i1

: E 4 = ‘% | |
rekke, Avra Morgan, and Sean Kimbrel




Managing Water in Extremes: Agenda
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How is climate change
impacting water managers?

What is Reclamation doing
about it?

What resources can
Reclamation provide to our
partners and stakeholders?

Q&A

Photo: Lone Rock, Lake Powell, Utah




About the Bureau of Reclamation
Managing Water and Power in the Western United States
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Managing Water in Extremes: How is climate change
Impacting water managers?

Historical trends
Projected changes
Recent extremes

Implications for water
management

Vil

Photo: Shasta Dam, California




Historical trends: temperature

Long-term Last 30 years
Average Temperature Trends Average Temperature Trends
Annual 1895-2020 Anm?al 1991—2%20 (30 years)
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Strong warming trends are observed at the century scale and over recent decades

Note: color bar ranges are different, recent trends are stronger



Historical trends: precipitation

Long-term Last 30 years
Precipitation Trends Precipitation Trends

Annual 1895-2020 Annual 1991-2020 (30 years)
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Strong drying trends are observed in recent decades

Note: color bar ranges are different, recent trends are stronger



Coupled Model Intercomparison Project

(CMIP)

* Coupled refers to climate models
that couple atmosphere, ocean,
land and other earth processes

* Project is organized through
World Climate Research Program,
over multiple generations
of models intercomparison that
inform global climate assessments

« CMIP 3 -> IPCC AR4' (2007)

« CMIP 5 -> IPCC AR5 (2014)
« CMIP 6 -> IPCC AR6 (2023)

lIntergovernmental Panel on Climate Change (IPCC) Assessment Report (AR)

A About WCRP Core Projects Unifying Themes Grand Challenges Initiatives & Activities

Events News Resources

WCRP Coupled Model
Intercomparison Project (CMIP)

Meetings

Publications

CMIP
A Short
Introduction (Video)
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Temperature Increases

CMIP5 Projections of
Western U.S. Climate

RCP = Representative
Concentration Pathway = climate
forcing scenario

RCP8.5 is more intense forcing

Models suggest:

 "pet warmer" throughout West
 "bet wetter" to the north
 "petdrier" to the south

Lower scenario (RCP4.5) Higher scenario (RCP8.5)

3 4 5 6 ¥ 8

Precipitation Changes

Lower scenario (RCP4.5) Higher scenario (RCP8.5)




CMIP6 projections are arriving. Comparison to CMIP5...

CMIP5 (RCP8.5 red)
CMIP6 (SSP5.8.5 blue)
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Change in Annual Temperature and Preciptiation, Western North America:
CMIP5 and CMIP6 climate models show similar possible changes
All models project warming

Most models project wetter conditions, but uncertainty spans drier to wetter conditions

Source: https://gcmeval.met.no/



https://gcmeval.met.no/

CMIP5 Projections of drought duration

Historical (1473'2005) 21st Century (2006'20.99)
Map Legend
Average Drought Duration
(in Years)
Longer droughts
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Droughts under the historical period last an average of 1 to 4 years.
Droughts are projected to last longer in the future.

Source: usbr.gov/climate


https://usbr.gov/climate

Recent Extremes — Temperature (T)
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https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/divisional/mapping/110/tmax/202309/3/anomaly
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Major Reclamation Reservoirs

Deschutes System \ %
Storage: 76,379 / 540,687 acft)
4% Full - 32% Avg
Data as of Sep 18, 2022

48% Full - 107% Avg
Data as of Sep 18, 2022

Upper Klamath Lake
Storage: 180,313 / 561,838 ac-ft
32% Full - 80% Avg
Data as of Sep 18, 2022

Shasta Lake

Storage: 1,536,762 / 4,552,000 ac-ft
% Full - 64% Avg

Data as of Sep 17, 2022

New Melones Lake

Storage: 620,010 / 2,420,000 ac-ft
% Full - 49% Avg

Data as of Sep 17, 2022

\ I\
Monfgtrey.
g lontefrey

Elephant Butte Reservoir
Storage: 102,276 /2,010
5% Full - 15% Av%?g %ido,
Data as of Sep 18, 3022 )

Lake Powell
Storage: 5,804,515 / 24,322,000 ac-ft
24% Full - 38% Avg
Data as of Sep 18, 2022

Lake Mead
Storage: 7,284,510 / 26,120,000 ac-ft
% Full - 48% Avg
Data as of Sep 18, 20_2_2

Current Reservoir Storage as of September 18, 2022

Upper Snake System
Storage: 621,673 / 4,045,695 ac-ft
15% Full - 39% Avg
Data as of Sep 18, 2022

