Radiosondes for validation
w ) Past 10 years
z0
x 00 01 02 03 04 05 06

Fo

A
SOUTH SITE BIAS CORRECTEL = NAM = 0.7%/year

= 29 Nov 2(
14—
12
310
58 GFS = 0.4%/year
E g —
® 4 —
% 2
2 0
x 00 01 02 03 04 05 06

Fol

2004 2013
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New Observation Impact

RMSE % improvement

" Forecast hour

Science Revi

PHYSICAL SCIENCES DIVISION

WFIP 2

* Goal: Improve NWP model forecast skill for turbine-
height winds in regions with complex terrain

* Approach:

= Collect new meteorological observations, especially
within the atmospheric boundary layer

= Observe and understand relevant atmospheric processes
= Develop and test new model parameterization schemes
= Transfer improved models to NOAA/NWS operations

« Boulder, CO +

HYSICAL SCIENCES DIVISION

WEFIP 2: Area, Partners, Models, Instrumentation

Area: Columbia Gorge &
Eastern WA and OR
Partners: DOE Labs (PNNL,
ANL, LLNL), NOAA/ESRL/
GSD & CSD, NOAA/ARL,
Vaisala (NCAR, Universities),
Bonneville Power
Administration

Models: RAP, HRRR, NAM

Observations

11 wind profiling radars (7 PSD)
17 sodars

5 wind profiling lidars

4 scanning lidars

4 radiometers (2 PSD)

28 sonic anemometers

10 microbarographs (all PSD)

H « ESRL «+ PHYSICAL SCIENCES DIVISION
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WFIP 2

AT =BT
{ Tt

L
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WFIP 2 Summary and Conclusions
. . *  The future U.S. electrical grid system will contain significant generation from
Science Issues weather dependent sources (wind and solar, plus hydro)
= 3D turbulence parameterization *  Providing forecasts to support this generation will likely become a critical
= Improved PGF with Immersed Boundary Method mission for NOAA
= Gap flow * Improved forecasts make for a more economical and reliable energy system

= Mountain waves «  NOAA science in partner with DOE and the private sector can help speed the

= Mountain wakes development of carbon-free energy generation

= Mix-out of stable cold pool «+ Through WFIP, proprietary industry tall tower and turbine nacelle
anemometer observations are now routinely available to NOAA for data
assimilation and model evaluation.

Science Review + Boulder, CO + 12-14 May 2015 B Science Review + Boulder, CO + 12-14 May 2015
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Stakeholders

* Departments of Energy, Interior

* Wind plant owner/operators (e.g. Florida Power
and Light, Iberdrola)

Utilities (e.g. Pacific Gas & Electric, Xcel Energy)

 Grid transmission operators (e.g. Cal ISO, ERCOT)

* Private forecasting companies (e.g. AWS
Truepower, WindLogics, Vaisala)

* NOAA/National Weather Service




@\ NOAA RESEARCH - ESRL -« PHYSICAL SCIENCES DIVISION
Improving Seasonal Forecasts to Help with

Drought Planning in California

Klaus Wolter

Science Review
12-14 May 2015
Boulder, Colorado
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Northern CA ‘8 Station Index’

Noriar S Praciotaton:-inion nde, Ao 24,2015

zzszszzzzzd

1921963 ey 003

= Sacramento Basin is

i represented by 8 Station
i i Index (8Sl), currently
i" v E tracking a 4t drought
E e
i

: " e

S L e S e : -ﬁ%ﬁ,‘
85I shows multi-year droughts since | L
1920, but little long-term trend i

Science Review + Boulder, CO + 12-14 May 2015 h /cdecapp/precipapp/
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Background

* Involvement with Colorado Water Availability Task Force since
1999 through WWA - recognized by Governor’s Award for High
impact Research (2013)

* Monthly conference calls with CPC to help improve seasonal
forecasts on a national scale

* Engagement with NIDIS regional drought webinars across the
southern tier of states

Annual fall briefings since 2008 about the upcoming Water Year to
increase awareness about water supply situation (funded by CA-
DWR)

ENSO footprint in California

« ENSO is monitored at PSD DIF PPT vs. MEI (1981-2010)
via the Multivariate ENSO
Index (MEI) that combines
the six main observed
variables over the tropical
Pacific

*  Most of ‘wet El Nifio’ signal
is at lower elevations,
while northern Sierra
Nevada remains ‘on the
fence’

_ DRY EINIfO  corretaion cootterent  WET EI Nifi0
* Dec-Feb contributes 50% of B e =
total moisture

Science Review + Boulder, CO + 12-14 May 2015 http://www.esrl.noaa.gov/psd/enso/mei/
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ENSO and ‘8 Station Index’

8 Station Index (inches)

* Using an extended . . v
version of the MEI¥, 0. - .
the last 95 years of the ., * R "
8Sl show little J © e h
sensitivity to ENSO .

* Infact, El Nifio events

encompass the two . . E
driest ('24,'77) and . N
two of the wettest 0 ; 5 ; . .
(83, '98) Water Years MELSep-Mar

Science Review + Boulder, CO + 12-14 May 2015

Wolter and Timlin, 2011, Int. J. Climatology*
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CPC seasonal forecast skill

Seasonal (Lead 0 Manth) Praciitaton Heidke Syl Score

OUF Monood Favecant From 1995 to 2015,

« During winter (when it counts
the most), CPC forecasts have
been’harmless’at best

* Better forecast skill during
spring (related to ENSO)

Seasonal (Leod 05 Manth) Praciitaton Heidke Skil Score
WA Mamual Foracasts From 1935 to 014

*  CPCuses ‘Heidke Skill Score’
which counts number of tercile
hits (1 out of 3 hits is like flipping
a coin, or a score of 0, 3 out of 3
=+100, none out of 3 =-50)

‘e Review + Boulder, CO » 12-14 May 2015
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Summer of 2012: most extreme
combination of negative PDO and
positive AMO on record*

While this spelled drought
conditions for CA, it anchored a
successful forecast (skill score of
+43 for 2012-13)

Average skill score for CA from
2008-09 through 2013-14 was +15,
with one negative score in
2010-11, when it was wetter than
expected

Science Review + Boulder, CO + 12-14 May 2015
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Forecasts of Opportunity —‘Analogues’

Schubert et al., 2009, J. Climate*
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Summary and Future Work

» CAissensitive to ENSO, but least where it counts the most (unless you
get a Super-El Nifio) - Predicting ENSO is not the (only) answer to figuring

out CA’s water supply

* Analogue forecasts based on ‘flavors of ENSO’and other influences have
shown moderate skill (such as the correct anomaly for the 8 Station Index in
5 out of 6 years) - a more sophisticated forecast model is currently being

tested

« CA gets much of its moisture from ‘Atmospheric River’ (AR) events - PSD

scientists will explore their seasonal predictability

* Multi-year droughts are currently not addressed by any forecast system,

denoting a clear gap in our capabilities not just for CA

CH -« ESRL - PHYSICAL SCIENCES DIVISION

Experimental Forecast Guidance

*  Well-known teleconnection
indices and regional SST
anomalies are utilized for CA
precipitation outlooks via
cross-validated stepwise
multiple linear regression
models

» The last winter forecast
correctly anticipated more
abundant moisture near the
coast ("W”) than further
inland and further north (“D”
or“N")
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Developing Data Tools and Products in Support of
Research to Applications

Allen B. White

Science Review
12-14 May 2015
Boulder, Colorado

+ Access to PSD’s real-time and
archived HMT observations:

http://www.esrl.noaa.gov/psd/
/

: data/obs/t isplay.
P - s + Data also available through
MADIS

Data also shared with NWS
Western Region using NWS-
specified formats and with the
California Data Exchange
Center

orotg,
S,

s,

ESRL « PHYSICAL SCIENCES DIVISION

Coming for winter of 2015-16: PSD is
installing a “picket fence” of coastal
Atmospheric River Observatories along the
West Coast for weather and wind energy
applications. Funding for the network was
provided by the California Dept. of Water
Resources and the U.S. Dept. of Energy.

+ Boulder, CO « 12-14 May 2
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Outline

* Share and Share Alike
= Where to go for access to PSD’s Hydrometeorology Testbed (HMT)
observations
« Two examples of specialized data displays that add value to
PSD and NOAA baseline observations/models
= The award-winning Water Vapor Flux tool gets a face lift
= Chardonnay anyone? An automated frost/heat forecast tool for
viniculture applications

¢ Summary

Tim Coleman .Q '.

Dan Gottas
Dave Reynolds Al

HMT Real-time Water
Vapor Flux Tool o SR e
Display "
Now uses HRRR
and RAP forecast
models

oa Eaty Warng ysem

ESRL Physical Sciences Division
s o

Coastal Wind
Profiler

Providing forecasters with the
critical integrated
observations to determine
how Atmospheric Rivers (ARs)
are impacting the area and
how model forecasts are
portraying the AR conditions
and orographic precipitation
enhancement.

Water Vapor Flux: the
fuel for precipitati

Neiman et al. 2009
Proc. Inst. Civ. Eng. Water Manage.
White et al. 2012 (BAMS)

‘Bodega Bay CA (88Y) Coastal and
e *™ Mtn. Rainfall

« Boulder, CO + 12-14 May 2015
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WESTERN \\\WEATHER =«

Current 2.5-km resolution NWS gridded forecasts are
too coarse to resolve vineyard microclimates

NWS developed a bias correction algorithm using
currently available surface obs. to “adjust” numerical
guidance to the obs. in their Grid Forecast Editor (GFE)
PSD Frost Forecast Tool uses an ensemble of NCEP
model forecasts downscaled to 0.5-km grid resolution
with bias correction using real-time vineyard data made
available through private sector participation

Raw model
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Current 2.5-km resolution NWS gridded forecasts are
too coarse to resolve vineyard microclimates

NWS developed a bias correction algorithm using
currently available surface obs. to “adjust” numerical
guidance to the obs. in their Grid Forecast Editor (GFE)
PSD Frost Forecast Tool uses an ensemble of NCEP
model forecasts downscaled to 0.5-km grid resolution
with bias correction using real-time vineyard data made
available through private sector participation

Bias-corrected model

noaa |_spectrum_v2_2.php?

+ Boulder, CO + 12-
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Summary

PSD shares their observational data and specialized data
products with NWS forecasters and the public via the
internet and other end user-driven methods

PSD works with NWS staff and other stakeholders to develop
new observation and model forecast tools to aid with NWS
and external user decision making

PSD is in the process of developing in-house AWIPS-2
capability to help expedite the development, testing, and
transition of new data and products into NWS operations

+ Boulder, CO + 12-14
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A "Sea to Summit to Sea" Approach to Improve

Management of Water Resources

Lynn E. Johnson

Science Review
12-14 May 2015
Boulder, Colorado
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Stakeholders and Collaborators

+  Federal
‘SF Bay Region (9 Counties)
= National Weather Service
*  California-Nevada River Forecast Center
+ san Francisco - Monterey Weather Forecast Office .
*  NWS National Water Center
= National Marine Fisheries Service
= National Ocean Service
= US Army Corps of Engineers
= Us Geological Survey
= Federal Emergency Management Agency
- Stateand Local
= California Department of Water Resources
= Sonoma County Water Agency
= Scripps Center for Western Weather and Water Extremes
= Mendocino County Russian River Flood Control District
= San Francisco Public Utilities Commission

Santa Clara County Water Agency
Bay Area Flood Protection Agencies Association

* San Francisco Estuary Partnership

RCH - ESRL - PHYSICAL SCIENCES DIVISION

A "Sea to Summit to Sea" Approach to Improve
Management of Water Resources

« San Francisco Bay Area Stakeholders and Collaborators

* Sea-to-Summit-to-Sea Integrated Monitoring, Analysis, and Prediction
System

* Water Management Interfaces

Reduce Flood Damages With Increased Lead Time

Enhance NWS WFO Flash Flood Warning Services With Distributed Hydrologic

Model

Enhance Water Supply With Reservoir Forecast-based Operations (FBO)

Reduce Combined Sewer Discharges With Advanced Precipitation Forecasting

Enhance Endangered Fisheries Habitat With Coupled Water Management

Modeling

* Forecast Benefits Assessment

Boulder, CO « 12-14
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Sea to Summit to Sea
Integrated Monitoring, Analysis, and Prediction System

* Sea
= Offshore storm detection and tracking
= Numerical weather prediction models

Summif

* To Summit
= Gap-filling radars
= Rain, weather and soil moisture observations

= Numerical weather prediction models Sea
* ToSea

= Stream flow observations
= Hydrological models - “Natural flows”
= Water management - “Managed flows”

Review + Boulder, CO + 12-14 May 2015
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TIME FRAMES AND WATER MANAGEMENT PURPOSES

Near Reak-time

Shortterm
(6hr=1day) (1 day =1 week)

Over-yearstorage
allocation

Floodstatus. £F warning; Flood warning;
assessment Responsedeploy;  Response deploy;
Systemopt. ResenvoirFB0

Over-year
drovghtmit
Conservation

Status Intake andoutlet  Reservoir B0
assessment operations. Emergency
Intake operations. consevation

Over-year
drovghtmit.

Release ResenvoirfBO  ReservoirFao;
operations Demandsched.

Statusassessment  Threatassess;  Threatassess;  Threatafsess;

80 80 80

Statusassess;  WWaapture&  Threatassess;  Threatafsess
Real-timecontrol  treatment Sysoptimze  Capacityevel;
sys.optifnize

Capacity

Weatherstatus;  Eventscheduling  ResevoirF80  Reservof 780 G
developmert  development

Warning

}
[ PSD HMT Focus |
http://hmt.noaa.gov/

Boulder, CO + 12-14
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San Francisco Bay Area R20 Projects

* Russian River Basin

Pilot for ESRL PSD HMT

Pilot for Integrated Water Resources Science and Services

(IWRSS)

Pilot for National Integrated Drought Information System

Pilot for NOAA Habitat Blueprint Habitat Focus Area

» SF Bay Advanced Quantitative Precipitation Information
(AQPI) System

» SF Bay Integrated Hydrologic and Shoreline Flood Model

Boulder, CO - 12-14 May 2015
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Distributed

Sea to Summit to | e Hycrologic Model
Sea Integrated d
Monitoring,
Analysis, and
Prediction System

AR Detection & Tracking
Reservoir

Opératians Model
i

n

AQPI-Basic C-band radar

4-6 hr lead time for off-shore
precipitation

RCH « ESRL - PHYSICAL SCIENCES DIVISION

Reduce Flood Damages With Increased Lead Time

* Flood damage frequency
relation e

* Expected annual
damage reductions with
12 hr lead time

= Household contents value
= 5% - 10% gross estimate

1000 DAMAGE FREQUENGY RELATION

+ $240M per year County e
= AQPI1%- 2% incremental [z
estimate o
+ $62M per year i

Boulder, CO « 12-14
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Enhance Flash Flood Warning Services With
Distributed Hydrologic Model

Purpose:
Account for spatial distribution of Distributed
rain, lopo'?raphy, soils, land use 3 Hydrologic
and runof * = CHpS.FEWS,
Tool to assess QPE/QPF products = Implementation
Prototype for flash flood =T
forecasting at ungaged sites
Research Distributed Hydrologic
Model (RDHM)
Developed by NWS-OHD for
nation-wide deployment
2-D using HRAP grid (~4.1 km side;
also ~1 km)
Gridded precipitation and surface
temperature (6-hr, 1-hr time steps)
Soil moisture linked to
observations
Implemented in CHPS-FEWS
= Prototype real-time operations . 5
= Links to real-time precipitation 7 ‘Web Display
felds = Animations.

= Web display of animations

Links to RT
Precipitation

RCH « ESRL + PHYSICAL SCIENCES DIVISION

Enhance Water Supply With Reservoir Forecast-
based Operations (FBO)

Fixed rule curve operations lose

water by ignoring forecasts

*  FIdOps simulation model

* Rule curves relaxed for a) flood pre-
release if large rain forecast, and b)

flood zone capture and hold if no
rain forecast

= 10-day inflow volume look ahead
Overall increase in storage
levels
~ 10 KAF/yr potential additional
capture
Increase release flows to later in
Spring and Summer
@$1K/AF get $10M/yr benefit

w + Boulder, CO « 12-14 May 20
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Reduce Combined Sewer Discharges With Advanced
Precipitation Information

* CASA, C-band, rain gauge
network scalable to regional
requirements

« Hi-res QPE, nowcasting and QPF
(HRRR)

« Compatible with storm water
models across region

* SFPUC interested to optimize
combined sewer tank operation

* Integrated SF Bay storm
inundation forecast

* Regional partners - shared
benefits and costs —

= CADWR, SF Bay Counties
USGS, CNRFC, NOS

ESRL HYSICAL SCIENCES DIVISION

Enhance Endangered Fisheries Habitat With Coupled
Water Management Modeling

« Gridded precipitation forecasts
coupled to gridded hydro model
(GHM)

* GHM generates gridded
streamflow

*  GHM coupled to water
management model (WMM)

« Frost forecast model (FFM) used
to generate vineyard frost
protection water demands

* WMM evaluates pond storage to

sustain fish flows

Boulder, CO + 12-14 May 2015
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AQPI BENEFITS SUMMARY Thanks

* Overall

= Total Wx Benefits ($240M/yr; $34/person)

= Incremental AQPI Benefits ($62M/yr; $9/person)
« By Category

= Flood Mitigation (61%)

= Water Supply (23%)

= Ecosystem Services (8%)

= Transportation (8% (Ports 6%))
« By County

= Santa Clara (Flood Mitigation)

= Sonoma (Water Supply)
* Benefit/Cost Estimates

= Best Estimate - 5:1

= Optimistic - 13:1

= Pessimistic - 2:1

AQPI BENEFITS BY CATEGORY

Lynn.E.Johnson@noaa.gov

ce Review + Boulder, CO + 12-14 May 2015 3 Science Review + Boulder, CO + 12-14 May 2015
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Services

to Applications, Operations a

Serving Stakeholders - Summary

Laura Bianco

Science Review
12-14 May 2015
Boulder, Colorado
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PSD 2016-2020 Strategic Goals

* Rigorously characterize and predict weather, water, and climate
extremes and their uncertainties to inform decision-making

* Develop new processes under ding observational and
modeling capabilities to predict conditions associated with too much
or too little water forimproved early warnings and to inform
preparedness and resource management decisions

= Develop new knowledge and capabilities to explain observed climate
trends, variations, and extreme events and their impacts to inform risk
g and adaptation decisions

+ Boulder, CO + 12-14 M
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Other presentations on R2X

*  Darren Jackson - "Description and capabilities of an automated objective
technique for identifying atmospheric rivers”

+  Katherine McCaffrey - “XPIA: Development of remote sensing techniques
for renewable energy applications”

*  Henry Winterbottom - "High resolution ensemble data assimilation for
operational hurricane prediction”

*  Michael Alexander - "Impact of Climate Variability and Change on Marine
Ecosystems”

*  Andrea Ray - “Stakeholders interactions to improve the use of climate information”

*  Donald Murray - "FACTS data access and visualization”

* James Scott -"The climate change web portal”

«  Catherine Smith - "PSD web-based visualization and analysis tools” (¥)

(¥) AMS Award

SRL « PHYSICAL SCIENCES DIVISION

Notable Successes

* Long term institutional knowledge
(seasonal forecast guidance for California precipitation since 2008)

* Synergy between observations and models
(observations used to evaluate NOAA's operational model products)

* Risktolerance
(simulation and optimization approaches for water management)

« Collaborations
(field campaigns in partnership with other NOAA and external groups)

* Quality, Relevance and responsiveness
(new tools relevant to societal needs providing information when needed)

* Technology transfer
(advances transferable to other regions and to other regional problems and
integrate well into national services and applications)

w + Boulder, CO + 12-14 M
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Future Directions

* Understand, predict and prepare

Science to inform climate change adaptation and mitigation

Rigorously characterize and predict weather, water, and climate extremes and their
uncertainties to inform decision-making Develop new methods to
understand observational and modeling capabilities and better predict extreme
conditions for improved early warnings and resource management

+ Technology transfer
Develop technology in partnership with others and make PSD’s innovations
transferable to other regions and other regional problems

*  Accessibility
Make results from PSD R&D readily available to stakeholders and the public

Science Review + Boulder, CO + 12-14 May 2(
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What You Heard

James Wilczak: "The Wind Forecast Improvement Projects: WFIP
and WFIP2"

Klaus Wolter:  “Improving seasonal forecasts to help with
drought planning in California”

Allen White: ~ “Developing data tools and products in support of
research to applications”

Lynn Johnson: “A "Sea to Summit to Sea" approach to improve
management of water resources”

+ 12-14 May 2015
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Theme 4: Resear , Operations

to Appl
Serving NOAA - Overview

Thomas M. Hamill

Science Review
12-14 May 2015
Boulder, Colorado
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6) Average ) tow @ igh
Uncertainty Uncertain Uncertan
™ EE Wy

Strategic context:

uncertainty forecasting

“Reduced loss of life, property, and disruption from high-impact events; compare
weather risk to user-defined risk tolerance ... for high-impact events” [NOAA
Strategic Plan, Weather-Ready Nation]
*  Improved predictive guidance.
= Improved decision support tools.
= Establish quantified uncertainties for NOAA's predictions and projections.
= Advance data integration and assimilation into Earth system modeling.
Some of the OAR science questions addressed:
= “How can we improve forecasts, warnings, and decision support for high-impact weather events?”
= “How can we improve the way sci i ion and its icated?"
PSD strategic goal addressed
= “Develop new process i ional a ilities to predict conditions
associated with too much or too little water for improved early warnings and to inform preparedness
and resource management decisions."

SEARCH - ESRL HYSICAL SCIENCES DIVI

+ Boulder, CO « 12-14 May 2015
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Research to applications, operations and services

+  Here we'll focus most on R20 (o) GFS/EnKF (b) NCEP
of uncertainty products, but 55
of course other R2X as in
previous talks.

+  Build upon advances in
observing and understanding zon
from PSD, other labs, and

academic.

«  Testimproved numerical
methods in simplified and 1200 T1oW 100w 1200 T10W 100w
eventually operational
contexts. Hurricane Jimena, initialized at 00 UTC 30 Aug 2009.

+  Validate performance against From Hurricane Forecast Improvement Project experimental
baseline methods used demonstration of global ensemble Kalman filter. The
operationally. improved quantification of uncertainty relative to operational

*  Work with partners in NWS to GEFS (right) was typical for this season.
operationally implement

these methods. Dots are ensemble members and * is observed location.

SEARCH « ESRL « PHYSICAL SCIENCES DIVISI

Overcoming NOAA R2X misperceptions

OAR, of NWS ?

for more of Ben Hur.
i e

SEARCH « ESRL « PHYSICAL SCIENCES DIVISION

Hurdles to reach the goal of effective transition

FrelEmER
= Develop and test

dentify, build trust with
operational partner

Secure funding for all stages of process
LT \
Choose a promising topic (familiarity w. research, ops)
| A\

|
|

of success (= improved opn’l forecast)
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PSD’s R2X support for the quantification of uncertainty PSD’s R2X support for the quantification of uncertainty
Challenge 1: Improving
ensemble t=trit initial conditions and ensemble t=teat
members’ quantifying their members’

trajectories uncertainty trajectories

t=0

R20: Ensemble-based and hybrid
data assimilation
(Jeff Whitaker)

reality reality

If this situation happens more than
infrequently, we need to improve our
ensemble prediction system and underlying models.

Organization book chapter:

H « ESRL - PHYSICAL SCIENCES DIVISION ESRL « PHYSICAL SCIENCES DIVISION

PSD’s R2X support for the quantification of uncertainty PSD’s R2X support for the quantification of uncertainty
Problem 2: Biased Problem 3: Improving the
forecast models ensemble t=t+At quantification of uncertainty ensemble tetit
members’ due to model members’

trajectories errors trajectories

R20: Development and testing
of an improved suite of model reality
uncertainty parameterizations

R2A: Reducing uncertainty in
parameterizations and

providing data sets to support greater
understanding of the underlying (Phil Pegion)
physical processes (Chris Fairall)

The bestreference for thisworkis uncertin

reality

ESRL « PHYSICAL SCIENCES DIVISION

PSD’s R2X support for the quantification of uncertainty
Before  After

Remaining
yof t=t+At
probabilistic forecasts ensemble \
members’

from the ensemble.
trajectories

reality

R20: Statistical post-processing
(Tom Hamill)
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Ensemble Data Assimilation

Jeffrey Whitaker

Science Review
12-14 May 2015
Boulder, Colorado
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Data Assimilation is the process of combining prior knowledge of the
state of the atmosphere (a previous model forecast) with new
observations.

Temp Ob Model Forecast Temp
(expected error R) (expected error B)
! 111

I

F o

Temp i
Analysis

If we have equal confidence in prior forecast and new observation
(R = B), analysis is half-way between (equal weight given to each).

Science Review + Boulder, CO + 12-1
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The Numerical Weather Prediction Process

Forecast W Forecast
/ i \LT-J /

Analysis Analysis

Analyses and forecasts become more accurate when:
= Observations, forecast model and/or data assimilation (DA)
components improve.
= Forecast model carries information from past observations.

PHYSICAL SCIENCES DIVISION

Data Assimilation is the process of combining prior knowledge of the
state of the atmosphere (a previous model forecast) with new
observations.

Temp Ob Model Forecast Temp
(expected error R) [{ cted error B)
g /| »

\

Temp
Analysis

If we less confidence in prior forecast (B > R), analysis closer to
observation. The job of DA is to compute the weights that
optimally blend the observations and the model forecast.

« Boulder, CO + 12-14 May 2015
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What is the role of ensembles in DA?

The sample covariance estimated from an ensemble of first-guess
forecasts is used to define the forecast uncertainty.
PWAT increment

60

Precipitable Water Analysis Increment 2004013000

50

First-Guess

1807 120°W

ble f with DA

« Boulder, CO + 12-14 May
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* PSD scientists developed EnKF

Ac: HOT D600 2/NHX 002, 20120108-20120818

software which became o e Ensemble
operational at NCEP in May I B o el No Ensemble
2012 as part of the 3D o

Ensemble-Var upgrade to the =
Global Forecast System (GFS).
» Work is ongoing to improve the
algorithms (4D EnVar upgrade
coming QTFY16), apply to new se W

o021 Dittersnce wr.e. aps

applications (e.g. hurricane oaer
forecasting, see H.
Winterbottom poster).

‘e Review + Boulder, CO » 12-14 May 2015
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Key factors limiting performance

Sampling Error: ensemble size << model dimension.
Need for Covariance Localization

[ — 50 sample cov — localized cov
08 : localization o8 — truecov

— true cov

MRVAL

Science Review + Boulder, CO + 12-14 May 2015
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Key factors limiting performance

Model Error: If every ensemble member run with
the same model, uncertainty due to model
formulation not accounted for. Need for
Stochastic Parameterization (next talk)

Science Review + Boulder, CO + 12-14 May
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Summary and Conclusions

* Ensembles allow a better characterization of
forecast uncertainty — more information can be
extracted from observations, improving analyses
and forecasts.

= Especially important when observations are sparse
(20t Century Reanalysis)

* Improved treatments of sampling and model
error are crucial for further progress.

* PSD research has directly benefited NOAA
operations via partnership with NWS/NCEP.

« Boulder, CO + 12-14 May 2015
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Model Uncertainty Parameterization

in Ensembles

Philip Pegion

Science Review
12-14 May 2015
Boulder, Colorado
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How we account for model uncertainty.

Kinetic Energy Spectrum

+ Dynamics: Due to the model’s finite resolution, 2 **
energy at non-resolved scales cannot cascade
to larger scales.

= Approach: Estimate energy lost each time step, and
inject this energy in the resolved scales. ak.a
stochastic energy backscatter (SKEB; Berner et al.
09)

Power Spectrum

» Physics: Subgrid variability in physical o G
processes, along with errors in the T°':::’ﬂ":":[’:"(';'u’:;'k
parameterizations result in an under spread
and biased model.

