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Objective

“FIRO is a flexible water 
management approach that uses 
data from watershed monitoring and 
improved weather forecasting to help 
water managers selectively retain or 
release water from reservoirs for 
increased resilience to droughts and 
floods. FIRO applies emerging 
science and technology to optimize 
water resources and adapt to climate 
change without costly infrastructure.” 
– Feb 2021

https://cw3e.ucsd.edu/FIRO_docs/LakeMendocino_FIRO_FVA_ExecutiveSummary.pdf



Origin of “Priorities for Weather Research”

Adapted from AMS Town Hall Jan 2022

Report on Weather Research Priorities - In lieu of House language on a 
Weather Decadal, the agreement directs NOAA's Science Advisory Board to 
publish a report, not later than one year after enactment of this Act, that provides 
policymakers with the relevant information necessary to prioritize investments in 
weather forecasting, modeling, data assimilation, and supercomputing over the 
next ten years; and that evaluates future potential Federal investments in science, 
satellites, radars, and other observation technologies, to include surface and 
boundary layer observations so that all domestic users of weather information can 
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FY21 Omnibus (Dec 2020) Appropriations (i.e., directive from Congress):



Origin of “Priorities for Weather Research”

NOAA Science Advisory Board:
• Only NOAA Federal Advisory Committee to 

advise across all lines, strategic councils, 
and offices

• Provides strategic guidance on trends, 
issues and new areas of cutting-edge 
research that may impact NOAA mission in 
future

• Responds to requests for advice from 
external experts by NOAA and Capitol Hill 

• Validates requirements and needs
• Identifies gaps in programs, expertise, 

funding

Report

Review Advise

Sounding Board

SAB

Adapted from AMS Town Hall Jan 2022



Origin of “Priorities for Weather Research”

NOAA Science Advisory Board:

Adapted from AMS Town Hall Jan 2022

US Undersecretary of 
Commerce for Oceans and 

Atmosphere
(NOAA Administrator)

Climate

SAB
21 Current Members

NOAA 
Chief Scientist

Data Archive and 
Access 

Requirements 

Ecosystem 
Sciences and 
Management

Environmental 
Information 

Services 

Tsunami 
Science & 

Technology 
Advisory Panel

Federal Advisory Committee Act

SAB Staff

Network of Experts

Working Groups



• SAB Chair
• John Kreider

• PWR Co-Leads
• Scott Glenn & Brad Colman

• Obs. & Data Assim. Co-Leads
• Xuguang Wang & Marty Ralph

• Forecasting Co-Leads
• Christa Peters-Lidard & Fred Carr

• Information Delivery
• Ann Bostrom & Mike Eilts

Priorities for Weather Research



Priorities for Weather Research

Results 

Value

Total

Priority Areas 11

Recommendatio
ns 33

Critical Actions 102

Structure People 



Connecting PWR to the “Weather-Ready Nation”

Language from OSTP (2020) report



Office of Science and Technology Policy (OSTP) 2020 Report
Executive Summary The Roadmap identifies five 

areas of R&D opportunity 
focusing on the 
predictability of Earth’s 
water cycle and 
precipitation extremes and 
associated biosphere and 
human interactions…



Office of Science and Technology Policy (OSTP) 2020 Report

The goal of this R&D is to 
attain high-resolution 
predictions and projections of 
high impact water cycle 
events, their cascading 
impacts across the Earth 
system, and their coupling to 
human, ecological, and 
biogeochemical systems. 
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Office of Science and Technology Policy (OSTP) 2020 Report

The goal of this R&D is to 
attain high-resolution 
predictions and projections of 
high impact water cycle 
events, their cascading 
impacts across the Earth 
system, and their coupling to 
human, ecological, and 
biogeochemical systems. 

Executive Summary The Roadmap identifies five 
areas of R&D opportunity 
focusing on the 
predictability of Earth’s 
water cycle and 
precipitation extremes and 
associated biosphere and 
human interactions…

“Such as droughts, floods, hurricanes, 
extratropical cyclones, atmospheric rivers, and 

wildfires”



Predictability of Water Cycle Extremes

Evolution of precipitation forecast skill over the Continental United States (CONUS) in the GFS over the last 20 years. The equitable threat score is a metric that quantifies the skill of a forecast 
relative to random chance, with values ranging from 0 (no skill) to 1 (perfect skill). The 24-hour (red), 48-hour (green) and 72-hour (blue) forecasts all indicate minimal increases over this period. 
(https://www.emc.ncep.noaa.gov/users/verification/headlines/gfs_precip/annual_gfs_precip_ets_1in.png)

1-day lead time

2-day lead time

3-day lead time

Measure of model QPF skill for rainfall events >1”
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Predictability of Water Cycle Extremes

Data provided by the NOAA/Weather Prediction Center

Day-1
Day-2
Day-3

Day-1
Day-2
Day-3

Up to 2007 2008–2021 Up to 2007 2008–2021

Analyzing NOAA Weather Prediction Center QPF Skill
• Day-1, Day-2, and Day-3 QPF Threat Score for the Continental US at 1-inch and 2-inch thresholds

• QPF Threat Scores increased steadily at lead times of 1-3 days through early 2000s but have leveled off during the last 10-15 years. 



