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Motivation - Need for Metrics

● �Identify goals of verification and questions to be answered
● �Identify and collect observations that can be used to answer the questions of interest

○ �If possible, characterize uncertainty in the observations
● �Specify type of forecasts and type of observations and how they can/should be matched
● �Identify multiple verification attributes that can provide answers to the questions of interest
● �Identify a standard of comparison that provides a reference level of skill (e.g., persistence, 

climatology, reference model)

Reproducible and documented methods
for evidence-based decision making
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Motivation - Stages and Gates

UFS view of R2O: 
As a repeated, 
narrowing stage 
and gate process

Ideation Exploration Demonstration Evaluation Operations

https://docs.google.com/document/d/1KaMpf4sRdM67_4z113Ytpn3_1evdxggQpBHBWKVTxkY/edit
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Starting Point - 2018 Metrics Workshop
Categories: Important to All, Global, Regional/CAM, S2S, Process Oriented, Coupling Validation, Marine, 
Tropical, ACC, Land/Hydro, Upper Air and Space

•Ensembles/Probabilistic measures were embedded in each sheet

•Example Metrics Worksheet - Atmospheric Chemistry and Composition (ACC)
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Workshop Overview

Day 1: Opening Plenary - Motivation, Pre-workshop Surveys, Goals
Breakout Group Session 1: Short Range Weather (SRW)

Day 2: Breakout Group Session 2: Medium Range Weather (MRW)
Breakout Group session 3: Subseasonal to Seasonal (S2S)
Polling to Prioritize Metrics by UFS Application

Day 3: Report Out on Poll Results and Discussion of How to Interpret
Breakout Group Session 4: How to Metrics to Development Gates
Final Wrap-up including Next Steps

3 Pre-Workshop Surveys - 15 hours - 3 days - Live Polling - Lots of Discussion - Still not enough!!!
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Participant Overview
Registered Participants: 315
Attended: Approximately 200 for the first plenary, 75 for the last
Number of Breakouts:

SRW - 6
MRW - 5 + DA
S2S - 6
Assigning to Gates - 7

Largest Breakout Group - 45
Smallest Breakout Group - 7

DOD: NRL, ONR, USAF
DOE: PNNL
International: Bureau of Meteorology, BC Hydro, DLR, Environment and Climate Change Canada, Int. GEWEX Project Office, 
Universidad Nacional Autonoma de Mexico, University of Iceland, University of Twente
NOAA: AFS, AOML, ARL, AWC, CPC, CPO, CSDL, CSL, EMC, ERT, GFDL, GLERL, GSL, MDL, NCEI, NESDIS, NHC, NOS, NSIDC, NSSL, 
OPC, OSTI, OWP, PMEL, PSL, RegHQs, SPC, SWPC, WFOs, WPC, WPO
WPC
Other: DTC, NASA, NCAR, USNIC, CT DOE/Env. Protection, ID DO Env. Qual., MS DO Env. Qual., PA DO Env. Protection, South 
Coast AQ Mgmt District
Private: Citadel LLC, FirstEnergy, Leidos/JSC Space Radiation Analysis Group, Tsunami Consultant, Systems Research Group, The 
Climate Corporation, The Weather Company/IBM
University: George Mason University, North Carolina State University, Purdue University, SUNY-Albany, University of Arizona, 
University of Colorado, University of Connecticut, University of Houston, University of Illinois at Urbana Champaign, University 
of Maryland, University of Miami, University of Michigan, University of Missouri, University of Oklahoma,  University of Texas at 
Austin, University of Wisconsin-Madison, University of Wisconsin-Milwaukee, Virginia Tech
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Workshop Support

�Organizers: Tara Jensen (NCAR and DTC),  Geoff Manikin (EMC), Burkely Gallo (SPC), 
Jason Levit (EMC), Jack Settlemaier (SRH), Sarah Lu (U Albany), Linden Wolf (OSTI), 
Deepthi Achuthavarier (OSTI), Yan Xue (OSTI), Jason Otkin (U Wisc-CIMSS), Mike Baldwin 
(Purdue), Dave Turner (GSL), and Cristiana Stan (GMU)

