
DEVELOPING RESILIENCY FOR DROUGHTS & FLOODS:
FORECAST-INFORMED RESERVOIR OPERATIONS

supply, �ood control and ecosystem bene�ts at Lake Mendocino.

FIRO is a management strategy that uses data from watershed monitoring programs and improved weather and water 
forecasting to help water managers selectively retain or release water from reservoirs in anticipation of upcoming 
conditions. FIRO represents an innovative use of emerging science and technology to optimize limited resources and 
relieve potential impacts of climate change without building expensive new infrastructure. �is management strategy 
also has the potential for more informed decisions to enhance �ood protection and dam safety. 

Examples of tangible bene�ts include:
1. Drought-resiliency: FIRO could help retain more water in the lake when recent storms have caused encroachment 
into the �ood pool, but no major precipitation is predicted for several days.
2. Reducing �ood risk: FIRO could result in water releases that would encroach into the conservation pool when a 
storm is predicted to be potentially intense enough to risk �ooding and there is high con�dence of signi�cant reservoir 
in�ow. �is could reduce �ood risk, with con�dence that the storm will re�ll at least that amount of encroachment.
3. Ecosystem bene�ts: Increased reservoir storage improves water quality conditions and reliability of released water for 
threatened and endangered �sh.

project status 
Since Lake Mendocino FIRO was conceived in 2013, the following has been accomplished:

�e preliminary viability assessment will include identi�cation, assessment and enhancement of the best science 
available to improve reservoir operations. �e evaluation will identify realistic, short-term steps to improve modeling 
and re�ne data gathering to provide more accurate and timely information about weather and watershed conditions. 
While transferability of this project to other reservoirs has not been assessed, the processes used to study the 
applicability of FIRO could be applied elsewhere.

Steering Committee: UC San Diego Center for Western Water and Weather Extremes - Sonoma County Water 
Agency - US Army Corps of Engineers o National Oceanic and Atmospheric Administration - United States 
Geological Survey - California Dept. of Water Resources - US Bureau of Reclamation, - Mendocino County Russian 
River Flood Control and Water Conservation Improvement District

contacts/steering committee co-chairs:
Jay Jasperse (FIRO Co-Chair), Chief Engineer, Sonoma County Water Agency 
   707.547.1959  •  jay.jasperse@scwa.ca.gov
F. Martin Ralph (FIRO Co-Chair), Director, Center for Western Weather and Water Extremes at 
    UC San Diego’s Scripps Institution of Oceanography   858.822.1809  •  mralph@ucsd.edu
support staff
David Ford, David Ford Consulting Engineers
Arleen O’Donnell, Eastern Research Group
Ann DuBay, Sonoma County Water Agency

 
 

(over)

background Lake Mendocino, located on the East Fork of the Russian River, in 
Mendocino County, California has a total storage capacity of 122,500 acre-feet. Lake 
Mendocino was created by Coyote Valley Dam (CVD), which was constructed in 1958 
for �ood control, and provides water supply, recreation and stream �ow. �e US Army 
Corps of Engineers (Corps) owns the project and makes �ood control releases in 
accordance with the Water Control Manual. Sonoma County Water Agency (SCWA) 
is the local partner and controls releases when levels are in the water supply pool. 

�e Manual, issued in 1959 and revised in 1986, was developed without the bene�t of 
recent meteorological forecasting methods.  �e manual dictates release �ows according 
to a rule curve that speci�es the top of the water supply conservation pool throughout 
the year. �e reservoir is operated to store water during a �ood event, to be released soon 
thereafter to create storage space for another potential event. �e rule curve is 
predicated on typical historical weather patterns – wet during the winter, dry otherwise.

the problem �e rule curve does not account for increased variation in weather 
patterns and reductions to in�ows into Lake Mendocino from PG&E’s Potter Valley 
Project (which historically diverted water from the Eel River to the Russian River). 
�is region experiences some of the most variable weather in California, with a high 
rate of both droughts and �oods. As a result, the water supply reliability of Lake 
Mendocino is impaired with signi�cant consequences to downstream municipal and 
agricultural water users as well as endangered coho salmon, threatened steelhead trout 
and Chinook salmon. 

