
1 OF 22

Climate Change-Related Projects

CLIMATE ADAPTATION

WET WEATHER & STORMWATER MANAGEMENT 
MANAGEMENT

Integrating Climate Change Impacts with Wet Weather 
Management, Capital Improvement, and Stream 
Network Enhancement [5176] 

  The project objectives are (1) to enhance pre-
cipitation projection and modeling techniques 
with risk-based criteria to mitigate risks for 
utilities (e.g., sewer overflows, flooding, stream 
network deterioration), (2) to advance current 
practices for climate change rainfall statistics 
and projections by region and identify research 
gaps and other areas for refinement, and (3) to 
advance an integrated and risk-based approach 
for adapting water infrastructure systems and 
capital improvement planning to climate change 
while enhancing the protection of stream net-

works to meet receiving water quality requirements and 
mitigate wet weather flows. 
To be completed in 2025.
Related Topics: Flooding, Resilience, Sewer Overflows, 
Stormwater, Wet Weather Management

Holistic Approaches to Flood Mitigation Planning and 
Modeling under Extreme Events and Climate Impacts [5084]

  Municipalities and utilities are facing unprece-
dented challenges in planning for extreme 
precipitation and flooding events, which are 
occurring more frequently and unpredictably. A 
holistic approach to flood mitigation planning 
and modeling, including partnerships between 
stakeholders, is needed to balance competing 
management objectives while minimizing over-
all system vulnerabilities. To address this need, 
this project (1) developed a comprehensive 
summary of the state-of-the-practice with case 
studies, (2) defined data sources and modeling 

Climate change is altering our natural hydrologic cycle, creating uncertainty when it comes to the quality and quantity of 
water sources. WRF research helps the water sector plan for and alleviate the impacts of climate change, from understanding 
potential impacts to implementing adaptation strategies and mitigating root causes. WRF’s research on climate change 
covers the key areas of:

 CLIMATE ADAPTATION
 Wet Weather & Stormwater Management
 Water Supply & Drought Resilience
 Wildfire Impact Mitigation
 Broad Approach to Climate Adaptation

 CLIMATE MITIGATION
 GHG Inventory & Library
 GHG Monitoring & Method Comparison
 Decision Making for Climate Mitigation 

 CLIMATE RISK ASSESSMENT 

WRF research tracks potential outcomes, considering a variety of possibilities, and provides resources and tools to help 
facilities identify and address risks and vulnerabilities. WRF also provides the science to help utilities create better adaptation 
plans, respond more effectively to severe weather, and improve infrastructure and operations to meet changing needs, including 
the production of onsite energy systems and back-up power to protect critical services. And by pioneering approaches to improve 
energy efficiency, including process optimization, improved energy management, and the use of renewable energy, WRF is 
also helping the water sector decrease the activity that is driving these changes. 
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tools that can enable a holistic approach to flood mitigation 
planning and modeling, (3) demonstrated the application  
of selected methodologies most relevant to the needs of 
an integrated planning framework for supporting agencies 
at the community level, and (4) synthesized findings into a 
guidance document based around state-of-the-practice 
integrative, holistic management approaches to planning 
for, and mitigating, climate change impacts. Utilities of all 
sizes will be able to apply the project results to incorporate 
climate variability and uncertainty into their holistic flood 
management approaches.
Published in 2023.
Related Topics: Combined Sewer Overflows, Green 
Infrastructure, Integrated Planning & Water Management, 
Stormwater

Enhancement of Resilience to Extreme Weather and 
Climate Events: Proactive Flood Management [4842]

  Floods are among the most damaging natural 
disasters, and there is evidence that flood risk 
will increase in the future due to a warming  
climate, physical changes in watersheds, and 
continued development in flood-prone areas 
putting more assets at risk of inundation. 

Floods cause damage across the entire built environment, 
but they pose particular challenges for wastewater, storm-
water, and drinking water utilities. While assessing flood 
risk is challenging, there are many tools and strategies 
that utilities can implement to help reduce risk and 
increase resilience. This project helps wastewater and 
stormwater utilities navigate the challenges of flood risk 
assessment by (1) summarizing the state of knowledge and 
best practices for flood risk assessment and management, 
and (2) developing a synthesized, easy-to-use pocket guide 
for enhancement of wastewater and stormwater utility 
resilience to extreme weather and climate events by  
focusing on proactive risk assessment and flood manage-
ment. The pocket guide assists utility users in selecting 
datasets, methods, models, and tools that are appropriate 
for their flood conditions, management objectives, and 
other factors. Originally funded as WERF project SIWM-
17-15. 
Published in 2023.
Related Topics: Green Infrastructure, Integrated Planning & 
Water Management, Resilience, Stormwater

Community-Enabled Lifecycle Analysis of Stormwater 
Infrastructure Costs (CLASIC) [4798] 

  CLASIC is a user-informed screening tool that 
uses a life-cycle cost framework to support 
implementation of stormwater infrastructure,  
including green, hybrid green-gray, and gray 
infrastructure practices. The CLASIC tool inte-
grates multiple-criteria decision analysis 

(MCDA), which enables consideration of co-benefits for green 
infrastructure. There are three integrated components in the 
CLASIC tool: life-cycle cost, performance, and co-benefits.  
Published in 2021. 
Related Topics: Green Infrastructure, Stormwater, Wastewater

Climate-Resilient Planning for Urban Stormwater and 
Wastewater Utilities: Workshop Proceedings [5001]

 WRF in partnership with the New York City 
Department of Environmental Protection, the 
Water Utility Climate Alliance, NOAA’s Mid-
Atlantic Regional Integrated Sciences and 
Assessments program, and RAND Corporation 
convened an invitation-only workshop in July 2019 

in New York City. The workshop brought together leaders 
from 15 major metropolitan water utilities in the U.S. and 
Canada, and other international experts to discuss current 
practices, lessons learned, and new ideas for developing 
actionable rainfall projections and incorporating climate- 
informed stormwater flows into planning processes. In addi-
tion, the workshop offered an opportunity to lay the ground-
work for future progress on this critical issue, including gaps 
in the existing best practice, critical research needs, and 
suggested next steps. The research report provides an infor-
mative summary of the workshop proceedings that will be 
useful to utilities and municipalities as they examine climate- 
resilient planning for urban stormwater and flood manage-
ment. The supplemental project paper, An Action Agenda for 
the Water Sector to Advance Methods for Achieving Integrated 
Climate Resilience (project 5058), expands on the next steps 
identified in the workshop proceedings, and proposes an 
action agenda to further advance existing best practices, field 
testing of new approaches, and critical research needs for 
utilities wanting examples for their own application of climate 
data, as well as the climate science community to inform next 
steps in developing climate information. 
Published in 2021.
Related Topics: Combined Sewer Overflows, Green 
Infrastructure, Integrated Planning & Water Management, 
Resilience, Stormwater

An Action Agenda for the Water Sector to Advance Methods 
for Achieving Integrated Climate Resilience [5058] 

 WRF in partnership with the New York City 
Department of Environmental Protection, the 
Water Utility Climate Alliance, NOAA’s Mid-
Atlantic Regional Integrated Sciences and 
Assessments program, and RAND Corporation 
convened an invitation-only workshop in July 

2019 in New York City. The workshop brought together 
leaders from 15 major metropolitan water utilities in the 
U.S. and Canada, and other international experts to discuss 
current practices, lessons learned, and new ideas for 
developing actionable rainfall projections and incorporating 
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climate-informed stormwater flows into planning pro-
cesses. In addition, the workshop offered an opportunity 
to lay the groundwork for future progress on this critical 
issue, including gaps in the existing best practice, critical 
research needs, and suggested next steps. The research 
report provides an informative summary of the workshop 
proceedings that will be useful to utilities and municipal-
ities as they examine climate-resilient planning for urban 
stormwater and flood management. The supplemental 
project paper, An Action Agenda for the Water Sector  
to Advance Methods for Achieving Integrated Climate 
Resilience, expands on the next steps identified in the work-
shop proceedings, and proposes an action agenda to  
further advance existing best practices, field testing of new 
approaches, and critical research needs for utilities want-
ing examples for their own application of climate data, as 
well as the climate science community to inform next steps 
in developing climate information. 
Published in 2020.
Related Topics: Combined Sewer Overflows, Green 
Infrastructure, Integrated Planning & Water Management, 
Resilience, Stormwater