Storage: 928,231 /1,011,052 ac-ft
92% Full - 99% Avg
Data as of Sep 18, 2022

Pueblo Dam
Storage: 178,726 / 330,654 ac-ft
54% Full - 111% Avg
Data as of Sep i&
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Drought intensity data are
from U.S. Drought Monitor
(https.//droughtmonitor.unl.edu)
and are updated weekly.
P anan Boise System
462,730 / 949,700 ac-ft

49% Full - 126% Avg

Data as of Oct 11, 2023

Vaslu[,fr!’a9 Syatem 4
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Deschutes System |
Storage: 178,034 / 540,687 ac-ft
33% Full - 78% Avg
Data as of Oct 11, 2023

Lake
Superior

Upper Klamath Lake
Storage: 196,908 / 561,838 ac-ft s
35% Full - 95% Avg
Data as of Oct 11, 2023

Bighorn Lake
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Shasta Lake
Storage: 3,274,173 / 4,552,000 ac-ft
72% Full - 144% Avg
Data as of Oct 10, 2023

Current Drought Conditions

Abnormally Dry

Drought - Moderate

New Melones Lake
Storage: 1,894,525 / 2,420,000 ac-ft \
78% Full - 155% Avg \
Data as of Oct 10, 2023

Drought - Severe N
[ Drought - Extreme
I Drought - Exceptional
. Reclamation Reservoir

= e« Average storage for this date,
computed as the mean of the
last 30 years of data.

ac-ft = Acre-foot - STSNS
Lake Mead ’ s:omgo sasmnow L
0 300 600 Storage: 8,876,806 / 26,120,000 ac-ft Storage: 8.7:%“?08. 8 g;;aggooo ac-ft i o ngg h, \

Miles % Full - 60% Avg Dota as of Oct 11, 2023 Data as of Oct 11,2023

Data as of Oct 11. 2023
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1% Full - 106% Avg
os of Oct 11, 2023

Current Reservoir Storage as of October 11, 2023
r Reclamation Reservoirs

Upper Snake System
Storage: 1,746,340 / 4,045,695 ac-ft
43% Full - 118% Avg
Data as of Ogt 11, 2023

99 5’ 1'11,05? ac-ft

Detroit
[

Chicag
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ull -
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Reservoir Conditions
Abnormally Dry
Drought - Moderate
Drought - Severe

I Drought - Extreme

I Orought - Exceptional

. Reclamation Reservoir

« =« Average storage for this date,
between 1991 and 2020.

ac-ft = Acre-foot

0 300 600
N S iles

computed as the mean of storage

A

* Drought conditions have subsided in the West, but continue to persist in areas
* Reservoir storage remains far below average in the Southwestern U.S.




Increasing temperatures, Impacts
decreasing snowpack, changes Select each icon below to learn more.
to the volume of precipitation,

and changes to runoff timing

and volume across the west

will affect numerous aspects of

water management:

© Water Deliveries

@ Water Quality
& Recreation

@ Fish and Wildlife Habitat
€@ Hydropower

- Endangered, Threatened, or
Candidate Species

@ Flood Control

@ Ecological Resilience

[¥ Conditions



Recap of how climate change is impacting
water managers

* Historical observations show:
« warming over past century, with warming rate increasing in recent decades
 drying trend emerging in recent decades in many western U.S. areas

* Future projections show:
« warming throughout the west
* likely wetter towards the north, likely drier towards the south

» We still experience wide range of extremes, but climate change is
shifting those extremes (e.g., temperature).

* These changes are impacting numerous aspects of water

management.



Managing Water in Extremes: What is
Reclamation doing about it?

* Reclamation's Approach to Build
Resilience to Climate Change

 SECURE Water Act
« Climate Change Adaptation Strategy

 Climate Change Community of
Practice

* Investments from the Bipartisan
Infrastructure Law and Inflation
Reduction Act

 Infrastructure
» Water reuse and recycling
* Nature-Based Solutions

st REA —

RECLAMATION

Water Reliability in the West -
2021 SECURE Water Act Report

» — BUREAU OF —
w RECLAMATION

Climate Change
Adaptation Strategy

=
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Department of the Interior has responded by
strengthening climate adaptation policy

 Secretary Haaland Announces New Policies to Strengthen Climate
Adaptation and Resilience Efforts | U.S. Department of the Interior

* Themes

 Early engagement w/ partners, apply climate science to shape and evaluate
actions, employ landscape perspectives in seeking solutions, use adaptive

management to navigate uncertainty

* Links
« 526 DM 1 - Applying Climate Change Science
« 523 DM 1 - Climate Change Policy (Climate Change Adaptation)