= Approach: perturb the results from the physical e resclutionanaiysis Soid back e s
parameterizations, and boundary layer humidity s ow resolution model run with SKes.
(Palmer et al. 2009), and inspired by Tompkins
and Berner 2008.

Kinetic Energy spectrum of the rotational
component of wind. Gray line s for a

« Boulder, CO + 12-14 May 2015
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The need to properly represent forecast uncertainty in
predicting weather and extremes

Hurricane Odile: Initialized Sept. 11, 2014 at 00Z
GEFS operational ensemble

son jE:

4{ Observed track

N

‘—l Ensemble Forecast tracks

o0

vk sy v
NOAA/ESRL Physical Sclences Division

NOAA/NCEP/GFS ensemble was confident that the hurricane would stay off shore

ESRL « PHYSICAL SCIENCES DIVISION

5-day forecast Zonal Wind RMS error minus Spread
zonal average from 1 month of forecasts: August 2012

200 ' .
'

300

00

RMS error: ensemble
mean error with respect
to verifying analyses

Ensemble Spread:
standard deviation
among ensemble :::

members 700
800
900

Pressure

] aon 0n
Latitude
-05051.01.52.02.53.03.54.0455.0 ms?
Overconfident ——>

NOAA/NCEP/GFS ensemble, no treatment for model error “baseline”

« Boulder, CO + 12-14 May 2015
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Change in Ensemble Spread

zonal average from 1 month of forecasts
120 hr zonal wind spread difference compared to baseline

Physics treatment Dynamics treatment
™ 0
w 0
w o
0 e
an Ed
| H
: k
305 605 305 EQ 30N 6N 90N %5 s 305 £0 W son 0N
PSD stochastic parameterization suite NCEP Operational
m 20
w m
- o
s 2
ﬁ GE
905 805 305 €0 30N G0N 90N %5 s 305 EQ 3w con 90N

PSD stochastic parameterization
suite is the inclusion of both the
the physics and dynamics
treatments.

T T L s

60912 15 1.6 212427 5
Increased Spread ——>

cience Review « Boulder, CO + 12-14 May 2015
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Change in RMS error
zonal average from 1 month of forecasts
120 hr zonal wind ensemble mean error compared to baseline

PSD stochastic parameterization suite

200 " 200

NCEP Operational

300 ) 3007 |

400 | 4007 |
500 500

600 600

700 & 100

90S 60S 30S EQ 3JON 60N 90N 90S 60S 30S EQ 30N 60N 90N

0.4-0.3-0.2-0.10.1 0.2 0.3 0.4 0.5 Q.

<«—— Improved Forecast

ce Review + Boulder, CO + 12-14 May 2015
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Zonal wind RMS error minus Spread Testing at NCEP/EMC
including treatment for model uncertainty 2 months in operational configuration

zonal average from 1 month of forecasts
Global Ensemble Forecast System (GEFS)

PSD stochastic parameterization suite NCEP Operational Tropical 850 hPa Zonal winds
3
36 The PSD stochastic physics suite
33 substantially improves the
» m
. = 3 ensemble spread.
0 "o \ " 2 * Forecast error is also reduced by
o o R | over 10% in week-2.
N o 5 w |
™ ™ T o |
oo - R |
o o w2 . Operational AWSE — |
L e B T T g ™ Operational Spread |
< - s = PSDStoch Phys. RSE  ——— | |
0505101520253.03.54.04550 0 PSD Stoch.Phys.Spread |

Overconfident ———>
0 2 4 6 8 10 12 14 16

ESRL/PSD stochastic physics package greatly improves the spread/error relationship f lead ti d
in the medium range forecast, but is still deficient in the jet stream regions. orecast lead time (days)

Science Review + Boulder, CO - 12-14 May 2015 Science Review + Boulder, CO + 12-14 \
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Summary and Conclusions

* The parameterizations implemented by NOAA/ESRL/PSD produce
a better calibrated forecast with the GEFS for most of the globe.
Close collaboration with colleagues in NCEP/EMC has allowed for
more extensive testing at different resolutions and longer leads.

« Target operational date is spring of 2016

* Already operational (January 2015) in the GFS data assimilation
ensemble

* Although we improve the spread/error relationship in the upper
air fields. Surface fields such as precipitation and 2 meter
temperature are still poorly calibrated, thus requiring the need to
calibrate the ensemble forecasts (next)
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Ensemble Reforecasts and Post-Processing

Thomas M. Hamill

Science Review
12-14 May 2015
Boulder, Colorado
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Some challenges in the
post-processing of precipitation

1-Day Ensemble—Mean Forecast and Observed Precipitation

20

o Forecast

o+ Observed

Precipitation Amt (mm)
o
T

A AN

>
>

(I e A T

0

o 10 20 30 40
Day
The heavy precipitation events that users care the most about can be uncommon,
and a short time series of past forecasts may not provide useful training data.

RCH « ESRL -« PHYSICAL SCIENCES DIVISION

Select Desired Variables and Associated Levels:

. Accessing
et reoll brmieidr o S reforecast
data
Surface Pressuro Preciptable Water . }Ne've made it easy
Tot wer fotal Column-Integrat fensate or users to access
S o T the 200 T8 of data on
e tn Ll 00 o) diskand ~ 1PB on

tape.

* 99 variables
available from disk,
including mandatory
level data and many
surface fields, as
shown.

+  Produces netCDF
files.

Select Desired Dates (Avallable from Dec 11984 10 Apr 24 2015):

From: I To:

© Douload al heforocasts within tha chosen e period. Holp

Select Desired Forecast Hour(s): *  Also: direct ftp

on o access to allow users

S I B -4 to download the raw
w w m o m o m W i
08 R A S grib files.

168

RCH - ESRL - PHYSICAL SCIENCES DIV

PSD’s R2X support for the quantification of uncertainty
Problem 4: Remaining Before  After
unreliability of teat
probabilistic forecasts 9”5€mb|e, +
from the ensemble. members
trajectories

\
\

Statistical post-processing
(Tom Hamill) reality

H « ESRL - PHYSICAL SCIENCES DIVISION

Reforecasts

S—_ © | our experience, sample size

i matters as much or more than the

& post-processing method.

* Reforecasts: numerical simulations of
the past weather (or climate) using

2 3 the same forecast model and

FIOIRIEICIAISITITINIG asagﬂlatlon.systﬁm that (ideally) is
IMPROVING SKILL USING RETROSPECTIVE FORECASTS use 0pe|’atl0na y'
= Common with climate, uncommon with

. = weather models.
F'w ."& 'l » We've now generated two reforecasts
W'F'i.! .l‘ for the NCEP GEFS system, including

with the currently operational model

“.m.l" '. version. Working with NWS on a third,
4 d y

including a new reanalysis.

Boulder, CO « ee Hamill et al., Bull. Amer. Meteor. Soc.
Bull. Amer.

87,33-46
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Development of techniques for post-processing
Brier skill scores, > 10mm
(a) Analog,
10 supplemental locations (b) Raw
0. We have developgd post- osl (o= 02y 0510 4
processing techniques that = gav ; :ig
oy 2.5-
0.4 dramatically improve upon 0.4} ad Daiss—aa il
§ v-v Daya55.0
the skill of the raw forecast DO
o O3aa . guidance. These techniques 03} 5 a Day657.0 A
© [ o o pay 7580
S 02 $ include analog and 02
= / ) ; distribution-fitting techniques 83 8
f 01 ) A g % (see also Michael Scheuerer 01 /!
E / E poster). N\
0. ) o
o1 verification of 1/8" We are also working with o1 |
[ degreeprecipitation [ NS on multi-model post- .
forecasts over CONUS, N P
02 2002-2013 i processing for the “National ~ _j_
Blend of Models” project.
JFMAM) JASOND JFMAM) JASOND
Month Month
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Post-processed guidance is highly reliable Doing the best possible with
short training data sets
Reliability for 108-120-h, > 10mm Statistically downscaled and raw reliability,
(a) Analog, 10 locations (c) Raw 11-member ensemble 108-120-h, event = POP, Jan 2014 POP = probability of (nonzero)

ot ssge -] The post-processed guidance Frequency of usage
that we generate is very highly
. reliable, making it suitable for

wof O Too use in decision-making.

— B 107

precipitation.

10

Frequency

For multi-model ensemble

data, we explored whether we could
improve on the technique with two
simple procedures, a statistical
downscaling and a CDF (cumulative
distribution function)-based bias
correction, also known as “quantile
mapping.”

0 H

10°
020 40 60 80 100

probabilty

The high-end unreliability at a0l
< leftis simply due to small
20 sample size; those high X

BSS = 0.09 probabilities are issued very o "BSs = -0.02

rarely. o

Observed Relative Frequency (%)

3
i
s

W @ w w0 w
Forecast Probabiity (%) Forecast Probabilty (%)

Observed Relative Frequency (%)

This technique will be used to populate
the operational NWS National Digital
Forecast Database via the “National
Blend of Models” project.

(ea Bssidownscaled) = 0.2
4a BSSiran)
58 BSsidownscaled + COF bias-corr) = 0.49|

o 20 a0 60 80 100
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Summary and conclusions

* We have built strong collaborations with NWS partners
on the generation of reforecasts for post-processing.
= CPC, OHD, WPC, MDL are now advocates for operationalizing
weather reforecasts.
= Atthe 2014 NCEP Production Suite Review, Hendrik Tolman
indicated that EMC plans to regularly generate reanalyses/
reforecasts.

* PSDis joined at the hip with NWS on ensemble and
post-processing technique development.
= Example: |am NWS post-processing team lead for National
Blend of Models Project and team lead for NWS Next-
Generation Global Prediction System ensemble and post-
processing teams.




) NOAA RESEARCH - ESRL - PHYSICAL SCIENCES DIVISION

Air—Sea Flux Products

Christopher Fairall

Science Review
12-14 May 2015
Boulder, Colorado
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Technology

+ Requirement: There is aneed for air-sea flux measurements of high accuracy and high time resolution: Intensive
field programs, Satellite retrievals, NWP/Climate model products, Climate monitoring system.

Institute Contact
KOPRI s.Park

Noc M. Yelland
IFEFI Celtic Explorer U. Galway 8. Ward
| Germany IR U.Hamburg 5. Kinne
[France  [JUNSTS IFREMER A, Weill
YT s. surveyor Aus. BOM . Schulz
[EEER sindhu Sankalp NIO Goa. V. Kumar
N sikuliag U. Alaska M. Edwards
[iapan BV JAMSTEC Jun Inoue

Fairall, C. & Co-Authors, 2010:
Observations to Quantify Air-Sea
Fluxes and Their Role in Climate
Variability and Predictability in
Proceedings of OceanObs'09:
Sustained Ocean Observations and
Information for Society (Vol. 2),
Venice, Italy, 21-25 September 2009,
Hall, 1, Harrison D.E. & Stammer, D.,
Eds, ESA Publication WPP-306.

\ttp://www.esrl.noaa.gov/psd,
spotlight/2011/flux-system.htm|

RCH - ESRL - PHYSICAL SCIENCES DIV

Background

+ Measurement http://www.esrl.noaa.gov/psd/psd3/wegsf

Technology Wt T T |
* Improve Observations ***===
gom Bu;\:ys ar\d| WOR P M e e Faxes
esearch Vessels Jalil;
+ Flux Estimation ol i
Algorithms = e
* Direct Observations s
Databases jrorendl

* Global Flux Products

Direct data used principally
to develop
parameterizations,
improve the observing
system, and ‘verify’ model
results

RCH « ESRL « PHYSICAL SCIENCES DIVISION

x10. Momenptum

NOAA COARE BULK FLUX MODELS:
Developed and Maintained at PSD
Met Flux:w'x'= CU(X, - X,) = CUAX
ka (X, la -X,)
Particles : F, = Source(r) -V, (r)n(r) Ll

O ey
O B e

Gas Flux :w'

g 0 W
10m Neutral Wind Speed (ms”)
ible & Latent Heat
s oun

1996 Bulk Meteorological fluxes

2000 €O, [U. Conn and Columbia U] HE T ™™
« 2003 Hurricane Sea Spray s T e DML E)
+ 2004 DMS [U. Hawaiil B
« 2005 Snow/Ice [US Army CRREL] = H
+ 2006 Ozone [U. Colorado] 2
+ 2008 PCBsand PCEs [Mich. Tech. U] H g
« 2010 79Trace gases [Johnson 2010} o 10m Newtral Wind Speed (ms”)
+ 2011 COAREG3.1 o ’
= €O2,DMS, *He, €O, 0,, SF,, Methanol N

+ 2014 COARE3.5
+ 2015 Hurricane spray version 12

° o

9 10m Neutral Wind Speed (ms ')

ftp://ftpl.esrl.noaa.gov/users/cfairall/bulkalg/

« Boulder, CO + 12-14 May 2015
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PSD Flux Data Sets
PACS FaBB FaD Trcks
*  PSD Cruise Data base 2
= ftp/ftpl.estl.noaa.gov/psd3/cruises/
= 62 cruise individually archived o
= Raw and processed; images i
+ PSD Direct Flux Easy-to-Use Composite Files ® - Gl
= 14 cruise 1991-1999 Atlantic and Pacific ' 2 ///
ftp:/ftp1.esrl.noaa. irall/fluxdata, s : -
combined_file/ x o
= 10 cruises 1999-2004 Equatorial E. Pacific W W W W Ew
ftp://ftp1.esrl.noaa. irall/EPIC

epicmonitor/combined files/
* Fluxes, clouds, rawinsondes

8 cruise Stratus 2001-2010 Stratus region off

Chile

ftp:/ftp1.esrl.noaa.gov/users/cfairall/

epic stratus integrated/

* Fluxes, clouds, rawinsondes

w + Boulder, CO + 12-14 May 2015
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Community Flux Products:
NWP: SURFA Archived flux fields

from ECMWF, DWD, JMA Satellite: SEAFLUX, GSSTF, HOAPS,

JOFURO, IFREMER
P

R ———
iyt ———
TP
7 2 S
0
£ 1
E
‘ b,
Blended: WHOI OAFlux, CORE,.. o
Mean Latent Heat Flux in 2010 B e
= B A S
At W Y
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Summary and Conclusions

* Central Theme: Results for NOAA's climate
observing system and process research

* Products include technological advances, flux
algorithms, direct flux databases, and
collaborations with gridded global flux
products.

* Applications include better measurements from
ships and buoys, better fluxes for NWP and
climate models, improved global flux products.
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Theme 4: Research to Applications, Operations and Services

Serving NOAA - Summary

Thomas M. Hamill

Science Review
12-14 May 2015
Boulder, Colorado

A few of the science questions addressed

* How can we improve forecasts, warnings, and decision
support for high-impact weather events?

» How can we improve the way scientific information
and its uncertainty are communicated?

Science Review + Boulder, CO + 12-14 May 2015
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Notable successes in R2X:

uncertainty quantification

< Jeff Whitaker: R20 of ensemble-based data assimilation; hybrid EnKF
operational in 2012.

« Chris Fairall: R2A of flux data sets to reduce process uncertainty and
improve parameterizations.

« Phil Pegion: R20 of model uncertainty in ensemble prediction,
implementations in 2014, 2016.

* Tom Hamill: R20 of reforecasts and statistical post-processing. Products
used operationally at CPC, HPC, OHD, and more.

« Afew others:

Maria Gehne, Gary Bates: land-surface uncertainty estimation in ensembles.

Gil Compo: ensemble data assimilation for climate reconstruction.

Kathy Pegion: seasonal climate uncertainty quantification with multi-model
ensembles.

Matt Newman: linear inverse models.
Michael Scheuerer: verification of forecast uncertainty.

CH « ESRL - PHYSICAL SCIENCES DIVISION

Some PSD research goals addressed

* Identify new sources of predictive skill and improve
predictions of weather, water, and climate through
observations, understanding and modeling of physical
processes and phenomena of the coupled Earth
system.

Rigorously characterize and predict weather, water,
and climate extremes and their uncertainties to inform
decision-making.

« Boulder, CO + 12-14 May 2015
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Future directions

* Continue collaborations on all aspects of ensemble
system design (data assimilation, forecast, post-
processing) via NWS Next-Generation Global
Prediction System project.

« Likely to be involved in development and
production of next-generation weather reanalysis/
reforecast.

* Challenge: sustained funding support to continue
foundational lab R&D to feed into R2X

= physically based stochastic parameterization
= coupled data assimilation/reanalysis.

Science Review + Boulder, CO + 12-14 May 2015
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Questions on what you've heard
or on other uncertainty-related projects?

< Jeff Whitaker: R20 of ensemble-based data assimilation; hybrid EnKF
operational in 2012.

« Chris Fairall: R2A of flux data sets to reduce process uncertainty and
improve parameterizations.

Phil Pegion: R20 of model uncertainty in ensemble prediction,
implementations in 2014, 2016.

« Tom Hamill: R20 of reforecasts and statistical post-processing. Products
used operationally at CPC, HPC, OHD, and more.

« Afew others:

Maria Gehne, Gary Bates: land-surface uncertainty estimation in ensembles.

Gil Compo: ensemble data assimilation for climate reconstruction.

Kathy Pegion: seasonal climate uncertainty quantification with multi-model
ensembles.

Matt Newman: linear inverse models.
Michael Scheuerer: verification of forecast uncertainty.

‘e Review + Boulder, CO » 12-14 May 2015
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NOAA/ESRL Physical Sciences Division Review

B. Staffing and Budget

PSD Staffing

Director’s Office

Director Robert Webb
Deputy Director Brian Gorton
Senior Scientist Randall Dole

Richard Lataitis

Budget and Administrative Group

Admin Officer Brian Gorton
Admin Specialist Rita Lombardi
Admin Specialist William Otto
Budget Analyst (Sr.) Tina Schiffbauer
Budget Analyst Holly Rosales
Budget Analyst Frances Snow
Secretary Shawn Dowd
Secretary Madeline Sturgill

Communications Group

Communication Coordinator | Barb Deluisi

Sr. IT Manager Nick Wilde

IT Security Eric Estes

IT Specialist Sandra Lubker

Sys. Admin. Team Lead Rusty Jesse
Kelly Healy
Alex McColl
Barry Mclnnis
Dan Miller
Ed Warnken

Web and Data Team Lead Cathy Smith
Don Hooper
Chris Kreutzer

May 12-14, 2015



NOAA/ESRL Physical Sciences Division Review

B. Staffing and Budget

Research Teams

Attribution and Predictability Assessments

Atmosphere-Ocean Proce
NOAA Lead | Michael Alexander Judith Perlwitz
CIRES Lead | Juliana Dias Joseph Barsugli
John Albers David Allured
Maria Gehne Linyin Cheng
Alejandro Jaramillo Henry Diaz
George Kiladis Jon Eischeid
Roland Madden Martin Hoerling
Matthew Newman Srijita Jana
Emily Riley Brant Liebmann
James Scott Ben Livneh
Dustin Swales Don Murray
Stefan Tulich Xiao-Wei Quan
Giuliana Turi Imtiaz Rangwala
Yan Wang Andrea Ray
Lesley Smith
De-Zheng Sun
Lantao Sun
Klaus Wolter
Taiyi Xu
Heather Yocum
Tao Zhang

Boundary Layer Observations and Processes Team | Dynamics and Multiscale Interactions

NOAA Lead || Christopher Fairall Alexander Voronovich

CIRES Lead || Laura Bianco Gilbert Compo
Ludovic Bariteau Antonietta Capotondi
Bruce Bartram Leslie Hartten
Byron Blomquist Chesley McColl
Irina Djalalova Vladimir Ostashev
Andrey Grachev Cecile Penland
Katherine McCaffrey Prashant Sardeshmukh
Kenneth Moran Edward Walsh
Sergio Pezoa Valery Zavorotny
James Wilczak
Daniel Wolfe
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Hydrometeorology Modeling and Applications Team | Forecast Modeling and Development

NOAA Lead || Robert Cifelli Jeffrey Whitaker
CIRES Lead || Kelly Mahoney Robert Pincus
Coy Chanders Jian-Wen Bao
Samm Elliott Gary Bates
Mike Hobbins Joseph Cione
Chengmin Hsu Evelyn Grell
Mimi Hughes Thomas Hamill
Lynn Johnson Lili Lei
David Kingsmill Sara Michelson
Sergey Matrosov Philip Pegion
Michael Mueller Michael Scheuerer
David Reynolds Henry Winterbottom
Ellen Sukovich
Christopher | Williams
Delbert Willie
Robert Zamora

Hydrometeorology Observations and Processes Team | Polar Observations and Processes Team

NOAA Lead | Allen White Taneil Uttal

CIRES Lead || Darren Jackson Matthew Shupe
Scott Abbott Robert Albee
Joshua Aikins Christopher | Cox
Thomas | Ayers Sara Crepinsek
David Carter Gijs de Boer
Tim Coleman Duane Hazen
David Costa Janet Intrieri
Jessie Creamean Elena Konopleva
Lisa Darby Nathaniel Miller
Natalie Gaggini William Neff
Daniel Gottas Ola Persson
Paul Johnston Amy Solomon
James Jordan Sandy Starkweather
Clark King Michael Stone
Jesse Leach
Paul Neiman
Ryan Spackman
Raul Valenzuela
Gary Wick
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Research Partnership Programs

National Integrated Drought Information System

CU Center for Environmental Technology

Advanced Systems Group

Kathleen Bogan Albin Gasiewski

Veva Deheza Nikolay Zabotin ‘
Alicia Marrs

Roger Pulwarty

James Verdin

Guest/Visiting Researcher

Dave Allocca Martin Ralph
Alfred Bedard Kathy Pegion
Mikhail Charnotskii

losif Fuks

Oleg Godin

Reginald Hill

Vladimir Irisov

Sandra McClellan

Konstantin Naugolnykh

Lev Ostrovsky
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PSD Staffing by Fiscal Year

200
163 164 164 164
= 1 50 N
8
n 100 -
=+
50 -
0 1 1
o - ™~ ) 1 W
- D - - - -
> > > > > >
L L (18 L L
OFederal O Cooperative Institute
B Contract B Guest Workers*

*Guest Workers: Scientists Emeriti (3), Guest Scientists (25), Post-docs (6), Externally Supported Staff (2)

FY15 PSD Staff Distribution (Total=164)

e, Directors Office

FMD: Forecast &

Madeling Development Diractor, 4, 2% 26/ 16%

HMA: Hydro Modeling Admin, 10, 6% \

& Applications

HOP: Hydro Obs & POP, 15, 9%

Processes .
POP: Polar Obs aomL, 1,1% Fartnership

& Processes

NIDIS, 6, 4% Programs

Hi 1
Core A 15, 9% CET, 2, 1%
Research
118 [ T2%
ASG: Advance Sensor Group
FMD, 11, 7% ADP: Atmos. Ocean Processes

APA: Attribution & Predict. Assessments
BLO: Boundary Layer Obs & Processes

DML, 11, T
BLO, 11, 7% DMI: Dynamic & Multiscale Interactions
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FY15 PSD Staff Degree Distribution

and Functions (rotal=164

. Managemant Administrative
ngh School B75% Suppart

412% 10/ 6%

Technical
Support
9/ 5%

Associate's

Data
312%

Engineering
10/ 6%

Bachelor's

¥

Doctorate
93/57T%

FY15 PSD Staff Diversity (total=164)

Hispanic/Latino
Ta4%

Asian
171 10%

White/Caucasian
140/ BE%
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FY15 PSD Staff Age Distribution (Total=164)

30

Cooperative I|'-:it|tl.|'.l.' Mean = 49

Contractor Mean = 44 — """ {20% retirement eligible)

Federal Mean = 56

25

20

15

10

-

20-29

— r- =

30-39 40-49 50-59 60-69 70-79

OFederal OCl B Contractor
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PSD Budget

PSD Income by Fiscal Year

30 F22.0M $27.5M $19.6M 321.50 $25.8M

25 .
20 +—1B i
Z 15 - —
10 -
5 —
0

FY10 FY11 FY12 FY13 FY14

| OBase O0Other-NOAA B Other-Agency |

PSD FY14 Expenditures by Function

(Total = $25.8M) PSD Admin
| ($3.0M)

Infrastructure
$8M / 31%

Climate
Analysis
{S6.1M)

— Boulder Assessments [($1.5M)

—ESRL OH (50.60M)

OAR OH (30.81M)
e MNOAS OH (§0.08M)

Science
$18M / 69% Water Cycle
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PSD FY14 Expenditures by Category

Rent & Utilities ~_ Travel
$1.5M / 6% $0.3M / 2% Equipment,

Supplies & Other
S1.4M 7 4%

Contract

Labor
S2.7M / 10%

(Total = $25.8M)
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NOAA/ESRL Physical Sciences

Division Review

C. Publications and Citations

PSD Publications and Citations

Publications

PSD authors publish approximately 120 peer-reviewed papers per year. The table below illustrates the
number of papers published for the five calendar years 2010-2014 normalized by the number of PSD
publishing scientists (approximately 80). The PSD publication database can be accessed at (http://www.

esrl.noaa.gov/psd/pubs/view/year/2014.html).

Year # Publications Papers/Scientist
2010 106 1.3

2011 115 1.4

2012 118 1.5

2013 137 1.7

2014 117 1.4

Average 119 1.5
Citations

Shown below are the lifetime publication and citation counts, and Hirsch-index! or H-index
values for current PSD scientists. This list reflect those who have an H-index of 10 or greater (55

scientists). Web of Science

the data below.

, Which includes only peer-reviewed works, was used to generate

PSD Author Total Publications Total Citations H-Index
Christopher Fairall 238 8087 44
Henry Diaz 138 6346 42
George Kiladis 113 5795 40
Martin Hoerling 91 4608 37
Michael Alexander 87 4358 36
Prashant Sardeshmukh | 70 4010 33
Thomas Hamill 69 3965 29
Sergey Matrosov 109 2140 29
Ola Persson 56 2217 28
Matthew Shupe 75 2394 28
Paul Neiman 79 2135 27
Judith Perlwitz 61 2984 27
Allen White 68 2048 27
Brant Liebmann 54 3186 25
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PSD Author Total Publications Total Citations H-Index
Cécile Penland 44 1831 23
Robert Pincus 40 2198 23
Jeffrey Whitaker 49 3325 23
James Wilczak 58 2057 23
William Neff 72 2140 23
Christopher Williams 60 1398 23
Byron Blomquist 50 1320 22
Robert Cifelli 46 1253 22
Matthew Newman 39 2034 22
Edward Walsh 61 1324 21
David Kingsmill 37 1004 20
David Carter 43 1127 19
Randall Dole 36 1248 19
Philip Pegion 31 1954 19
Ryan Spackman 55 1388 19
Robert Webb 36 1801 19
Gary Bates 28 3061 18
Gary Wick 58 1535 18
Gilbert Compo 32 5796 17
Lisa Darby 30 981 17
David Reynolds 51 832 17
Oleg Godin 129 870 16
Janet Intrieri 22 1109 16
Darren Jackson 28 918 15
Paul Johnston 34 546 15
De-Zheng Sun 31 738 15
Alexander Voronovich 65 899 15
Robert Zamora 37 632 15
Valery Zavorotny 52 815 15
Antonietta Capotondi 32 909 14
Vladimir Ostashev 87 633 14
Richard Lataitis 35 488 13
James Scott 27 1188 13
Laura Bianco 23 282 12
Irina Djalalova 16 360 12
Alfred Bedard 61 429 11
Klaus Wolter 18 713 11
Joseph Barsugli 22 671 10
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PSD Author Total Publications Total Citations H-Index
Ben Livneh 20 380 10
Lesley Smith 13 675 10
Amy Solomon 26 526 10

YHirsch, J. E., 2005: An index to quantify an individual’s scientific research output. Proceedings of the
National academy of Sciences, 102 (46), 16569-16572, doi:10.1073/pnas.0507655102

HIGHLY CITED (> 100 CITATIONS)

A number of PSD scientists have publications that have been cited over 100 times. Examples include:

Deser, C., M. A. Alexander, S.-P. Xie, and A. S. Phillips, 2010: Sea surface temperature variability: Patterns
and mechanisms. Annual Review of Marine Sciences, 2, 115-143.