Holistic Wet Weather Management through Adaptive 
Volume and Pollutant Source Control at a Community 
Scale: Finding the Sweet Spot [5131]

  Using a triple-bottom-line approach and exten-
sive input from utility stakeholders, this project  
will synthesize holistic wet weather manage-
ment strategies through adaptive volume and 
pollutant source control at varying scales. 
Strategies will be geospatially analyzed across 
multiple U.S. EPA regions to provide a  
decision-support framework for utilities and 
impacted communities to explore options for 

wet weather management based on their local context 
and desired goals.
To be completed in 2025.
Related Topics: Combined Sewer Overflows, Green 
Infrastructure, Integrated Planning & Water Management, 
Resilience, Stormwater

Advancing Adaptive Wet Weather Management 
Approaches to Meet Emerging Challenges for Extreme 
Snowstorm Events and Cold Climate Impacts [5128]

Cities that receive high amounts of precipitation  
as snow face different challenges for wet 
weather management than precipitation as rain, 
both in terms of managing wet weather quality 
and quantity including runoff volume, timing, 
and deicer pollution. Furthermore, the pattern 
of precipitation as snow is projected to increase 
with climate change for the same reason that 
rainfall intensity is projected to increase, due to 
warmer air holding more moisture that can be 
released at once. Snowstorms are being seen in 
areas not prepared for them, and other regions 

are seeing transitions in the amount of precipitation as rain 
versus snow. These challenges, as well as climate change 
impacts, necessitate a focus on wet weather management 
tailored for snow and cold climate impacts. This project 
aims to develop guidance on the state-of-the-practice for 
adapting rainstorm-based management approaches for 
extreme snowstorms and cold climate events.
To be completed in 2025.
Related Topics: Cold Climate, Integrated Planning & Water 
Management, Snow, Wet Weather Management

Establishing Seasonal Targets for Receiving Waters: 
Rethinking Wet Weather versus Dry Weather 
Expectations [5123]

There are many regulations and practices in 
place to protect waterbodies. However, it is 
not clear that these existing approaches are 
the most suitable for wet weather flows. This 
project (1) evaluated the implications of wet 
weather conditions on permitting and pollutant 

load reduction targets as a baseline for future studies; (2) 
summarized the currently available tools and study results 
evaluating watershed pollutant loads and receiving water 
responses under a range of wet weather and dry weather 
conditions; and (3) generated recommendations for wet 
weather target setting and for addressing wet weather con-
ditions effectively in water quality regulations. The research 
results benefit regulatory agencies and other stakeholders 
by recommending new approaches to address wet weather 
discharges and receiving water quality.
Published in 2025.
Related Topics: Combined Sewer Overflows, Receiving Water 
Quality, Wet Weather
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Annual Update of International Stormwater BMP 
Database and Expanding Communication on the 
Database [4968]

The International Stormwater Best Management 
Practices (BMP) Database is a publicly acces-
sible repository for BMP performance moni-
toring study, design, and cost information that 
provides scientifically sound information to 
improve the design, selection and performance 
of BMPs. This analysis not only includes new 
performance studies, but also new analysis 
categories for manufacture treatment devices 

used in stormwater management. Data summaries 
include basic summary statistics for BMP influent and 
effluent concentrations, graphical summaries of statis-
tics and hypothesis test results for assessing whether the 
BMP had an effect on influent concentrations for various 
pollutant-BMP combinations. Information about typical 
pollutant sources, dominant pollutant removal mecha-
nisms in BMPs, and design considerations are provided. 
Advancements of stormwater BMPs continue to support 
the informed decision making for integrated stormwater 
management and climate resilience.
Published in 2020.
Related Topics: Best Management Practice, Database, 
Performance Evaluation

Optimization of Sensor Network and Advanced Sensing 
Techniques for Enhanced Collection Systems 
Management [5239] 
 The objectives of this project are (a) to advance 

the optimization of the layout of sensor net-
works and sensing techniques in collection 
systems to enhance One Water management, 
and (b) to improve data analytics, forecasting, 
modeling, and intelligent platform/dashboard 

environments to help with operations for a range of flow 
conditions and control schemes, preventive and in-time 
maintenance of collection systems, and optimization of 
capital improvement programs.
To be completed in 2027.
Related Topics: Resilience, Sewer Overflows, Stormwater, Wet 
Weather Management

Implementing Smart Sewer System to Optimize Capacity 
to Reduce Surface Flooding and Sewer Overflows [5297] 

The project objectives are to (a) establish a 
methodology to assess and optimize the use 
of existing storage and conveyance elements 
within the system, and (b) provide a utility-facing 
guidance on best practices for identifying prob-
lem areas in the system, controlling infiltration 

and inflow (I/I) into systems through alternative storm- 
water management practices, and determining the minimum  

requirements when selecting a real-time control (RTC) 
logic and SCADA integration for stormwater and waste-
water management.
To be completed in 2027.
Related Topics: Climate Adaptation, Smart System, Flooding, 
Sewer Overflow
 
Implications of Climate Change for Adaptation by 
Wastewater and Stormwater Agencies [1334]

 This report summarizes the current understand-
ing of natural climate variability and the projected 
global climate changes over the next 20-50 
years. It provides utility managers a realistic  
indication of potential impacts to the storm and 
wastewater sectors along with a strategy that  

can be used to evaluate the vulnerability of their facilities. The 
report helps utility managers understand why there is uncer-
tainty in projections of future local climates and help them to 
understand the nature and magnitude of possible changes. 
The report emphasizes that the real task is to develop  
strategies with sufficient flexibility and resilience to deal 
effectively with increased uncertainty.
Published in 2010.
Related Topics: Climate Adaptation, Wastewater, Stormwater

Diversifying Water Portfolios through Stormwater Capture 
and Use: Contributing to a Water Resilient Future [5236]

  In the face of a changing climate, urban storm-
water capture and use (SCU) has the potential 
to add flexibility to water resource portfolios. 
This project quantified the volume of urban 
stormwater available for capture and use (using 
Colorado as an example) and contextualize it 
against the water supply gap, which can be 
extrapolated to other states. In addition, it iden-
tified, quantified, monetized (when possible) the 
co-benefits of stormwater capture and use, 
including highlighting existing examples where 
urban SCU have been successfully employed and 

underscore their multiple benefits. Furthermore, it will 
explored and conceptualized innovative approaches to oper-
ating SCU programs under water rights (using Colorado 
water law as an example) and regulatory frameworks.
Published in 2024.
Related Topics: Stormwater Capture and Use, Integrated 
Planning & Water Management, Triple Bottom Line Approach

WATER SUPPLY & DROUGHT RESILIENCE
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Establishing a Framework for Integrating Stormwater 
Capture into Water Supply Planning [5207]

  The project objectives are to (a) identify primary 
drivers for stormwater capture for water supply 
through augmentation or off-setting of existing 
supplies and factors that influence drivers, (b) iden-
tify approaches and opportunities for developing 
new stormwater capture and use projects or retro-

fitting existing stormwater infrastructure to augment water 
supply, as well as proven methods for quantification of new 
supply, (c) assess key factors for integrating stormwater into 
water supply and water supply planning and identify barriers 
that need to be addressed in the process, and (d) develop frame-
work for evaluating use of stormwater as a water supply.
To be completed in 2025.
Related Topics: Integrated Planning & Water Management,  
Stormwater, Water Supply Planning

Back to the Future: Guidance for Adaptive and Scenario 
Supply Planning Approaches [5184] 