* 604 DM 1 - Implementing Landscape-Level Approaches to Resource @

Management
« 522 DM 1 - Adaptive Management Implementation Policy



https://www.doi.gov/pressreleases/secretary-haaland-announces-new-policies-strengthen-climate-adaptation-and-resilience
https://www.doi.gov/pressreleases/secretary-haaland-announces-new-policies-strengthen-climate-adaptation-and-resilience
https://www.doi.gov/sites/doi.gov/files/elips/documents/526-dm-1_1.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/523-dm-1_0.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/604-dm-1.pdf
https://www.doi.gov/sites/doi.gov/files/elips/documents/522-dm-1_0.pdf

Climate Change Adaptation Strateqy

Goal 1. Increase Water Management Flexibility

Example Effort Underway: $8.3B over 5 years (2022 to 2026), including $260M in 2022 for major
f i 1

our Goals:

Increase Water Management
Flexibility

Enhance Climate Adaptation
Planning

Improve Infrastructure Resiliency
Expand Information Sharing

dentifies 23 Activities to
mplement the Four Goals

« All Activities are currently

ongoing

rehabilitation and replacement of infrastructure, $210M for development
for water conservation and efficiency improvements, and $200M for wa'

Actions

Benefits

Develop Lakes Powell and Mead Operational

Establishes robu:

Goal 2. Enhance Climate Adaptation Planning

Example Effort Underway: Colorado River Basin Drought contingency planning efforts - $300M
authorized, $50M in FY22 BIL

Guidelines the Colorado Rivi

and flexibility ne Actions | Benefits

challenges

Rl <L ough planning and Increases early-phase planning engagement with
Enh) cesses stakeholders on climate change, and supports
-] Goal 3. |mprove Infrastructure Resilience inclusion of a quantitative climate change analysis

Dev| in planning and environmental reviews
tecH Example Effort Underway: Analysis of climate impacts and identification of climate-resilient measures N N N . N
achj in Planning and design of capacity restoration for Delta-Mendota and San Luis canals pthods for consideration Supports climate resilient planning across a range
deli ions of Reclamation activities
Adv L i assess climate change Expands the types of climate change impacts
wat Operationalize Climate Change in Hydropower Sti hydropower reli fcale considered in basin studies and provides
mal and resilience when operating at Iower lake levels | additional support to stakeholders for climate
toi

Review climate change in design

Estimate extreme precipitation and runoff
leading to dam failure under climate change

Incorporate climate change impacts and
considerations in infrastructure investment
decision-making

Incorporate climate change science into
operations and maintenance processes

Facilitate non-Federal hydropower development

Modernize technologies to build climate
resilience into infrastructure asset management
and hydropower

Consider and include climate change risk in
value studies

Assess wildland fire risks for Reclamation
infrastructure and water bodies

Goal 4. Expand Information Sharing

Example Effort Underway: Launched new science-based Addressing Drought Across the West Portal

Actions

Benefits

Share quality-assured practices, information,
and data to support operationalizing climate
change

Supports acting now based on the reliable
aspects of historical and future climate change
information

Provide access to future climate and hydrology
projections that are current, localized, and
quality-assured

Provides Reclamation, partners, and
stakeholders access to recent and quality-
assured climate change information

Invest in climate literacy to develop technical
capacities

Enhances awareness of climate change
principles and impacts, and provides base
understanding needed to operationalize
climate change in Reclamation’s mission

Derive additional value from existing power
datasets to optimize hydropower facility
maintenance strategies

Reduces power facility outages and
costs, and increases hydropower
facility reliability

Develop a Recovery and Restoration
Community of Practice

Encourages climate change consideration
within community efforts to recover threatened
and endangered species and restore rivers and
ecosystems

Develop incentives for engagement with
stakeholders in water contracting negotiations

Raises awareness about climate change
impacts on water supplies, and improves water
operations and planning

Disseminate guidance and requirements
for incorporating climate change into
environmental reviews

Equips environmental reviewers with methods
to address climate change in environmental
documents




Example Activity:

Climate Change S
Ad a ptatl O n St rategy Increase Water T

Management Flexibility

Four Goals:

* Increase Water Management _Example Example Activity:
F|eXIbI|Ity Activity: Climate Revisions to Planning D&Ss

° Enhance Cl|mate Adapta‘“on Change el to strengthen consideration
P|ann|ng of climate change

* Improve Infrastructure
Resiliency Enhance

. ) Expand Climat
* Expand Information Sharing Ietteia e LIS

Adaptation

Sharing Planning

|dentifies 23 Activities to
Implement the Four

Goals
* All Activities are Improve Infrastructure
currently ongoing Resliency

Example Activity:
Consider climate change in
infrastructure investment
and O&M decisions




Climate Change

: . Objectives
Community of Practice

Develop
* Build a larger tent Guidance,
Best
Practices and
Tools

Provide
Training

 Reach all staff who carry out a role

« Support community goals:

 operationalize climate change
information across Reclamation's

.. Coordinate
mission areas “nd Share
« advance the use of the best available Information

science and tools

* build a community and break down
silos

Community of Practice

Building methods, tools, and connections




Collaborative Planning through Basin Studies

American River Basin Study Area

The Study Area includes the watershed plus
adjacent groundwater basins.