Extreme quantitative precipitation forecast performance at the Weather Prediction Center from 2001 to 2011 
Sukovich, E. M., F. M. Ralph, F. E. Barthold, D. W. Reynolds and D. R. Novak; Wea. Forecasting (2014)

Regional thresholds for 
Top 1% and 0.1% heaviest daily precipitation

Used 32 km gridded NCEP/WPC QPE from 2001-2011
>12,000,000 wet days Used 32 km gridded NCEP/WPC QPE/QPF from 2007-2011 for 1-d lead time.

Contact: Marty Ralph; mralph@ucsd.edu

Predictability of Water Cycle Extremes



Priorities for Weather Research pertinent to FIRO

Pillar: Observations & Data Assimilation (OD)

Priority Area 1: 
Use and Assimilation 

of Existing 
Observations

Priority Area 2: 
Advanced Data 

Assimilation Methods, 
Capabilities and 

Workforce

Priority Area 3:
Observations Gaps 

and Use and 
Assimilation of New 

Observations



Priorities for Weather Research pertinent to FIRO

Exa
mple 
Acti
on 

Item
s

Priority Area 1 Use and Assimilation of Existing Observations

OD-1 Maximize use and assimilation of underutilized ground, airborne & marine observations - to ensure maximum 
value is derived from the full suite of observations in the Earth system model

Priority Area 3 Observations Gaps and Use and Assimilation of New Observations

OD-8 (see next slide) Implement a multi-phase program to improve the forecasting of atmospheric rivers - to better anticipate and 
mitigate water cycle extremes and their cascading impacts

OD-9 Fill radar gaps using diverse weather radars and data assimilation - to better detect significant precipitation 
and severe weather over a greater area and more equitably across the population

Pillar: Observations & Data Assimilation (OD)

Priority Area 1: 
Use and Assimilation 

of Existing 
Observations

Priority Area 2: 
Advanced Data 

Assimilation Methods, 
Capabilities and 

Workforce

Priority Area 3:
Observations Gaps 

and Use and 
Assimilation of New 

Observations



OD-8: Recommendation and Findings (re: ARs) 

OD-8 Recommendation: Leverage and expand atmospheric river (AR) observations to improve flood and 
drought prediction and to enable forecast-informed reservoir operations.
Water and emergency managers often cope with too much or too little water and require better information on 
storms that produce extreme precipitation. However, precipitation prediction skill has not improved substantially in 
the last 20 years. The multi-agency, OSTP-led Earth System Prediction Roadmap (2020) identified expanded 
research, observations and communication needed to better anticipate and mitigate water cycle extremes and 
their cascading impacts, including atmospheric river type storms. 



OD-8: Recommendation and Findings (re: ARs) 

OD-8 Recommendation: Leverage and expand atmospheric river (AR) observations to improve flood and 
drought prediction and to enable forecast-informed reservoir operations.
Water and emergency managers often cope with too much or too little water and require better information on 
storms that produce extreme precipitation. However, precipitation prediction skill has not improved substantially in 
the last 20 years. The multi-agency, OSTP-led Earth System Prediction Roadmap (2020) identified expanded 
research, observations and communication needed to better anticipate and mitigate water cycle extremes and 
their cascading impacts, including atmospheric river type storms. 

“focus on predicting storm types 
that are most responsible for extreme precipitation”

“USACE-led FIRO pilot studies have identified AR storms as 
leading cause of extreme precipitation and flooding” in the west

“Improved skill in predicting rainfall, and [ARs], would 
enable more flexible reservoir operations”

AR Recon fills profound gaps in observations and improves 
prediction skill at 1-4 days lead time



OD-8: Critical Actions

OD-8.1. Implement a multi-phase program to improve the 
understanding and forecasting of ARs that leverages 
current and future aircraft, buoy, and satellite capabilities. 
The program should build upon existing capabilities and 
programs to expand coverage in space and time and 
improve forecasts through advanced data assimilation 
(OD-3), as well as integration of ocean surface and mixed 
layer observations (OD-7). 