 The project objectives are (1) to identify the insti-
tutional processes and frameworks utilities are 
using to monitor how supply conditions change 
over time, identify what indicators are being 
tracked, considering reservoir storage, water 
demand, financial resources, climate, hydrology,  
water quality, regulations, equity, etc., and 
determine best practices; and (2) to describe 
and provide guidance on how utilities identify 

and monitor drivers of change, develop scenarios, and 
incorporate them into adaptive planning approaches.  
To be completed in 2025.
Related Topics: Integrated Planning & Water Management, 
Water Supply Planning

An Integrated Modeling and Decision Framework to Evaluate 
Adaptation Strategies for Sustainable Drinking Water Utility 
Management Under Drought and Climate Change [4636]

This project developed an integrated framework 
to assess water quality and availability impacts 
under a suite of climate and natural hazards in the 

supply watershed, along with evaluation of decision options. 
Research partner: U.S. Environmental Protection Agency. 
Published in 2019.
Related Topics: Resilience, Water Supply Planning

Impacts of Climate Change on Honolulu Water Supplies 
and Planning Strategies for Mitigation [4637]

The objective of this project is to evaluate climate  
change impacts on the Honolulu Board of Water 
Supply and its assets, and develop a suite of 

management and treatment strategies to address the 
anticipated changes. This project delivered an Adaptive 

Management Plan for Honolulu based on climatic and 
hydrologic modeling, scenario modeling, and evaluation of 
adaptive management strategies. Tailored Collaboration 
partner: Honolulu Board of Water Supply. 
Published in 2019. 
Related Topics: Resilience, Water Supply Planning

Drought Management Strategy – Learning from  
Australia [4640]

This project investigated the decade-long 
Australian Millennium Drought to compile  
lessons learned. The information was gathered 

to provide California utilities and policy-makers with help-
ful strategies, as the state enters its fifth year of severe 
drought. This report was co-authored by the Institute for 
Sustainable Futures (ISF) at the University of Sydney, the 
Pacific Institute, and the Alliance for Water Efficiency. The 
report was jointly funded by the Metropolitan Water District 
of Southern California, the San Francisco Public Utilities 
Commission, and the Water Research Foundation. 
Published in 2016.
Related Topics: Emergency Response & Preparedness, 
Resilience

Drought Management in a Changing Climate: Using Cost- 
Benefit Analyses to Assist Drinking Water Utilities [4546]

This project improves drinking water utility under-
standing of system-specific vulnerabilities to 
droughts by providing guidance on assessing the 

costs and benefits of leading practices in drought manage-
ment and risk mitigation. The final report helps water cus-
tomers, boards of governance, and other stakeholders better 
understand the total possible costs of drought and improve 
acceptance of drought planning and mitigation measures to 
minimize these costs. Project findings are also helpful to the 
greater scientific community in tackling fundamental ques-
tions on the application of cost-benefit tools. In addition to the 
report, an Example Cost-Benefit Analysis is available to 
download from Project Resources/Project Papers. This  
project was funded by NOAA. It was submitted in response to 
the competitive funding opportunity entitled, Coping with 
Drought with the National Integrated Drought Information 
System (NIDIS), from the Sectoral Applications Research 
Program administered by the NOAA Climate Program Office. 
Published in 2015.
Related Topics: Resilience, Risk Assessment
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The Emergence of AI in the Water Sector: Opportunities 
and Challenges for Water Resources Planning [5290]

The project objectives are to (a) identify potential 
uses and benefits of artificial intelligence (AI) 
in water resources planning to support routine 
operations and address uncertainties related to 
changing climate (e.g., supply and demand fore-
casting, operational technology solutions, etc.); 

and (b) review and catalogue AI tools available or in devel-
opment specific to water resources planning, with a focus 
on identifying publicly available and/or open-source tools.
To be completed in 2027.
Related Topics: Climate Adaptation, Water Supply Planning
  
The Foundations of Water Resources Planning: 
Establishing Water Utility Service Level Standards, 
State of the Field, and Guidance [5306]

The project objectives are to (a) review and 
document current national and international 
practices for the establishment of utility service 
levels, including the impetus and process for how 
they are established, and the different business 
functions included (e.g., water supply planning, 

water use planning, engineering, operations, water treat-
ment, etc.); and (b) develop a guidance framework for utilities  
establishing their own water resource planning service  
levels that aligns with organizational performance goals 
and objectives (considering utility size, community types 
served, geographic regions, financial and regulatory driv-
ers/constraints, climate change, and social equity, etc.), and 
include guidance for aligning capital investment decision- 
making with established service levels.
To be completed in 2027.
Related Topics: Climate Adaptation, Water Supply Planning

Reforming the Water Utility Business Model to Respond 
to and Better Incentivize Demand Reduction [5327]

Reductions in water use related to water 
efficiency, wet or cool conditions, stable 
or declining populations, and other factors 

reduce revenues, posing challenges for the traditional 
utility business model. Climate change is contributing  
to more frequent and severe droughts that necessitate  
demand reduction to manage water scarcity. This project 
aims to identify and recommend new and updated strat-
egies for pricing and rate design, financial policies and 
practices, planning approaches, and new utility services that 
effectively align revenue stability, supply reliability, water-
use efficiency, and demand reduction. Findings will be  
presented in a guidebook with case studies, resources, and 
guidance for implementing recommended strategies.
To be completed in 2027.
Related Topics: Climate Adaptation, Water Demand

Evaluating Changes in Peak Water Demand and How 
That May Affect the Choice, Design, Management, and 
Evaluation of Demand Management Strategies [5265]

The objectives of this project are to (a) identify 
the different definitions of peak demand that are 
relevant to water utility operations; (b) document 

trends over time across different geographies and contexts 
and the drivers of peak demand patterns, including changes 
related to climate change/extreme weather, urbanization/
densification, and other factors; (c) assess how these and 
additional factors may influence peak demand in the future; 
(d) identify peak demand strategies and also evaluate which 
measures should be used for evaluation; and (e) assess the 
potential costs and benefits of peak demand management 
in the context of changing trends.
To be completed in 2025.
Related Topics: Demand Management, Peak Demand Strategy

Modeling Future Residential Outdoor Water Demand in 
Aurora, Colorado [4966]

This research applied an innovative methodology 
to water demand forecasting that provides key 
insights into the relationships between devel-

opment decisions, water needs, and growth. This analysis 
of residential outdoor water uses in Aurora, Colorado, used 
a novel housing typology to inform 50 unique future devel-
opment scenarios, providing a water blueprint for future 
projected growth, a methodology that can be applied to other 
communities. The study forecasts future water demand 
under various growth, climate change, and design scenar-
ios, and demonstrates the inherent value and necessity of 
connecting water management and land use planning.
Published in 2022.
Related Topics: Demand Management, Modeling, Forecasting

Water Utility Resilience: A Case Study of the 2021 
Marshall Fire [5192] 

The project objectives are (1) to establish a time-
line of events, including emergency prepared-
ness, response, and recovery; (2) to investigate 

lifeline interdependencies and impact on water utility 
actions; (3) to define technology investments that supported 
response/recovery and potential improvements; and (4) to 
document utility communication with the public and  
customers over course of recovery.  
To be completed in 2025.
Related Topics: Emergency Preparedness/Response/Recovery, 
Wildfire

WILDFIRE IMPACT MITIGATION
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Enhancing Drinking Water Treatment Resilience to 
Wildfire Events [5168]  

The project’s objective is to provide guidance to 
drinking water utilities to increase treatment 
resilience to wildfires. Pilot-scale and side-by-

side comparisons of treatment strategies, specifically com-
paring conventional treatment with pre-ozonation and 
biofiltration compared to conventional treatment with 
pre-chlorination and filtration, will be conducted to provide 
design and operational recommendations that can be made 
in treatment and monitoring, so utilities can more effectively 
respond to a post-fire scenario.  
To be completed in 2025.
Related Topics: Holistic Watershed Management, Treatment 
Resilience, Wildfire

Post-Wildfire Distribution System Water Quality Impacts 
and Potential Responses [5106]  