North American

* Imbalances in 2070 are projected to
be 125,000 to 233,000 AF

» Adaptation strategies

 Ensure water contract deliveries
* Infrastructure development
600 Decrease in ° Groundwater banking

Spring-Summer

Inflow [TAF]

A Increase in \
= Fall-Winter —_—

Oct  Nov Dec Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep

Historical == Central Tendency 2050 Central Tendency 2085




Recap of What We Are Doing

* Reclamation's Approach to
Build Resilience to Climate
Change

 SECURE Water Act

 Climate Change Adaptation
Strategy

 Climate Change Community of
Practice

* Investments from the Bipartisan
Infrastructure Law and Inflation
Reduction Act

Photo: San Acacia Diversion Dam, NM




Managing Water in Extremes: How can
Reclamation support our Partners and

Stakeholders?

* Provide information and decision-
support tools to optimize reservoir
operations in changing conditions

 Support for projects that build
resilience
* Increasing Infrastructure Resiliency

« Addressing Water Scarcity through Reuse
and Recycling

» Addressing Water Scarcity through System
Conservation

« Using Nature Based Solutions

| — BUREAU OF —

| RECLAMATION

Water Reliability in the West -
2021 SECURF Water Act Renort

— BUREAU OF —
RECLAMATION

Climate Change
Adaptation Strategy

Winter 2023



Optimizing Reservoir Operations for
Changing Conditions

* Snow Water Supply Forecast Program:
Enhancing snow monitoring with emerging technologies
and in underserved areas in order to improve the skill of
water supply forecasts

° Forecastlng Tools: Working with water management
and forecasting partners to enhance forecast skill,
including crowdsourcing better short- term streamflow
forecasts — the Streamflow Forecast Rodeo

* Reservoir Operations Pilots: Evaluates reservoir
operating alternatives to increase water availability,
|r|r_1protve environmental compliance, adapt to a changing
climate

° Hyd ropower: Advanced decision support tools that

maximize h){dropower generation with less water heltp -
address challenges from longer, more severe droughts I@ RECTAMATION
and floods

. APplled Science Tools: Improve hydrologic STREAMFLOW
information, or develop decision support tools to improve FORECAST
water management, including improved modeling and RODEO

forecasting capabilities to support water operations or
water management.

UP TO $500K PRIZES
Short-Term Streamflow Forecasting

g

e e




Forecast Informed Reservoir Operations (FIRO)

* FIRO at Lake Mendocino moves away Lake Mendocino Storage
from static rule curves and leverages O 200 storage curve
improved forecasts B\ 1 R
. . 90,000 1\ A
* Rule curves are based on historical | ’y Storage curve
g5000 A\ /7 without FIRO
norms that may have changed ol 4

= ‘

- Water
storage with
FIRO [actual)

* Forecast skill has improved significantly
since many rule curves were developed

» Can enable more flexibility to operate
based on current conditions

FIRO Major Deviation

75,000
Buffer Zone
70,000

~20% additional

65,000 < - storage

60,000 Water

Volume of water in Lake Mendocino (acre-feet)

. . Water SuppUy Pool storage
 Retain water in storage based on forecast 55,000 N (rodeled]
information 50,000 |
Oct Nov Dec Jan Feb Mar Apr
e More dynamlc water management In October 2019 Through April 2020

response to changing conditions

* Reclamation is pursuing similar concepts
at our facilities FIRO increased water supply benefits and managed

flood risks for Lake Mendocino. In 2020, FIRO
increased water storage by nearly 20 percent, which is
the equivalent water used by 22,000 households.




Support for Projects that Build Resilience

Significant Federal investment from the Bipartisan 5
Infrastructure Law (BIL) and Inflation Reduction Act «' -
(IRA) allows Reclamation to fund meaningful
projects across the West that increase management
flexibility during drought, conserve water, and
support ecological benefits. These projects include:

* Infrastructure projects that increase safety and
resilience to climate change

» Large-Scale Water Recycling Projects including
desalination and water reuse facilities

« Water and Energy Efficiency Projects that result in
significant water savings or capture the additional
benefit of hydropower generation

» Environmental Water Resources Projects that restore
aquatic ecosystems or conserve water for instream . . . .
Photo: Construction of the Friant-Kern Canal Middle Capacity Reach

environ mental uses Correction, a project to increase water supply reliability and reduce
conveyance loss in Central California.