Fairall, C.W., E.F. Bradley, D.P. Rogers, J.B. Edson, and G.S. Young, 1996: Bulk parameterization of air-sea
fluxes for TOGA COARE. J. Geophys. Res., 101, 3747-3767.

Fairall, C. W.,, J. E. Hare, J. B. Edson, and W. McGillis, 2000: Parameterization and micrometeorological
measurement of air-sea gas transfer. Bound.-Layer Meteorol., 96, 63-105.

Intrieri, J. M. C. W. Fairall, M. D. Shupe, P. O. G. Persson, E. L. Andreas, P. S. Guest, and R. E. Moritz, 2002:
Annual cycle of cloud forcing at SHEBA. J. Geophys. Res., 107, 8039.

Fairall, C.W., J. Kepert, and G.J. Holland, 1995: The effect of sea spray on surface energy transports over
the ocean. The Global Atmospheric Ocean System, 2, 121-142.

Kiladis, G. N., M. C. Wheeler, P. T. Haertel, K. H. Straub, and P. E. Roundy, 2009: Convectively coupled
equatorial waves. Rev. Geophys., 47, RG2003.

Kiladis, G. N., K. H. Straub, and P. T. Haertel, 2005: Zonal and vertical structure of the Madden-Julian
Oscillation. J. Atmos. Sci., 62, 2790-2809.

Lin, J. -L, G. N. Kiladis, et al., 2006: Tropical intraseasonal variability in 14 IPCC AR4 climate models: Part I:
Convective signals. J. Climate, 19, 2665-2690.

Matrosov, SY., K.A. Clark, B.E. Martner, and A. Tokay, 2002: X-band polarimetric radar measurements of
rainfall. J. Appl. Meteor., 41, 941-952.

Neiman, P.J., F.M. Ralph, A.B. White, D.E. Kingsmill, and P.O.G. Persson, 2002: The statistical relationship
between upslope flow and rainfall in California’s coastal mountains: Observations during CALJET. Mon.
Wea. Rev., 130, 1468-1492.

Newman, M., G. P. Compo, M. A. Alexander, 2003: ENSO-forced variability of the Pacific Decadal
Oscillation. J. Climate, 16, 3853-3857.
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Penland, C. and P. D. Sardeshmukh, 1995: The optimal growth of tropical sea-surface temperature
anomalies. J. Climate, 8, 1999-2024.

Perlwitz, J., and H.-F. Graf 1995. The statistical connection between tropospheric and stratospheric
circulation of the Northern Hemisphere in winter. J. Climate 8, 2281-2295.

Perlwitz, J., and N. Harnik, 2003: Observational evidence of a stratospheric influence on the troposphere
by planetary wave reflection. J. Climate 16, 3011-3026.

Perlwitz, J., S. Pawson, R. L. Fogt, J.E. Nielsen, and W. D. Neff, 2008: Impact of stratospheric ozone hole
recovery on Antarctic climate, Geophys. Res. Lett., 35, L08714.

Persson, P. Ola G., C. W. Fairall, E. L. Andreas, P. S. Guest, and D. K. Perovich, 2002: Measurements
near the Atmospheric Surface Flux Group tower at SHEBA: Near-surface conditions and surface energy
budget. J. Geophys. Res. 107(C10).

Ralph, F.M., P.J. Neiman, and G.A. Wick, 2004: Satellite and CALJET aircraft observations of atmospheric
rivers over the eastern North-Pacific Ocean during the winter of 1997/98. Mon. Wea. Rev., 132, 1721-
1745.

Sardeshmukh P.D., and B.J. Hoskins, 1988: The generation of global rotational flow by steady idealized
tropical divergence. J. Atmos. Sci., 45, 1228-1251.

Thomas, C. R., M. Alexander, and D. Lawrence, 2010: The seasonal atmospheric response to projected
Arctic sea ice loss in the late 21st Century. J. Climate, 23, 333-351.

Whitaker, J. S., T. M. Hamill, X. Wei, Y. Song, and Z. Toth, 2008: Ensemble data assimilation with the NCEP
Global Forecast System. Mon. Wea. Rev., 136, 463—482.

Wilczak, J. M., S. P. Oncley, S.A. Stage (2001): Sonic anemometer tilt correction algorithms. Boundary-
Layer Meteorology, 99, 127-150.

Zavorotny, V. U. and A. G. Voronovich, 2000:. IEEE Trans Geosci. Remote Sens., 38, 951-964.

HIGHLY CITED (WEB-OF-SCIENCE TOP 1% IN FIELD FOR GIVEN YEAR)

A number of PSD scientists have publications with a Web of Science Highly cited designation for receiving
“enough citations to place the publication in the top 1% of its academic field based on a highly cited
threshold for the field and publication year.” Examples include:

Alexander M. A,, K. H. Kilbourne, J. A. Nye, 2014: Climate variability during warm and cold phases of the
Atlantic Multidecadal Oscillation (AMO) 1871-2008. Journal of Marine Systems, 133, 14-26.

Bennartz, R., M. D. Shupe, D. D. Turner, V. P. Walden, K. Steffen, C. J. Cox, M. S. Kulie, N. B. Miller, and
C. Pettersen, 2013: July 2012 Greenland melt extent enhanced by low-level liquid clouds. Nature, 496,
83-86. Compo, G. P, J. S Whitaker, P. D. Sardeshmukh, et al. (2011): The Twentieth Century Reanalysis
Project. Q.J.R. Meteorol. Soc., 137: 1-28.
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Deser, C., A. S. Phillips, M. A. Alexander, and B. V. Smoliak, 2014: Projecting North American Climate over
the next 50 years: Uncertainty due to internal variability. J. Climate, 27, 2271-2296.

Dole, R, M., Hoerling, J. Perlwitz, et al., 2011: Was there a basis for anticipating the 2010 Russian heat
wave? Geophys. Res. Lett, 38, L06702.

Hoerling, M. J. Eischeid, A. Kumar, et al., 2014: Causes and predictability of the 2012 Great Plains
Drought, Bull. Am. Meteorol. Soc., 95, 269-282.

Hoerling, M, J. Hurrell, J. Eischeid; et al., 2006: Detection and attribution of twentieth-century northern
and southern African rainfall change. J. Climate, 19, 3989-4008.

Hoerling, M, J. Eischeid, J. Perlwitz, et al., 2012: On the increased frequency of Mediterranean drought. J.
Climate, 25, 2146-2161.

Morrison, H., G. de Boer, G. Feingold, J. Harrington, M. D. Shupe, and K. Sulia, 2012: Resilience of
persistent Arctic mixed-phase clouds. Nature Geoscience, 5, 11-17,

Peterson, T. C., M. P. Hoerling, P. A. Stott and S. C. Herring et al., 2013: Explaining Extreme Events of 2012
from a climate perspective. Bull. Amer. Meteorol. Soc., 94, S1-S74.

Stock, C. A., M. A. Alexander, et al., 2010: On the use of IPCC-class models to assess the impact of climate
on living marine resources. Progress in Oceanography, 88, 1-27.

Vano, J., ... M. P. Hoerling, ..., R. S. Webb, et al., 2014: Understanding uncertainties in future Colorado
River streamflow, Bull. Amer. Meteorol. Soc., 1, 59-78.

Wolter, K., and M.S. Timlin (2011): El Nifio/Southern Oscillation behaviour since 1871 as diagnosed in an
extended multivariate ENSO index (MEl.ext). Int. J. Climatology, 31, 1074-1087.

Assessments

PSD generates a number of assessments that utilize observational data and experiments with climate
and hydrological models of different complexity to determine the physical factors that cause observed
regional and seasonal climate trends and high-impact weather events. These assessments provide the
best available science regarding factors causing high-impact weather and climate related extremes to
allow policy makers to make informed decisions on how society should invest in critical infrastructure
in risk-prone areas while ensuring resiliency. Some of these assessments are captured in peer-reviewed
publications, but others are often summarized in reports or fact sheets. Below is a list of recent PSD
assessment topics. More information can be found at http://www.esrl.noaa.gov/psd/csi/.

e 2013 Colorado Precipitation (Extreme Event)

e 2010 Russian Heat Wave (Extreme Event)

e 2009-10 Mid-Atlantic Snowstorms (Extreme Event)
e 2011 US Tornado Season (Extreme Event)

e 2012 Spring Warmth (Extreme Event)
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2012 June Heat (Extreme Event)

2012 Hurricane Sandy (Extreme Event)

2011 Missouri Basin Flooding (Extreme Event)
2012 Central Great Plains Drought (Extreme Event)
2011-15 California Drought (Extreme Event)

2010 Pakistan Floods (Extreme Event)

2011 Texas Drought and Heatwave (Extreme Event)
2011 Extreme NAO (Extreme Event)

2013-4 Cold Winter (Extreme Event)

Horn of Africa Rainfall Variability and Trends (Trend)
Devil’s Lake Hydroclimate Assessment (Trend)
Mediterranean Drought (Trend)

Great Plains Drought Trends (Trend)

Sahel Precipitation Trends (Trend)

Southeastern Australia Rainfall Trends (Trend)

SW US and NW Mexico Precipitation Trends (Trend)
Arctic Tropospheric Warming (Trend)

Southern Africa Precipitation (Trend)

Indian Monsoon Temperature and Precipitation Trends (Trend)
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NOAA/ESRL Physical Sciences Division Review D. Service
International
PSD Staff Agency Activity Position/Role Dates
Joseph Barsugli CORDEX North America Executive Committee Member 2013-2015

Gilbert Compo

Global Climate Observing System

Working Group on Surface Pressure

Co-convener

2003-present

Gilbert Compo

Global Climate Observing System,
World Climate Research Program

Working Group on Observational Data
Sets for Reanalysis

Member

2007-2011

Gilbert Compo

Reanalyses.org

Advancing reanalysis collaborative
website

Co-founder

2010-present

Gilbert Compo

Oldweather.org

Citizen Science data rescue

Science Team member

2013-present

Gilbert Compo

Atmospheric Circulation Recon-
structions Over the Earth

7 workshops

Co-convener

2008-present

International Polar Year Oslo Sci-

Session “Land-based atmospheric

Lisa Darby . ” Session Co-convener 2010
ence Conference Arctic observatory networks
" Inter'nat'lonal SOCIer for Atmo- Science Steering Committee for 2015
Gijs de Boer spheric Research using Remotely Meetin Member 2015
Piloted Aircraft g
Session on “Current and future observ-
Gijs de Boer Arctic Science Summit Week ne sjcrategle.s fo.r understanding t.he Lead convener 2015
evolving Arctic climate and ecological
system
" Int tional Polar Year Confer- . . .
Gijs de Boer nternationa e:caer eartonter Session on “Polar observing systems” Session Convener 2012
Juliana Dias National Academies of Sciences National Research Council RAP Review Panel Member | 2015-present
World Meteorological Organiza- v f Polar Prediction S Pl
Randall Dole tion earotrolar .re Iction summit Plan- Member 2015
ning Group
World Weather Research Program
World Meteorological Organiza- c <cion for A heric Sci
Randall Dole tion ommission for Atmospheric Sciences Member 2013
CAS-16
U.S. Delegation
Randall Dole World Meteorc?logical Organiza- | World Weather Pr(?diction Pr.ogramme Member 2011-present
tion Science Steering Committee
. . . Session “Acoustic-gravity waves: From .
Oleg Godin European Geosciences Union ” Session convener 2013
ocean and land to space
Thomas Hamill World Meteorg:)onglcal Organiza- WWRP Open Science Conference Convener 2014
Thomas Hamil World Meteorc?loglcal Organiza- 6th Internatlona'I SymPOS|um on Data Co-convener 2013
tion Assimilation
) World Meteorological Organiza- | Data Assimilation and Observing Sys- Co-chair 2012-2015
Thomas Hamill . .
tion tems Committee (and member) (2008-2011]
Thomas Hamill World Meteorological Organiza- Working Group for Numerical Experi- Member 5008-2014

tion

mentation
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PSD Staff Agency Activity Position/Role Dates
World M logical iza-
Thomas Hamill orld eteortlc?oonglca Organiza Workshop on Model Uncertainty Co-organizer 2011
- Int tal Panel . ) ) .
George Kiladis n ergov.ernmen atraneton Physical Science Basis Assessment Expert Reviewer 2012
Climate Change
International Society for Acoustic 16th International Symposium for
William Neff Remote Sensing of the Oceans the Advancement of Boundary-Layer Organizer 2012
and Atmosphere Remote Sensing
William Neff European Geosciences Union Boundary L.aye.r PhysnFs and Chemistry Convener 2006-present
in High Latitudes
Judith Perlwitz Intergov_ernmental Panel on Assessment Report (WGl) Physical Lead Author 9010-2013
Climate Change Science Basis
Judith Perlwitz Intergov.ernmental Panel on Assessment Report (WGl) Physical Contributing Author 2010-2013
Climate Change Science Basis
Judith Perlwitz World Meteorc.>|og|ca| Organiza- | Assessment Report o.n Status of Ozone Chapter Editor 5013-2014
tion Depletion
Judith Perlwitz World Meteorological Organiza- | Assessment Report on Status of Ozone Contributing Author 2013-2014

tion

Depletion

Ola Persson

International Arctic Science Com-
mittee

MOSAIC Organizing Committee

Member

2011-present

Robert Pincus

World Climate Research Program

Grand Challenge on Clouds, Circulation,
Climate Sensitivity

Lead, Initiative on
Leveraging the Past
Record

2013-present

Robert Pincus

Working Group on Climate
Models

Climate Model Intercomparison
Project

Radiative Forcing Model Intercompari-
son Project

Lead Coordinator

2014-present

World Meteorological Organiza-

Amy Solomon tion WWRP Open Science Conference Convener 2014
Ryan Spackman | World Weather Research Program | Predictability and Dynamical Processes Representative 2012
. . i Geostationary Environmental Moni-
E -
Ryan Spackman Korea National Institute for Envi toring Spectrometer (GEMS) Science Member 2012-2015
ronmental Research -
Advisory Group
Sandy Stark- International Arctic Science Com- | First IASOA Workshop on Radiation and .
. Chair 2013
weather mittee Black Carbon
Int ti | Arctic Sci . .
Sandy Stark- " er.na onatAre .c clence Workshop on Future Directions for .
Committee International Global o . Co-chair 2015
weather . . Arctic Air Pollution Research
Atmospheric Chemistry
International Arctic Science
Sandy Stark- . . L . N . .
Committee International Global Arctic Air Pollution Initiative Steering Committee 2015-present
weather . .
Atmospheric Chemistry
Sandy Stark- . . .
weather WMO Global Cryosphere Watch CryoNet Implementation Team Advisory Committee 2013-present
Sandy Stark- . .
weather WMO Global Cryosphere Watch CryoNet Data Portal Team Advisory Committee 2013-present
Sandy Stark- . .
a:/eZths: WMO Global Cryosphere Watch CryoNet Terminology Team Co-chair 2015-present
International Council for Science
Sandy Stark- .. .
weather International Arctic Science Com- Polar Data Forum Il Organizing Committee 2015-present

mittee
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Sustaining Arctic Observing
_ Networks
Sandy Stark Arctic Observing Summit Organizing Committee 2015-present
weather International Arctic Science Com-

mittee

Alexander Voro-

European Optical Society

Waves in Random and Complex Media

Member of Editorial

1996

novich Board
Technical Program Committee, Work-

z Z 201
Valery Zavorotny GFZ, Potsdam, Germany shop on GNSS reflections Member 015
Valery Zavorotny Technical University of .Catalonla, Technical Program Comm|tt.ee, Work- Member 2010

Barcelona, Spain shop on GNSS reflections
DEIMOS E haria S.A., Lisb E-GEM: E GNSS-R for Earth
Valery Zavorotny ngennaria >.A., L1503, iz European nor ar Member 2014-present
Portugal Monitoring Project, Advisory Board
PSD Staff Agency Activity Position/Role Dates
Randall Dole American Association for the Ad- Electorate Nominating Committee Member 2011-14
vancement of Science
Randall Dole NASA Global Modehr}g and Assimila- Advisory Committee Member 2009-13
tion Office
Climate Change Science Program i i i
Randall Dole International Working on Climate Co-chair 2001-2011
U.S. Global Change Research Program Variability and Change
Randall Dole U.S. Global Change Research Program | Strategic Plan Team”, ‘Advance Sci- Member 2011
ence
Randall Dole U.S. Global Change Research Program Strategic Plan Integration Team Member 2011
Interagency Climate Projections
Team to support the USGCRP .
Andrea Ray U.S. Global Change Research Program Climate Resilience Toolkit (toolkit. Member 2015 (ongoing)
climate.gov)
. . . . ) Session “D ht Monitori d Co- d
Lisa Darby National Hydrologic Warning Council ession “Lroug f)nll’orlng an o-conveneran 2011
Early Warning Moderator
Building a sustainable network of
Lisa Darby NIDIS/National Drought Mitigation drou.ght”commun.mes worl.<shop; Session Chair 2011
Center Session “Integrating planning ef-
forts”
. Universities Council on Water Re- . ., Session Convener
Lisa Darby sources 2011 Conference Session “Drought Planning and Moderator 2011
Michael Alexander National Climate Assessment Southwest chapter technical report Author 2014
Michael Alexander National Climate Assessment Ocean chapter of the report Lead author 2014
Amy Solomon U.S. Climate Yarlablllty and Predict- Decadal Climate Prediction Working | Co- hair ar_ld Lead 2010-2011
ability Program Group Organizer
Janet Intrieri Study of Environmental Arctic Change Science Steering Committee Member 2011-present
S Arctic R h Ice F ing Impl i
Janet Intrieri U.S. Interagency Arctic Researc Sea Ice Forecasting Implementation Member 2013-present

Policy Committee

Team
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Agency

Activity

Position/Role

Dates

NCAR Mesoscale and Microscale

Jeffrey Whitaker Division Advisory Panel Member 2015-present
Jeffrey Whitaker NCAR Developmental Testbed Center Science Advisory Board Member 2011-2014
Jeffrey Whitaker 6th EnKF workshop Organizing Committee Member 2014
Jessie Creamean NCAR Aerosol-cloud Steering Group Lead 2015-present

DoD Strategic Environmental Re-

NOAA Representa-

Robert Webb search and Development Program Scientific Advisory Board 2014-present
tive
(SERDP)
Interagency working group to
Robert Webb Climate Change and Water Working advance scientific collaborations in Member 2008-present
Group support of water management as
climate changes
Robert Webb U.S. Global Change Research Program National Climate Assessment Indica- Member 2012-2014
tors Workgroup
George Kiladis NCAR Advanced Study Program Weather-Climate Intersection, Ad- Co-Organizer 2012

vances and Challenges Colloquium

Matthew Shupe Study of Environmental Arctic Change Observing Change Panel Member 2013-present
Matthew Shupe Study of Environmental Arctic Change Arctic Observmg.Open Science Co-chair 2015
Meeting
Ben Livneh NASA NASA User Working Group Member 2014
Kelly Mahoney NCAR Developmental Testbed Center Science Advisory Board Member 2014-present
Matthew Newman U.S. Climate .V.arlablhty and Predict- Decadal Climate Prediction Working Member 2010-2011
ability Program Group
Matthew Newman U:S. Climate Yarlablllty and Predict- ENSO Diversity Working Group Member 2012-present
ability Program
Antionetta Capotondi U:S. Climate Yarlablllty and Predict- POS Panel Member 2010-present
ability Program
Antionetta Capotondi U:S. Climate Yarlablhty and Predict- ENSO Diversity Working Group Co-hair 2012-present
ability Program
Antionetta Capotondi U:S. Climate Yarlabnhty and Predict- Workshop on “ENSO diversity” Organizer 2013
ability Program
Antionetta Capotondi U.S. Climate Variability and Predict- Variations Newsletter Guest Editor 2013

ability Program

Panel to assess parameterizations for

Antionetta Capotondi NCAR CAMS.5 Panelist 2014-present

Andrea Ray U.S. Climate Yarlabnhty and Predict- Predlc.t'lon.s, Predictability and Ap- Member 2013-2016

ability Program plications Interface Panel
PSD Staff Office Activity Position/Role Dates
Michael Alexander NMFS Integrated Ecosystem Assessrr)ent (IEA) Scientific Member 2014-present
Steering Committee
Michael Alexander NMFS Integrated Ecosystem Assessment (IEA) Annual Local Host 2013, 2014
meeting
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PSD Staff Office Activity Position/Role Dates
Michael Alexander NMES Technical Expert Worklng.Group (TEWG) for River Co-Chair Climate Change 2014-present
Herring Subgroup
Michael Alexander NMES North Atlantic Hablta.t Blueprint Focus Area Selec- Member 2013-2014
tion Team
Robert Cifelli NOAA Steering Group for Precipitation Measurement Co-Chair 2012-present
from Space
Robert Cifelli NOASé:éEBoR/ Climate Change and Water Working Group Member 2015 (ongoing)
Robert Cifelli NOAA Habitat Blueprint - le:rselzn River Habitat Focus OAR Representative 2013-present
Gilbert Compo NOAA CI|ma_te Climate Reanalysis Task Force Co-lead 2013-present
Program Office
Jessie Creamean NOAA CalWater 2 Field Campaign Lead Chemical Forecaster 2015 (ongoing)
Lisa Darby NOAA NOAA Central Region Collaboration Team Member 2013-present
Lisa Darby NOAA NOAA Drought Task Force Member 2014-present
Barbara DeLuisi NOAA Boulder Boulder Outreach Coordinating Committee Member 2010-present

Barbara DeLuisi

NOAA Boulder

Boulder Editorial Board

Member and Lead
(2014-present)

2010-present

Barbara DelLuisi OAR Communications Team Member 2010-present
Barbara DeLuisi OAR Editorial Board Member 2010-present
Randall Dole NOAA Council of NOAA Fellows Member 2013-present
Randall Dole NOAA Editor, CNF Ideas and Insights essays Editor 2015-present
Randall Dole NOAA NOAA Committee to de\{elop Scientific Integrity Team Member 2011
Policy
Randall Dole NOAA State of Science Fact Sheet on Climate Change and Drafting Team Member 2013
Extremes
Randall Dole NOAA NOAA THORPEX Executive Committee Member 2005-2011
Randall Dole NOAA NWS Science and Tech.nology Infusion Program - Member 20082010
Climate
Randall Dole NOAA Climate Executive Board Member 2007-2010
Thomas Hamill NWS Team Lead, Next-Generation Global !Dredlctlon Team Lead 2014-present
System, Ensemble and Post-processing teams
Thomas Hamill NWS Team Lead, Sandy Supplemental Pr.OJeCt’ National Team Lead 2013-present
Blend of Models Post-processing team.
Thomas Hamill OAR NOAA THORPEX project Program Manager 2008-2012
Thomas Hamill OAR NOAA/NWS Forecast Uncertainty Steering Team Member 2010
Thomas Hamill NWS Service Assessment Team, Boulder Sep 2013 Member 2013
Floods
. UCACN (UCAR Community Advisory Committee) .
Thomas Hamill NWS Modeling Advisory Committee Member 2015 (ongoing)
Andrea Ray NWS Water Resources Monitor & Outlook Steering Member 2015-present
Team
Andrea Ray NOAA Cllma.te CPO Sector Applications .Research Program Panel Panel Member 2012
Program Office Review
Amy Solomon NOAA Modeling, Analysis, Predictions, and Projections Member 2012

Panel Review
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PSD Staff Office Activity Position/Role Dates
Robert Pincus NWS Next-Generation Global Pre(.:hct'.lon System, Physi- Member 2014-present
cal Parameterizations
Janet Intrieri NOAA NOAA Alaska Regional Team OAR Representative 2011-present
Janet Intrieri NOAA NOAA Arctic Task Team OAR Representative 2011-present
Gary Wick NOAA NOAA Low Earth Orblgroguiequlrements Working OAR Representative 2011-present
Gary Wick NOAA NOAA Geostahonary Orbiting Requirements OAR Representative 2011-present
Working Group
Gary Wick NOAA NOAA Ocean Color Coordinating Group OAR Representative 2011-present
. NWS Next Generation Global Prediction System
Jeffrey Whitaker NOAA (NGGPS) project Test Manager 2015-present
. Non-hydrostatic modeling team, High Impact
Jeffrey Whitaker NOAA Weather Prediction Project (HIWPP) Team Lead 2014-present
Robert Webb NOAA NOAA West Region Collaboration Team Member 2005-2014
Robert Webb NIDS Implementation Team Member 2008-present
Robert Webb NOAA Drought and Water I.Resourc.es Climate Goal Execu- Co-Lead 5012-2014
tion Project
Water Quality Team responding to the Ocean
Robert Webb NOAA Policy Task Force (OPTF) report Member 2011
Allen White NOAA NOAA Testbed and Provmg Ground Coordinating Member 2010-present
Committee
Allen White NOAA Steering Group for Precipitation Measurement Member 2009-2013
from Space (SGPMS)
Allen White NOAA SGPMS Advisory Board Member 2014-present
. . Modeling, Analysis, Predictions, and Projections .
Judith Perlwitz NOAA (MAPP) Panel Review Member 2015 (ongoing)
Judith Perlwitz NOAA Climate Model Development Task Force Member 2014-present
Judith Perlwitz NOAA Climate Prediction Task Force Member 2013-present
Judith Perlwitz NOAA Climate Reanalysis Task Force Member 2013-present
Matthew Newman NOAA Climate Prediction Task Force Co-lead 2012-present
Matthew Newman NWS NWS Climate Professional Development Series Instructor
James Wilczak NOAA NOAA Renewable Energy Team Member 2013-present
Prashant . .
Sardeshmukh NOAA Climate Reanalysis Task Force Member 203-present
William Neff OAR OAR Financial Principles Committee Member 2012-2014
William Neff OAR OAR HQ Review Laboratory Representative 2012-2013
William Neff NOAA NOAA Representative to the DOD Strategic Envi- Member Science Advisory 20012013
ronmental Research and Development Program Board
Richard Lataitis NOAA NOAA West Regional Collaboration Team Member 2014-present
NOAA Technol- NOAA Technology Partnerships Working Group
Richard Lataitis ogy Partnerships - coordinate OAR technology transfer and SBIR OAR Representative 2014
Office process
Randall Dole NOAA NOAA Science Workshop: Strengthening NOAA Co-chair 2010
Science (2010)
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PSD Staff Office Activity Position/Role Dates
NOAA Climate Science Challenge Workshop:
Randall Dole NOAA Toward Understanding and Predicting Regional Co-chair 2011
Climate Variations and Change (2011)
Predicting Arctic Weather and Climate and Related
Randall Dole NOAA Impacts: Status and Requirements for Progress Co-chair 2014
(2014)
Richard Lataitis OAR OAR EEO Advisory Committee Member 2013-present
Spackman NOAA Boulder Science and Technology Corporation Contract Program Manager Spackman
Management
PSD Staff Organization Activity Position/Role Dates
Judith Perlwitz CIRES Council of Fellows Member 2011-present
William Neff CIRES Council of Fellows Member 1991-present
William Neff CIRES Career Track Committee Chair 2015
Randall Dole CIRES Council of Fellows Member 1995-present
Randall Dole CIRES Division .D|rector, Wea.ther Member 2005-present
and Climate Dynamics
Randall Dole CIRES Executive Committee Member 2005-present
Christopher Fairall CIRES Council of Fellows Member 2000-present
Prashant Sardeshmukh CIRES Council of Fellows Member 2008-present
PSD Staff Agency Activity Position/Role Dates
. U.S. Department of Energy, Atmo- Cloud I_.|fecycle Working Group
Gijs de Boer . thematic group on cloud phase Group Co-leader 2013-
spheric System, Research Program N
partitioning
U.S. Department of Energy At-
" mospheric System Research and Science and Infrastructure Steering .
B 201
Gijs de Boer Atmospheric Radiation Measure- Committee Member 015 (ongoing)
ment Programs
Sergey Matrosov NASA CloudSat Science Team Member 2002-present