As a result of climate change, the number and 
severity of wildfires in the western United States 
are increasing. Volatile organic compound (VOC) 

and semi-VOC contamination have been found in water dis-
tribution systems after wildfires in California. Preliminary 
research indicates that thermal degradation of plastic assets 
within distribution systems may be a potential source of this 
contamination. This project will increase understanding of the 
degree to which thermally damaged plastic assets contribute 
to observed VOC and semi-VOC contamination and propose 
response and recovery actions for impacted utilities.  
Published in 2024.
Related Topics: Distribution System, Wildfire 

Wildfire Threats to Forested Drinking Water Supplies: 
Recent Advances & Opportunities in Understanding & 
Management [5235]

The objectives of this project are to provide, 
discuss, and document the most up-to-date 
knowledge and practices regarding: (a) charac-

terization of wildfire impacts on water supplies, treatment, 
and distribution; (b) proactive and reactive source water-
shed management strategies; and (c) strategies to increase 
preparedness.
To be completed in 2025.
Related Topics: Source Water Protection, Water Supply, 
Wildfire Impact  

Toward More Resilient Water Systems in the Face of 
Fire: Solutions to Understanding and Preventing 
Infrastructure Damage [5283]

Since 2017, 16 widespread volatile organic com-
pound (VOC) drinking water chemical contam-
ination events have been caused by wildfires 

in Hawaii, Oregon, Colorado, and California. This project 

determines the conditions that cause physical and chemi-
cal damage to utility assets by fires and mitigation actions 
to lessen this damage. With partner feedback already 
received, and our own lab and post-fire field observations 
in Oregon, Colorado, Hawaii, and California, this project 
identified four key questions: (a) How do plastic, concrete, 
and insulated cover (concrete vs. iron) water meter boxes 
compare at protecting the enclosed water meter from heat 
damage?, (b) To what degree do single and double check 
valve water meters prevent backflow into the utility ser-
vice line when exposed to heat?, (c) What is the minimum 
amount of negative pressure needed to draw pollutants 
(vapors and/or particulates) from structure fires into a ser-
vice line?, and (d) What structure-fire pollutants condense 
and sorb inside the metal and plastic service lines, and how 
does that vary based on distance from the structure fire?
To be completed in 2025.
Related Topics: Infrastructure, Resilience, Wildfire Impact 

Wildfire Impacts on Drinking Water Treatment Process 
Performance: Development of Evaluation Protocols and 
Management Practices [4590]

The overarching objective of this project was 
to expand the knowledge base regarding the 
effects of wildfire on drinking water quality, 

treatment, plant performance, and operations. Specifically, 
this project included three important components: (1) 
assessment of the impact that a wildfire has on source 
water quality within a recently impacted watershed, (2) 
development and application of a lab-based approach to 
simulate the effects of a wildfire on water quality and treat-
ability, and (3) evaluation of the implications of a wildfire 
for full-scale operation and design.
Published in 2018.
Related Topics: Management Practice, Treatment Process, 
Wildfire Impact

Impact of Wildfires on Source Water Quality and 
Implications for Water Treatment and Finished Water 
Quality [4524]

The main objective of this study is to evaluate 
the impact of forest fires on water quality and 
subsequent treatment, with a focus on dis-

solved organic matter (DOM) properties. In order to com-
plete this objective, the team assessed a range of water 
treatment technologies, from conventional coagulation to 
activated carbon adsorption.
Published in 2016.
Related Topics:  Source Water Quality, Treatment, Wildfire 
Impact
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Wildfire Impacts on Water Supplies and the Potential 
for Mitigation: Workshop Report [4529]

Thirty leading scientists and practitioners from 
Canada, the United States, and abroad met in 
September 2013 to discuss what leading-edge 

science exists to explain trends in wildfire occurrence 
and risks, the impacts of wildfires on water supply and 
treatment, and the evidence supporting the effectiveness 
of forest and water management techniques to mitigate 
the impacts of wildfires on drinking water supplies and 
treatment. The workshop report captures the high-level 
messages that emerged through the workshop discussions 
and the relative state of the confidence in current abilities 
to address the questions considered.
Published in 2014.
Related Topics:  Water Supply, Wildfire Impact Mitigation

Effects of Wildfire on Drinking Water Utilities and Best 
Practices for Wildfire Risk Reduction and  
Mitigation [4482]

This project conducted a Wildfire Readiness and 
Response Workshop, held in Denver, Colorado 
on April 4-5, 2013, that disseminated relevant 

information and facilitated the sharing of knowledge and 
experience among water utilities that have been affected 
by wildfire or are preparing to manage water resources 
in anticipation of wildfire. The following issues were dis-
cussed during the workshop and are highlighted in the 
report: evaluating the potential for wildfire in specific 
source water protection areas; understanding the impacts 
of wildfire on water quality; identifying and characterizing 
strategies that are effective for preventing, mitigating, or 
minimizing wildfire impacts; assessing implications of land
disturbance on water quality and drinking water treat-
ability; determining the mechanisms and timeframes 
for watersheds to recover from wildfires; understanding 
challenges faced by drinking water utilities after wildfires 
and solutions that have been effective; improving aware-
ness of the impacts of fire-fighting techniques on drinking 
source water quality; assessing strategies for managing 
and protecting water quality with proven restoration and 
management practices; and providing case studies of 
inter-municipal cooperation and management strategies.
Published in 2013.
Related Topics: Management Practice,  Risk Reduction, 
Wildfire Impact Mitigation 

Making the Case for Climate-Resilient Water 
Infrastructure and Supporting Strategies [5222] 

The project objectives are to (1) develop water 
sector-specific guidance on how to make a 
case for investments in climate-resilient storm- 
water, wastewater, and drinking water infra-
structure, considering both structural (i.e., 
physical assets) and non-structural (e.g., 
codes and standards) approaches; and (2) 
apply the guidance to at least two water utility  
infrastructure systems or projects.
To be completed in 2025.
Related Topics: Integrated Planning & Water 
Management, Resilience, Triple Bottom Line   

                      Approach

Navigating One Water Planning through Municipal 
Water Programs: Meeting Multiple Objectives and 
Regulatory Challenges [5175]  

The project objectives are (1) to apply One 
Water planning principles and holistic water-
shed management approaches to multiple 
municipal programs, enabling utilities and 
municipalities to meet both environmental 
objectives and interconnected regulatory 
requirements (e.g., Clean Water Act [CWA] and 
Safe Drinking Water Act [SDWA]); (2) to create 
a decision framework that can help utilities 
choose from and prioritize interconnected 
projects and initiatives at utilities; and (3) to 
facilitate engagement with regulatory agencies 

and proactively identify the priorities and benefits of  
various actions, including the use of incentive-based 
strategies like water quality trading. 
To be completed in 2025.
Related Topics: Holistic Watershed Management, Integrated 
Planning & Water Management, One Water Planning 

BROAD APPROACH TO CLIMATE ADAPTATION
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Incorporating Equity and Social Dimension into 
Community Climate Adaptation Planning and Watershed 
Management [5180]

  The project objectives are (1) to identify appro-
priate metrics and measures for building  
resilient communities with equity and social 
considerations that blend lived experience of 
the community with technical expertise; (2) to 
develop holistic mitigation strategies, including 
planning-level costs to reconcile the social 
inequities associated with community climate 
adaptation and watershed management; (3) to 
develop or modify an easy-to-use supporting 
triple bottom line (TBL) tool and analysis frame-
work that incorporates the ability to identify  

who receives the benefits and who pays for them so  
utilities can better assess equity implications of various  
options; and (4) to identify the leadership roles and engage-
ment opportunities for communities when defining resilience 
and desired benefits for their communities (e.g., utilities 
and municipalities). 
To be completed in 2025.
Related Topics: Community Resilience, Equity, Integrated 
Planning & Water Management, Social Dimension, Stakeholder 
Engagement

One PFAS: A One Water Approach to Managing PFAS 
Pollution [5345]