For example, following an atmospheric river type storm in December 2012, per the 
control manual, the Corps released water to create space in the �ood pool. Cumulative 
releases dropped reservoir levels by more than 25,000 acre-feet. With 2013 being the 
driest year on record, there was little in�ow to re�ll in the spring. By December 2013, 
lake levels were extremely low, and remained low until 2015. Valuable water was lost 
that could have been stored for water supply and other uses. 
the potential solution A Steering Committee from several 
government agencies is undertaking a Preliminary Viability Assessment to determine 
if Forecast-Informed Reservoir Operations (FIRO) can provide improved water 
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the problem 
�e Manual does not account for increased variation in weather patterns and reductions to �ows into Lake 
Mendocino that have occurred since 1986. �is region experiences some of the most variable weather in 
California, with a high frequency of droughts and �oods.  �e lack of �exibility to adjust to present conditions 
impairs the water supply reliability of Lake Mendocino with signi�cant consequences to �sh (endangered coho 
and threatened steelhead and Chinook) and downstream users..

For example, following an atmospheric river-type storm in December 2012, water was released to create space 
in the �ood pool according to the Manual, dropping reservoir levels by more than 35%. With 2013 being the 
driest year on record, there was little in�ow to re�ll the reservoir in Spring.  By December 2013 lake levels were 
extremely low, and have remained low.  

the potential solution Under the umbrella of the Integrated Water Resources Science and 
Services (IWRSS), the Center for Western Water and Weather Extremes (CW3) and Sonoma County Water 
Agency are partnering with other federal and state agencies on a feasibility study to determine if 
Forecast-Informed Reservoir Operations (FIRO) at Lake Mendocino can improve water supply, �ood control 
and ecosystem bene�ts.

FIRO is a management strategy that uses data from watershed monitoring and improved weather and water 
forecasting to help water managers selectively retain or release water from reservoirs in a �exible manner that 
more accurately re�ects prevailing and anticipated conditions. FIRO represents an innovative use of emerging 
science and technology to optimize limited resources and relieve potential impacts of climate change without 
building expensive new reservoir infrastructure.

�e goal of FIRO is to enable modest adjustments from standard �ood control guidelines when there are 
minimal risks of adverse impacts.  �e goal of FIRO is to improve water supply and environmental outcomes 
without diminishing �ood protection or dam safety.  Examples of tangible bene�ts include:
“Drought mitigation scenario" - when recent storms have caused moderate-high reservoir levels, but no major 
precipitation is predicted for several days, water is retained at levels higher than currently allowed, unless a new 
storm appears before spring re�ll, to provide adequate supplies during the summer;
“Flood mitigation scenario" - when a storm is predicted to be potentially intense enough to risk �ooding, water 
could be released from the reservoir to lower reservoir levels than currently allowed, with con�dence that the 
storm will re�ll the reservoir.
Ecosystem bene�ts - when increased reservoir storage, and the timing and volume of releases can improve 
water quality conditions and reliable stream �ow for ESA-listed salmonids.  

project status A workshop was held in August 2014, at University of California San Diego/Scripps 
Institution of Oceanography. �irty-two representatives from multiple agencies met for three days to scope out 
a feasibility project. A feasibility work plan is now being drafted for release in late 2014, with the �nal plan 
slated for release in 2015. �e FIRO study is expected to occur over the next �ve years (depending on funding).

Tangible outcomes from the full Lake Mendocino FIRO study will include identi�cation, assessment and 
enhancement of the best science available to improve operations to maximize �ood control, water supply and 
ecosystem bene�ts. �e evaluation will identify realistic, short-term steps to provide more accurate and timely 
information about weather and watershed conditions. In addition to bene�tting Lake Mendocino, the project 
has transferability potential statewide.

contacts 
Jay Jasperse, Chief Engineer, Sonoma County Water Agency. 707.547.1959. jay.jasperse@scwa.ca.gov

 

background Lake Mendocino is located on the East Fork 
of the Russian River in Mendocino County, California.  
Created in 1958 by the Coyote Valley Dam, it provides �ood 
control, water supply, recreation and stream �ow regulation (for �sheries). �e United States Army Corps of 
Engineers (Corps) owns the dam and releases water to control �oods in accordance with the Water Control 
Manual (1959, revised in 1986).  �e Sonoma County Water Agency is the local partner and controls releases 
for water supply.

�e Manual speci�es the volume of water that needs to be retained in the “water supply conservation pool” and 
a range of �ows that can be released throughout the year.  �e reservoir stores water during a �ood event, and 
release it soon after to create storage space for another potential storm. �e Manual is predicated on typical 
historical weather patterns– wet during the winter, dry otherwise.

Can we hold on to 
some of this water, 
to prevent this



supply, �ood control and ecosystem bene�ts at Lake Mendocino.

FIRO is a management strategy that uses data from watershed monitoring programs and improved weather and water 
forecasting to help water managers selectively retain or release water from reservoirs in anticipation of upcoming 
conditions. FIRO represents an innovative use of emerging science and technology to optimize limited resources and 
relieve potential impacts of climate change without building expensive new infrastructure. �is management strategy 
also has the potential for more informed decisions to enhance �ood protection and dam safety. 