Michael Alexander

National Science Foundation

Decadal and Regional Climate Pre-
diction using Earth System Models
(EaSM) panel

Panel Member 2010

Particle Size Distribution Working

Christopher Williams NASA Chair 2007-present
Group
. - Precipitation M t Missi
Christopher Williams NASA recip! (aPl\:rl:/I) ;;Z:Zee?:;]m ssion Member 2000-present
Christopher Williams U.S. Department of Energy, Atmo- DOE ASR Science Team Member 2011-present

spheric Science, Research Program
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PSD Staff

Agency

Activity

Position/Role

Dates

Joseph Barsugli

U.S. Department of Interior, North
Central Climate Science Center

University Consortium Climate Team
Co- Lead

Team Lead

2013-present

Amy Solomon

U.S. Department of Energy, Atmo-
spheric System, Research Program

DOE ASR Science Team and Cloud
Lifecycle Working Group

Member

2010-present

Department of Energy Climate Vari-

A | S.D fE Panel M 2014
my Solomon U.S. Department of Energy ability and Change Review anel Member 0
Amy Solomon National Science Foundation Geoscience Review Panel Member 2013
Amy Solomon U.S. Department of Energy Earth System Modeling Review Panel Member 2011

Janet Intrieri NASA ICESat-2 Science Review Board Member 2013-present
Robert Cifelli NASA Precipitation Measurement Mission Member 2006-present
Science Team
S.D E -
Jessie Creamean U.5. Department of Energy, Atmo DOE ASR Science Team Member 2015-present

spheric Science, Research Program

James Wilczak

U.S. Department of Energy

Atmosphere to Electrons Steering

Co-chair, Instrument

2013-present

Committee Group
us. Stat'e Departmer.'\t led Tea_m High-Level Meeting on National
Robert Webb for the Final Declaration negotia- . Member
. Drought Policy (HMNDP)
tions
Robert Webb U.S. Department of Interior Basin Study Program West Wlde Risk NOAA R(_apresenta— 2010-2013
Assessments Implementation Team tive
External Advisory Panel for the
George Kiladis National Science Foundation Center for Multi-Scale Modeling of Chair 2009-2011
Atmospheric Processes
Matthew Shupe u.s. erartment of Energy, Atmo- Science and Infrast.ructure Steering Member 2008-2015
spheric System, Research Program Committee
us.D t t of E Atmo- ) . .
Matthew Shupe .epar ment of Energy, Atmo Cloud Life Cycle working group Chair 2008-2015
spheric System, Research Program
Matthew Shupe u:s. D_epartment of Energy, Atmo- Radar Science Committee Member 2013-present
spheric System, Research Program
U.S. Department of Energy, Atmo-
Matthew Shupe spheric Radiation Measurement User Executive Committee Member 2015-present
Program
U.S. Department of Energy, Atmo-
Matthew Shupe spheric Radiation Measurement Science Board Member 2009-2013
Program
Matthew Shupe National Science Foundation Arctic Research Support and Logistics | Organizing Commit- 2013
Workshop tee
Lawrence Livermore National Labora-
. t LLNL) Sci Plan for Climat .
Gilbert Compo U.S. Department of Energy, ory ( ) Science Plan for Climate Panel Reviewer 2012

Change Research Science Focus Area
(SFA) Review

Valery Zavorotny

NASA, Jet Propulsion Laboratory

GNSS+R A-team to inform the next
Decadal Survey for NASA Earth Sci-
ence Mission Directorate

Member

2013-present
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PSD Staff Agency Activity

Position/Role

Dates

U.S. Army Corps of Engineers

USACE, 2013: Mississippi River 2011
Post Flood Assessment: Task 1 —
Adequacy of MR&T Project Design

chair

Kelly Mahoney (USACE) Flood Climate Change Impacts on Consultant {unpaid) 2013
Dew Point Calculation for Maximized
2011 Event to Project Design Storm
U.S. Department of Energy
Antionetta Capotondi Proposal review panel Panelist 2014
Ola Persson National Science Foundation U:S. delegation to US-UK Arctic Re- Member 2012
search Workshop
Steering Committee for connect-
Mimi Hughes National Science Foundation ing hydrologic and meteorological Member 2013-2014
activities
(AMS - American Meteorological Society, AGU - American Geophysical Union)
PSD Staff Agency Activity Position/Role Dates
Robert Pincus AGU Journal of Advances in Modeling Earth Systems Editor in Chief 2015-
Gijs de Boer AMS Committee on Laser Atmospheric Studies Member 2007-2011
Gijs de Boer AGU Session on: “Use of ur;:Laerlned aircraft in geosci- Session Convener 2014
Gijs de Boer AGU Session on Observatlonal'ne,(’eds for polar climate Session Convener 2012
modeling
Oleg Godin Acoustical S.ouety of Journal of the Acoustical Society of America - Associate Editor 2010-
America Express Letters
Thomas Hamill AMS Annual Summer Community Meeting Co-organlzer a.md 2014
Session Chair
Thomas Hamill Monthly Weather Review Editor 2008-2010
AMS
Thomas Hamill AMS Committee for Environmental Responsibility Member 2008-2012
Thomas Hamill AMS Committee for Probability and Statistics Member 2006-2011
Andrea Ray AMS Committee on Climate Services Member 2011-2015
Symposium on Understanding and Responding to
Andrea Ray Amerlcan. Fisheries CI.|mat.e Change. Impacts on M.arme and (;oastal Co-convener 2012
Society Fisheries, to bring together climate and fishery
scientists
Lisa Darby AMS AMS Information Statement on Drought Co-author 2013
Lisa Darby AMS AMS Mountain Meteorology Committee Member 2004 - 2010
Michael Alexander AMS Bulletin of the American Meteorological Society Editor 2013-present
(BAMS)
Michael Alexander AMS Journal of Climate Editor 2008-2012
Joseph Barsugli AMS Journal of Climate Editor 2014-
Christopher Williams AMS 36th AMS Conference on Radar Meteorology Conference Co- Sept 2013

10
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PSD Staff Agency Activity Position/Role Dates
Christopher Williams AMS AMS Radar Committee Member 2013-present
Amy Solomon AMS Meetings Oversight Committee Member 2010-2011
Mimi Hughes AMS Committee on Mountain Meteorology Member 2015-
Juliana Dias AMS Atmosphere and Oceart\el:wd Dynamics Commit- Member 2014-present
Juliana Dias AMS Monthly Weather review Associate Editor 2014-present

Journal on Mathemat-

Editorial Advisory Board

George Kiladis ics of Climate and Member 2014-present
Weather Forecasting
George Kiladis Dynamics of Atmo- Editorial Board Member 2003-present
spheres and Oceans
Program Committee, 11th International Confer-
George Kiladis AMS ence on Southern Hemisphere Meteorology and Member 2014-2015
Oceanography
George Kiladis AMS Committee on Atmosphe.rlc and Oceanic Fluid Member 2007-2013
Dynamics
James Wilczak NOAA Editorial Board, Boundary Layer Meteorology Member 1992-present
George Kiladis AMS Program Commlttee, 19th Cor?ference o.n Atmo- Member 2012-2013
spheric and Oceanic Fluid Dynamics
George Kiladis AGU Special Sessions on Equatorial Dynamics Co-convener 2012-2014
Session (A11A) on “Accelerated Warming at High
Imtiaz Rangwala AGU Elevations: Evidence, Processes, and Future Pro- Co-convener 2013
jections”
Session (GC21G) on “Climate Change in Moun-
Imtiaz Rangwala AGU tains: Elevational Dependency and Diverse Co-convener 2014
Impacts”
Judith Perlwitz AMS Journal of Climate Editor 2013-present
Judith Perlwitz AGU Session (GC51) on Challe.nges in Attrlbllj’l'lon and Co-convener 2013
Assessment of Climate Impacts
Session (U44) on “The Attribution of Extreme
Judith Perlwitz AGU Weather Events and Their Impacts to External Co-convener 2014

Drivers of Climate Change”

Vladimir Ostashev

Acoustical Society
of America

Express Letters of the Journal of the Acoustical
Society of America

Associate Editor

2006-present

Vladimir Ostashev

Acoustical Society

Journal of the Acoustical Society of America

Associate Editor

2005-present

of America
Matthew Shupe AMS Polar Meteorology and Oceanography Committee Member 2006-2011
Matthew Shupe Copernicus Publishing Atmospheric Chemistry and Physics, Atmospheric Guest Editor 2014-present

Measurement Techniques

session (GC38) on “Challenges in Understanding

Gilbert Compo AGU and Modeling Global-Regional Climate Connec- Co-convener 2010
tions “
session (GC35) on “Challenges in Understanding
Gilbert Compo AGU and Modeling Global-Regional Climate Connec- Co-convener 2011
tions “
Ben Livneh AGU Session on “Hydrologic Regionalization” Lead Convener 2013
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PSD Staff Agency Activity Position/Role Dates
Ben Livneh AGU Session on Hydrqloglc Impafts of Land Cover Lead Convener 2014
Disturbance
David Kingsmill AMS Committee on Mountain Meteorology Member 2014-present
Kelly Mahoney AMS AMS Weather Analysis and Forecasting Committee Member 2009 - present
Environmental & Water | Task Committee on “Use of Physics-based Atmo-
cellv Mah Resources Institute spheric Numerical Models for Estimating Probable Mermb 2014
elly Mahoney : TS ember -present
American Society of Maximum Precipitation
Civil Engineers
Kelly Mahoney AMS AMS Board on Higher Education Member 2014 - present
Kelly Mahoney NWA NWA Committee on Socnfetal Impacts of Weather Member 2009 - present
and Climate
Kelly Mahoney AMS Associate Editor of Monthly Weather Review Associate Editor 2011 -2013
26th Conference on Weather Analysis and Fore-
Kelly Mahoney AMS casting / 22nd Conference on Numerical Weather Co-chair 2013 -2014
Prediction in Atlanta, GA, 2014
AMS Weather Analysis and Forecasting/Numeri-
Kelly Mahoney AMS cal Weather Prediction Symposium at 2013 AMS Co-chair 2012-2013
Annual Meeting in Austin, TX
Sandy Starkweather AGU Session on “Arctic Air Pollution” Co-convener 2013
Matthew Newman AGU AGU Fall Meeting Sfess!on on The El [\,lmo/South— Co-convener 2012
ern Oscillation Continuum
. £l Ni o _
Antionetta Capotondi AGU session on £l |no/§outhern Oscillation con Co-Convener 2012
tinuum
Ola Persson AGU Session on Radiative Processes Over Sea Ice Co-organizer 2012
Prashant AGU AGU Sessions on Regional Climate Variations Co-Convener 2010, 2011
Sardeshmukh
Ola Persson Copernicus Publishing Guest e'dltor for Atmospheric Chem|s'Fry and Phys- Editor 2011-present
ics, The Cryosphere, Ocean Science
Ryan Spackman AGU CalWater 2 Side Meeting Organizer 2012-2013
PSD Staff Agency Activity Position/Role Dates
California Central Valley Climate Change Scope Definition Work-
R W M 2010-2012
obert Webb Flood Protection Plan group and Threshold Approach Work Group ember 010-20
Robert Webb Western State Water Council Western States Federal Agency Support Member 2013
Team (WestFAST)
Allen White Various CalWater 2 Scientific Steering Group Member 2014-present
Ryan Spackman Various CalWater 2 Scientific Steering Group Member 2014-present
CalWater 2015 O ti d Impl -
Ryan Spackman Various avater . pera ‘ons ancmplemen Lead 2014-present
tation Working Group
. Scripps Institution of Oceanography - Cal- .
Ryan Spackman Various Water 2015/ACAPEX Planning Workshop Organizer 2014
. DOI/USGS North Central Climate research and advisory .roles for
Imtiaz Rangwala . ) natural resource management in North Lead 2015
Climate Science Center . .
Central Mountains and Great Plains

12
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PSD Staff

Agency

Activity

Position/Role

Dates

Imtiaz Rangwala

Center for Conservation Sci-
ence & Strategy, The Nature
Conservancy - Colorado

Climate science and risks communication
and integration in TNC'’s conservation proj-
ects ; Attend monthly in person meeting at

the center

Member

2013-present

Imtiaz Rangwala

Western Water Assessment

Climate research and outreach

Team Member

2013-present

Colorado Water Conservation

Climate Change Technical Advisory Group,

Imtiaz Rangwala Board Colorado Water Conservation Board Member 2013-2014
_ Mountain Studies Institute, Conference: Man_aglng for Resllllency in the _
Imtiaz Rangwala San Juan Mountains - Adaptation and Plan- Co-organizer 2010
Durango, Colorado . ) .
ning for Climate Change, Silverton, CO
Ben Livneh Water Education Foundation Lower Colorado River Tour Resource Speaker 2013
May 12-14, 2015 13
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PSD Awards, Honors and Other Recognition

International

Gijs de Boer — Outstanding Early Career Presentation Award (2014), Global Energy and Water Exchanges
Project: Examples of unmanned aircraft systems use in Arctic atmospheric observation.

Gijs de Boer — Outstanding Oral Presentation Award (2011), Arctic Science Summit Week:
Characterization of the present-day Arctic atmosphere in CCSM4 (Highlights).

Mimi Hughes — Outstanding Early Career Presentation Award (2014), Global Energy and Water
Exchanges Project: Objective identification of atmospheric rivers, and implications for extreme
precipitation at the basin scale, GEWEX 7th International Scientific Conference, The Hague, Netherlands,
July 2014 (M. Hughes, D. Jackson, E. Gutmann, and G. Wick).

Mimi Hughes — Outstanding Presentation Award (2011) - World Climate Research Program: Low-
frequency variability of and impact of climate change on Southern California’s Santa Ana winds, WCRP
Climate Research in Service to Society, Denver, CO, October 2011 (M. Hughes, D. Cayan, and A. Hall).

George Kiladis — Distinguished Chair (2010), Pacific Institute of Mathematics, University of Victoria,
British Columbia.

Vladimir Ostashev — Visiting Professor (2013), Ecole Centrale de Lyon, University de Lyon, France.

Klaus Wolter — International Journal of Climatology Prize (2014), Royal Meteorology Society: For his
work on the Multivariate El Nifio-Southern Oscillation (ENSO) Index (MEI). His 2011 study published in
the International Journal of Climatology with Michael S. Timlin became one of the most influential recent
papers in the journal, with the current number of citations exceeding 110.

Valery Zavorotny, et al. — The Creativity Prize (2014), Prince Sultan Bin Abdulaziz International Prize
for Water: For development of a new, unexpected, and cost-effective technique, GPS Interferometric
Reflectometry (GPS-IR), to measure soil moisture, snow depth, and vegetation water content.

Professional Society

Gilbert Compo, Prashant Sardeshmukh, Jeffrey Whitaker,...Chesley McColl, et al. — Cover Article
(2013), Geophysical Research Letters: Compo, G. P., P. D. Sardeshmukh, J. S. Whitaker, P. Brohan, P. D.
Jones, and C. McColl, 2013: Independent confirmation of global land warming without the use of station
temperatures. Geophys. Res. Letters, 40, 12, 3170-3174.

Juliana Dias — Quarterly Journal Editor’s Award (2013), Royal Meteorology Society: For exceptional
dedication to the theoretical details as part of the review process.

Oleg Godin — Editor’s Citation for Excellence in Refereeing (2014), American Geophysical Union.

Thomas Hamill and others — Cover Article (2011), Bulletin of the American Meteorological Society:
Hirschberg, P.A., E. Abrams. A. Bleistein, W. Bua, L. Delle Monache, T. W. Dulong, J. E. Gaynor, B.
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Glahn, T. M. Hamill, J. A. Hansen, D. C. Hilderbrand, R. N. Hoffman, B. H. Morrow, B. Philips, J. Sokich,
N. Stuart, 2011: A weather and climate enterprise strategic implementation plan for generating and
communicating forecast uncertainty information. Bull. Amer. Meteor. Soc., 92, 1651-1666.

Sergey Matrosov — Editor’s Award, Journal of Atmospheric and Oceanic Technology (2012), American
Meteorological Society: For several thorough and detailed reviews that greatly improved a number of
manuscripts.

Robert Pincus — Editor’s Citation for Excellence in Refereeing (2013), American Geophysical Union: For
consistently providing constructive and thoughtful reviews for the Journal of Geophysical Research -
Atmospheres.

Matthew Shupe, et al. — Cover Article (2013), Bulletin of the American Meteorological Society: Shupe, M.
D., D. D. Turner, V. P. Walden, R. Bennartz, M. Cadeddu, B. Castellani, C. Cox, D. Hudak, M. Kulie, N. Miller,
R. R. Neely Ill, W. Neff, and P. Rowe, 2013: High and Dry: New observations of tropospheric and cloud
properties above the Greenland Ice Sheet. Bull. Amer. Meteor. Soc., 94, 169-186.

Matthew Shupe and others — Cover Article (2013), Nature: Bennartz, R., M. D. Shupe, D. D. Turner, V. P.
Walden, K. Steffen, C. J. Cox, M. S. Kulie, N. B. Miller, and C. Pettersen, 2013: July 2012 Greenland melt
extent enhanced by low-level liquid clouds. Nature, 496, 83-86.

Catherine Smith — Special Award (2013), American Meteorological Society: For producing and sustaining
an extremely user-friendly, web-based interface, making weather and climate data widely accessible to
users at all levels.

Christopher Williams — Editor’s Award, Journal of Atmospheric and Oceanic Technology (2012),
American Meteorological Society: For numerous, detailed, and thorough reviews of manuscripts on
atmospheric and oceanic technology.

Valery Zavorotny — Recognition of Best Reviewers for the IEEE Transactions on Geoscience & Remote
Sensing (2014-2016), IEEE Geoscience and Remote Sensing Society.

Valery Zavorotny — Distinguished Lecturer (2010), IEEE Geoscience and Remote Sensing Society.

University and Joint Institute

Leslie Hartten — Director’s Diversity Award (2011), Cooperative Institute for Research in Environmental
Sciences: For her extensive volunteer effort with the Significant Opportunities in Atmospheric Research
and Science (SOARS) program over the last ten years.

Paul Johnston, David Costa and David Carter —Outstanding Performance Award for Scientific and
Engineering Achievement (2011), Cooperative Institute for Research in Environmental Sciences: For
designing, prototyping, building, and deploying a new network of snow-level radars in California for a
joint project with the California Department of Water Resources and Scripps Institution of Oceanography.

May 12-14, 2015 3



NOAA/ESRL Physical Sciences Division Review E. Awards, Honors, and Other Recognition

Other-Agency

Joseph Barsugli, et al. — Partners in Conservation Award (2012), U.S. Department of the Interior: Given
jointly to the NOAA/ESRL/Physical Sciences Division and CU/Western Water Assessment for work with the
Bureau of Reclamation on the Colorado River Basin Supply and Demand Studly.

Robert Cifelli, et al. — Education and Outreach Award (2010), NCAR Earth Observing Laboratory:
For the organization of the 2009 Advanced Study Program Colloquium, “Exploring the Atmosphere:
Observational Instruments and Techniques.”

Tom Hamill and Jeff Whitaker — Leadership Computing Challenge Award (2010), U.S Department of
Energy Advanced Scientific Computing Research: 14,500,000 processor hours to use Department of
Energy (DOE) high-performance computational resources for creating a next-generation multi-decadal
“reforecast” data set.

David Reynolds — Special Recognition Award (2012), California Extreme Precipitation Symposium: In
appreciation and recognition of your contributions over 40 years to improving weather forecasting and
operational hydrology.

Allen White, et al. — Climate Science Services Award (2013), California Department of Water
Resources: These scientists led NOAA implementation of a cooperative partnership between the NOAA
Hydrometeorology Testbed program and DWR’s Enhanced Flood Response and Emergency Preparedness
program to develop and install a 21st century observing system for extreme precipitation in California.

Gary Wick, et al. — Group Achievement Award (2011), NASA: For outstanding achievements during the
NASA Genesis and Rapid Intensification Processes (GRIP) airborne Earth science mission.

Christopher Williams, et al., — Robert H. Goddard Award (2104), NASA: Awarded to the NASA PMM
Ground Validation (GV) Team in the category of Exceptional Achievement in Science.

Department of Commerce

Randall Dole, et. al., — Bronze Medal Award (2012): For developing a NOAA Administrative Order on
Scientific Integrity Policy and accompanying Handbook on Scientific Misconduct

Thomas Hamill and Jeffrey Whitaker — Bronze Medal Award (2013): For excellence in research and
development of ensemble-based and hybrid data assimilation techniques that improve operational
weather forecasts.

Martin Hoerling, Chad McNutt and Roger Pulwarty — Silver Medal Award (2014): For outstanding
scientific assessment of the origins of the 2012 Central Great Plains Drought.

Roger Pulwarty et al. — Gold Medal Award (2010): For producing a major scientific report detailing the
impacts of global climate change in the United States.

Allen White, Paul Nieman, et al. — Bronze Medal Award (2011): For comprehensive flood mitigation
efforts in response to a severely weakened Howard Hansen Dam project with the potential of
catastrophic flooding.
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NOAA

Martin Hoerling, Robert Webb, et al., — Administrator’s Award (2011): For support to the Interagency
Working Group addressing flooding and development of a NOAA Decision Support System for Devils Lake.

Andrea Ray, et al. - General Counsel Award (2013): For exceptional performance and significant
contributions to the Office of the General Counsel. The Susitna River Hydropower Project Team was
recognized for its outstanding work in identifying the need for important climate studies in the Alaska
Susitna River Hydropower Project licensing process, and for prevailing on NOAA’s request to the Federal
Energy Regulatory Commission that these studies be conducted.

Office of Oceanic and Atmospheric Research

Michael Alexander and James Scott — Outstanding Scientific Paper Award (2011): Forecasting the
dynamics of a coastal fishery species using a coupled climate population model. Ecological Applications,
20, 452-464 (). Hare, M. Alexander, M. Fogarty, E. Williams, J. Scott, 2010).

Amy Solomon, Ola Persson, Matthew Shupe and Jian-Wen Bao — Outstanding Scientific Paper Award
(2010): Investigation of microphysical parameterizations of snow and ice in Arctic clouds during M-PACE
through model-observation comparisons. Monthly Weather Review, 137, 3110-3128 (A. Solomon, H.
Morrison, P. O. G. Persson, M. D. Shupe, and J.-W. Bao, 2009).

Other

Gilbert Compo — High Performance Computing Innovation Excellence Award (2011), International Data
Corporation: International study has enabled much more detailed and longer (100 years) record of past
weather, to improve climate studies.

Gilbert Compo, Jeffrey Whitaker, Prashant Sardeshmukh, et al., — Great Long-term Datasets (2011),
Wired Magazine: Completed just this year, the 20th Century Reanalysis Project combines historical
records from a hodgepodge of sources - the records of sea captains and explorers, doctors and old
news accounts - into detailed weather maps, giving the late-19th and 20th centuries a modern level of
meteorological coverage.

Leslie Harrten — Ten Years of Service Award (2010), UCAR SOARS (Significant Opportunities in
Atmospheric Research and Science) Program.

Martin Hoerling, et al. — The Leading Global Thinkers of 2013, Foreign Policy Magazine: The Bulletin of
the American Meteorological Society published a special report in 2013, which sought to explain the
natural and human-caused climate factors that shaped some of 2012’s extreme weather events. Foreign
Policy’s editors chose the co-editors of this report for coordinating this groundbreaking collection of
studies that “pointed problem-solvers in the right direction” of how to answer tough questions about the
role of natural variability and global warming in extreme weather and climate events.

James Wilczak, et al. — Annual Achievement Award (2015), Utility Variable-Integration Group (UVIG): For
contributions to improve wind energy forecasts through the Wind Forecast Improvement Project.
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Klaus Wolter — Governor’s Award for High Impact Research (2014), CO-LABS: For his work in
Sustainability for Helping Colorado Plan for Drought. Dr. Wolter has researched connections between the
El Nifio-Southern Oscillation (ENSO) and drought, and applied his expertise to support water resource
management and drought planning in the state of Colorado and throughout the Southwest.

Robert Zamora, et al. — Governor’s Award for High Impact Research (2014), CO-LABS: A team of several
dozen scientific colleagues in CIRES and NOAA were selected for investigating the atmospheric impacts
of rapidly expanding oil and gas development across the West. The researchers relied on careful
independent measurements and rigorous analysis to provide the public and policymakers with the hard
data needed to improve understanding about air quality challenges in Colorado, Utah, Wyoming and
beyond.

Fellowships

AMERICAN METEOROLOGICAL SOCIETY
e Henry Diaz
¢ Randall Dole
e Christopher Fairall
e Martin Hoerling

e David Reynolds

ACOUSTICAL SOCIETY OF AMERICA
¢ Oleg Godin
e Vladimir Ostashev
e Lev Ostrovsky

e Alexander Voronovich

INSTITUTE FOR ELECTRICAL AND ELECTRONICS ENGINEERS

e Valery Zavorotny

COOPERATIVE INSTITUTE FOR RESEARCH IN ENVIRONMENTAL SCIENCES
e Randall Dole
e Christopher Fairall
e William Neff
e Judith Perlwitz

o Prashant Sardeshmukh

6 May 12-14, 2015
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Postdoctoral Research Fellowships

e John Albers (2014-2015), National Academy of Sciences, National Research Council
e Linyin Cheng (2014-2015), Cooperative Institute for Research in Environmental Sciences
e Jessie Creamean (2012-2013), National Academy of Sciences, National Research Council

e Kelly Mahoney (2009-2011), University Corporation for Atmospheric Research, Postdocs
Applying Climate Expertise

e Katherine McCaffrey (2014-2015), National Academy of Sciences, National Research Council

e Michael Scheuerer (2013-2014), National Academy of Sciences, National Research Council

Testimonials

Gilbert Compo, et al. — Various national and international expressions of support for A Practical Guide to
Wavelet Analysis. Example:

e | have been using the online Torrence & Compo interactive wavelet plot site for many years to
make students familiar with wavelet analysis, as it is simple and user friendly for the students.
Utrecht University in the Netherlands (2014).

Gilbert Compo, et al. — Various national and international expressions of support for the 20th Century
Reanalysis Dataset.Examples:

e [d like to thank you for providing this wonderful long-term data set. | have used it to study
Western US’s climate variability and found it very useful. (Department of Plants, Soil and Climate,
Utah Climate Center, Utah State University, 2011).

e Thank you for the earlier reanalysis you have already completed. They have been of great value
to science! (Hydrologic & Environmental Systems Modeling, South Florida Water Management
District, 2013).

e [ wanted to thank you so much for your efforts in putting together the 20th Century Reanalysis.
This product has been an invaluable resource in our efforts to look at the skill of our seasonal
hurricane predictors over a longer period of time. (Department of Atmospheric Science, Colorado
State University, 2014).

Catherine Smith — Various expressions of support for the Physical Sciences Division Climate and Weather
Data Portal and User Tools. Examples:

e | just wanted to provide a quick note on the usefulness of the Daily Mean Composites page that
you provide through your web site. What an awesome tool! We (NWS Pocatello) have been
using it to generate graphics that are used during outreach activities to the general public and
also for retrospective end-of-season reports that are prepared for our partners each season. This
is an extremely valuable tool and | want to say, “Job well done!” (Mike Huston, NWS Pocatello,
2011).
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| use this page to make monthly, yearly and water year composites for presentations to a number
of water resource groups. | also use this for monthly internal reports. (Aldis Strautins, Service
Hydrologist NWS, Grand Junction, CO, 2015).