Per- and polyfluoroalkyl substances (PFAS) 
pollution has emerged as a major public 
health and environmental challenge, particu-
larly for drinking water systems. The Occoquan 
Reservoir, a principal source of drinking water 
for up to one million residents in Northern 
Virginia, has perfluorooctanoic acid (PFOA) and 
perfluorooctanesulfonic acid (PFOS) concentra-
tions above U.S. EPA maximum contaminant 
levels (MCLs). Addressing PFAS contamination 
in this complex One Water system, which inte-
grates drinking water, wastewater, and storm-

water management, requires a coordinated and innovative 
approach. The Occoquan Reservoir faces multiple sources 
of PFAS contamination, including industrial discharges, 
water reclamation, and nonpoint sources from the sur-
rounding rapidly urbanizing watershed. The presence of 
PFAS in multiple subsystems (drinking water, wastewater, 
streams, and groundwater) complicates both detection 
and mitigation efforts. By adopting a comprehensive One 
Water approach to PFAS management, we can optimize 
interventions across subsystems to minimize costs while 
maximizing public health and water quality benefits. This 
framework promotes collaboration among stakeholders 
responsible for different parts of the water cycle and 

facilitates a holistic strategy that integrates monitoring, 
treatment, and source control.
To be completed in 2027.
Related Topics: Climate Adaptation, One Water Planning

Maximizing the Value of Natural Assets and Green 
Infrastructure at the Watershed Scale [5253]

  The objectives of this project are (a) to outline the 
benefits of natural asset management systems 
and solutions for utilities and water resource 
managers; (b) to incorporate assessment metrics 
into natural assets, which will provide a more 
complete accounting framework that can be 
scaled up to watershed and community levels, 
including initial capital investment and long-term 
impacts; and (c) to enhance an accounting and 

monetization framework for natural assets and green infra-
structure so that an effective approach to natural asset man-
agement has the confidence of utilities, government, funders, 
and financial/economic managers and regulators. 
To be completed in 2026.
Related Topics: Green Infrastructure, Natural Assets, Stormwater

Quantifying the Performance of Source Water Protection 
Measures to Improve Utilities’ Decision Making [5246]

The objectives of this project are (a) to advance 
source water protection and watershed-level 
point and non-point source pollution prevention, 
interception, and remediation strategies and 
to quantify the costs and benefits by focusing 
on high-priority situations; (b) to identify and 
prioritize performance measures for both point 
and non-point source pollution that need to 
be applied to different protection activities to 
assess the economic value, return on invest-
ment, value of ecosystem services, as well as 

operational, water quality and quantity, and ecological 
outcomes. 
To be completed in 2026.
Related Topics: Resilience, Source Water Protection, Watershed 
Management
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Integrating Nature-based Solutions and Gray 
Infrastructure to Optimize Treatment Performance [5248]

  The objectives of this project are (a) to summa-
rize and advance the state of practice of inte-
grating nature-based solutions with 
conventional/gray infrastructure treatment 
trains across different water matrices; (b) to 
assess water quality performance capabilities 
of mixed treatment trains using existing data-
sets, published literature values, and/or 
advanced tools such as simulation models; and 
(c) to identify socio-technical opportunities and 
barriers for better integration, and evaluate  
proposed solutions for energy, chemical, and/

or other operation and maintenance cost savings. 
To be completed in 2026.
Related Topics: Green Infrastructure, Nature-based Solutions, 
Systems Integration

Operationalizing the Benefits of Nature-based 
Solutions to Inform Decisions in a Changing Climate 
[5305]

The project objectives are to (a) assemble 
quantitative metrics and synthesize or correlate  
these with existing qualitative metrics used 
across disciplines to link the benefits of 
nature-based solution (NbS) to design criteria  
and implementation; (b) compare a variety of 
innovative NbS applications with conventional  
approaches according to performance, construc-
tion and operation costs, and multiple benefits; (c) 
assist decision-makers with more accurately 
valuing the benefits and tradeoffs of NbS as part 
of their holistic water management strategy.

To be completed in 2027.
Related Topics: Benefit Quantification, Climate Adaptation, 
Nature-based Solutions

Saltwater Threats to Drinking Water: Evaluating Risks 
of Corrosion and Disinfection Byproducts [5264]

  The prospect of dramatic increases in salt con-
centrations in freshwater supplies, as well as 
chronic increases in salinity, is a national concern 
and a pressing issue, especially in a changing 
climate. The objectives of this project are to 
evaluate water quality impacts of higher salinity 

concentrations in influent water on (a) corrosion control 
efficacy on lead service lines and copper with leaded solder; 
and (b) regulated and unregulated disinfection byproducts 
(DBPs), especially iodinated and brominated species. 
To be completed in 2025.
Related Topics: Corrosion Control, Freshwater Salinization, 
Salinity

Guidance for Algaecide Application in Source Waters 
[5259]

  The objective of the project is to develop a guid-
ance document that will help utilities optimize 
their algaecide application and develop moni-
toring protocols. Climate change exacerbates 
the problem of cyanobacterial blooms, as toxin- 
producing cyanobacteria blooms are increasing 

in more temperate regions, and droughts and heatwaves 
are causing areas prone to cyanobacterial blooms with 
increased frequencies.
To be completed in 2026.
Related Topics: Algaecide, Cyanobacteria, Harmful Algal Bloom

Determining the Role of Spectral Imaging as an Early 
Warning System for Presence/Significance of Algal 
Blooms [5266]

  The objective of this project is to determine the 
role of spectral imaging as an early warning 
system (EWS) for the presence and significance 
of algal blooms in water sources. In addition, 
the project will use state-of-the-art chemistry 
and microbiology to compare them with com-

monly employed in-situ monitoring methods to bridge the 
gap between monitoring in its current state and the future.
To be completed in 2026.
Related Topics: Algal Bloom, Early Warning System

Decision Support Framework for Drinking Water 
Treatment Plants Experiencing Lake Recovery [4920]

Drinking water treatment plants were histori-
cally designed to address a narrow range of 
water quality parameters, and are often not 

easily able to adapt to changes in source water quality.  
Utilities need tools to help them better understand and 
respond to long-term changes in water quality due to lake 
recovery, climate, and other drivers. This project developed 
and tested a decision support framework (DSF) for drink-
ing water treatment plants undergoing changes in source 
water quality. The resulting DSF helps utilities continue to 
supply high-quality water in an environmentally and econom-
ically sustainable manner.  
Published in 2022. 
Related Topics: Reservoir Management, Resilience, Source 
Water Protection, Water Quality

Filtration Process Control for Pathogen Removal and 
Climate Change Adaptation [5110]

In order to provide safe drinking water, utili-
ties must have accurate knowledge of how 
pathogens are removed by various treatment 

approaches and be able to predict treatment effectiveness. 
Many investigations on this subject have been conducted 



11 OF 22

CLIMATE CHANGE | CLIMATE AdApTATIoN

for systems whose source waters have relatively higher 
turbidity, because contamination by protozoa is considered 
more likely in such systems. This project provides additional 
research on pathogen removal by filtration of high-quality 
source waters with low turbidity and low dissolved organic 
carbon. This project (1) demonstrates the inadequacy of 
settled/clarified or filtered water turbidity; and (2) iden-
tifies design, operational, and/or monitoring strategies 
for ensuring that the minimum  Cryptosporidium  oocyst 
removal assumptions of various regulations are reliably, 
and cost effectively achieved. 
Published in 2024.
Related Topics:  Filtration Process, Pathogen Removal, Source 
Water

Obstacles and Solutions for Risk-Based Planning for 
Smaller Utilities and Limited Budgets [4970]

Integrated, risk-based planning can help util-
ities account for, and overcome, challenges 
such as aging infrastructure, population 
shifts, climate change, and stricter regulatory 
requirements, along with the uncertainty that 
surrounds these challenges. However, success-
ful implementation of these planning efforts 
can be out of reach for smaller utilities with 
limited resources. This project addressed this 
gap by focusing specifically on small utilities, 
proactively seeking their input in developing a 
strategy to successfully implement integrated, 

risk-based planning strategies that also address social 
equity issues within their unique constraints. This project 
developed (1) a framework that leverages and refines exist-
ing resources to address issues specific to small utilties, 
and (2) a training program to deliver tools and resources 
to small utilities in a format accessible to staff with limited 
time and resources.
Published in 2022.
Related Topics: Risk-based Planning, Smaller Utilities