�UFS V&V Cross-Cutting Team

�EMC MEG and Verification Teams

�All of the Breakout Facilitators

�DTC administrative support and UCAR Multimedia Services

 

Funded by: UFS R2O Project  -   Hosted by: DTC 
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Survey 1 Methodology

● Took place in October 2020
● Focused on the Working Groups of  UFS

○ Short Range Weather (SRW); Medium Range Weather (MRW); Subseasonal to Seasonal (S22)
○ Air Quality/Atmospheric Composition
○ Coastal
○ Hurricane
○ Marine and Cryosphere
○ Space Weather

● Started from 2018 Workshop findings
● Relied on Subject Matter Expertise
● Used web-based literature searches 
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Survey 2 Methodology

● Took place mid-December to mid-January
● Given the fields from Survey 1, was time to delve into specifics 

of those fields
● Organization changed from Survey 1
● Marine and Coastal were merged and Cryosphere broken out
● Subseasonal broken out from MRW
● Sections:

○ Heights and Layers – where should we be assessing this field?
○ Verification frequency – how frequently should we assess this 

field?
○ Temporal attributes – what accumulations or maxima should we 

consider?
● Also asked questions through write-in fields



2021 DTC UFS EVALUATION METRICS WORKSHOP

Survey 3 Methodology

● Time to dig into metrics – surveys out in early 
February

● This survey was to answer remaining questions 
about the specifics of verification for each field

○ Metrics for deterministic, probabilistic, and ensemble 
usage

○ Thresholds and Verification domains
○ Observation sources

● One complication – subject matter experts in 
different fields may not be as familiar with verification 
and validation specifics as they are with their 
application

● For some surveys, questions about nature of the fields, the 
spatial and temporal errors, and the variability of peak 
values across the globe were asked to allow statisticians to 
help suggest metrics to use
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Plenary Poll
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Breakout Groups
Monday and Tuesday Breakout Groups:
Each group:

● Prioritized Upper Level and Sensible Weather from "temporal parent survey" plus their own 
application metrics

● Identified which metrics / validation sources / regions that still need clarification and resolve 
uncertainty

Wednesday Breakout Groups:
Each group discussed the stages and gates identified by UFS and how to assign prioritized metrics 
to them
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Breakout Online Polling
COMMON-SRW-1: Please indicate which 
prioritized SRW PRESSURE LEVEL fields 
are important for High Impact Weather 
(Precip/Severe) prediction on SRW 
timescales.

COMMON-SRW-2: Please indicate which 
prioritized SRW SENSIBLE WEATHER fields 
are important for High Impact Weather 
(Precip/Severe) prediction on SRW 
timescales.

COMMON-SRW-3: Are the metric 
attributes (e.g. statistics, thresholds, 
temporal attributes, regions, etc) 
identified in the Surveys acceptable to 
use for High Impact Weather 
(Precip/Severe) prediction at SRW 
timescales? 
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Candidate Metrics Polling
● Polls were generated from the Candidate Metrics Spreadsheets used in the 

Breakout Groups
● Generally, one poll was generated for each application
● For MRW and S2S, the poll was split to make it easier to take
● Also added polls for Aviation (at the request of AWC), Data Assimilation, and Land

Example of Results shown in later slides
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Candidate Metrics Polling



• Following the three rounds of surveys, we had data for each UFS application 
covering fields, metrics, temporal attributes, key thresholds, regions, validation 
source, and verification approach

• Phase 1 of the synthesis (pre-workshop) involved the creation of worksheets 
with all of the data aggregated and gaps identified, to serve as a starting point 
for the breakout sessions

• Phase 2 of the synthesis (during workshop) involved updating the 
aggregated data to account for changes made and new fields added during 
the workshop breakout sessions to prepare for the workshop voting

• Phase 3 of the synthesis (post workshop) involved reorganizing the 
aggregated data to match the voting results

• Phase 3 also involved efforts to provide alternate rankings of prioritized 
metrics to represent the needs of smaller but important groups of customers 
and developers

2021 DTC UFS EVALUATION METRICS WORKSHOP

The Approach to Data Synthesis



• A worksheet for each UFS application was built to collect information 
• The initial tab contained a compilation of data from each round of surveys