At the undergraduate level | use your pages all the time in the following undergraduate and
graduate classes:

e ATM 305: Global Physical Climatology

e ATM 409/509: Atmospheric Precipitation Processes

e ATM 401/501: Synoptic Laboratory Il

e ATM 611: Advanced Synoptic-Dynamic Meteorology
e ATM 622: General Circulation of the Atmosphere

e ATM 641: Mesoscale Processes

I use your pages in support of classroom instruction and for student projects (every class | teach
has a required student project in which the students have to do a project using real data). Bottom
line: Great resource! (Lance Bosart, professor U of Albany, 2012).

No other website widely available is as good as the one you maintain there at NOAA. To
lose it would be a big blow to energy meteorologists around the world. (Jess Torpey Senior
Meteorologist, E.ON Global Commodities Diisseldorf, Germany, 2014).

This online tool is fantastic! | am a Ph.D. student at the University of Alaska Fairbanks, and this
resource is an amazing way to show synoptic overviews for the case study days in my research
without laborious data manipulations. (Derek Starkenburg, University of Alaska Fairbanks
student, 2014).

I have used ESRL PSD online plotting and analysis tool extensively. This tool is of great help and
highly time saving one. The way you have created and designed it is simply superb. It gives
access to huge and diverse amount of data without actually downloading it. (Chinmay Khadke,
Research Fellow India Meteorological Department Pune, India, 2013).

We used the Monthly/Seasonal Climate Composites page in my Biogeochemical Cycles class
today (taught by Dr. Oliver Wingenter), to model the Pacific Decadal Oscillation. Being able to
visualize T, P and wind speed variations associated with phase changes in PDO was a great help.
(Annie Riggins, Kottlowski Graduate Fellow, New Mexico Institute of Mining and Technology,
2014).

1'd like to thank you for providing this wonderful long-term data set. | have used it to study
Western US’s climate variability and found it very useful. (Department of Plants, Soil and Climate,
Utah Climate Center, Utah State University, 2011).

Jeffrey Whitaker — Climate Corporation (2015): Recognized for his development and maintenance of a
software repository of community python software for GRIB, netCDF data access, for plotting data on
maps, and for spherical harmonic transforms:

By using Jeff’s packages, we and the collective scientific community have saved a tremendous
amount of time over the past several years...Jeff’s packages are robust, well written, and have
met essential needs for weather and climate scientists...we have always found Jeff to be eager to
help when we have questions or suggestions.
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F. Stakeholders

PSD Stakeholders

PSD has a wide variety of stakeholders both from within and outside of NOAA. A representative
sample is shown below. PSD stakeholders are users of PSD information, services and products, and
often provide feedback on how those products can be improved. In contrast with PSD collaborators,
stakeholders do not necessarily work closely with nor sponsor PSD staff to develop products, but rather
inform their final form.

PSD Contact Organization/Contact What does PSD do that they care about? Dates
Develops spatially comprehensive, daily hydrometeoro-
. US.B f Recla- . . .
Joseph Barsugli ureauorrecia logical data set for Mexico, the conterminous U.S., and 2014

mation

southern Canada: 1950-2013

Joseph Barsugli

U.S. Bureau of Recla-
mation

Provides expert guidance on use of climate information;
analysis of climatic factors for precipitation extremes;

2008-present

Joseph Barsugli

The Nature Conser-
vancy

Provides expert guidance on use of climate information
Development of climate and hydrologic scenarios for
landscape conservation activities

2009-2013

Joseph Barsugli

Denver Water, Various
front range water
entities

Provides expert guidance on use of climate information
Interpretation of climate change scenarios

2008-present

Joseph Barsugli

U.S. Department of
the Interior, and North
Central Climate Science

Center

Provides expert guidance on use of climate information

Development of climate and hydrologic scenarios for
landscape conservation activities

Development of datasets, data analysis, and synthesis
and assessment of science related to climate change,
evapotranspiration, and drought

2012-present

Robert Cifelli NOAA National Transitions research into operational weather prediction 2000 - bresent
Allen White Weather Service systems to improve forecasts P
Robert Cifelli NOAA Nation'al Transitions research into operational hydrologic predic- 2013-present
Weather Service tion systems to improve forecasts
- NOAA National Marine | Conducts research to improve habitat for endangered
Robert Cifell . . . ) . . ) . . 2013- t
obert el Fisheries Service fisheries (Habitat Blueprint - Russian River) presen
Robert Cifelli S County Wat
) onoma Lounty ¥vater Precipitation observations and forecasts; frost forecasts 2012-present
Allen White Agency
Numerous federal,
state, NGO, university,
and municipal entities
Lisa Darby in the Southeast U.S. Coordination of weather, climate, and drought early 2009-2014

(e.g., NWS/SERFC;
USACE/Mobile; states
of AL and GA; FSU; UF -
plus many more)

warning information (through NIDIS)

Christopher Fairall

NOAA Climate Program
Office

Climate Observations
Division

Deploys high-quality instruments on ship for quality
assurance of the climate observations from buoys and
research vessels.

2003 -present
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PSD Contact

Organization/Contact

What does PSD do that they care about?

Dates

Thomas Hamill

NCEP Weather Predic-
tion Center

NWS Regions

NWS Weather Forecast
Offices

Provides experimental reforecast based guidance for
probabilistic quantitative precipitation forecasts via web
applications and in grib files

(with successive

2010-present

improvements

Thomas Hamill

NWS Meteorological
Development Lab

Provide methods for post-processing and blending of
ensemble forecasts for use in the NWS National Blend
of Models.

2014-present

Thomas Hamill

NWS Office of Hydro-
logic Development

Provides NCEP global ensemble reforecast data for the
development of calibrated streamflow guidance.

2004-present

Thomas Hamill

NCEP Climate Predic-
tion Center

Provides reforecasts and statistically post-processed
forecast guidance for use in the 6-10 day and week +2
forecasts.

2004-present

Thomas Hamill

NCEP Storm Prediction
Center

Provides experimental long-lead tornado probability
forecasts.

2014-present

Thomas Hamill

Various, including uni-

versities, government

labs, foreign research-
ers

Provides NCEP global ensemble reforecast data for
a variety of research, development, and operational
applications.

2004-present

Michael Hobbins

USGS

North Central Climate
Science Center

(Imtiaz Rangwala)

Provision of climate-scale projections of evaporative
demand for North Central CSC region (northern Great
Plains)

Assessment of optimal evaporative demand models
and drivers

2015 (ongoing)

Michael Hobbins

USGS/EROS - Earth
Resources Observa-
tion Systems, (Gabriel
Senay)

Provision of daily, CONUS-wide ETO (potential evapo-
transpiration) for actual ET input to USGS National
Water Census

2015 (ongoing)

Michael Hobbins

FEWS NET - Famine
Early Warning System
Network, (Jim Verdin)

Provision of daily, E. Africa-wide ET) reanalysis for SPEI
(Standardized Precipitation-Evapotranspiration Index)
for FEWS NET-funded researchers

2015 (ongoing)

Michael Hobbins

NIDIS - National
Integrated Drought
Information Service ,
(Jim Verdin)

Provision of daily, CONUS-wide ETO for EDDI (Evapora-
tive Demand Drought Index) and drought monitoring
and early warning for NIDIS stakeholders

2015 (ongoing)

Michael Hobbins

CO State Univ./CIRA
CO State Climatologist
Office, (Nolan Doesken,

Wendy Ryan)

Weekly provision of EDDI at multiple temporal scales
across CO

2015 (ongoing)

Michael Hobbins

U.S. Forest Service,
Rocky Mountain
Research Station, Ft.
Collins, CO, (Charlotte
Ham)

Monthly provision of 1-month EDDI for use in seasonal
forecasting of large fires and their suppression costs

2015 (ongoing)

Martin Hoerling

NWS

Regular input to ENSO Diagnostic Discussion

2010-present

Martin Hoerling

U.S. Army Corps of
Engineers

Assessment Report and ongoing studies for Missouri
Basin Flooding

2012-current

Martin Hoerling

FEWS NET - Famine
Early Warning System
Network

Long term climate change impact on African monsoons

2011-current
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PSD Contact Organization/Contact What does PSD do that they care about? Dates
Martin Hoerling U.s. Bu;f:;oc;f Recla- Mechanisms for regional climate change studies 2011-2013
Martin Hoerling u:s. Arm_y Corps of Study of Devils Lake Flooding 2011-2012

Engineers
NOAA National Marine

Provi k | li isks for habi lan-
Andrea Ray Fisheries Service, (Sue rovides knowledge on c |_mate risks for habitat plan 2011-present
ning
Walker)
Stephen Torbit Provides expert guidance on use of climate projections
Assistant Regional in FWS management and trust resource issues, includ-
Andrea Ray Director ing science planning, endangered species issues, risks 20121-present
Science Applications of climate change to habitats, climate issues that FWS
. houl f
USFWS Region 6 should be aware o
California Department Deploys specialized observing networks and conducts
Allen White of

Water Resources

observationally based physical process studies aimed
at improving hydrometeorological forecasts of high
impact events

2008-present

James Wilczak

U.S. Department of
Energy

Various wind farm
operators, and other
energy partners in the
private sector

Deploys instruments to conduct research leading to
improved wind energy forecasts

WEFIP 1: 2011-
2013 WFIP 2:
2015-2017

Heather Yocum

U.S. Fish and Wildlife
Service

Plains and Prairie
Potholes Landscape
Conservation Coopera-

tive

Provides knowledge on climate risks for habitat and
ecosystem planning and management; solicits stake-
holder perspectives on climate information needs

2014-present
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G. Collaborators and Sponsors

PSD Collaborators

PSD maintains collaborations both within and outside of NOAA. Collaborations can be between
individuals, groups or organizations. They can be partnerships or sponsored relationships. A
representative sample submitted by PSD staff appears below. Organizations may appear multiple time to
illustrate a range of activities within each.

Partners

INTERNATIONAL

Organization

Activity

Dates

Aarhus University Denmark

Development of Danish contribution to the International
Arctic Systems for Observing the Atmosphere framework

2013-present

Alfred Wegener Institute,
Germany

International working group to advance understanding of
Arctic radiation

2013-present

Alfred Wegener Institute,
Germany

International working group to advance understanding of
Arctic radiation

2014-present

Australian Bureau of
Meteorology

Investigation of influence of diurnal warming on SST
analyses

2012-present

Dalhousie University,
Canada

International working group to advance understanding of
Arctic energy, moisture and gas fluxes

2013-present

ECMWEF

20th Century Reanalysis Project, ERA20C, International
Surface Pressure Databank

2012-present

Environment Canada

International working group to advance understanding of
Arctic aerosols

Global Cryosphere Watch/Cryonet Program

2012-present

ETH, Switzerland

Greenland surface energy budget studies

2012-present

Finnish Meteorological
Institute

Coauthors on book chapter

2013-present

Finnish Meteorological
Institute

International working group to advance understanding of
Arctic aerosols

2013-present

French-German Institute at
Saint-Louis, France

Refraction corrections in source localization

2009-present

Hanyang University, South
Korea

ENSO diversity working group activities

2012-present

Hebrew University of
Jerusalem

Satellite comparison for CalWater 2011

2012-2013

[ITM/Pune India

Joint Research on Indian Monsoon

2000-2014

IPSL, Paris, France

Collaborate on ENSO metrics

ENSO diversity working group activities

2012-present
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Organization

Activity

Dates

Japan Agency for Marine-
Earth Science and Tech.

International working group to advance understanding of
Arctic radiation

2015-present

Japan Agency for Marine—
Earth Science and
Technology, Yokosuka,
Japan

20th Century Reanalysis Project, International Surface
Pressure Databank

2010-present

KNMI, The Netherlands

20th Century Reanalysis Project, International Surface
Pressure Databank

2005-present

LATMOS

Paris, France

Collaborate on international planning for Arctic
atmospheric chemistry initiatives

2013-present

Leeds University, UK

Ice microphysics

2013-present

LEGOS, Toulouse, France

Collaborate on ENSO influence on coastal upwelling

Max Planck Institute for
Meteorology

Extended yearly visits, collaboration, student and postdoc
mentoring, six publications resulting

2009-present

NIWA, New Zealand

20th Century Reanalysis Project, International Surface
Pressure Databank

2010-present

NIWA, New Zealand

20th Century Reanalysis Project, International Surface
Pressure Databank

2010-present

Norwegian Meteorological
Institute

Development of data harvesting strategies for Arctic data
and metadata exchange; SIOS and GCW

2012-present

Plymouth Marine
Laboratory, UK

Air-sea transport of trace gases, chemical flux
measurement technology, atmospheric sulfur cycle

2008-present

Technical University of
Catalonia, Barcelona, Spain

Airborne GNSS-R wind retrievals using delay-Doppler
maps

Wind direction retrieval from GPS ocean-scattered signals
in airborne experiments

Airborne GNSS-R wind retrievals using delay-Doppler
maps

2011-2014

Technische University

Dresden, Germany

Acoustic tomography of the atmosphere

2001-present

UFZ, Hemholtz Institute
Leipzig, Germany

Collaborator on Hydrologic Regionalization projects
pertaining to regional scale hydrology and parameter
transfer

2012-present

Atmospheric Circulation Reconstructions over the Earth

UK Met Office Initiativej - 20th Century Reanalysis Project, 2001-present
International Surface Pressure Databank - co-Conveners
of GCOS AOPC/OOPC Working Group on Surface Pressure
Oldweather.org, 20th Cent Reanalysis Project,

UK Met Office W . & ury ve! Jec 2011-present
International Surface Pressure Databank

UK Met Office International Surface Pressure Databank 2004-present
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Organization

Activity

Dates

Univ. Leeds, UK

Collaborative field projects dealing with air-sea transport
of gases and aerosols

2010-present

University of New South
Wales, Australia

Parameterization of sea spray production in hurricanes

2000-2015

University of Barcelona

Influence of summer North Atlantic Oscillation on
European rainfall

2010-present

University of Bern,
Switzerland

20th Century Reanalysis Project, International Surface
Pressure Databank

2001-present

University of Bern,
Switzerland

Rescuing and evaluating pressure observations from the
early 19th century

2013-present

University of Bern,
Switzerland

Comprehensive Historical Upper Air Network

2008-present

University of British
Columbia

Precipitation sample collection during CalWater 2015

2015

University of Buenos Aires

Intraseasonal climate variability in South America

2004-present

University of Giessen,
Germany

20th Century Reanalysis Project, International Surface
Pressure Databank

2010-present

University of Leeds

Arctic field project data collection; data analyses

2008-present

University of Oslo, Norway

Effects of global warming on the Pacific Walker circulation

2011-present

University of Portsmouth,
UK

Climate change in mountains

2013-present

University of Stockholm

Arctic field project data collection; data analyses

2000-present

Yonsei University

Geostationary Remote Infrared Pollutions Sounder
(GRIPS) development

2012-present

NATIONAL

White House

Office

Activity

Dates ‘

Office of Science and
Technology Policy

Development of implementation strategies for
Interagency Arctic Research Policy Committee

2012-present

NOAA
Organization Activity Dates
NCEP Development of reanalyses, reforecasts, and extended- Oneoin
Climate Prediction Center | range statistically post-processed guidance. gomng
NCEP Development and testing of experimental statistically Ongoing
Weather Prediction Center | post-processed guidance
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Organization Activity Dates
NESDIS I i fdi I ing inf ion in SST

ntegration of diurnal warming information in
Center for Satellite 2013-2015

Applications and Research

analyses

NESDIS

National Climatic Data
Center

Development of 20th Century Reanalysis Project,
International Surface Pressure Databank

2006-present

NESDIS

National Climatic Data
Center

Development of International Surface Pressure Databank

2008-present

NESDIS

National Climatic Data
Center

20th Century Reanalysis Project, International Surface
Pressure Databank

2006-present

NESDIS

National Climatic Data
Center

20th Century Reanalysis Project, International Surface
Pressure Databank, ICOADS

2001-present

Development of international working group to advance

NESDIS understanding of Arctic radiation and development of 2012-present
Global Cryosphere Watch/Cryonet Program

NESDIS Internat‘io.na.l working group to advance understanding of 2013-present
Arctic radiation

NWS Devel Igorithms/methodologies to i QPE

Development

NWS

Office of Hydrologic NOAA Hydrolab distributed model development 2010

Development

NWS

National Centers for
Environmental Prediction

ENSO Diversity working group activities

2012-present

NWS/NCEP

Environmental Modeling
Center

Various activities, including reanalysis, reforecast,
ensemble prediction system, and data assimilation
systems.

Ongoing

NWS/NCEP Joint research on seasonal variability and predictability

) 1994-present
Climate Prediction Center | studies
NWS/NCEP

Climate Prediction Center

Joint project on Stratosphere Improvements in CFS

2010-2013
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Organization Activity Dates
NWS/NCEP
Environmental Modeling NOAH land surface model validation 2010-

Center

NWS/NCEP

Climate Prediction Center

Developing next generation climate reanalysis for NOAA

2010-present

NWS/NCEP

Environmental Modeling
Center

20th Century Reanalysis Project, International Surface
Pressure Databank, developing next generation climate
reanalysis for NOAA

2001-present

NWS/NCEP

Climate Prediction Center

Developing new parameterizations of stratospheric ozone
and water vapor for NCEP global atmospheric models

2012-present

NWS/OST

Various activities, including ensemble statistical post-

. O H
Meteorological processing ngoing
Development Lab

NOAA Office of Oceanic and Atmospheric Research
Organization Activity Dates

Air Resources Laboratory

Air quality forecasting for ozone and PM2.5

2014-present

Atlantic Oceanographic

Measurement and parameterization of air-sea flux of

and Meteorological 1998-2015
trace gases

Laboratory

Climate Program Office Detail to the NOAA Arctic Research Program 2013

ESRL Chemical Sciences
Division

Meteorological measurement and analysis for various air
quality and air chemistry studies

2006-present

ESRL Global Monitoring
Division

International working group to advance understanding of
Arctic aerosols and radiation

Joint work on Greenland surface-atmosphere interactions

2013-present

ESRL Global System
Division

Meteorological measurement and analysis for various
regional model improvement studies

2011-present

Geophysical Fluid
Dynamics Laboratory

Conduct research on various aspects of ENSO, climate
extremes and marine tipping points

2012-present

National Severe Storms
Laboratory

Joint project on clouds-atmosphere over Greenland

2010-present

Pacific Marine
Environmental Laboratory

Measurement of Air-sea fluxes from TAO buoys

2001-2015

Unmanned Aircraft System
Program

Detail to the NOAA UAS Program

2014-2015
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Other Agency

Organization

Activity

Dates

Bigelow Marine Laboratory

Marine chemistry air-sea transport of dimethyl sulfide

2007-present

DOE

Development of WFIP1 and WFIP2

2011-present

DOE Lawrence Berkeley
National Laboratory

Joint studies on Arctic clouds and radiation

2009-2012

DOE Lawrence Berkeley
National Laboratory

Collaborate on ENSO influence on global precipitation

2014-present

DOE National renewable
Energy Laboratory

Economic value of forecasts

2014-present

DOE Pacific Northwest
National Laboratory

G1 microphysical measurements comparison with aerosol
observations

2012-2013

DOE Pacific Northwest
National Laboratory

Instrumentation work for unmanned aircraft operations

2013-prresent

DOE Pacific Northwest
National Laboratory

Coastal wind profiler deployments in Oregon and
Washington

2013-present

DOE Sandia National

Precipitation sample collection during CalWater 2015 2015
Laboratory
DOE Sandia National 2015
! Operational support for Oliktok Point Observatory )
Laboratory (ongoing)

DOI/USGS North Central
Climate Science Center

Collaborator on projects to incorporate climate science in
ecological modeling

2012-present

DOI/USGS North Central
Climate Science Center

Rangwala is a climate lead at NCCSC since Jan 2015; Have
also been working on a NCCSC funded project in SW
Colorado since 2013

2013-present

NASA Ames Research
Center

Alpha Jet Experiment

2014-present

NASA Global Modeling and
Assimilation Office

Joint research on atmospheric dynamics related to
drought/extremes

2008-present

NASA Goddard Space Flight
Center

Joint studies on Chemistry-Climate Interactions

2008-prresent

NASA Jet Propulsion

CalWater 2015 collaboration with NASA ER-2

2014-present

Laboratory
NASA Jet Propulsion CalWater 2 and NASA Earth Venture Class suborbital
2011-present
Laboratory proposal development
NASA Jet P Isi
Laboraforyropu son ENSO diversity working group activities 2012-present

NASA Langley

GOES observations over precipitation sampling sites

2012-present

National Drought
Mitigation Center

Evaluation of the NIDIS ACF Drought Early Warning
System

2014 -present
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Organization

Activity

Dates

National Snow and Ice
Data Center

Development of data harvesting strategies for Arctic data
and metadata exchange; Advanced Cooperative Arctic
Data Information Sharing

2012-present

Naval Research Laboratory

CalWater 2015 collaborative observations of air-sea
exchange

2014-present

Naval Research Laboratory

Developing new parameterizations of stratospheric ozone
and water vapor for NCEP global atmospheric models

2012-present

Pacific Northwest National
Laboratory

ARM Cloud Aerosol and Precipitation Experiment
(ACAPEX)

2011-present

U.S. Army Engineer
Research and Development
Center

Atmospheric acoustics

1999-present

U.S. Army Engineer
Research and Development
Center

Acoustic tomography of the atmospheric surface layer

2004-present

U.S. Army Research
Laboratory

Sound propagation and scattering in a turbulent
atmosphere

2002-present

U.S. Bureau of Reclamation

Develop Literature Review and Science Synthesis on
efficacy of Winter Orographic Cloud Seeding

2014-2015

U.S. Bureau of Reclamation

Conduct research and develop products for use in
evaluating dam safety

2011-present

U.S. Bureau of Reclamation

Expert consulting and collaboration on climate and water
issues for the Colorado River

2008-2013

U.S. Bureau of Reclamation

Conduct research on climate variability and extremes for
water resources

2008-present

USGS Climate Science . L 2015
Climate-scale projections of reference ET ,
Center (ongoing)
ACADEMIC/UNIVERSITY
Institution Activity Dates

Colorado State University

Develop new methods to improve QPE using advanced
radar systems as well as operational radar systems

2009-present

. ) Data assimilation in reference ET reanalysis and bias 2015
Colorado State University : .
correction of Forecast Reference ET (ongoing)
Examine anticipated changes in the statistics of weather
and hydroclimate over western North America in
Columbia University 4 2013

coming decades from the point of view of needs in the
management of water and ecosystems.

Columbia University

Joint research on drought assessments and predictability

2012-present
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G. Collaborators and Sponsors

Institution

Activity

Dates

Columbia University

Quantifying feedbacks and process for elevation
dependent warming

2011-present

Columbia University

Collaborative field work on the influence of ocean waves
and turbulence on air-sea transport of gases

2010-present

Csu

IN measurements of precipitation samples

2012-2014

Florida State University

Develop satellite-derived near-surface temperature and
humidity product and associated heat flux products

2008-present

Georgia Institute of

ENSO Diversity working group activities

2012-present

Technology

Z:r:EZSLSrei:tF?e:sfga:rch Development of Evaporative Demand Drought Index (2:r11g50ing)
Naval Postgraduate School | Data assimilation in the Regional Arctic System Model 2012-present
Naval Postgraduate School | Sound propagation in a fluctuating ocean 2009-2013
Naval Postgraduate School | Joint Arctic observational & analysis projects 1997-present
NCAR Joint studies on Africa climate/NAO variability 2002-2014

NCAR Joint studies on Arctic mixed-phase clouds 2009-present

NCAR Development of new State-of-the-Art pressure sensors 2014-present

NCAR Air quality forecasting for ozone and PM2.5 2013-present
20th Century R lysis Project, Int tional Surf

NCAR entury Reanalysis Project, International Surface 2010-present
Pressure Databank

NCAR C.onduc_t researc.h 9n hydrometeorological flood 2013-present
simulation/prediction

NCAR C.onduc_t research on hail in future climates in WRF 5010-2012
simulations

NCAR Join.t wF)rk on National Climate Predictions and 5012-2015
Projections Project
Analysis of demographic changes in the atmospheric

NCAR/MMM sciences, and of various means by which those data are 2006-present

acquired

New Mexico State
University

Sound propagation in the atmosphere

1996-2011

Oregon State University

Measurement of cloud microphysics with radar

2007-2015

Oregon State University

Greenland surface-atmosphere interactions

2013-present

Plymouth State University

CalWater 2015, Snow-level radar research, development
of an AR portal

2013-present

Rutgers University

Quantifying feedbacks and process for elevation
dependent warming

2005-present

Scripps Institution of
Oceanography

Atmospheric river research , CalWater 2, western obs.

2008-present
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G. Collaborators and Sponsors

Institution

Activity

Dates

Scripps Institution of
Oceanography

CalWater 2015 collaborative observations of GPS
meteorology

2014-present

Scripps institution of
Oceanography

CalWater 2 and Alpha Jet Experiment

2011-present

Texas A&M University

ENSO diversity working group activities and 20th Century
SODA reanalysis

2012-present

Texas A&M University

Simple Ocean Data Assimilation with Sparse Input, 20th
Century Reanalysis

2008-present

Texas Tech University

Boundary layer remote sensors

2014-present

Uni. of CO/Civil and
Environ. Engineering

Joint research on Indian Monsoon, Colorado River flow
variability

2004-present

University at Albany

Collaborator on Chilean Coastal Orographic Precipitation
Experiment (CCOPE)

2014-present

University of Connecticut

Air-sea flux measurement technology; wave effects

1990-2015

University of Miami

Boundary-layer cloud physics

1999-2015

University of Alaska

International working group to advance understanding
of Arctic energy, moisture and gas fluxes; workshop
planning

2013-present

University of Arizona

WRF Modeling and NOAA USWRP research proposal

2014-present

University of Arizona

ENSO diversity working group activities

2012-present

University of Arizona

Research on characteristics of climate expertise

2012-present

University of California
Irvine

ENDO diversity working group activities

2012-present

University of California,
Irvine

Hydrological modeling

2014-present

University of California, Los
Angeles

HONO/Ozone titration during UBWOS 2012 and 2014

2013-2014

University of California,
San Diego

CalWater precipitation chemistry research

2012-present

University of California,
Santa Barbara

USAID/FEWs Net focused work on Africa climate
variability/change

2010-present

University of California,
Santa Barbara

Intraseasonal and interannual climate variability in South
America

2001-present

University of Chicago

Joint studies on stratosphere-troposphere dynamical
coupling

2009-present

University of Colorado

Development of the Regional Arctic System Model

2011-present

University of Colorado

Design of unmanned aircraft systems for operation in
Arctic Environment

2013-present

University of Colorado

Joint studies on Arctic clouds and climate

2009-present

10
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G. Collaborators and Sponsors

Institution

Activity

Dates

University of Colorado

Balancing Severe Decision Conflicts under Climate
Extremes in Water Resource Management

2013-present

University of Colorado

Climate-Water-Electricity: Evaluating how climate change
affects water availability and the future of the U.S.
electricity sector

2013-2014

University of Colorado

Boundary layer remote sensors

2014-present

University of Colorado

Collaborate on developing a recreational transportation
management tool targeting at All Terrain Vehicle (ATV)
use.

