
HOWARD HANSON DAM FIRO PROJECT
“FORECAST INFORMED RESERVOIR OPERATIONS”
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SDWR: The Palmer gage must maintain flows >300 cfs

FDWR: Tacoma is responsible to maintain Auburn gage >250 cfs
SDWR: The Auburn gage must maintain flows >250 cfs
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FDWR = First Diversion Water Right; SDWR = Second Diversion Water Right; cfs = cubic feet per second
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M&I Refill Performance
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Forecast Informed Reservoir Operations (FIRO) is a reservoir-operations strategy that better informs 
decisions to retain or release water by integrating additional flexibility in operation policies and rules 
with enhanced monitoring and improved weather and water forecasts (American Meteorological Society, 
2020).

FIRO 2.0

Water storage 
without FIRO

Water storage 
with FIRO

What is FIRO?

Water storage



Phases of 
FIRO Research 

& 
Development

Phase I – Lake Mendocino
• Oct 2014 – Dec 2020
• Initial FIRO pilot, defined viability assessment 

process and use of steering committees
• Preliminary Viability Assessment: Jul 2017
• Final Viability Assessment: 

Feb 2021

Phase II – Expanded Effort
• Oct 2019 – Dec 2023 (planned)
• Added three more pilots:

• Prado Dam
• New Bullards Bar/Oroville Dams
• Howard Hanson Dam
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Reservoir/River Total 
capacity (ac-
ft)

Urban/Rural 
location or use?

Snow a 
factor?

Ecosystem 
dimensions

Lake Mendocino 
(Russian River, CA)

116,500 Rural No Salmon
Biological 
Opinion

Prado Dam 
(Santa Ana River, CA)

174,000 Dense Urban Small Songbird

New Bullards Bar (Yuba 
River, CA)

966,000 Agricultural Major Fish, Bay Delta

Lake Oroville 
(Feather River, CA)

3,538,000 Agricultural Major Fish, Bay Delta

Howard Hanson Dam 
(Green River, WA)

104,000 
(authorized 

flood 
control)

Urban Significant Salmon 
Biological 
Opinion
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It is important to note that FIRO is a 
research and operations partnership



KEY SCIENCE RESULT:  ATMOSPHERIC RIVERS:  PRIMARY SOURCE OF MOISTURE 
FOR PRECIPITATION IN THE REGION; USEABLE PREDICTIVE SKILL

ARs Can produce extreme precipitation and flooding.

However, ARs also provide up to half of annual precipitation 
and mountain snow that are key to water supply.

Atmospheric Rivers (ARs) are Rivers in the Sky, i.e., 
long narrow bands of airborne water vapor, carrying 

as much water as 25 Mississippi Rivers*. 

An AR that 
hit 

Washington 
& Oregon 

produced 25 
inches of rain 

in 3 days.

*Ralph et al. 
(2017)

Dettinger and Ingram 
(2013, Sci. Amer.)



Based on NWS/GEFS Model

AR Scale 
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using Ralph et 
al. (2019, 
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Based on 
NWS/GFS 

model
06 UTC 

19Nov20
21 

(control)

Friday 12 November 2021:  An AR4 is predicted to hit WA/OR
NWRFC has issued flood warning up to “major flood”

NWS/NCEP/WPC’s “Excessive Rainfall Discussion” noted that
“Per the CW3E AR Scale, the GEFS and ECMWF are both indicating a moderate to 
strong Atmospheric River with a peak forecast AR rating of 4 on a 5-point scale.”



November 2021 - Nooksack



November 2021 - Nooksack



Atmospheric River Reconnaissance 2022 
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

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 the 
1-2-day lead-time forecast of heavy precipitation 
from an AR3 storm
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GFS Forecast 
Without AR Recon

Max < half what was observed
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total 
precipitation 

Max > 6 inches in 1 day

Observed

00Z 11 Jan - 00Z 12 
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Max > 5 inches in 1 day
Close to what was observed
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Initial time: 00Z 11 
Jan
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Project 
Benefits

• Improved probability of reaching 
full M&I storage

• Fisheries benefits
• Leaves more water in the river
• Creates opportunity for flow 

enhancements

• Helps mitigate the impacts of 
climate change on water supply

• Increases opportunity for achieving 
AWSP Phase 2 storage



Project Schedule

• October 26, 2022 - PUB 
considers CW3E contract 
FIRO Viability Assessment

• 2022 – 2024 Contract 
Activities

• Formation of 
steering committee,

• Develop work plan
• Initiate studies and 

technical analysis to 
support viability 
assessment
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