2021 DTC UFS EVALUATION METRICS WORKSHOP

Data Synthesis

Hurricane Metrics 
Aggregrate



• Orange and gray shading was used to identify necessary breakout group discussion;  
orange indicated that the survey voting was extremely close, while gray indicated 
that the necessary information was not obtained from the surveys

2021 DTC UFS EVALUATION METRICS WORKSHOP

Pre-Workshop Data
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• Red was used to denote any resolutions of orange and gray boxes as well as any 
new fields added during the breakout sessions

Post-Breakout Group Data

New field Items resolved 
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• Every field listed on the 
aggregate spreadsheet 
(following the breakout 
sessions) was added to 
a Slido poll for that 
particular application

• A full ranking was 
generated by the 
workshop participants 
for each survey

Live Polling at the Workshop
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• Every field listed on the aggregate 
spreadsheet was added to a Slido poll 
for that particular application

• A full ranking was generated by the 
workshop participants for each survey

• Marine/Cryosphere was tricky, as the 
longer range UFS plans have this 
application absorbed by the MRW 
application;  we kept this survey 
separate but added in some 
additional marine/cryosphere 
elements to the MRW survey (this will 
need future revisitiation)

Live Polling at the Workshop
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• Every field listed on the 
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• Worksheets were updated to order the entries based on the polling results

Prioritized Metrics

MRW Application 
  shown here



2021 DTC UFS EVALUATION METRICS WORKSHOP

Tiered Metrics

• The metrics were divided into 
different tiers (roughly by 
thirds) to loosely represent 
potential different gateways 
in the R2O development 
process

• The initial generation of tiers 
was based on absolute 
survey ranking

MRW Application 
  results shown here
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• Inspection of the data, however, revealed that the fields from certain “disciplines” 
(categories) were ranked much higher than those from others, leaving out 
representation from all user and developmental communities in the tiered approach 

Tiered Metrics

MRW Application 
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• This approach requires that 
each discipline be represented 
in each tier;  if a discipline was 
not represented in a tier, the 
highest-ranked field from that 
category was moved up in the 
rankings

• This approach to generating a 
list of tiered prioritized metrics 
was the best-received during 
V&V Working Group meetings

• Of course, not all of the UFS 
applications have clear-cut 
categories like SRW, MRW, and 
Seasonal do

Alternate Approach to Tiered Metrics

need to add 
representation for 
land-sfc and 
marine/cryosphere 
disciplines in tier 1

two fields get 
“bumped” to tier 2 to 
make room in tier 1 for 
the moved fields

MRW Application 
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 SRW Synthesis

SRW Application 
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Further Steps in the Data Synthesis

• The breakout groups did a remarkable job resolving many issues, 
but some gaps on the spreadsheets remain (especially for new fields 
added), and those need to be addressed

• The plan is to bring in small teams of subject matter experts to fill in 
those items

• The experts will also review the spreadsheets to identify any 
potential mistakes (i.e. selection of a verification data set that is 
inconsistent with the region chosen for verification)

• Potential addition parsing of the “disciplines” to make sure that all 
components of model development and customer need are properly 
represented in the lists of prioritized metrics
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Verification, Validation, and Evaluation at EMC
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EMC’s New(ish) Verification Page
www.emc.ncep.noaa.gov/users/verification

• A one-stop shopping site for all EMC verification images
• No tables!

• Common plotting tools and standards
• More images and organization to come!
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EMC Verification System 

• EMC is planning to build an operational EMC verification system (EVS) 

• This is part of a transition from in-house, custom software to all verification being 
performed using the community-based METplus code

• The EVS will produce real-time stats and graphics for the EMC verification website

• The EVS will allow EMC to share and use community code

• The EVS will be organized around model (UFS application)
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UFS Rainbow Diagram 
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Initial EVS Planning Schematic

• Organized by UFS applications which gives EMC the critical flexibility to easily swap models in 
and out with the contraction / evolution of the NCEP Production Suite
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EMC Plans for the Workshop Data

• The lists of prioritized metrics will be used to build Version 1 of the EVS

• Will work with the MET team to identify gaps in the code so that any 
missing metrics or issues with the ability of the MET code to read and 
process an observational data set can be resolved