Long-Term Vulnerability Assessment and Adaptation 
Plan for the San Francisco Public Utilities Commission 
Water Enterprise – Phase I [4703]

Climate change, water quality, regulatory 
changes, growth, and economic cycles are 
among many factors that create uncertainty 

and vulnerability for water systems and impact their ability 
to meet their community needs. Utilities must consider these 
factors when planning for the future. This project developed 
a long-term vulnerability assessment (LTVA) of the San 
Francisco Public Utilities Commission’s Regional Water 
System (RWS). The goal of the LTVA is to help quantitatively 
and qualitatively assess to what extent climate change will 
be a threat to the RWS in comparison to, or in combination 
with, other external drivers of change over the next 50 

years. This research provides a detailed case study of a 
decision scaling methodology, providing a systematic 
approach for addressing climate change concerns while 
also incorporating non-climate considerations. The find-
ings served as the basis for future work to explore adap-
tation pathways and identify investments  and long-term 
options to increase resilience of the RWS  infrastructure. 
Research partner: San Francisco Public Utilities Commission.
Published in 2021.
Related Topics: Risk Assessment, Utility Management

An Enhanced Climate-Related Risks and Opportunities 
Framework and Guidebook for Water Utilities 
Preparing for a Changing Climate [5056 ]

  As a follow-up to Mapping Climate Exposure and 
Climate Information Needs to Water Utility Business 
Functions (4729), the research team partnered 
with WRF, Denver Water, and the San Francisco 
Public Utilities Commission (SFPUC) to test the 
4729 framework with two Water Utility Climate 

Alliance members in order to enhance the framework and 
guidebook and to identify opportunities to accelerate the use 
of climate considerations and resilience into utility manage-
ment. The framework was pilot tested within critical business 
functions at Denver Water and SFPUC. This research will be 
useful to water utilities as they further recognize the impor-
tance of considering the effects of climate change on their 
operation and management strategy.
Published in 2021.
Related Topics: Risk Assessment, Utility Management

Mapping Climate Exposure and Climate Information 
Needs to Utility Business Functions [4729]

 This project developed a comprehensive,  
enterprise-level framework and a guidebook for 
understanding the exposure and sensitivities of 
water utility business functions to a changing  
climate. The water utility business risk and 
opportunity framework was designed to be 
applicable to a range of utility sizes, impacts, 
and functions. Though this framework specifi-
cally focuses on drinking water utilities, its 
approach has broader applicability across a vari-
ety of utility types. The application of the frame-
work and guidebook can accelerate the 

incorporation of climate considerations into everyday utility 
management.
Published in 2020. 
Related Topics: Resilience, Risk Assessment, Utility 
Management
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Urban Landscape Water Use Research [4633]
This project examined regionally specific 
research on urban landscape water use  
management strategies for water utilities. A 

literature review was conducted to assess preliminary 
research needs. The project then hosted two regional 
interactive workshops to further inform the final analysis. 
The team also evaluated alternative definitions of the 
regions that define outdoor water use patterns and pro-
gram successes and selected a practically and theoreti-
cally satisfying definition of regions that should be used as 
the basis for future research. The final report includes (1) 
an overview of landscape water use research (particularly 
peer-reviewed research) specific to climate regions with 
high landscape water use, and (2) a workshop and priori-
tized list of research needs. 
Published in 2018. 
Related Topics: Integrated Planning & Water Management, 
Resilience, Water Demand & Forecasting, Water Use & 
Efficiency

Adapting to Change: Utility Systems and Declining 
Flows [4736]

 This project investigated negative impacts 
observed by utilities during mandatory municipal 
water drought restrictions in California. It looked 
at drinking water distribution systems, waste- 
water conveyance, wastewater treatment, and 
production of reclaimed water. A survey and 
utility interviews were conducted. The research 
found that significant reductions in water 
demand, along with declining flows, resulted in 

unintended consequences throughout California’s inter-
connected urban water cycle. Understanding the system- 
wide impacts of increased conservation will help decision 
makers address California’s water challenges. This project 
produced a 2017 white paper, Adapting to Change: Utility 
Systems and Declining Flows, which provides decision 
makers, water system managers, and other stakeholders 
with an understanding of the impacts of declining flows 
resulting from substantial reductions in indoor water use, 
and how utilities are adapting. The 2019 issue brief, 
Adapting to Change: Informing Water Use Efficiency and 
Adjusting to Declining Flows, builds on the white paper 
to inform future standards, implications, and adaptions 
following the 2018 California legislation that set a provi-
sional standard for indoor residential water use of 55 gal-
lons per capita per day. Co-funding for this project was 
provided by Association of California Water Agencies, 
California Association of Sanitation Agencies, California 
Water Environment Association, and WateReuse California.
Published in 2018.
Related Topics: Resilience, Utility Management, Water Demand 
& Forecasting

Advanced Techniques for Monitoring Changes in NOM 
and Controlling DBPs under Dynamic Weather 
Conditions [4422]

This project developed an effective online  
monitoring strategy and response system to 
detect changes in the character and amount of 

NOM and its associated DBP precursor concentration  
that occurs (1) during current operating conditions, (2) 
during extreme weather events, and (3) under future  
climate change scenarios. The project evaluated the ability 
of advanced online instrumentation utilizing UV absor-
bance spectral derivative measurements to detect changes 
in the concentration and characteristics of NOM associated 
with increased DBP formation potential. Research partner: 
New York City Department of Environmental Protection. 
Published in 2016.
Related Topics: Advanced Treatment, Disinfection Byproducts, 
Emergency Response & Preparedness, Monitoring

Water Utility Planning Strategies to Mitigate Impacts of 
Climate Change in Central Ohio [4585] 

This project produced a suite of management and 
treatment strategies that water suppliers can 
apply to address anticipated changes in source 

water quantity and quality due to climate change. The project 
focused on climate change impacts in central Ohio and 
the eastern portion of the Midwest, but the approach and 
considerations from this project have broad applications 
throughout the region and the country. Tailored collaboration 
partner: City of Columbus Division of Power and Water. 
Published in 2015.
Related Topics: Resilience, Utility Management 

Dynamic Reservoir Operations: Managing for Climate 
Variability and Change [4306]

This research identified how reservoir opera-
tions can be adjusted to adapt to hydrologic 
changes associated with climate change and 

the uncertainties associated with climate variability. The 
project addressed issues such as developing and using 
dynamic rule-curves or operating criteria, and how they 
affect water quantity, water quality, flood management, 
and environmental release responsibilities of water utili-
ties. The project produced two reports: Dynamic Reservoir 
Operations: Managing for Climate Variability and Change 
(4306a) and Reservoir Operations Development Guide: The 
Theory and Practice of Developing Reservoir Operating Rules 
for Managing Multiple Objectives (4306b). Research partner: 
City of Calgary Water Resources. 
Published in 2014.
Related Topics: Reservoir Management, Resilience, Water 
Quality
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Water Quality Impacts of Extreme Weather-Related 
Events [4324] 

 This research identified and characterized 
water quality impacts of extreme weather- 
related events. In addition to the research 
report, the project developed an Excel-based 
tool to provide a means of quickly sorting and 
accessing case studies that may be relevant to 
a particular utility. Case studies can be sorted 
based on various criteria including geographic 
location, weather, water quality, year of event, 

and water source. The tool is available on this project 
page under Project Resources/Web Tools. The case studies 
can also be downloaded in one PDF document under 
Project Resources/Case Studies. Research partners: 
Water Services Association of Australia and WERF. 
Published in 2014. 
Related Topics: Emergency Response & Preparedness, 
Resilience, Water Quality

Effective Climate Change Communication for Water 
Utilities [4381]