2011-2012

University of Colorado

Soil moisture, snow depth and vegetation measurements
using GNSS-R Interferometry

2008-present

University of Colorado

Development of GNSS-R bistatic radar for ocean wave
measurements

2008-present

University of Colorado

CESM climate model performance over Greenland

2014-present

University of Colorado

International working group to advance understanding of
Arctic radiation

2013-present

University of Colorado and

NSF

Collaborate on CAMPS aircraft campaign in Colorado

2010-2011

University of Hawaii

ENSO diversity working group activities

2012-present

University of Hawaii

ENSO diversity working group activities

2012-present

University of Hawaii

Air-sea transport of trace gases, atmospheric chemistry
and physics of marine aerosols

1992-present

University of Idaho

Collaboration on various Arctic research projects

2008-present

University of lllinois

Greenland surface-atmosphere interactions

2013-present

University of Maryland

Geostationary Remote Infrared Pollutions Sounder
(GRIPS) development

2012-present

University of Miami

Co-chairs US CLIVAR working group on ENSO Diversity

2012-present

University of Michigan

Dust impacts on San Juan Mountains

2015
(ongoing)

University of Michigan

Development of wind speed retrieval algorithms for
CYGNSS project

2011-present

University of Michigan

Joint work on Nation al Climate Predictions and
Projections Project

2012-2015

University of Nebraska

International working group to advance understanding of
Arctic energy, moisture and gas fluxes

2013-present

2015
University of Nevada Reno | Development of Evaporative Demand Drought Index ,

(ongoing)
University of Texas Boundary layer remote sensors 2014-present
University of Utah Collaborate on StormVex campaign in Colorado 2010-2011

May 12-14, 2015
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G. Collaborators and Sponsors

Institution

Activity

Dates

University of Washington

Hydrometeorological research focused on the Sierra
Nevada

2010-present

University of Washington

Joint Arctic observational project

2013-present

Vanderbilt University

Joint project on clouds-atmosphere over Greenland

2010-present

Vanderbilt University

Greenland atmospheric research

2010-present

Washington State

Joint project on clouds-atmosphere over Greenland

2010-present

Oceanographic Institution

Measurement of Air-sea fluxes from Flux Reference buoys

University
Washington State Development of international working group to advance

) g P . ) L g group 2013-present
University understanding of Arctic radiation
Washington State . . . .

) g Collaboration on various Arctic research projects 2007-present
University
Woods Hole

1991-2015

Woods Hole
Oceanographic Institution

ENSO diversity working group activities

2012-present

REGIONAL AND LOCAL

Organization Activity Dates
Colorado Natural Heritage
& Gunnison Climate Working Group 2009-2013
Program
. . To conduct innovative research that advances our
Cooperative Institute for . .
) . understanding of the global, regional, and local .
Research in Environmental . . . Ongoing
. . . environments and the human relationship with those
Sciences, (University of CO) , . .
environments, for the benefit of society.
To conduct interdisciplinary research in the atmospheric
sciences by entraining skills beyond the meteorological
Cooperative Institute disciplines, e.xplomng .a.dva.nces in e.n.gmeerm.g .and
for Research in the computer science, faah"catmg transitional acjnwty '
between pure and applied research, leveraging both Ongoing

Atmosphere

(Colorado State University)

national and international resources and partnerships,
and assisting NOAA, Colorado State University, the State
of Colorado, and the Nation through the application of
our research to areas of societal benefit.

Denver Water

Joint research into usability of climate information by
water utilities; Front Range Climate Change Vulnerability
Group

2008-present

Desert Research Institute

Development of Evaporative Demand Drought Index

2015
(ongoing)

12
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G. Collaborators and Sponsors

Organization

Activity

Dates

Mountain Studies Institute
Durango, CO

Climate science research and communication related

to ecosystem resiliency in the San Juan Mountains and
Four Corners region; including development of high
school educational material related to climate change in
mountain systems

2007-present

Southwest Research
Institute, Boulder, CO

Development of end-to-end simulator for Cyclone GNSS
(CYGNSS) project

2011-present

The HDF Group

Development of data harvesting strategies for Arctic data
and metadata exchange

2012-present

The Nature Conservancy -
Colorado

Climate science and risks communication and integration
in conservation projects in the Upper Gunnison Basin

2013-present

Western Water Assessment

Climate Change in Colorado 2014 Report; Climate
Scenarios in Landscape Conservation Design with
Southern Rockies LCC

2013-present

Western Water Assessment

Studies on the interaction climate and multi-purpose
reservoir management in several western reservoir
systems, municipal water management and climate.

1998-present

Western Water Assessment

Assessment of hydrologic impacts of bark beetle and
dust-on-snow on the Colorado River.

2012-present

COMMERCIAL
Company Activity Dates
AMEC Expert consulting on Colorado water resources issues and Ongoing

climate; Colorado Climate Technical Advisory Group

AWS Truepower, LLC.

Improving wind forecasts

2011-present

Exelis

Development and maintenance of wavelet analysis
website and software

1995-present

Remote Sensing Systems

Collaborate on ENSO precursors

Riverside Technology, Inc.

Collaborate on developing the Community Hydrologic
Prediction System - Flood Early Warning System (CHPS-
FEWS) application for the Russian River and Napa River
watersheds, California by providing calibrated input
decks, forcing data, QPE retrieval automation codes, and
various modeling consultancy.

2014

Science and Technology
Corporation (STC)

Geostationary Remote Infrared Pollutions Sounder
(GRIPS) development

2012-present

Science and Technology
Corporation (STC)

Hyperspectral infrared soundings

2013-present

Scintec

Development of 915 MHz wind profiler technology

2013-present

May 12-14, 2015
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G. Collaborators and Sponsors

Company Activity

Dates

Stratus Consulting, Inc.

water utilities

Joint research into usability of climate information by

2008-2013

Swiss RE, Inc. Improving wind forecasts

2011-present

The HDF Group

and metadata exchange

Development of data harvesting strategies for Arctic data

2012-present

Vaisala Improving wind forecasts 2014-present
WindLogics, Inc. Improving wind forecasts 2011-present
Sponsors

PSD receives more than half of its annual operating funds through sponsors, both from within and
outside of NOAA. The primary sponsors of PSD’s research are listed below by category in descending
order of funds received over the last five years.

NOAA OFFICE OF OCEANIC AND ATMOSPHERIC RESEARCH

NOAA

Climate Program Office

Geophysical Fluid Dynamics Laboratory

Health of the Atmosphere Program

National Integrated Drought Information Service
Sandy Supplemental

Unmanned Aircraft Systems

U.S. Weather Research Program

Wind Forecast Improvement Project

National Environmental Satellite Data Information Service
National Marine Fisheries Service

National Weather Service

OTHER-AGENCY
e California Department of Water Resources e U.S. Army Corps of Engineers
e California Energy Commission e U.S. Department of Energy
e Office of Naval Research e U.S. Navy
e Sonoma County Water Agency ¢ Vaisala Corporation

U.S. Agency for International Development

14

May 12-14, 2015



H. Field Projects

ESRL Physical Sciences Division
Science Review
May 12-14, 2015



NOAA/ESRL Physical Sciences Division Review

H. Field Projects

PSD Field Programs

. Sponsoring . PSD Principal
Field Program Scope Desription/Goal PSD Role . Dates
e Agency/Org P Edoy Investigator(s)
A ti .
Tomcforl:lalS hc of Build and operate the array of Build and operate the ar-
graphy ARO Local . P v ray of acoustic tomography | Ostashev, Wolfe | 2010-present
the Atmo- acoustic tomography of the ASL
of the ASL
sphere
Investigate clouds, atmospheric Contributed cloud radar,
ACSE (Arctic g ! P microwave radiometer,
. structure, surface energy budget, . . .
Clouds in Sum- | Stockholm . ) . ceilometer, wind profiler,
. . . International | and related processes in variable Persson 2014
mer Experi- University . L . and other measurements.
sea-ice conditions of the Arctic .
ment) Engaged in process-based
Ocean
research.
The Boulder Atmospheric Obser-
vatory (BAO) sits on 100 acres
of land on the eastern plains of
Colorado near the town of Erie.
Its centerpiece is a 300m instru-
mented meteorological tower. Technical site support and
BAO (Boulder The BAO has played a key part.m program/prOJect coordi-
. . Local, Re- numerous boundary layer studies nation for ground- and .
Atmospheric Various . ; . o Wolfe Ongoing
gional and supports long-term climate aircraft-base in-situ and
Observatory . .
baseline measurements. Associ- remote sensor measure-
ated studies have been reported ments.
in over 200 scientific publications
and have included partnerships
with local, state, and federal
agencies, as well as university and
commercial organizations.
Investigation of air pollution in Air-sea Flux and W-band
CALNEX 2010 NOAA National the LA basin, the coast of Califor- radar cloud observations Fairall 2010
nia, and the Sacramento basin on the R/V Atlantis Il
. Investigation of Atmospheric Riv- Spackman,
CalWater 2014 NOAA National ers with NOAA G-IV aircraft Pl on the G-IV Fairall, White 2014
L . Spackman
PSD tist. ded !
. Aircraft-, ship-, and ground-based sue'n >ts provice Fairall, White,
NOAA, DOE, Regional study of atmospheric rivers and leadership roles as plat-
CalWater 2015 | NASA, NSF, | (West Coast v phert form scientists, mission Intrieri, Darby 2015
the role of aerosols in cloud and L
ONR us) L scientists, and forecast Gaggini, Wolfe
precipitation processes ’
team members
Creamean
Coordinate aircraft opera-
CAMPS (Colo- _ . tions with a co_llaborat.Ne
. Investigate mixed-phase clouds | ground-based field project,
rado Airborne . A . .
Multi-Phase NSF Regional and precipitation in an orographi- | oversee aircraft data analy- Shupe 2010-2011
cally forced region (Colorado). sis towards understanding
Study) .
spatial cloud structure and
processes.
COALA (Coor- .
. Unmanned aircraft measure- .
dinated Obser- ments of lower atmospheric Operation and supply of
vations of the DOE Local P unmanned aircraft, data de Boer 2014

Lower Arctic
Atmosphere)

thermodynamic state during sea
ice freeze up

preparation
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H. Field Projects

. Sponsoring .. PSD Principal
Field Program Scope Desription/Goal PSD Role . Dates
e Agency/Org P Edoy Investigator(s)
PSD deployed a network
To observe and characterize of wind profilers/RASS
and surface meteorology
Denver-Jules- methane and non-methane
L EDF, NOAA, . . . sensors along the Colorado .
burg Basin Air Regional hydrocarbon emissions from oil ) White 2012
. NSF . . front range to support this
Quality Study and natural gas operations in the .
Colorado Denver-Julesburg Basin major study led by NOAA/
& GMD during the spring/
summer of 2012
DYNAMO FL d d W-band
(Dynamics of NOAA Investigation of Madden-Julian raL:ersr?wr:eai’uer‘gmen_tsaonn
thg Madd.en- ONR International Oscillation (Ié)/lieogr:n the Indian R/V Revelle: flux observa- Fairall 2011-2012
Julian Oscilla- NASA tions from NOAA P-3
tion)
FRAPPE
(Front Range
Air Pollution Characterize the local to regional
and Photo- Colorado chemical environment includ-
chemistry Department ing photochemistry, oxidant and
Experiment) of Public aerosol formation and fate, flow | PSD deployed a network
Health and recirculation patterns and of wind profilers/RASS
Universilty large-scale inflow and surface meteorology
DISCOVER/ of Colorado sensors along the Colorado
AQ (Deriving Colo- ! Regional front range to support White 2014
Information do Stat Provide cal/val data for Earth- these two major aircraft-
on Surface La © a}te observing satellites measuring air | pased air chemistry field
conditions U'(‘:"éeerfl'(e‘{' quality to help them distinguish | campaigns during the sum-
from Column lev. NASA between pollution high in the mer and early fall of 2014.
and Verti- &Y, ¢ atmosphere and that near the
cally Resolved NOAA, NCAR surface where people live and
Observations breathe
Relevant to Air
Quality)
HIWINGS .
(High Wind Investigation of air-sea trace gas Air-sea Fluxand wave
s NSF, NOAA National g L. . 5 observations on the R/V Fairall 2013
Gas Exchange fluxes in high wind speeds
Knorr
Study)
HMT PSD.
Observation-based process . was man_aged by PS
understanding and modelin Itis currently implemented
g ¢ "8 4t both PSD and NOAA's
research on high-impact regional i
recipitation, weather and land Weather Prediction Center.
HMT (NOAA Surfarc)e cond,it'ions The applied The observation-based
Hydrome- NOAA, CA- . ) . .pp process understanding re- White, Cifelli, .
National research fosters transition of . Ongoing
teorology DWR, NASA e search employs a variety of Mahoney
scientific advances and new tools | ..~ " . .
Testbed) . . . field instruments, including
into forecasting operations to ) . S
wind profiler, precipitation,
better balance water resource
e and snow level radars,
demands and flood mitigation . .
. . . surface met, soil moisture
strategies in a changing climate. and GPS-met
HS3 (Hurricane HS3 is a five-year mlsspn specifi- Operanon.al, technical & .
and Severe cally targeted to investigate the engineering support of Wick, Spack-
Storm NASA, NOAA National processes that underlie hurricane | dropsonde syst. for Global | man, Jackson, 2010-2014
Sentinel) formation and intensity change in | Hawk. Real-time data pro- Costa
the Atlantic Ocean basin. vision to NWS & NHC.
3
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H. Field Projects

. Sponsoring .. PSD Principal
Field Program Scope Desription/Goal PSD Role . Dates
e Agency/Org P Edoy Investigator(s)
To advance coordinated and
collaborative research objec-
tives from independent pan-
DOE, NSF, Arctic atmospheric observatories
D . .
IASOA CANDAC, through strateg|ca|ly deve!oplng Program coordination,
. NOAA, comprehensive observational instrument deplovments
(Intl Arctic Environment Regional, capacity, facilitating data access Arctic measuprer\;ents ! Starkweather, Oneoin
SysterT\s for Canada, (Arctic) and usability through a single (air-sea-ice flux, boundar Uttal going
Observing the NILU, WMO, gateway, and mobilizing contribu- laver d namicls clouds)y
Atmosphere) WCRP, ICSU, tions to synergistic science and y v !
10C socially-relevant services derived
from IASOA assets and expertise
(http://www.esrl.noaa.gov/psd/
iasoa/home2)
ICECAPS
(Integrated
Characteriza- Investigating the atmospheric
tion of Energy, NSF state, clouds, and precipitation Radar, lidar, precipitation,
Clouds, At- DOE International | over the Greenland Ice Sheet and | and radiosonde measure- Shupe 2010-present
mospheric NOAA their influences on mass accumu- | ments. Process research.
state, and lation and surface energy budgets
Precipitation
at Summit)
PSD deployed wind profil-
Instrumented aircraft, mobile eploye . win prQ
Integrated . ers and Radio Acoustic
laboratory vehicle, and ground- .
Study of San Regional . . . Sounding Systems (RASS)
. egiona based observations investiga- . .
Juan Basin NOAA . to better constrain bound- White 2015
(4-Corners) tion of the source of a recently . .
Methane . ary layer winds, vertical
. published US methane anomaly .
Emissions . temperature profiles,
viewed from space. .
boundary layer thickness)
MC3E (Midlati- Observed convective cloud
. . . Deploy and operate 449-
tude Continen- lifecycle to help parameterize pre- MHz and S-band verticall
tal Convective DOE, NASA National cipitation processes in weather L. v Williams 2011
. . A pointing Doppler radars;
Clouds Experi- models and improve satellite
. . analyze collected datasets.
ment) rainfall estimates
Provided surface flux
instrumentation, including
sonic anemometers and
RV Mirai Arctic | JAMSTEC, . Obtain surface fluxes in open radiometers. Mounted .
. International | waters of Beaufort/Chukchi Seas them on the bow of the Fairall 2014
Mission 2014 NOAA . . .
during autumn Japanese ship Mirai. Had
CIRES/PSD staff maintain
equipment during 6 week
cruise.
Investigate impacts of dust aero-
San Juan sols on cloud and snow formation | Collect aerosol and snow
Mountain UM, NASA Local . . Creamean 2015
in the San Juan Mountains of samples
Seed Study
Colorado
4
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H. Field Projects

Field Program ::::::;gé Scope Desription/Goal PSD Role I:\S/:s:i::tc:r’(asl) Dates
Obtain data on surface
energy fluxes, waves, at-
Sea State ONR National Improve undgrsténding of rgles of mosp_heric bo.u[”ndary layer, Fairall 2015
waves during ice expansion. and ice conditions in the
marginal ice zone during
autumn freeze-up.
Quantify the significance of
unmanned observations to
high impact weather prediction
SHOUT through data impact studies using Project scientist; mis-
(Sensing Observing System Experiments sion science support;
Hazards. with NOAA National (QSE) using unman'ned observa- ope'ratio.nal, technical and Wick, Jackson 2014-2016
Operational tions collected during prototype | engineering support of the
Unmanned operational field missions and Global Hawk dropsonde
Technology) Observing System Simulation system
Experiments (OSSE) based on
expected unmanned observing
capabilities.
StormVEx Oversee on-site opera-
. . tions of DOE equipment,
(Storm Peak Investigate mixed-phase clouds communicate with coor- Matrosov,
qoud Ffrop.er- DOE Regional and preupltatlo.n in an orographi- dinated aircraft, general Shupe 2010-2011
ties Validation cally forced region (Storm Peak). mission planning, and data
Experiment) analysis.
SWERUS-C3/
ACSE Swedish- CIRES members of PSD
Russian-U.S. provided cloud and
Arctic ocean Collect data to improve under- boundary-layer observa-
Investigation | University of standing of clouds, boundary-lay- | tions with remote sensors
of Climate Stockholm, | International | er structure, and air-ice/air-ocean and had 4 scientists/ Persson 2014
Cryosphere NOAA interactions in the marginal ice engineers on board the
Interactions/ zone Swedish icebreaker Oden
Arctic Clouds for 3 months; NOAA/PSD
in Summer provided instrumentation
Experiment)
TORERO (Trop-
ical Ocean. NSF, NOAA | International Me.asqrements of vo_IatiIe Qrgan— Air-sea flux measure_ments Fairall 2012
Tropospheric ics in the equatorial Pacific of carbon monoxide
Exchange)
UBWOS was initiated in the first
UIMSSD, quarter of 2012 to identify the
Western emissions sources and the unique
Energy photochemical processes that Provided tall tower
UBWOS (Uinta Alliance, Regional cause ele\./ated winter.ozon.e measurements of surface
Basin Winter Questar, (Uinta Basin, concentratlons,' and to |dgnhfy fluxes, ground based' Zamora 9012-2014
Ozone Studies) Energy Prod- uT) the most gffectlve strategies to mgasurements of net ir-
ucts, BLM, reduce winter ozone. UBWOS radiance, standard surface
NOAA, EPA, included measurements of ozone meteorological variables
Environment and ozone precursor concentra-
Canada, DEQ tions and meteorological condi-
tions throughout the Basin.
May 12-14, 2015 5
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H. Field Projects

. Sponsoring .. PSD Principal
Field Program Scope Desription/Goal PSD Role . Dates
e Agency/Org P Eoy Investigator(s)
Improve wind forecasts for wind Deploy instrumentation,
. L observe and understand
WFIP (Wind . energy applications through as- .
Forecast Regional similation of new observations meteorological processes,
NOAA, DOE | (Upper Mid- develop new physical Wilczak 2010-present
Improvement and through the development of o
. west, TX) . . parameterization schemes
Project) improved model parameteriza- .
. for numerical forecast
tion schemes
models
Deploy instrumentation,
WFIP2 (Wind esional Improve wino:I forecas.ts for.wind observe an.d understand
Forecast egiona energy applications in regions meteorological processes,
Improvement NOAA, DOE (Pacific of complex terrain through the develop new physical Wilczak 2014-present
Pfo'ect 22) Northwest) | development of improved model | parameterization schemes
) parameterization schemes for numerical forecast
models
WHOTS
(Woods Hole
Ocean_ogr_aphlc Annual cruises to each site.
Institution . . .
Climate observations: Flux refer- Ship-buoy intercompari-
Hawaii Ocean NOAA International ence buo siées sons and air-sea fluxes at Fairall 2010-present
Timeseries v the Chilean and Hawaiian
Site) Flux Reference buoy sites
and
STRATUS
WISPAR (Win- Initial demonstratlo.n of the
ter Storms research and operational ap- Mission scientist; drop
licati f the Global Hawk ’ § Wick k-
and Pacific NOAA National plications o ,t e Global Haw sonde system operations; ick, Spac 2011
. unmanned aircraft to observe o . man
Atmospheric ) o scientific data analysis
. winter storms and Pacific atmo-
Rivers) L
spheric rivers
Depl -
XPIA (Experi- Local Determine the applicability of eploy a|.'1d t_est newre
Oca mote sensing instrumenta- .
mental PBL In- new state-of-the art remote . Wilczak, McCaf- .
: NOAA, DOE (Boulder L . . tion at the NOAA Boulder Ongoing
strumentation sensing instrumentation for wind Atmospheric Observator frey
Assessment) County) energy P v

(BAO) tall tower facility
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|. Research Products

PSD Research Products

PSD produces a wide range of research products that include observational data sets, display tools,
analysis products, forecast, decision support and situational awareness tools, physical process model
parameterization, assessments, model outputs, climate and weather analyses and reanalyses, etc. These
products are available to research groups, academic institutions, operational entities across NOAA,
commercial organizations, decision makers and the general public. In large part they can be accessed via
the PSD website (http://www.esrl.noaa.gov/psd/). A representative sample is shown below.

Product

Description

Users

Benefits/Impacts

PSD Contact

20th Century Reanalysis
version 2 (1871-2012)
and 2c (1851-2011)

Global reconstruction of

weather every six hours

from the surface of the

earth to the tropopause
back to 1851

Broad community
including research
scientists, students,
economists, histo-
rians, national met
services, US Army
Corp of Engineers,
wind energy industry,
reinsurance industry

Provides first global
weather reconstruction
with quantified uncer-
tainties back to the 19th
Century

Gilbert Compo

A spatially comprehen-
sive, daily hydrome-
teorological data set for
Mexico, the contermi-
nous U.S., and southern
Canada: 1950-2013.

A~ 6km gridded product
(1/16 degree) of station
observed precipitation,
maximum and minimum

daily temperature and
derived hydrologic states
and fluxes

Broadly applicable for
downscaling studies,
water balance stud-
ies, and for driving
models

Provides a high resolu-
tion characterization
of meteorology for a

multi-decadal period and
hydrologically-relevant
horizontal resolution

Ben Livneh

All digital automated
frost/heat forecast
system

Utilizes real-time vineyard
observations to bias cor-
rect numerical model and
model statistical output to
forecast from 1 to 5 days
out the occurrence of frost
or heat at each vineyard.

Sonoma County Wa-
ter Agency, Western
Weather Group, Fox
Weather, Sonoma
County Winegrape
Commission, Men-
docino Winegrape,
Commission

Improved frost/heat fore-
casts to improve water
resource management
within the Russian River

Basin

David Reynolds

Arctic Summer Cloud
Ocean Study - ASCOS

(Cloud Database)

Cloud macro and micro-
physical measurements and
retrievals from a suite of
Ka-band cloud radar, multi-
channel radiometer, and
ceilometer; obtained near
87 N during the month of
August 2008

International Arctic
researchers

Are being used to validate

models and reanalyses in

the Arctic, and to improve
forecasting of sea ice

Ola Persson

Arctic Summer Cloud
Ocean Study - ASCOS

(Wind Profiler Database)

Wind profiles and back-
scatter from the only ship
based 449 MHz wind
profiler in the world. A
platform made to fit on the
Swedish icebreaker Oden
makes this possible. Data
collected near 87 N during
the month of August 2008.

International Arctic
researchers

Will be used to validate
models and reanalyses in
the Arctic, and to better
understand air-ocean and

air-ice interactions and
provide sea-ice forecasts

Ola

Persson
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Product

Description

Users

Benefits/Impacts

PSD Contact

Assessments of the
causes of high-impact
weather events and
regional climate trends

Utilize observational data
and experiments with
climate and hydrological
models of different com-
plexity to determine the
physical factors that cause
observed regional and
seasonal climate trends
and high-impact weather
events.

Policy and decision
makers, General
public

Provide best available
science regarding factors
causing high-impact
weather and climate
related extremes to make
informed decisions on
how society should invest
in critical infrastructure in
risk-prone areas while en-
suring resilience. (http://
www.esrl.noaa.gov/psd/

csi/)

Judith Perlwitz

Atmos. River Water
Vapor Flux Tool

Combines observations of
wind profiles and inte-
grated water vapor (IWV)
to measure the IWV flux
in the controlling layer
and compares to opera-
tional numerical weather
prediction prior and future
forecasts

NWS weather and
river forecasters,
water managers,

research scientists

Improved situational
awareness of how well
operational models are
portraying atmospheric

river conditions and

resulting orographic
precipitation

Daniel Gottas

Atmospheric River De-
tection Tool

Automated objective soft-
ware package to aid in the
identification and charac-
terization of atmospheric
rivers to assist forecasters

NWS and science
community

Improves ability to help
identify potential threats
of extreme precipitation

Gary Wick

CNRFC 6 hourly QPE/
QTE at the HRAP
resolution (Hydrologic
Rainfall Analysis Project,
~4.7-km) XMRG dataset:
2011-2014

Four years of the California
Nevada River Forecast Cen-
ter (CNRFC) precipitation
and temperature datasets
with the XMRG (binary)
format.

Hydrologic modelers
who run the Hydro-
logic Laboratory -
Research Distributed
Hydrologic Model
(HL-RDHM) and
scientists in NWS/
Office of Hydrologic
Development

The datasets are geo-
referenced and format
converted. They can be
used directly to drive the
distributed hydrologic
model to obtain distrib-
uted hydrologic states.
These states will benefit
the subsequent hydro-
logic predictions.

Chengmin Hsu

Database of Air-Sea Flux
measurements

NOAA-PSD hosts a data-
base of ship-based flux
observations going back to
1992. Several synthesis files
containing multiple cruises
are included.

Researchers de-
veloping methods
to produce global
flux products from

satellite observations.
NWP and Climate

model developers. Al-

gorithm developers.

Direct observations of
air-sea fluxes remains in
the domain of campaigns
executed by teams of
experts. Reliable data
from the open ocean are
extremely sparse. Fluxes
are difficult to simulate
and verify in models.

Christopher Fairall

Evaporative Demand
Drought Index (EDDI)

A drought monitoring and
early warning tool. EDDI.

U.S. Drought Monitor,
state climatologists,
municipal water
operators.

Provide early warning
of incipient drought and
monitoring of ongoing
droughts.

Michael Hobbins
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Product

Description

Users

Benefits/Impacts

PSD Contact

Facility for Climate As-

sessments (FACTS)

A 25TB data set of global
historical climate simula-
tions with multiple models
spanning 1871-present,
different forcing streams,
large ensemble. Capabili-
ties to visualize, intercom-
pare online with OBS and
among models, download
data.

Broad community,
including academia,
research scientists.

Rapid and near real-time
capability to assess physi-
cal factors causing climate
conditions through time.

Don Murray

Fairall-Banner sea-spray

flux algorithm

A set of computer codes
that allow estimation of
air-sea momentum, heat,
and moisture fluxes at
hurricane wind speeds.
Accounts for the effects of
sea spray.

NCEP, Navy, NASA,
several Universities.

This algorithm allows
a hurricane model to
account for the thermo-
dynamic and dynamic
effects of sea spray on the
surface interactions.

Christopher Fairall

Forecast Reference
Evapotranspiration
(FRET)

Bias-correction of FRET

Growers, agricultural
outreach workers,
irrigators.

Provide 1- to 7-day,
CONUS-wide forecasts
of reference ET, for more
efficient irrigation sched-
uling.

Michael Hobbins

Global Ensemble Fore-
cast System Reforecast

Data Set and Derived
Products

A 150 TB data set of global
ensemble forecasts and a
wide range
of experimental forecast
guidance based on these,
including week-2 tem-
perature and precipitation
forecasts (for CPC), week
+1 precipitation forecasts
(for HPC and others), weeks
+1 to +2 tornado forecasts
(for SPC).