• The prioritized metrics lists will be used by EMC to generate test plans 
for formal evaluations of future upgrades of UFS components
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Next Steps

• Formulate SME teams to help fill in the candidate lists
• Review Metrics to Identify Gaps
• Publish up to DTC and UFS websites
• Implement currently unsupported capability (R20 Year 2-4)
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Next Steps - Slido

Reporting progress here

Looking for volunteers

Requested guidance from UFS SC

To be done

First attempt reported here

Requested via UFS SC

Requested guidance from UFS SC

TBD after prioritized lists developed

Status
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Next Steps

• METplus Release
○ Next METplus release - version 4.0.0 end of April 2021
○ Much of the additional development work identified by this workshop will be 

available in following release - version 4.1 slated for the end of December 2021 
and version 5.0 in September 2022

• METplus AMI to explore prototypes
○ AWS Machine Image has beed developed
○ Intended use:  NOAA Big Data Project where UFS Prototypes are available to 

the community
○ Status: Beta-testing, documentation, and training development 
○ Expected availability to community: Mid-May
○ Want to get a jump on that?  Volunteer to be a beta-tester
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Thanks Again

• UFS V&V Cross-Cutting Team - Chairs and Contributors:
○ Geoff Manikin (EMC), Tara Jensen (NCAR/RAL and DTC), Jason Otkin (UW-Madison 

CIMSS), Dave Turner (GSL), Mike Baldwin (Purdue), Matt Janiga (NRL)
○ Burkely Gallo (SPC), Jason Levit (EMC), Jack Settlemaier (SRH), Sarah Lu (U Albany), 

Linden Wolf (OSTI), Deepthi A (OSTI), Yan Xue (OSTI), and Cristiana Stan (GMU)
• �EMC MEG and Verification Teams:

○ Perry Shafran,  Mallory Row, Alicia Bentley, Logan Dawson, Shannon Shields, Chris 
MacIntosh, Marcel Caron

• �All of the Breakout Facilitators:
Ivanka Stajner, EMC, Perry Shafran, EMC, Logan Dawson, EMC, John Opatz, DTC, Malaquias Peña, UConn, Lindsay Blank, DTC, Mike Ek, 
DTC    Dan D'Amico, DTC, Barb Brown, DTC    Lisa Goodrich, DTC, Michelle Harrold, DTC, Mike Baldwin, Purdue, Ligia Bernardet, DTC,    
Kathryn Newman, DTC, Mark Klein, WPC, Paul Dirmeyer, GMU, Dan D'Amico, DTC, Curtis Alexander, GSL, Alicia Bentley, EMC, Mike 
Baldwin, Purdue, Julie Prestopnik, DTC, Tatiana Gonzalez, NWS/AFS, Mrinal Biswas, DTC, Xia Sun, DTC, Matt Rosencrans, CPC, Weiwei 
Li, DTC, YJ Kim, NWS/AFS, Matthew Janiga, NRL, Ben Albright, WPC, Jamie Wolff, DTC, Logan Dawson, EMC, Will Mayfield, DTC, Jon 
Gottschalck, CPC, Ricky Rood, U Michigan, Hendrik Tolman, NOAA

• �DTC administrative support and UCAR Multimedia Services
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For More Information

● DTC UFS Evaluation Metrics Website: 
https://dtcenter.org/events/2021/2021-dtc-ufs-evaluation-metrics-workshop

● Contact:
○ jensen@ucar.edu
○ geoffrey.manikin@noaa.gov
○

● Look for updates:
○ Webinar for Attendees (May-June timeperiod
○ 2022 AMS Probability/Stats and R2O Meetings

● DTC Visitor Program:
https://dtcenter.org/visitor-program

● DTC Workshop - June 7-9, 2021:
http://dtcenter.org/events/workshop/2219

https://dtcenter.org/events/2021/2021-dtc-ufs-evaluation-metrics-workshop
mailto:jensen@ucar.edu
mailto:geoffrey.manikin@noaa.gov
https://dtcenter.org/visitor-program
http://dtcenter.org/events/workshop/2219