  This project produced a guidance document to 
assist water utilities in communicating about cli-
mate change, with an emphasis on building sup-
port for water utility climate-related adaptation 
or mitigation investments or projects. A mes-
sage-mapping worksheet is included within the 
report to help water agencies develop messages 
that will build long-term support for their specific 
climate-related actions. The worksheet is also 
available under Project Resources/Project Papers 
as a Microsoft Word template for utilities to build 
their own message mapping strategy. Lastly, the 

project produced a video to provide water professionals with 
the information they need to understand the relationship 
among water, water utility needs, and climate change.
Published in 2014. 
Related Topics: Customer Relations & Stakeholder Engagement, 
Utility Management

Water/Wastewater Utilities and Extreme Climate 
Events: Case Studies on Community Response, Lessons 
Learned, Adaptation, and Planning Needs for the 
Future [4416] 

 This study discusses how water, waste- 
water, and stormwater utilities—and other local 
water resource managers—make decisions in 
response to recent extreme weather events. 
The report is based on the results of six local 
workshops, organized to include participants 
that experienced different types of extreme 
events throughout a river basin or watershed 
in various regions of the U.S. The study examines 
what happened, how information was used to 
inform decisions, what institutional dynamics 
helped or hindered, and how water utilities and 

their communities plan to manage impacts and build resil-
ience for future extreme events. Additionally, the case 
studies were published separately and are also available. 
Published in 2014.
Related Topics: Emergency Response & Preparedness, 
Resilience, Stormwater, Utility Management

Changes in Water Use Under Regional Climate Change 
Scenarios [4263]

This project studied anticipated water demands 
and use patterns under a range of climate 
change scenarios, categorized by specific cus-

tomer class and industry sector, so that water utilities may 
better plan for and respond to changing water use patterns 
as a result of climate change. The report provides recom-
mendations for water utilities to plan for and respond to 
anticipated water use patterns, and identifies key concerns 
and areas for additional analysis by region. 
Published in 2013. 
Related Topics: Resilience, Water Demand & Forecasting

Opportunities for Managing Climate Change by 
Applying Adaptive Management [4380]

This project investigated how adaptive manage-
ment techniques could be applied to managing 
water assets that were subject to potential climate 

change impacts. It was intended as an initial scoping phase, 
and commitment of further resources may be considered. 
Published in 2013.
Related Topics: Asset Management, Integrated Planning & 
Water Management, Resilience
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Water Utilities and Climate Change: A Research 
Workshop on Effective System Adaptation [4228]

  This project conducted an integrative research 
workshop bringing together utility managers, 
engineers, and planners with climate scientists 
and urban infrastructure planners to begin 
mainstreaming climate science into the com-
plex public decision process for water utility 
management, rehabilitation, and expansion in 
coastal areas. A workshop report was pub-
lished with guidelines for water utility adapta-

tion in Florida coastal areas (and, by extension, to similar 
coastal areas in other states). Tailored collaboration part-
ner: Palm Beach County Utilities Department. 
Published in 2012.
Related Topics: Integrated Planning & Water Management, 
Resilience, Utility Management

Effects of Climate Change on Water Utility Planning 
Criteria and Design Standards [4154]

Evaluates current water utility planning criteria 
and design standards for their effectiveness in 
equipping utility facilities with the features 

needed to adapt effectively to future climate conditions, with 
the purpose of assisting water utilities in the engineering of 
new facilities. Builds on the previous WRF study, Climate 
Change and Water Resources: A Primer for Municipal Water 
Providers, and focuses on the western U.S. coastal climate 
variations and how utilities can modify existing planning  
criteria and design standards to provide the flexibility to deal 
effectively with the wide range of climate uncertainty pre-
dicted. Tailored collaboration partners: Contra Costa Water 
District, Seattle Public Utilities, Los Angeles Department of 
Water and Power, and San Diego County Water Authority. 
Published in 2010.
Related Topics: Resilience, Utility Management

The Future of Research on Climate Change Impacts on 
Water: A Workshop Focusing on Adaptation Strategies 
and Information Needs [4340]

  Convened a joint workshop with NOAA, US EPA, 
NASA, and WERF to explore the implications of 
climate change to the water sector. Developed 
a final research needs report. Research part-
ner: UCAR. 
Published in 2011.
Related Topics: Resilience

Evaluating Emergency Planning Under Climate Change 
Scenarios [1655]

To meet the challenge to provide fresh water 
supplies for a growing population at a time 
of uncertainty in water supplies, municipali-
ties are using recycled water for non-potable 
needs. Water reuse from municipal and other 
treatment systems is one of the fastest growing 
sources of new water in California. Planning 
ahead for dire changes in climate or other envi-
ronmental changes due to extreme weather

events allow preparation time required to increase the 
number of viable alternatives in such situations. This proj-
ect helps water resources managers understand, assess, 
and appropriately include the impacts of climate change 
in their decisions without getting bogged down.
Published in 2013.
Related Topics: Emergency Planning, Extreme Events, Non-
potable Reuse

State Survey of Climate Change Resiliency Efforts [4730]
 Climate change affects many aspects of water 

resource management, through rising tempera-
tures, drier conditions, snowpack loss, flood 
events, and sea level rise. Sustainable water 
resource strategies, particularly water-efficiency 
strategies, can strengthen resilience to climate 
change by reducing GHG emissions, improving 
water quantity and quality, protecting watersheds, 
and improving flood management. This project 

conducted a review of laws, regulations, policies, and pro-
grams at the state level to catalog findings and identify trends. 
The researchers surveyed professionals in each U.S. state, 
including representatives from government and planning 
agencies, conservation-focused entities, and more, to aug-
ment this information. The findings shed light on current 
activities and provide real-life examples for states and regional 
entities hoping to improve their resilience to climate change.
Published in 2018.
Related Topics: Resilience
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GHG INVENTORY & LIBRARY

GHG MONITORING & METHOD COMPARISONCLIMATE MITIGATION

Establishing Industry-Wide Guidance for Water Utility 
Life Cycle Greenhouse Gas Emission Inventories [5188] 

 The project objective is to develop a utility- 
facing guidance document and supporting 
spreadsheet tool that capture current best 
practices worldwide for developing a utility GHG  
inventory over the life cycle of capital and  
operational emissions (with a specific focus on 
operational emissions). A utility-facing practical 
guidance document (covering scopes 1, 2, and 
3) with case studies will be developed, which 
can be used as a standardized document across 
geographic regions and different utility sizes.  
In addition, an open-access spreadsheet tool 

will be developed that can be further customized by a utility 
as needed. 
To be completed in 2025.
Related Topics: Greenhouse Gas Emission, Inventory, Life 
Cycle Analysis 

Developing a Greenhouse Gas Emissions Library for 
Unit Processes by Water Utilities and Decentralized 
Systems [5255]

  The objectives of this project are to (a) develop a 
standardized approach for the water sector to 
determine baseline GHG emissions according to 
common unit processes and evaluate the impact 
of process/operational changes to their systems; 
and (b) establish a “GHG Emissions Library” with 
a basic framework in place that allows future 
updates as GHG emissions data from unit pro-
cesses become more available. 
To be completed in 2026.
Related Topics: Greenhouse Gas, Emissions 
Library, Standardized Approach, Unit Process 

Greenhouse Gas Emission Inventory and Management 
Strategy Guidelines for Water Utilities [4156]

Provides a guidance document to assist 
water utilities across the United States and 
Canada in preparing GHG inventories using 
a systematic and consistent methodology.  
Assists utilities in evaluating greenhouse gas   
emissions for proposed projects or alternatives 

and highlights emission-reduction strategies that can be 
incorporated into utility business and operations. Tailored 
collaboration partner: CUWA.
Published in 2009.
Related Topics: Climate Mitigation, Energy Optimization

Head-to-Head GHG Measurement Comparisons: 
Evaluating Plant-wide and Process-specific 
Quantification Methods [5310]

The project objective is to perform GHG mea-
surements using multiple techniques at the 
same time at two or more water resource 

recovery facilities (WRRFs) to inform the industry of the 
advantages and disadvantages of each technique. The 
evaluations can guide future studies in determining ways 
to reduce GHG emissions from wastewater treatment pro-
cesses. This research effort is based on the perspective  
that North America expects to connect with multiple 
national-level organizations and their respective global 
networks to enhance information exchange and advance 
the best practices.
To be completed in 2027.
Related Topics: Climate Mitigation, Greenhouse Gas Emission, 
Method Comparison

