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Climate
Current 
and Future 
Conditions

By Late Century
Average Annual Maximum Daily 

Temperature is projected to 
increase by

5.6° – 8.8°F (3.1° – 5.0°C)

Further increases in 
precipitation variability, 

leading to more frequent 
and severe droughts and 

floods



Projected changes in the 
intensity of extreme precipitation 
events 

Theory – Clausius-
Clapeyron (1834)
Models – Extreme and 
average precipitation 
change differ under 
warming (1980s)
Observations – trends in 
extreme precipitation are 
detectable (2000s)

Based on Li et al. (2021)

Gershunov & Al (2019)



Climate
Vulnerabilities 
across all 
Water Sectors
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Quantifying 
Climate 
Impacts

• Changes in inflow have 
significant effects on 
reservoirs’ storage and 
outflow

• Water managers will need 
to reevaluate and 
adaptively manage how 
major infrastructure 
systems are operated in 
the future 
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California Water Plan: Future Scenarios
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California Water Plan: Future Scenarios

Increase Vulnerability



What is the California 
Department of Water 

Resources doing 
about it?
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Advancing State and Internal Policies

• Water Resilience Portfolio, Water Supply Strategies, 
Executive Order,...

• DWR’s Climate Action Plan:
Phase I: Greenhouse Gas (GHG) Emissions Reduction Plan
Phase II: Consistent, high-quality climate change analysis 

across all DWR programs
Phase III: Vulnerability Assessment and Adaptation Plan



Select a Couple of 
General Circulation 

Model (GCM) 
Projections

Downscaling, 
Hydrologic Modeling

Operations and 
Planning Models

Conditional System 
Performance 
Projections

“Top Down” or 
Downscaling Approach

Using Climate Projections at DWR

Source: 
SEI WEAP

Source: 
NOAA GFDL

There are 100’s of Global Climate projections

Original method of developing 
climate change plans

 Pick a scenario or set of scenarios to localize and use 
as the “future”

 Predict future performance of your water system

 Determine vulnerabilities and adapt as indicated

• Did we cover the full range of uncertainty to 
be prepared?

• Would the results be different if a different set 
of projections or method were used?

• How likely is this future, what is the risk?

https://www.weap21.org/
https://www.gfdl.noaa.gov/climate-modeling/


“Bottom Up” or
Decision Scaling Approach

Adaptive Planning

Climate Model 
Ensemble

System Surface 
Response 

/Vulnerability 
Assessment

Operations and 
Planning Models

Climate/
Weather Generator 

or Paleoclimate 
Data 

Using Climate Projections at DWR

Systematic 
Climate 

Perturbations

Source: 
DWR VA

Source: 
Poff et al. (2016)

Source: 
SEI WEAP

Other images source: Wikimedia Commons
© Creative Commons Zero, Public Domain

A way to prepare when you aren’t 
sure what’s coming (Stress Test)

 Determine the sensitivity of a water system to a 
range of stress (weather or climate possibilities). 
Where is our system vulnerable? 

 Determine what threshold of performance is 
unacceptable or ‘breaks’ the system.
Find tipping points.

 Determine how likely that is to happen.
Incorporate original climate projections to 
assess the risk of these “unacceptable 
outcomes.”

 ADAPT! Take decision(s) toward what is “most” 
likely and/or “most” acceptable based on this risk 
assessment. 

https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/All-Programs/Climate-Change-Program/Climate-Action-Plan/Files/CAP-III-Decision-Scaling-Vulnerability-Assessment.pdf?la=en&hash=F5CCD4EC4BD7AC0353D6ED840561089FD9E53B38
https://www.nature.com/articles/nclimate2765?proof=t
https://www.weap21.org/
https://commons.wikimedia.org/
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Top Down

Bottom Up

Climate 
Change 
Analysis

Today



Advancing Resilient and Adaptive Actions
Flood-Managed Aquifer 

Recharge (MAR)
Multi-Benefit Bypass 

Improvements
Forecast Inform 

Reservoir Operation
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Flood-MAR Adaptation Strategies



IMPROVEMENT

Merced Study Key Results
Flood Risk

(Merced River 100-year Max Flow)

Planning
Horizon

Baseline
Performance

2070

Increasing 
Vulnerability

cubic feet per second

29,330

7,300

29,310

15,670
15,680

No 
Action

1 2 3

Flood-MAR
Levels

18,510

9,250

14,770

8,390

Planning
Horizon

2040

No 
Action

1 2 3

Flood-MAR
Levels

101

93

77

66

79

72

57

46
50

Water Supply
(Groundwater Overdraft)

thousand acre-feet per year

No 
Action

1 2 3

Flood-MAR
Levels

Ecosystems
(In-stream Salmonid Habitat)

thousand acre-days
492

509

531

492

509

647

659

616

625
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References
• Hydroclimate Reports: https://water.ca.gov/Programs/Flood-

Management/Flood-Data/Climatology-and-Meteorology

• California Water Plan Update: 
https://water.ca.gov/Programs/California-Water-Plan/Update-2023

• Climate Change Data for California: https://cal-adapt.org/

• DWR’s Climate Change Program:
https://water.ca.gov/Programs/All-Programs/Climate-Change-Program

• Flood-MAR Activities: https://water.ca.gov/programs/all-
programs/flood-mar

https://water.ca.gov/Programs/Flood-Management/Flood-Data/Climatology-and-Meteorology
https://water.ca.gov/Programs/Flood-Management/Flood-Data/Climatology-and-Meteorology
https://water.ca.gov/Programs/California-Water-Plan/Update-2023
https://cal-adapt.org/
https://water.ca.gov/Programs/All-Programs/Climate-Change-Program
https://water.ca.gov/programs/all-programs/flood-mar
https://water.ca.gov/programs/all-programs/flood-mar


Thank you!
Romain.Maendly@water.ca.gov

mailto:Romain.Maendly@water.ca.gov
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