NWS and broader
community

Improved forecasts
through statistically
post-processed guidance
based on internally gen-
erated GEFS reforecasts;
see http://www.esrl.
noaa.gov/psd/forecasts/
reforecast2/

Thomas Hamill

Global Ensemble Fore-
cast System Reforecast

Data Set and Derived
Products

A 150 TB data set of global
ensemble forecasts and a
wide range
of experimental forecast
guidance based on these,
including week-2 tem-
perature and precipitation
forecasts (for CPC), week
+1 precipitation forecasts
(for HPC and others), weeks
+1 to +2 tornado forecasts
(for SPC).

NWS and broader
community

Improved forecasts
through statistically
post-processed guidance
based on internally gen-
erated GEFS reforecasts;
see http://www.esrl.
noaa.gov/psd/forecasts/
reforecast2/

Thomas Hamill
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Product

Description

Users

Benefits/Impacts

PSD Contact

Hydrologic Model Per-
formance Assessment
Tool

A set of R codes for cal-
culating the performance
metrics of hydrologic
modeling. The developed
metrics include Nash-
Sutcliffe Efficiency, Runoff
Volume Difference, Modi-
fied Correlation Coefficient,
Percent Bias, and Time to
Peak. These functions can
also automatically detect
the miss of the USGS
streamflow data to ensure
the model assessment be-
ing executed on the apple-
to-apple basis.

Modelers and fore-
casters

This tool allows modelers
to evaluate their simula-
tions right away after
outputs are generated.
The codes can also be
compiled with C compiler
and adapted into the hy-
drologic forecast system
such as the CHPS-FEWS.
This makes model diag-
noses more efficiently
and modelers easy to get
the insights about model
structure and parameters.

Chengmin Hsu

Integrated Characteriza-
tion of Energy, Clouds,
Atmospheric state, and
Precipitation at Summit
(ICECAPS) near-real time
web page

Web page hosting near-real
time measurements and
data products from a suite
of ground-based remote
and in situ sensors charac-
terizing the atmosphere,
clouds, and precipitation at
Summit Station on top of
the Greenland Ice Sheet.

Arctic and Greenlan-
dic climate research-
ers, operational
forecasters, satellite
algorithm developers,
instrument develop-
ers

This tool provides near-
real time insight into the
conditions occurring over
the Greenland Ice Sheet
to facilitate research on a
number of scales and for
a number of international
institutions and agencies.
These observations also
allow for process-level
studies related to the
mass and energy budgets
of the Greenland Ice
Sheet.

Matthew Shupe

International Surface
Pressure Databank V3

The world’s largest collec-
tion of pressure observa-
tions from 1856-2012. The
ISPDv3 is a blend of many
national and international
collections of station, ma-
rine and tropical cyclone
best track pressure obser-
vations.

NOAA, NASA, and In-
ternational Reanaly-
sis researchers.

Essential to providing an
observational underpin-
ning to retrospective
climate analysis datasets.
These Reanalysis prod-
ucts are used extensively
in climate research, ap-
plications and services.

Gilbert Compo

MRMS NetCDF-XMRG
Format Transformation
Tool

A set of Python codes
which can transform the
1-km resolution Multi-Ra-
dar Multi-Sensor (MRMS)
QPEs between the NetCDF
and XMRG format. The
tool also possesses the
capabilities to perform the
geo-reference and aggrega-
tion functions.

Radar meteorologists
and hydrologists

This tool makes radar
data ready for hydrologic
applications.

Chengmin Hsu

NOAA COARE bulk flux
algorithm

A set of computer codes
that allow estimation of
air-sea or air-ice fluxes
using bulk meteorological
inputs. Meteorological and
numerous trace gas fluxes
are available.

NWP and Climate
models, satellite flux
products, Tao and
Flux Reference buoys,
ICOADS, blended flux
products (WHOI O,
etc.).

Accurate and physically
consistent flux estimates
from simple inputs. Fit
to 15,000 hours of direct
measurements

Christopher Fairall
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Product

Description

Users

Benefits/Impacts

PSD Contact

NOAA multi-generation-
al reference ET reanaly-
sis.

Generation-0 complete
and loaded up to USGS
GeoData portal, where it is
available to researchers.

Researchers, USGS
National Water
Census.

Assist in drought moni-
toring; as a climatology
for FRET; as an input to
actual ET input to USGS
National Water Census.

Michael Hobbins

OLR Madden-Julian
Oscillation Index (OMI)
along with Real-Time
Version (ROMI)

An index of the state of the
Madden-Julian Oscillation
that utilizes satellite-de-
rived Outgoing Longwave
Radiation (OLR) only, avail-
able through the PSD Web
Server

Broad community,
including academia,
research scientists,
and the private
sector

A real-time index of the
MJO based only on OLR
reflects the state of the
MJO convective field
and avoids the potential
pitfalls of other indices
which rely on circulation.
The OMI and ROMI also
take into account the two
dimensional distribution
of OLR throughout the
seasonal cycle avoiding
the need for averaging in
latitude, more precisely
determining the MJO
state throughout the year.

George Kiladis

Reanalyses and ob-
served Datasets made
available for researchers

Researchers to gen-
eral public

Tools and Data allow us-
ers to investigate climate
and weather processes
using a fixed model data-
set. The datasets are 3-D
and extend back as far as
1871.

Catherine Smith

Reanalyses.org collab-
orative reanalysis wiki
page

The website is a tool to
facilitate comparison
between reanalysis and
observational datas-
ets. Evaluative content
provided by reanalysis
developers, observational-
ists, and users; and links
to detailed data descrip-
tions, data access methods,
analysis and plotting tools,
and dataset references are
available. Discussions of

NOAA, NASA, and in-
ternational Reanalysis
and related dataset
developers, research-
ers. Also, NOAA
teams and the NOAA
Climate Reanalysis

The tools greatly
facilitates providing
up-to-date reanalysis
model information and
access information as
well as communication of
research projects involv-
ing reanalysis among
scientists. Registered

Gibert Compo

Snow-level product

the recovery of observa- Task Force. users are from countries
tions to improve reanalyses and institutions over the

is also a focus. The wiki globe.
framework encourages sci-
entific discussion between
members of reanalyses.org

and other reanalysis
A patented method to NWS weather and Verification of model

detect the level of the
atmosphere where snow
changes into rain.

river forecasters,
water managers,
research scientists

forecasts. Important vari-
able to determine how
much of mountain basin
will generate runoff

Allen White
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Product

Description

Users

Benefits/Impacts

PSD Contact

Soil moisture and sur-
face flux near-real time
webpage

Webpage that allows users
to display soil moisture,
surface radiative, sensible,
and ground heat fluxes,
measured at NOAA Hy-
drometerological Testbed
observing locations.

Operational flood
forecasters, wa-
ter managers, fish

remote sensing de-

and meteorological
model developers

habitat management,

velopers, hydrological

Provides near-real time,
and historical access to
research quality obser-
vations of soil moisture
and the surface energy
balance.

Robert Zamora

Swedish-Russian-US
Research Cooperation
that Focuses on Climate-
Cryosphere-Carbon -
SWERUS-C3

Arctic Cloud Summer
Experiment - ACSE

(Cloud Database)

Cloud macro and micro-
physical measurements and
retrievals from a suite of
instruments consisting of a
W-band cloud radar, multi-
channel radiometer, and
ceilometer; obtained near
87 N during the month of
August 2008

International Arctic
researchers

Will be used to validate

models and reanalyses in
the Arctic, and to better
understand air-ocean and
air-ice interactions

Ola Persson

Tiksi, Russia Observatory
near-real time webpage

Web page hosting near-real
time measurements and
data products from a suite
of ground-based sensors
characterizing the surface
and lower atmosphere at
Tiksi, Russia

Arctic weather/cli-
mate researchers, op-
erational forecasters,
satellite algorithm
developers, instru-
ment developers

This tool provides near-
real time insight into
conditions occurring in
Tiksi, Russia to facilitate
research on a number of
scales and for a number
of international insti-
tutions and agencies.
These observations also
allow for process-level
studies related to surface
energy fluxes and surface

change.

Taneil Uttal

Vertical Profile Tool

profiles on a date, a vertical
transect between 2 points,

Website allows users to
extract different atmo-
spheric products showing
the vertical profile of the
atmosphere. The products
include single or multiple

a skew-T plot and a time
by height plot. Data is
extracted from different
reanalyses and starts in
1871.

Model developers,
researchers, weather
enthusiasts

Provides access to historic
weather information for
researchers, those wish-
ing to compare models
and those looking at
historic weather events.

Catherine Smith
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Product

Description

Users

Benefits/Impacts

PSD Contact

Vertically Integrated
Water Vapor Transport
(IVT) GIS Tool

A Python-based function
which can automati-
cally calculate water vapor
transport at each pressure
level and take integral of
them. The domain covers
the Pacific Ocean, Western
US, and Southern Alaska.
The tool is suitable for
calculating IVTs for the vari-
ables extracted from the
MERRA and NARR datasets.

Research scientists,
model developers,
and forecasters

This tool facilitates the
calculation of IVTs. It can
benefit the identification

of “Atmospheric River

(AR)” phenomenon and

can be used to quantify

the interactive effects
between ARs and topog-
raphy.

Chengmin Hsu

WRIT: Web-based
reanalysis Intercompari-
sonTools

A set of web tools for
plotting maps and time
series that allows users to
compare reanalysis and
observed datasets.

Research scientists,
resource managers,
universities

Provide information on
how well reanalyses
are doing for different
regions, timescales and
variables. That infor-
mation can be used to
improve models or
determine which dataset
to use in a research study.
Allows user to quickly ex-
tract plots from reanalysis
datasets.

Gilbert Compo
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J. Research to Operations/Applications

PSD Research to Operations

PSD works closely with NOAA operational entities to transition selected research advances
into NOAA operations. These transitions are often funded and progress carefully monitored. A
representative sample is shown below.

Product Description Target Organization Benefits/Impacts TRL* | Transition Date PSD Contact
s codes o mprov i
the skill of the NOAA/ model for§cast !kill an an
Ai li NCEP CMAQ ai li !
ir Quality CEP CMAQair quality NWS/NCEP automated analog post-pro-
PM2.5 Post- | model for ozone and par- i cessing scheme reduces the 9 2014-2015 Irina Djalalova
Processing ticulate matter forecasts Env1r9nmenta| need ?or state and local air )
Algorithms through application of Modeling Center .
. quality forecasters to apply
analog and Kalman filter . .
ost-processing schemes their own subjective correc-
postp & tions to the model forecasts
Forecasts allow water agency
to plan for reservoir releases
to accommodate crop spray-
ing to mitigate for frost/
& forecasts for Russian g P P ) 8 2014-2015 David Reynolds
Forecast . . Western Region to mitigate drawn-downs in
River basin, CA . . .
System tributaries and mainstem
Russian on frost days. Goal is
to eliminate any fish strand-
ings to restore endangered
salmon species in Russian.
CLIM will provide a nice
complement and alternative
for the forecast of anoma-
lous tropical convection to
that produced from purely
. s hysical models (i.e. CFS,
Empirical model yielding prysics ”T° els (i.e .
forecasts (and a priori etc.). CPC is already using
forecasts of forecast skill) the C-LIM to aid the NWS
. NWS/NCEP operational Global Tropics
C-LIM Tropical | for pentads (5-day run- )
; . Climate Prediction | Hazards and Benefits Outlook | 6 -7 2015 Matthew Newman
forecasts ning means) of tropical repared weekly at CPC. but
$STs, OLR, and 200/850 Center prep vartt,
. also plans to use it as part of
mb winds, for forecast the upcoming experimental
leads of 5-270 days. B
4 probabilistic Week 3-4 U.S.
temperature and precipita-
tion outlooks in the context
of assessing the potential
tropical - extratropical tele-
connection.
2 May 12-14, 2015
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Product Description Target Organization Benefits/Impacts TRL* | Transition Date PSD Contact
An ensemble-based data Improved accuracy of fore- Implemented
assimilation technique cast initial conditions, which in NCEP op-
Ensemble

that incorporates flow- NWS/NCEP improves forecast skill

Kalman Filter

erations May

Data Assimila- dependent estimates Environmental 10 2012, further Jeffrey Whitaker
. for forecast uncertainty. Modeling Center improvements
tion System . .
Became operational at in subsequent
NCEP in 2012. upgrades.
Hydrometeo Research observations Provides real-time access to
- NWS ices, includi 2
rololgy Testbed collected throughout NWS offices, |nc|l',|d|ng REC s 7 2013-2015 Daniel Gottas
. U.S., but most notably Western Region with SHEF-encoding for situ-
Observations . .
in CA ational awareness
Dramatically improved Expect funding
Transition of global NWS/NCEP weather an<':| weather-climate for transition
Reforecasts medium-range reforecast i forecast guidance supported 7-9 in 2015-2017 Thomas Hamill
ca agcit Enwrgnmental by reforecast data sets and timeframe
pacity Modeling Center their use in statistical post-
processing.
Improved SST product ac- NESDIS Algo-
Modeled global estimates curacy enabled by correction rithm Readi-
Sea Surface . . . S .
of instantaneous SST di- for diurnal warming influ- ness Review
Temperature urnal amplitude based on ences on individual satellite scheduled for
Diurnal Warm- P . NESDIS . 7 . Gary Wick
ine Amplitude NWP analyses for incor- retrievals April 2015;
gEstimpates poration in operational product opera-
Global SST analysis tionalization to
follow
Improved reliability of fore- Implemented
cast ensembles, improved in NCEP opera-
Improves the representa- analysis accuracy. tions in 2015
tion of model uncertainty for the EnKF
Stochastic in ensemble forecast, NWS/NCEP analysis cycle,
Parameteriza- improving forecast re- Environmental 9 preparing for Jeffrey Whitaker

tions of Model
Uncertainty

liability and analysis accu-

racy. Became operational

in the EnKF DA system at
NCEP in 2014.

Modeling Center

implementa-
tion in the
medium range
global en-
semble system
in 2016.

*Technology Readiness Levels

TRL 1: SCIENTIFIC RESEARCH

e Basic principles have been observed and reported

e Essential characteristics and behaviors of systems and architectures have been described

e Descriptive tools are mathematical formulations or algorithms
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TRL 2: APPLIED RESEARCH
e Technology concept and/or application formulated
¢ Theory and scientific principles are focused on specific application area to define the concept
e Characteristics of the application are described

¢ Analytical tools are developed for simulation or analysis of the application

TRL 3: PROOF OF CONCEPT
¢ Analytical and experimental critical function and/or characteristic proof-of- concept
e Active research and development is initiated with analytical and laboratory studies
e Demonstration of technical feasibility using breadboard or brassboard implementations that are
exercised with representative data
TRL 4: COMPONENT VALIDATION
e Component/subsystem validation in laboratory environment
e Standalone prototyping implementation and test
¢ Integration of technology elements

e Experiments with full-scale problems or data sets

TRL 5: PROTOTYPE TESTING
e System/subsystem/component validation in relevant environment
e Thorough testing of prototyping in representative environment
e Basic technology elements integrated with reasonably realistic supporting elements

¢ Prototyping implementations conform to target environment and interfaces

TRL 6: TESTING IN AN END-TO-END ENVIRONMENT
e System/subsystem model or prototyping demonstration in a relevant end-to-end environment
e Prototyping implementations on full-scale realistic problems
e Partially integrated with existing systems
e Limited documentation available

e Engineering feasibility fully demonstrated in actual system application

TRL 7: DEMONSTRATION IN AN OPERATIONAL ENVIRONMENT

e System prototyping demonstration in an operational environment
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System prototyping demonstration in operational environment

System is at or near scale of the operational system, with most functions available for
demonstration and test

Well integrated with collateral and ancillary systems. Limited documentation available.

TRL 8: SYSTEM DEVELOPMENT COMPLETED

Actual system completed and “mission qualified” through test and demonstration in an
operational environment

End of system development

Fully integrated with operational hardware and software systems

Most user documentation, training documentation, and maintenance documentation completed
All functionality tested in simulated and operational scenarios

Verification and validation completed

TRL9: System Fully Operationally Integrated

Actual system “mission proven” through successful mission operation

Fully integrated with operational hardware/software systems

Actual system has been thoroughly demonstrated and tested in its operational environment
All documentation completed

Successful operational experience

Sustaining engineering support in place

May 12-14, 2015 5
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PSD Technology Transfer

Technology transfer formally refers to the transitioning of marketable technologies developed in
the federal sector to private industry via the patent, license, and CRADA (Cooperative Research and
Development Agreement) process. It is governed primarily by the Bayh-Dole Act of 1980 and the
Technology Transfer Act of 1986, and is codified in Title 14 (Commerce and Trade). Chapter 162
(Technology and Innovation) of the United States Code.

PSD and its predecessor organizations (the NOAA Wave Propagation Laboratory and the NOAA
Environmental Technology Laboratory) have a long history of technology transfer, with over 41 patents
awards, six companies formed, and 18 product lines developed since the early 1970s. This activity

has decreased substantially in recent years due to a shift in priories away from broader technology
development towards maintaining a more narrowly focused expertise in weather and climate science-
based observations critical to the PSD mission.

PSD currently maintains five patents:
Wind Profiling Radar, # 5592171, Issued January 7, 1997

Operational Bright-Band Snow Level Detection Using Doppler Radar, # 6615140, Issued September 2,
2003

Combination N-Way Power Divider/Combiner and Noninvasive Reflected Power Detection, # 6753807,
June 22, 2004

Detection of Transient Signals in Doppler Spectra, # 8022864, Issued September 20, 2001
and has two active licenses:

Wind Profiling Radar, Issued June 22, 2007

Operational Bright-Band Snow Level Detection Using Doppler Radar, Issued June 22, 2007

The licenses fall under a CRADA with Scintec Corporation (http://www.scintec.com), which is focused

on the development and refinement of 915 MHz wind and temperature profiling technologies. This
CRADA was recently transferred from Vaisala (http://www.vaisala.com), which held it for over 20 years.
It has been extended through March 30, 2021. Short-term goals include a performance comparison
between a legacy Vaisala profiler and a newer Scintec profiler to be carried out the Boulder Atmospheric
Observatory (BAO) facility near Eire, CO. The focus is on ensuring interoperability and access by PSD
scientists and engineers to new signal and post processing schemes and other system outputs so that
they can be evaluated and potentially improved.
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PSD Education Activities
PSD Staff Institution Department Course(s) Dates
Michael Alexander Unlvers:atz/):)lzgcrjlorado, ATOC Oceanography Seminar 8/2012-12/2012
Michael Alexander University of Colorado, ATOC Physical Oceanography Multiple individual

Boulder

classes, 2010-2015

Alfred Bedard

University of Colorado

Engineering School
Teach for Aero and

Piloted a new design course in
the 1990’s with a small sec-
tion of students. Half of the CU
engineering students now take

1994 to current

. . . GEEN1400

ME Departments this course, which has increased

retention rates, particularly for

female and minority students.

. . International .
. University of Alaska, . Summer school on modeling of
Gijs de Boer . Arctic Research L Summer 2011
Fairbanks Center the Arctic climate system

Chengmin Hsu

University of Colorado,

Civil Engineering

GIS Analyses (CVEN 5383):
Instruction for the sections of

Feb. 2011 - Mar.

Denver “Python Programming” & “Spa- 2011
tial Statistics”
Mimi Hughes University of Colorado, Atmos.pher.lc and Introduction to Weather and the Fall 2014
Boulder Oceanic Sciences Atmosphere
Ben Livneh University of Colorado, Civil Engineering Summer course c_>n hydrologic 2013-2014
Boulder modeling
University of Colorado, April 2015

Kelly Mahoney

Boulder

Water in the Western US

(1 video lecture)

Chinese Meteoro-

Second International Training

October 14-18,

Don Murray logical Administration Course on Regional Climate Pre- 2013
Training Center diction and Drought Monitoring
Ola Persson University of Colorado CIRES K-12 teacher e.ducatlon workshop 2/22/2014
on Arctic processes
NOAA Barrow Ob-
Amy Solomon NOAA servatory/lllisagvik STEM Camp Summer 2013
Tribal College
Amy Solomon University of Colorado, Atmos'pher'lc and Graduate sgmmar on polar Fall 2014
Boulder Oceanic Sciences climate
De-Zheng Sun University of Colorado ATOC Climate Dynamics Fall 2012
James Wilczak European inon COST Summer school on forecasting for 5014
Action renewable energy
Daniel Wolfe University of Colorado, Geography Climatology 4/4/2013
Boulder
Daniel Wolfe University of Colorado, Geography Climatology 4/8/2014

Boulder
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PSD Staff Institution Department Course(s) Dates
Daniel Wolfe University of Colorado, Geography Climatology 4/1/2012
Boulder
. . Aerospace Engi- Seminar class ASEN 5270:
University of Colorado, ) . . .
Valery Zavorotny neering Depart- Progress in remote sensing using 4/16/2014
Boulder .
ment GNSS reflections
University of Colorado Aerospace Engi- Seminar class ASEN 5270: Re-
Valery Zavorotny BZ)uIder " | neering Depart- mote sensing using GNSS bistatic 4/1/2015
ment radar of opportunity
PSD Staff Student Name Institution Relationship Dates
Michael Alexander Laurie Trenary University of Colorado PhD Committee 2010-2013
member
Michael Alexander Jian Zheng Ocean University, Hosted as a visiting 2011-2013

China

scholar

Michael Alexander

Jiangling Yang

Ocean University,
China

Hosted as a visiting
scholar

3/2014-9/2014

Masters Committee

Michael Alexander Hillary Scannell University of Maine 2014-2015
member
Michael Alexander Richard Batemen University of Colorado PhD Committee 2015
member
Robert Cifelli Delbert Willie Colorado State Uni- PhD Committee 2012-2015
versity Member
Gijs de Boer Nathaniel Miller University of Colorado PhD Committee 2014-present
Member
Gijs de Boer Tevis Nichols University of Colorado PhD Committee 2015-present

Member

Barbara DelLuisi

Robert Hart

Metro State

Technical Advisor

Summer/Fall 2011

Barbara DelLuisi Irfan Nadiadi University of Colorado Mentor Summer 2011
Henry Diaz Lauren Kaiser University of Hawaii, Masters Committee 2013-2014
Manoa member
. University of Hawaii, PhD Committee
Henry Diaz Ryan Longman Manoa Member 2013-2015
Henry Diaz Abby Frazier University of Hawaii, Masters Committee 2012-2014
Manoa member
Henry Diaz Lauren Kaiser University of Hawaii, Masters Committee 2013-2014
Manoa member
Christopher Fairall Elizabeth Thompson Colora\(jgr:;c::/te uni- PhD Advisor 2012-present
Christopher Fairall Katherine McCaffrey University of Colorado PhD Advisor 2010-2014
Christopher Fairall Alice Duvivier University of Colorado PhD Advisor 2011-present
Christopher Fairall Patrick Boylan University of Colorado PhD Advisor 2010-2014
Thomas Hamill Francisco Alvarez St. Louis University Ph.D. Committee 2012-2015
Member
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PSD Staff Student Name Institution Relationship Dates
. . . . Research Mentor,
Leslie Hartten Aaron Pifia Texas A&M University UCAR’s SOARS Program Summer 2010
. . . University of Texas - El Research Mentor,
Leslie Hartten Javier Lujan Paso UCAR’s SOARS Program Summer 2011
Research Mentor,
Leslie H Ma’Ko’ h D h Coll ! 2012
eslie Hartten a’Ko’Quah Jones artmouth College UCAR’s SOARS Program Summer 20
Writing and Communi-
Leslie Hartten Adrianna Hackett University of Colorado | cations Mentor, UCAR’s Summer 2013
SOARS Program
Science Mentor,
Leslie Hartten Paola S. Esteban Pérez CO'.(.Eglo san Jos.e, NCAR's P.re-CoIIege Summer 2014
Cajica, Columbia Internship Program
(PRECIP)
Science Mentor,
Leslie Hartten Valerie M. Rodriguez Unlyer5|ty of Puerto NCAR’s F?re-CoIIege Summer 2015
Castro Rico - Mayaguez Internship Program
(PRECIP)
Michael Hobbins Daniel McEvoy University of Nevada PhD Committee 2014-present
Reno Member

Michael Hobbins

(MS student of Prof.
Jorge Ramirez)

Colorado State uni-
versity

MS Committee Mem-
ber

Start spring, 2015

Martin Hoerling

Colin Kelly

Columbia University

PhD Committee
Member

2013-2014

Advisor (undergradu-

Mimi Hughes Samuel Elliott University of Colorado 2014-present
ate research)
Mimi Hughes Lee Fordyce University of Colorado Advisor (undergradu- 2011-2014
ate research)
Science Mentor,
Paul Johnston Paola S. Esteban Pérez COI.?gIO san Jos.e, NCAR'S I?re-CoIIege Summer 2014
Cajica, Columbia Internship Program
(PRECIP)
Science Mentor,
paul Johnston Valerie M. Rodriguez Unlyer5|ty of Puerto NCAR’s I?re-CoIIege Summer 2015
Castro Rico - Mayaguez Internship Program
(PRECIP)
George Kiladis 2 students Colorado S_tate uni- PhD Thesis Committee 2014-present
versity Member
I State University of New | PhD Thesis Committee
George Kiladis 3 students York at Albany Member 2012-present
Courant Institute
of Mathematical PhD Thesis Committee
iladi 1 2012
George Kiladis student Sciences, New York Member 0
University
S University of Victoria, | PhD Thesis Committee
George Kiladis 1 student British Columbia Member 2011
George Kiladis 1 student University of California, | PhD Thesis Committee 2014-present
Santa Barbara Member
David Kingsmill Raul Valenzuela University of Colorado PhD Advisor 2012-present
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L. Education

Pennsylvania

PSD Staff Student Name Institution Relationship Dates
Ben Livneh Elizabeth Houle University of Colorado Masters Committee 2014-2015
member
Ben Livneh Mas Yanto University of Colorado PhD Committee 2014-Present
Member
Ben Livneh Peter Shellito University of Colorado Masters Committee 2014-2015
member
Ben Livneh Dominik Schneider University of Colorado Masters Committee 2012-2015
member
Kelly Mahoney Jennifer Tate North C?m“r.]a State Master Committee 2013 -2015
University Member
Behrens i i
William Neff University of Auckland PhD Thesis Committee 2010
Member
William Neff Strehz University of Auckland PhD Thesis Committee 2014
Member
William Neff Van Dam University of Colorado PhD Thesis Committee 2011-2013
Member
William Neff Miller University of Colorado PhD Thesis Committee 2014-present
Member
William Neff Duvivier University of Colorado PhD Thesis Committee 2012-2015
Member
. o Research Mentor,
Cecile Penland Ma’Ko’Quah Jones Dartmouth College UCAR’s SOARS Program Summer 2012
Judith Perlwitz 1 student Unlver5|t\|/):\fli(siallforn|a, PhD Thesis Committee 2012
Robert Pincus Peter Hill University of Reading External examiner 2013
Imtiaz Rangwala Justin Briggs Stanford Research Mentor Summer 2010
Front Range Commu- Mentor, CIRES RECCS
Imtiaz Rangwala Jessica Johnstone . & undergraduate sum- Summer 2014
nity College . .
mer internship
Research Mentor,
RESESS program with
. goal of increasing the
Andrea Ray Deanna Metivier North CS;?Jma State diversity of students Summer 2015
entering the geosci-
ences. RESESS.unavco.
org
Matthew Shupe Ben Castellani University of Colorado Masters Advisor 2011-2014
Matthew Shupe Nathaniel Miller University of Colorado PhD Advisor 2013-present
Matthew Shupe Michael Stone University of Colorado PhD Advisor 2015-present
Matthew Shupe Samuel Dorsi University of Colorado Post-Doc Advisor 2013-2014
Amy Solomon 1 student NOAA HIRO Program Science Mentor 2011
James Wilczak Rogier Floors Danish Tech_nlcal uni- PhD Committee 2013
versity Member
Robert Zamora Andrea Thorstensen St. Cloud State NOAA Hollings Scholar Summer 2010
Robert Zamora Timothy Lahmers California University of NOAA Hollings Scholar Summer 2011
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PSD Staff Student Name Institution Relationship Dates
Robert Zamora Joseph Dougherty Rose-Hulman Institute Summer 2011

of Technology
Robert Zamora Kaethe Pheiffer Rose-Hulman Institute Summer 2011
of Technology
Robert Zamora Lucas Avery Dennison University Summer 2011
Robert Zamora Charles Shobe William and Mary NOAA Hollings Scholar Summer 2012
Robert Zamora Carlos Sandoval University of Colorado Summer 2014
Valery Zavorotny 5 students University of Colorado, | PhD Thesis Committee 2013-2015
Boulder Member
PSD Staff Institution Title Role Dates

Michael Alexander

University of Colorado,
ATOC department

Adjunct Faculty

Teach classes, advise
students

7/2102-present

Alfred Bedard

University of Colorado

Adjunct Associate
Professor Aerospace
Engineering Sciences
Department 1980 to

present

Teach courses and
advise students

Current

Alfred Bedard

University of Colorado

Adjunct Associate
Professor Mechani-
cal Engineering De-
partment 2014 to
present

Teach courses and
advise students

Current

Advisory Board, Earth

Students

Randall Dole Cornell University and Atmospheric Sci- Member 2008-present
ences
George Kiladis Colorado S.tate uni- Affiliate Faculty Member 2014-present
versity Member
Ben Livneh CU-Boulder Faculty Mentoring Faculty Mentor 2013 - 2014

Kelly Mahoney

North Carolina State
University

Adjunct Faculty

Advise students, gradu-
ate committee member

2013 - present

Andrea Ray

University of Colorado
Environmental Studies

Adjunct

Advise students, guest
lectures

2010-present

Ryan Spackman

Scripps Institution of
Oceanography, Univer-
sity of California San
Diego

Research Associate

Collaborative research
on airborne field stud-
ies

2014 - present
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PSD Outreach and Communications
Activities

Name Type Activity/Title/Name Outlet/Location Date

Presented talks entitled “Climate models | National Marine Fisheries Ser-
and climate scenarios” and “The General | vice’s (NMFS), Northeast Region’s

Michael Al | | 7/16/2012
ichael Alexander nterna Climate response along the east coast of | (NERO) Protected Resources Divi- /16/20
North America” sion Climate Change Workshop
Joseph Barsugli Outreach FEMA Colorado Resilience Working Denver, CO
Group
. - COSEE West Secondary School Science Summer 2012,
Joseph Barsugli Training Teacher Training on Climate Change Boulder, CO 2011

Front Range Climate Change Vulner-
Joseph Barsugli Outreach ability Working Group; presentations on Colorado 2008-ongoing
climate modeling for water managers

On the Board of Directors for the Colo-
Alfred Bedard Outreach rado State Science and Engineering Fair Colorado Current
representing NOAA (Past President)

Judge at the Colorado Science and
Alfred Bedard QOutreach engineering fair for the DOC internship Colorado Current
award

Judge at the Colorado Science and en-
Alfred Bedard Outreach gineering fair for the NOAA Pulse of the Colorado Current
Planet award

Assisting a Senior Design Team at the
University of Colorado with their project
to measure low-frequency sound waves

from a high-altitude balloon.