OD-8.2. Adopt a research and operations partnership 
approach, including engagement of the international and 
academic communities. 

OD-8.3. The program development and implementation 
should create new forecast skill metrics targeting extreme 
precipitation prediction in the west and the phenomenon, 
ARs, that produces it. It should target socio-economic 
impact considerations including for use in reservoir 
operations to mitigate drought and flood impacts. 



00Z 23 Jan – Day 1
30 Drops

NOAA G-IV

00Z 24 Jan – Day 2
80 Drops

NOAA G-IV

Air Force C130

Air Force C130

Atmospheric River Reconnaissance 2021 Sequence-1 (23– 28 Jan)

00Z 25 Jan – Day 3
30 Drops

NOAA G-IV

00Z 26 Jan – Day 4
19 Drops

NOAA G-IV

Air Force C130

00Z 27 Jan – Day 5
55 Drops

NOAA G-IV

Air Force C130

00Z 28 Jan – Day 6
47 Drops

NOAA G-IV

Air Force C130

PI: Marty Ralph



AR Recon Success: 21 – 26 January 2021

AR Recon Data Denial Experiments
V. Tallapragada, F.M. Ralph, X. Wu, M. Zheng

GFS precipitation forecast 
error at 120h (5-day) lead 

time with drops is equivalent 
to the 48h (2-day) error 

without drops.

GFS Shows Continuous and 
Significant Precipitation 

Improvement by assimilating data 
from IOPs 4 through 7.

Research And Operations Partnership
F. Martin Ralph (UCSD/SIO/CW3E) - PI
Vijay Tallapragada (NWS/NCEP) - Co-PI



AR Recon Success: 11 – 13 January 2022

Research And Operations Partnership
F. Martin Ralph (UCSD/SIO/CW3E) - PI
Vijay Tallapragada (NWS/NCEP) - Co-PI

The region had been experiencing flooding already 
this winter, and WA had requested a Presidential 
Disaster Declaration for earlier AR storms that had 
hit in Nov-Dec 2021, before AR Recon season began 
on 11 Jan 2022.

AR Recon flight substantially reduced errors 
in 1–2-day lead-time forecast of heavy 
precipitation from an AR3 storm

Air Force C130

AR3
Storm

00Z 11 Jan – Day 1
27 Dropsondes
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GFS QPF Without AR Recon

Max < half what was observed

Forecasted 24-h 
total precipitation 

Max > 6 inches in 1 day

Observed

00Z 11 Jan - 00Z 12 JanObserved 24-h 
total precipitation 

Max > 5 inches in 1 day
Close to what was observed

GFS QPF With AR Recon 

Forecasted 24-h 
total precipitation 

Initial time: 00Z 11 Jan Initial time: 00Z 11 Jan



AR Recon Success: 11 – 13 January 2022

00Z 11 Jan – Day 1
27 Dropsondes
Air Force C130

IVT 
[kg m-1 s-1]

Preliminary Assessment of Impact on Heavy 
Precipitation Forecast in GFS During the 

Sequence of 3 days of AR Recon flights from 
11-13 Jan 2022

b. 24-h observed precip

Max >6”

c. 24-h GFS forecast (denial)

Max >2”

d. 24-h GFS forecast (AR Recon)

Max >5”

00Z/11 Jan init w/o AR Recon obs 00Z/11 Jan init w/ AR Recon obs

AR3 Storm

AR Recon flight substantially reduced errors 
in the 1-2-day lead-time forecast of heavy 
precipitation from an AR3 storm

The region had been experiencing flooding already this 
winter, and WA had requested a Presidential Disaster 
Declaration for earlier AR storms that had hit in Nov-Dec 
2021, before AR Recon season began on 11 Jan 2022.

a. IVT at 00Z 11 January 2022

Research And Operations Partnership
F. Martin Ralph (UCSD/SIO/CW3E) - PI
Vijay Tallapragada (NWS/NCEP) - Co-PI



Summary

Congress directed NOAA to create a report the relevant 
information necessary to prioritize investments in weather 
forecasting, modeling, data assimilation, and 
supercomputing over the next ten years

Emphasis placed on prediction of water cycle extremes 
and their cascading impacts, including droughts, floods, 
and ARs

Action items focused on improved observations, data 
assimilation including development of multi-phased 
program to improve AR forecasting and to enable FIRO

RAOPs such as AR Recon and FIRO are leading 
examples of achieving the goals set forward by the 
NOAA PWR report