Increasing Infrastructure Resiliency

* Climate-informed projections of future
flood hazards can build resilience
into the dam safety risk assessment
process.

* New Department policies mentioned
strengthen consideration of climate
change impacts in planning, designing, [
constructing and repairing water delivery ==
infrastructure

* Wide head turbines enhance hydropower
performance across a range of reservoir
conditions

B.F. Sisk Dam and San Luis Reservoir Safety of Dams Groundbreaking

 BF Sisk Dam and San Luis Reservoir California, June 2022 - $100M in BIL funding in 2022
construction to ensure reliable water
deliveries




Addressing Water Scarcity through Water
Reuse and Recycling S——

« Water recycling is used as a part of strategies to
prepare for drought and address projected water
supply shortages by turning currently unusable water
sources into new, local sources of water supply.

Reclamation cost shares with project sponsors to
construct water reuse and recycling projects that can
yield up to 50,000 acre-feet per year, per project.

Reclamation is using BIL funding to support a new
Large-Scale Water Recycling program.
* Whereas a typical water recycling project yields from 1,000 to

50,000 acre-feet per year, these larger projects could yield as
much as 150,000 acre-feet per year.

Photo: The Padre Dam Municipal Water District in San Diego County
was selected to receive $28.3 million in BIL funding in FY 2022 to
complete Phase Il of the East County Advanced Water Purification
Program, which is expected to result in an additional 8,960 acre-feet
per year of local potable water supply.



Addressing Water ScarC|ty through System
Conservation

TheBpart a Inlr tr cture Law

PRESIDENT JOE BIDEN
BUILDING A

* Addressing short-term risks to the Colorado I, S
River system with direct compensation for sl 2| &
conserved water

?z =

 Paired with investments to mitigate the
negative impacts to of system conservation to
communities and the environment

.’/é

\

el '/'//////,”;
7]

y A

Ry i

 Stakeholder engagement and coordination is
vital component of drought adaptation

* Phase Il of the program will focus on system
efficiencies that provide long-term water
savings to the system

Photo: System Conservation Agreement signing with the
Gila River Indian Community




Using Nature-Based Solutions (NBS)

Examples include:

» Restoration or conservation of natural
areas

« Reconnection of rivers to their floodplains
and expansion of wetlands to reduce flood
risks and support ecosystem benefits

» Removal of Earriers to fish passage

» Strategic relocation of agricultural or
municipal water diversions to benefit
habitat while still supporting existing water
uses

* Installing rocks, woody debris, and analog
beaver dams to restore a better

i f;t $
functioning river channel | ‘/?b ;
NBS can increase resilience to threats like flooding and - é 13’};&

extreme heat and can slow climate change by capturing
Photo: Installation of the Sailor Bar Project, an instream gravel bar complex

and storing carbon dioxide. They can provide numerous

social, economic, environmental “co-benefits” beyond , \ : _ , mpls
to create habitat for native Chinook Salmon in the Lower American River in

Sacramento, California.

direct ecological benefits.




Examples of Nature-Based Solutions

The Bureau of Reclamation both provides funding to external entities to implement nature-based
solutions AND employs NBS in our own projects.

. , Battle Creek Ecological Restoration at Sowo Gahni
Laguna Duvision Conservation Area (BOR) (Northwestern Band of the Shoshone Nation)

The Battle Creek Restoration Project in southern ID seeks to restore natural
river hydrography and ecosystem features to the culturally significant
Sowo Gahni site, location of the 1863 Bear River Massacre. The project will
both restore river function and provide a place of healing and reflection
for the Northwestern Band of the Shoshone Nation.

LDCA is a terraced, vegetated flood control structure located on the
Colorado River on the Arizona/ California Border. The complex can safely
flood periodically when flows need to be released, supporting both
flexible water management and a thriving native ecosystem.




Recap of How We Can Support

* Providing information and

decision-support tools to
optimize reservoir operations

 Support for projects that build
resilience

* Increasing Infrastructure
Resiliency

» Addressing Water Scarcity
through Reuse and Recycling

» Addressing Water Scarcity
through System Conservation

» Using Nature Based Solutions

— BUREAU OF —
RECLAMATION

Water Reliability in the West -
2021 SECURE Water Act Report

— BUREAU OF —
RECLAMATION

Climate Change
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