Alfred Bedard Outreach Colorado Current

Interviewed for Nature Climate Change
Antonietta Capotondi Media News and views “Extreme La Nina Linda Carroll, NBC News 1/21/2015
events to increase”

Interviewed for Nature Climate Change
Antonietta Capotondi Media News and views “Extreme La Nina Brian Kahan, Climate Central 1/21/2015
events to increase”

Interviewed for Nature Climate Change

. . . . . Warren Cornwall, National Geo-
Antonietta Capotondi Media News and views “Extreme La Nina

1/26/2015

events to increase” graphic
. . Invited panel member for evaluating the 10/2014 to
Antonietta Capotondi Resource NCAR CAMS.5 NCAR, Boulder, CO present
-chai LIVAR ki
Antonietta Capotondi Resource Co-chair, US € working group on 2012-present

ENSO Diversity

Antonietta Capotondi Training HMT_SEPig?;?nagnv?/x?nd;l Forecast NOAA, Boulder, CO 7/31/2013

Curator, Science on a Sphere dataset,
Gilbert Compo Outreach Precipitable Water - Antarctic Expedition NOAA/ESRL, Boulder, CO 7/1/2014
-1902 - 1903
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M. Outreach and Communications

Name Type Activity/Title/Name Outlet/Location Date
Curator, Science on a Sphere dataset,
Gilbert Compo Outreach Precipitable Water - El Nino - 1917 - NOAA/ESRL, Boulder, CO 7/1/2014
1919
Curator, Science on a Sphere dataset,
Gilbert Compo Outreach Precipitable Water - Galveston Hurricane NOAA/ESRL, Boulder, CO 7/1/2014
- 1900
. . Interviewed for “The Weather isn’t get-
Gilbert Compo Media ting weirder” Wall St. Journal opinion Wall Street Journal 2/10/2011
Gilbert Compo Media Letter to t.he editor “Severe W(’elather s Wall Street Journal 2/23/2011
driven by many factors
. . Interviewed for “Old Weather is Shed- .
Gilbert Compo Media ding New Light on Climate” Climate Central 2/4/2011
. . Interviewed for “Old ship logs fill in
Gilbert Compo Media weather history of past 250 years” USA Today 11/25/2010
Interviewed for “CU-Boulder-led study
Gilbert Compo Media confirms warming without thermom- Daily Camera 4/11/2013
eters”
. . Interviewed for “New Method Proves s .
Gilbert Compo Media Again Climate Change Is Real” Scientific American 4/10/2013
Interviewed for Podcast “Powering
Gilbert Compo Media the 20th Century Weather Reanalysis HPCwire Soundbite 3/10/2014
Project”
. Louisvi . Louis-
Gilbert Compo Outreach 8th grade advant?ed science Iectu're on ouisville M|<':|dle School, Louis 4/4/2013
global warming and reanalysis ville, CO
Email support of software for wavelet . .
Gilbert Compo Resource analysis - about 5 emails a month from University of Cco(l)orado, Boulder, 1998 to present
students and researchers '
NOAA Climate Program Office
Gilbert Compo Internal Webinar 6/4/2014
MAPP Webinar
National User Facility Organization
Exhibition to Congress. Briefed congres-
Decision/Polic sional staff members and representa-
Gilbert Compo Makers ¥ tives, including Senator Feinstein staff Washington DC 4/11/2011
and Colorado Springs representative
Doug Lamborn on the 20th Century
Reanalysis.
70 Seconds of Science
David Costa Internal DSRC Boulder, CO
The Vital Role of Engineers.
Christopher Cox Public Outreach Public Lecture Barrow, AK 10/1/2013
Developed and presented a water alloca-
Lisa Darby QOutreach tion game for el'ementary school-aged Boulder, CO August 2014
summer camp kids (other PSD present-
ers included B. DeLuisi and J. Intrieri)
Gijsde Boer Outreach Public Lecture Barrow, AK 4/1/2013
Gijs de Boer Outreach Elementary and High School visit Barrow, AK 4/1/2014
Barbara DelLuisi Public Outreach Annual 8th Grade Science Day Event NOAA, Boulder, CO 2010-present
Barbara DelLuisi Public Outreach Bring Your Child to Work Day Event NOAA, Boulder, CO April 2010
May 12-14, 2015 3
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M. Outreach and Communications

Name Type Activity/Title/Name Outlet/Location Date
Barbara Deluisi Public Outreach Earth Day Event NOAA, Boulder, CO 2011-2012
Barbara Deluisi Public Qutreach Boulder County Fair Super Science Day - Longmont, CO 2012-2014

Activities for Kids

Denver Public Schools Career Day - Ex-

Barbara Deluisi Public Outreach . Denver, CO 2012 and 2014
hibit Booth
Barbara Deluisi Public Outreach Colorado Suence' Teachers Convention - Denver, CO
Exhibit Booth
Christopher Fairall Outreach Presentation for CU/CIRES/COSEE pro- Boulder, CO 2009
gram for teachers
Christopher Fairall Outreach Hosted NOAA Teacher-in-the-Lab NOAA, Boulder, CO 2009
Feb. 2010,
Eisenhower Elementary, Boulder, April 2012,

Leslie Hartten

Public Outreach

Science Fair Judge

co

Nov. 2012, Nov.
2013, Feb. 2015

Leslie Hartten

Public Outreach

30-minute Weather Briefing

Internet2 Global Summit Annual
Meeting, Denver, CO
(Note: Internet2 is one of NOAA's
partners in the N-Wave and X-
Wave network programs)

4/10/2014

Presenter i
Leslie Hartten Internal NOAA/ESRL, Boulder, CO Ongoing, about

Daily Weather Briefing 2x/month

Creation of the user guide for operat-
ing the distributed hydrologic model in 5/12/2014 -
Chengmin Hsu Resource the Community Hydrologic Prediction ESRL, Boulder, CO 5/23/2014

System-Flood Early Warning System
(CHPS-FEWS)
March 2013,
Mimi Hughes Outreach Elementary school science fair Campbell elementary, Arvada, CO| March 2014,
March 2015
Darren Jackson Outreach Elementary school visits regarding water | Prospect Rldge Academy, Broom- 2012-2014
cycle field, CO

Paul Johnston Outreach Guest Lecture on radars with emphasis | Plymouth State University Me- 11/20/2014

on Snow Level Radars

teorology Department

David Kingsmill Public Outreach | Exhibit Development with Exploratorium San Francisco, CA 2010-present
David Kingsmill Outreach Guest lecture on ;(r)(:]graphlc precipita- University of Colorado 11/11/2014
Invited panelist, National Science

Foundation Atmospheric and Geospace
Kelly Mahoney Outreach Sciences Post-Doctoral Fellowship Work- NCAR, Boulder CO 4/1/2013

shop Career Panel: “Post Post-Doc: What

Are The Next Steps and Ways Forward?”

Invited panelist, CIRES “Think Outside . .
. . U ty of Colorado, Boulder,
Kelly Mahoney Outreach the Lab; Six Exciting Alternative Careers niversity o Cooora 0, Boulder, 3/6/2013
in Science.” ’

Boulder Valley School District NOAA Sci-

Kelly Mahoney Outreach ence Days Presenter: 2013 Front Range NOAA/ESRL, Boulder, CO 2/14/2014

Flood: Was it a 100-year Storm?
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M. Outreach and Communications

Name Type Activity/Title/Name Outlet/Location Date
Invited panelist, Severe Flooding on the
Kelly Mahoney Outreach Colorado Front Range: Flood Expert Pan- CIRES, CU Boulder CO 9/25/2013
el and Community and Media Outreach
Various including: National Geo-
graphic; The Weather Channel;
Many interviews via television, radio, on-| ClimateWire; Reuters; Colorado
Kelly Mahoney Media line, newspaper outlets regarding 2013 | Public Radio; Boulder Daily Cam-
Front Range floods era, Denver Post; many other
local news outlets (radio, TV, and
newspapers)
Various including: North Carolina
. . . A iated P ; High C t
. Many interviews regarding HMT-South- ssoclatec Fress; High Lountry
Kelly Mahoney Media east field stud News; many other local news
y outlets (radio, TV, and newspa-
pers)
Katherine McCaffrey Outreach NCAR CGD seminar NCAR, Boulder, CO Sept 2014
. Eni . .
Katherine McCaffrey Outreach CO Science and Engineering Fair Grand CSU, Fort Collins, CO 4/1/2015
Awards Judge
Donald Murray Public Outreach Annual 8th Grade Science Day Event NOAA, Boulder, CO
i izati icri AMS Annual Mtg..
Donald Murray Outreach SOS visualizations on atmospheric rivers
and drought Phoenix, AZ
Interviewed for “Extreme El Nifios to
Matthew Newman Media become more frequent with climate Climate Wire 1/21/2014
change -- study”
Interviewed for “Wedge of warm sea-
Matthew Newman Media water known as ‘the blob’ blamed for LA Times 4/15/2015
marine havoc”
Matthew Newmnan Internal Is the PDO a Us.eful Pr.edlctor of North NWS C||mat§ Servncses Division 7/10/2013
American Climate? Seminar Series
Matthew Newman Outreach Presentation: “Pacific Decadal OS,(’ZI”al'Ion MDA Weather Services Annual 11/29/2012
and why should you care? Energy Conference
Imtiaz Rangwala Outreach Webinar & Newsletter Boulder, CO Oct 2014
Imtiaz Rangwala Outreach Science and Filmmaking Outreach with | Westview Middle School, Long- Spring 2014
Earth Explorers mont, CO
Imtiaz Rangwala Outreach High school climate change curriculum | Mountain Studlles Institute, Du- 2012-2014
development rango & Silverton, CO
Reviewer and advisor; Climate change .
) C A Global Ch Institute,
Imtiaz Rangwala Outreach report prepared for the city of Aspen, spen GLlobal Lhange Institute 2013-2014
Aspen, CO
Colorado
Member and contributor to a “A Global . e . .
. . . . Mountain Research Initiative, Ongoing since
Imtiaz Rangwala Outreach Campaign to Understanding Elevation Switzerland 2013
Dependent Warming (EDW)”
Climate expert on the teaching team
for the pilot course for on “Addressing USFWS National Conservation
Andrea Ray Training Climate-related Uncertainty in Natural | Training Center, Shepherdstown, 2/1/2013
Resource Management,” a joint effort WV
between NOAA, FWS & USGS
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Name Type Activity/Title/Name Outlet/Location Date
Host for University of Chicago Career
Andrea Ray Outreach Trek: ~30 students visited NOAA NOAA/ESRL, Boulder, CO 12/11/2011
E i - i N
Matthew Shupe Outreach Iement?ry and ngh School presenta Chinook West & Nederland 2011-2014
tions on Arctic research Elementary
Matthew Shupe QOutreach Guest lectures University of Colorado Nov 2014
i i 201
Catherine Smith Outreach Presented Colorado weather information Boulder, CO Apr 2013, Sep
to classes at an elementary school 2014
AGU Press Workshop: Refilling Califor- . .
Ryan Spackman Media nia’s reservoirs — the storm/aerosols AGU Fall Meehzi, San Francisco, 12/18/2014
connection
LA Times, CBS This Morning, NBC
CalWater 2015 Media Coverage: Inter- Natlonzfxl, Denver Post, NF.’R SC.I_
views with television, radio, and newspa- ence Friday, Southern California 1/15 -
Ryan Spackman Media . . L P Public Radio, KQED Public Radio,
pers including co-leading Media Day on . 2/24/2015
3 Feb 2015 Sacramento Bee, Wired Maga-
zine, and other California TV
news outlets
Ryan Spackman Media CaIWatell' 2014 Medla Coverage: Inter- San Jose Mercury News and 2/10/2014
views with Newspapers other outlets
CalWater 2015 Media Activities: Hosted
LA Times reporter and CBS National
Ryan Spackman Media Correspondent on NOAA P-3 aircraft McClellan, CA 2/6-2/8/2015

research flights in atmospheric rivers
during CalWater 2015

Ryan Spackman

Public Outreach

Calwater 2014/2015 Outreach Activities:
Hosted interagency tours of base opera-
tions and research aircraft

McClellan, CA and Honolulu, HI

1/15-
2/24/2015

All-Hands Briefings at NOAA Aircraft

Di B L 2014, 1/201
Ryan Spackman Internal Operations Center MacDill AFB, Tampa, F 4/2014, 1/2015
CalWater website, public relations hand- 7/2011 -
Ryan Spackman Resource outs, science plan, and GEWEX newslet- Boulder, CO 2/2015
ter article
. Interview by AGU on Monograph “Cli-
De-Zheng Sun Media mate Dynamics: Why Does change?” AGU/EOS
Allen White Outreach S0s demonstra:\c/;:rson atmospheric AMS Annual Mtg.., Phoenix, AZ 1/1/2015
. - HMT-SEPS Observations and Forecast
Allen White Training Utility Briefing and Discussion NOAA, Boulder, CO 11/15/2013
Allen White Media CalWater 2015 Media Coverage Sacramento, CA and NOAA, Jan-Feb 2015
Boulder, CO
PSD Seminar: NOAA's Rapid Response to
Allen White Internal the Howard A. Hanson Dam Flood Risk NOAA, Boulder, CO 4/25/2012
Management Crisis
Allen White Resource HMT News contributions NOAA, Boulder, CO Ongoing
Gary Wick Media HS3 Media Day Wallops, VA Sep 2013
NOAA Science Days
Gary Wick Internal NOAA May 2013
(w/ Robbie Hood)
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Name

Type

Activity/Title/Name

Outlet/Location

Date

James Wilczak

Public Outreach

Public Lecture

Chautauqua Science Series,
Boulder, CO

3/5/2013

Science and Filmmaking Outreach with

Boulder, CO Westview Middle

Daniel Wolfe Outreach Earth Explorers school Feb-May 2014
Daniel Wolfe Outreach Guest lecture University of Colorado, CIRES 3/4/2013
Daniel Wolfe Outreach Elementary school science fair - judge Peak Charter School 5/1/2014
Daniel Wolfe Outreach Elementary school science fair - judge Little Elementary Arvada, CO 4/16/2015
Daniel Wolfe PSD talk BAO: More Than Just a Tall Tower DSRC Boulder, CO 6/26/2013
Valery Zavorotny Outreach Elementary school learning fair - judge | Ryan Elementary, Lafayette, CO 3/1/2013
May 12-14, 2015 7
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PSD Web and FTP Traffic

PSD maintains an active Web presence, and provides dataset access via FTP, THREDDS and openDAP.

Services provided include:

e Data Access: Access to datasets including reanalyses, reforecast, Arctic observatories, AR
observations, cruise, and satellite.

e Data Analysis: Online tools allow plotting, analysis and comparison of available datasets.

e Forecast Products: Access to experimental forecast products, including SST, winds, tropical
atmosphere, hurricanes, decadal temperature.

e Pre-Generated Climate/Weather Products: Including our Maproom, Atmospheric River
animations, BAO Tower Observatory.

¢ Field Project Sites: Access to data from a variety of field projects, including CalWater, WFIP, HMT
Testbed, Texas Air Quality Study 2006.

e Research Products: Specialized products such as MJO indices, Climate Assessment Reports.

North
Pacific
Ocean

WEB VISITORS - COUNTRY OF ORIGIN

9.

Finland

e ®
-
(]

North ' 'u\
' Atlantic Sgahsores

Ocean

South Ocean Australia

Atlantic

Ocean South Africa
New

Zealand

PSD Web visits — FY 2012-15

PSD’s web presence is global, with page views from 225 countries, virtually every major country. Significant
audiences include Australia, Canada, China, France, Germany, India, Japan, Mexico, Spain, the UK, and the USA.
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Total Traffic

e PSD’s Web & FTP Traffic has continued to increase over the past 4 years
e Close to 8 million web page views, nearly 50 million file downloads for FY14.

e 4.3 million plots produced over the last year.
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FTP continues to constitute the bulk of the data traffic, although web-based protocols are increasing in importance.
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WEB VISITOR BREAKDOWN BY ORGANIZATION (PAGE VIEWS)
B pPSD
B Non-PSD NOAA
H Non-NOAA

The majority of PSD’s web visitors are from outside of NOAA. That fraction has been increasing of the
past 4 years.

FTP VISITOR BREAKDOWN BY ORGANIZATION (FILE DOWNLOADS)

216
%
HpPSD
B Non-PSD NOAA

H Non-NOAA

The majority of PSD’s FTP downloads are also from outside of NOAA.
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TOP 20 WEB PAGES - FYTD

# of times viewed (x1000)

0 100 200 300
/psd/data/obs/datadisplay/GetData.php 340.266
/psd/map/ 105.566
/psd/ 103.721
/psd/thredds/catalog/Datasets/cmap/std/ 78.053
/psd/data/obs/legacy.html 77.395
/psd/data/gridded/data.ncep.reanalysis.html 72.406
/psd/data/composites/day/ 52.953
/psd/thredds/catalog/Datasets/NARR/monolevel/ 52.484
/psd/thredds/godiva2/godiva2.html 51.893
/psd/index.html 51.361
/psd/data/gridded/ 51.159
/psd/thredds/catalog.html 50.92
/psd/data/obs/autoupdate/Cazadero.html 45.417
/psd/data/gridded/ 41.679
/psd/boulder/webcams/ 36.779
/psd/map/images/ens/ens.html 35.854
/psd/programs/pacjet/2001/press/images.html 34.41
/psd/data/obs/datadisplay/RealtimeNetwork.php 33.987
/psd/enso/mei/ 31.851
/psd/data/reanalysis/reanalysis.shtml 31.654

TOP 20 NON-DATA WEB PAGES - FYTD
# of times viewed (x1000)

O 20 40 60 80 100 190

/psd/
/psd/thredds/catalog/Datasets/cmap/std/ 78.053 T03.731
/psd/thredds/catalog/Datasets/NARR/monolevel/ 52.484
/psd/thredds/godiva2/godiva2.html 51,893
/psd/index.html 51,361
/psd/thredds/catalog.html 50,92
/psd/boulder/webcams/ 36.779
/psd/programs/pacjet/2001/press/images.html 34.41
/psd/enso/mei/ 31.851
/psd/psd1/ 30/529
/psd/thredds/catalog/Datasets/ncep.reanalysis2/ 28.848
/psd/enso/ 28.211
/psd/atmrivers/ 26.793
/psd/thredds/catalog/Datasets/20thC_ReanV2/ 26.451
/psd/psd2/coastal/satres/data/images/goes_west/ 24911
/psd/products/meetings/2007/02/ 23.333
/psd/psd3/ 23.299
/psd/thredds/catalog/Datasets/ncep/catalog.html 22.772
/psd/forecasts/reforecast2/ 22.643

/psd/spotlight/ " 0.223
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TOP 20 WEB SCRIPTS - FYTD

# of times run (x1000)

0 200 ‘o 60, S, 0p, I
- 0 <00 ‘90 {2q,

/psd/cgi-bin/data/composites/comp.day.pl | — —

/psd/cgi-bin/GrADS.pl | 441.496 1004'147
/psd/cgi-bin/db_search/DBSearch.pl | 393.326 ‘
/psd/cgi-bin/data/composites/comp.pl | 302.619
/psd/cgi-bin/DataAccess.pl 208.806
/psd/data/obs/cgi-bin/GetArchive.pl 181.437
/psd/cgi-bin/data/composites/comp.hour.pl 149.128
/psd/cgi-bin/db_search/DBListFiles.pl _ 148.646
/psd/cgi-bin/data/composites/printpage.pl | 78.257 |
/psd/cgi-bin/data/usclimdivs/climdiv.pl 74.591
/psd/cgi-bin/data/getpage.pl ' 53.696
/psd/cgi-bin/hovmoller/timeplot.pl | * 51.132
/psd/cgi-bin/data/timeseries/timeseries.pl | ' 49.245
/psd/cgi-bin/data/correlation/corr.test1.pl 48.317

/psd/cgi-bin/data/usclimate/state.pl 35.76

/psd/cgi-bin/db_search/SearchMenus.pl 17 26.557
/psd/cgi-bin/data/usclimate/city.pl _ = 26.263
/psd/cgi-bin/data/histdata/fnl.pl | 22.42
/psd/cgi-bin/data/testdap/ncl.plot.comp.pl | ' 20.204
/psd/cgi-bin/data/composites/comp.20thc.v2.pl ' 14.69

Selected Kudos

| just wanted to provide a quick note on the usefulness of the Daily Mean Composites {(...) page that

you provide through your web site. What an awesome tool! (...) “Job well done!” (Mike Huston, NWS
Pocatello, 2011)

| use this page to make monthly, yearly and water year composites for presentations to a number of

water resource groups. | also use this for monthly internal reports. (Aldis Strautins. Service Hydrologist
NWS GJ, 2015)

I use your pages in support of classroom instruction and for student projects (...) Bottom line: Great
resource! (Lance Bosart, Professor, U of Albany, 2012)

No other website widely available is as good as the one you maintain there at NOAA. To lose it would be

a big blow to energy meteorologists around the world (Jess Torpey Senior Meteorologist, E.ON Global
Commodities Diisseldorf, Germany, 2014)

This online tool is fantastic! | am a PhD student at the University of Alaska Fairbanks, and this resource
is an amazing way to show synoptic overviews for the case study days in my research without laborious
data manipulations. (Derek Starkenburg, University of Alaska Fairbanks student, 2014)

I have used ESRL PSD online plotting and analysis tool extensively. This tool is of great help and highly
time saving one. The way you have created and designed it is simply superb. It gives access to huge
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and diverse amount of data without actually downloading it. (Chinmay Khadke Research Fellow India
Meteorological Department Pune, India, 2013).

We used the Monthly/Seasonal Climate Composites page in my Biogeochemical Cycles class today
(taught by Dr. Oliver Wingenter), to model the Pacific Decadal Oscillation. Being able to visualize T, P and
wind speed variations associated with phase changes in PDO was a great help. ( Annie Riggins Kottlowski
Graduate Fellow NM Institute of Mining and Technology 2014)

Glossary

Web traffic — Network traffic (viewing of html pages, file downloads, running scripts, etc) associated
with the HTTP or HTTPS (Hypertext Transfer Protocol, or Hypertext Transfer Secure Protocol). Http(s)
is the protocal of web browsers and typically was it used to view web pages. It can also be used to
download files although for this purpose FTP is much more robust and efficient.

FTP traffic — Network traffic (file downloads) associated with the FTP (File Transfer Protocol) — a standard
network protocol often used to transfer files from one host to another over the Internet.

Web Page — A web page consists of single URL a visitor might bookmark and all the associated elements
(images, sub-parts, etc) that might be download by the visitor in the course of viewing the page.
A web page often consists of multiple elements each of which must be retrieved by the visitor’s
browser.

Non-Data Web Page — a web page in the PSD hierarchy that does not have /psd/data/ or /psd/map in
the URL.

Scripts — defined as a url that has *.pl in it. Typically, a program or other action that a visitor causes to
happen on our server by accessing a web page, or clicking on a “submit” button on one of our pages.
The action involved might generate an image, provide a specific subset of a data page, or accomplish
a number of other things for that visitor on our web server.

Page Views — a page view consists of single visitor accessing a page on the PSD website and retrieving all
the associated elements. Each element thus retrieved consists of a “hit” on the website.

gBytes - in reference to web traffic, the total amount of data downloaded by visitors to our site over
a given period. This may include web pages and associated elements, data generated by running
scripts, or downloading data files via the web browser directly.

Hits — any request to the web server from a visitors web browser. This might include accessing a page
and each of its associated elements (each access is a hit), running a script, or accessing a specific
data file. Viewing a single web page may involve tens, if not hundreds, of hits, depending upon the
complexity of the page.
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Technical Notes & Caveats

Information for countries comes from a lookup against the GeolP database from MaxMind.
Top Level domains are determined by doing nslookups on the IP addresses.

A Page View is defined as a log entry that had a result of 200 or 304 and had *.*htm* in the URL
orthe URLendsina “/”.

A Non Data Page is a Page View that does not have “/psd/data*” or “/psd/map*” in the URL.
A Script is defined as having “*.pl” in the URL. Note: all our scripts are perl.

A Hit is defined as any log entry with a status of 200 or 304.

PSD is defined as domain matching “*psd*noaa.gov”

NOAA is defined as domain matching “*noaa.gov”

A Visitor is defined as a unique IP Address within the time period. This number is approximate
because or proxies and firewalls. As multiple visitors may come from a single IP.

A Page Visitor is a Visitor who viewed a Page.

Robot hits are not counted in the statistics.

NOTES ON URL COUNTS:

/boulder/index.html and /boulder are the identical page. Same for /psd/ and /psd/index.html.

All the /obs/img/ are navigation images and while they should be counted overall, they probably
shouldn’t be listed in top 20/other hits
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