Examples of tangible bene�ts include:
1. Drought-resiliency: FIRO could help retain more water in the lake when recent storms have caused encroachment 
into the �ood pool, but no major precipitation is predicted for several days.
2. Reducing �ood risk: FIRO could result in water releases that would encroach into the conservation pool when a 
storm is predicted to be potentially intense enough to risk �ooding and there is high con�dence of signi�cant reservoir 
in�ow. �is could reduce �ood risk, with con�dence that the storm will re�ll at least that amount of encroachment.
3. Ecosystem bene�ts: Increased reservoir storage improves water quality conditions and reliability of released water for 
threatened and endangered �sh.

project status 
Since Lake Mendocino FIRO was conceived in 2013, the following has been accomplished:

�e preliminary viability assessment will include identi�cation, assessment and enhancement of the best science 
available to improve reservoir operations. �e evaluation will identify realistic, short-term steps to improve modeling 
and re�ne data gathering to provide more accurate and timely information about weather and watershed conditions. 
While transferability of this project to other reservoirs has not been assessed, the processes used to study the 
applicability of FIRO could be applied elsewhere.

Steering Committee: UC San Diego Center for Western Water and Weather Extremes - Sonoma County Water 
Agency - US Army Corps of Engineers o National Oceanic and Atmospheric Administration - United States 
Geological Survey - California Dept. of Water Resources - US Bureau of Reclamation, - Mendocino County Russian 
River Flood Control and Water Conservation Improvement District

contacts/steering committee co-chairs:
Jay Jasperse (FIRO Co-Chair), Chief Engineer, Sonoma County Water Agency 
   707.547.1959  •  jay.jasperse@scwa.ca.gov
F. Martin Ralph (FIRO Co-Chair), Director, Center for Western Weather and Water Extremes at 
    UC San Diego’s Scripps Institution of Oceanography   858.822.1809  •  mralph@ucsd.edu
support staff
David Ford, David Ford Consulting Engineers
Arleen O’Donnell, Eastern Research Group
Ann DuBay, Sonoma County Water Agency

 
 

background Lake Mendocino, located on the East Fork of the Russian River, in 
Mendocino County, California has a total storage capacity of 122,500 acre-feet. Lake 
Mendocino was created by Coyote Valley Dam (CVD), which was constructed in 1958 
for �ood control, and provides water supply, recreation and stream �ow. �e US Army 
Corps of Engineers (Corps) owns the project and makes �ood control releases in 
accordance with the Water Control Manual. Sonoma County Water Agency (SCWA) 
is the local partner and controls releases when levels are in the water supply pool. 

�e Manual, issued in 1959 and revised in 1986, was developed without the bene�t of 
recent meteorological forecasting methods.  �e manual dictates release �ows according 
to a rule curve that speci�es the top of the water supply conservation pool throughout 
the year. �e reservoir is operated to store water during a �ood event, to be released soon 
thereafter to create storage space for another potential event. �e rule curve is 
predicated on typical historical weather patterns – wet during the winter, dry otherwise.

the problem �e rule curve does not account for increased variation in weather 
patterns and reductions to in�ows into Lake Mendocino from PG&E’s Potter Valley 
Project (which historically diverted water from the Eel River to the Russian River). 
�is region experiences some of the most variable weather in California, with a high 
rate of both droughts and �oods. As a result, the water supply reliability of Lake 
Mendocino is impaired with signi�cant consequences to downstream municipal and 
agricultural water users as well as endangered coho salmon, threatened steelhead trout 
and Chinook salmon. 

For example, following an atmospheric river type storm in December 2012, per the 
control manual, the Corps released water to create space in the �ood pool. Cumulative 
releases dropped reservoir levels by more than 25,000 acre-feet. With 2013 being the 
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�e �rst annual FIRO workshop was held in 2013 to exchange information 
In 2014, the Steering Committee was created and it decided to develop a work plan
At the 2015 workshop, the Steering Committee released a draft work plan for assessing the viability of FIRO. �e  
Final Work Plan (September 2015) presents an approach for conducting a proof-of-concept FIRO viability 
assessment using Lake Mendocino as a model. �e Work Plan describes current technical and scienti�c capabilities, 
and outlines technical/scienti�c analyses and future e�orts to demonstrate the potential of FIRO to improve 
reservoir management.
�e Preliminary Viability Assessment and scienti�c research are underway, and draft �ndings are expected at the 
end of 2016. �e assessment will present a suite of actions ranging from practical, short-term steps to longer-term 
research needs. If deemed viable, FIRO will likely be implemented incrementally, as science evolves and 
implementation criteria are met. 
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