Advancing the Understanding of Nitrous Oxide 
Emissions Through Enhanced Whole-Plant Monitoring 
and Quantification [5251]

The objectives of this project are (a) to provide 
accurate whole-plant Nitrous Oxide (N2O) emis-
sions estimates for water resource recovery 

facilities (WRRFs) that employ commonly used treatment 
processes, by employing continuous online monitoring for 
a minimum one-year period; and (b) to develop guidance 
on process conditions that lead to high N2O formation risk 
at the facilities, by monitoring other process conditions 
alongside N2O production. 
To be completed in 2026.
Related Topics: Continuous Monitoring, Nitrous Oxide, Unit 
Process 

Sewer Methane Methods for Everyone [5220]
Because collection system methane (CH4) is likely 
the wastewater industry’s largest greenhouse gas 
(GHG) source, a lower-tier GHG methodology is 

needed for utilities in the developed world. Without tools for 
accurate emissions quantification, appropriate goals for 
reduction cannot be established or met. The project will  
compare CH4 estimates from 20 to 50 sewersheds of varying 
climate, size, configurations, and operation to create a simple 
method for adoption by GHG-accounting protocols.
To be completed in 2025.
Related Topics: Climate Mitigation, Greenhouse Gas Emission, 
Wastewater
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Conveyance Asset Prediction System: Modeling and 
Mitigation [4885]

This research project sought to develop a  
tool, as well as measures and techniques for 
improving the assessment and proactive  

planning for corrosion, odor, and greenhouse gas (GHG)  
evolution in sewer collection systems. A predictive model 
for a system-wide estimate of GHGs was developed to create 
comprehensive planning tools that holistically evaluate a 
utility’s collection system to help make decisions, adopt 
mitigation methods, and implement capital programs in a 
coordinated, prioritized, science-based approach. It is 
important to understand and address the physical, chem-
ical, and biological influences in the sewer within a single, 
comprehensive model. The research team calibrated such 
a model based on collected full-scale data from a segment  
of a regional sewer. In addition, the project addressed  
production of methane (CH4) in sewers and its potential 
contribution to the overall GHG emissions inventory. The 
model is used as a basis to develop a simplified method-
ology for estimating gravity sewer CH4 production.
Published in 2020.
Related Topics: Climate Mitigation, Greenhouse Gas Emission, 
Wastewater

N2O and CH4 Emission from Wastewater Collection and 
Treatment Systems State-of-the-Science Report –  
Report of the GWRC Research Strategy Workshop [1336]

This research focused on the possible contribu-
tion by the urban water sector to the direct emis-
sion of greenhouse gases (GHG). The objective 

was to collect and develop knowledge needed to understand 
and manage the emission of N2O (nitrous oxide) and CH4 
(methane) by wastewater collection and treatment systems. 
The participating GWRC members bundled their individual 
research programs, aligned methodologies used, and 
exchanged information. These activities resulted in two 
reports: a state of the science report which presents an over-
view and synthesis of the current knowledge regarding the 
emissions of N2O and CH4 by wastewater collection and treat-
ment systems and a technical report (CC6C10b) which 
includes the details, facts, and data from the underlying stud-
ies used to develop the state of the science report.
Published in 2011.
Related Topics: Climate Mitigation, Wastewater

N2O and CH4 Emission from Wastewater Collection and 
Treatment Systems Technical Report [1337]

This research focused on the possible contribution 
by the urban water sector to the direct emission 
of greenhouse gases. The objective was to  

collect and develop knowledge needed to understand and 
manage the emission of N2O (nitrous oxide) and CH4 (meth-
ane) by wastewater collection and treatment systems. The 

participating GWRC members bundled their individual 
research programs, aligned methodologies used, and 
exchanged and discussed information. These activities 
resulted in two reports: a state of the science report which 
presents an overview of the current knowledge regarding the 
emissions of N2O and CH4 by wastewater collection and treat-
ment systems and a technical report which includes the 
details, facts, and data from the underlying studies used to 
develop the state of the science report.
Published in 2011.
Related Topics: Climate Mitigation, Wastewater

Evaluation of Greenhouse Gas Emissions from Septic 
Systems [1362]

The objective of the research was to obtain more 
accurate data on greenhouse gas emissions from 
septic tank systems, focusing on methane emis-

sions from conventional septic systems. The project consisted 
of a literature review, construction of flux chambers, devel-
opment of sampling techniques and protocols for gas sampling 
from septic tank system and ventilation systems, identification 
and selection of field sites, collection of gas samples, data  
analysis, and estimation of the GHG emission rate values.
Published in 2010.
Related Topics: Climate Mitigation, Wastewater

Methane Evolution from Wastewater Conveyance [1776]
Wastewater collection systems could be a sig-
nificant source of methane (CH4) emissions  
with readily biodegradable organic waste convey-

ing through predominantly anoxic and anaerobic conditions 
in well-insulated, below-ground infrastructure. However, 
the Intergovernmental Panel on Climate Change (IPCC)  
published the 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories which states that “In most 
developed countries and in high-income urban areas in 
other countries, sewers are usually closed and under-
ground. Wastewater in closed underground sewers is not 
believed to be a significant source of CH4.” This project 
attempts to understand CH4 evolution by measuring and 
modeling methane emissions from a few collections  
systems to confirm or refute the hypothesis supported by 
the IPCC. The report documents the research methodology, 
data collection effort, and results of the study.
Published in 2012.
Related Topics: Climate Mitigation, Wastewater

Methane Evolution from Lagoons and Ponds [1778]
The objective of this research study was to 
examine greenhouse gas (GHG) emissions from 
facultative sludge lagoons and oxidative ponds 

through direct measurement of CH4 flux from these 
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systems under operating conditions. The report summa-
rizes and documents the research methodology, data  
collection effort, and results from the work conducted 
under this study in order to provide a better understanding  
of the wastewater treatment industry’s GHG emissions.
Published in 2013.
Related Topics: Climate Mitigation, Wastewater

Flare Efficiency Estimator and Case Studies [1779]
This research increases awareness about the 
combustion efficiency of candlestick flares and 
advances understanding of the fugitive emis-

sions from gas flaring operations. As part of this work, the 
research team created the Flare Efficiency Estimator (FEE) 
tool that can be used to input local operating conditions 
and parameters to estimate flare efficiency. The report 
provides the details of the FEE including a brief overview 
of prior research on flares, the calculation methodology, 
and a description of the user interface for the estimator 
tool. Two case studies provide examples of where the FEE 
was used to estimate fugitive GHG emissions using actual 
site data and conditions.
Published in 2013.
Related Topics: Climate Mitigation, Wastewater

Greenhouse Nitrogen Emissions from Wastewater 
Treatment Operation: Phase I – Molecular Level 
through Whole Reactor Level Characterization [1791]

This project is one of the first attempts to  
characterize nitrogenous greenhouse gas 
(N-GHG) emissions from wastewater treatment  

plants using a standard analytical approach to  
collect full-scale plant data from BNR facilities in the United 
States. The results of this study will be integrated into  
mechanistic activated sludge process models, which will be 
refined by the addition of autotrophic pathways for N2O and  
NO emissions. The refined mechanistic models will allow 
the wastewater industry to mitigate N2O and NO  
emissions from a range of wastewater treatment pro-
cesses by understanding the pathways leading to N2O gen-
eration and emissions. With this understanding, the 
wastewater sector will be able to engineer strategies for 
wastewater treatment that minimize gaseous nitrogen 
oxide emissions. Originally funded as WERF project U4R07.
Published in 2012.
Related Topics: Climate Mitigation, Wastewater

Greenhouse Nitrogen Emissions from Wastewater 
Treatment Operations – Phase II: Molecular Level 
through Whole Reactor Level Characterization [1792]

This project continued the research into micro- 
biological pathways involved in the formation and 
emission of nitrous oxide (N2O) from wastewater 

treatment processes in Phase II by building on previous work 

by the project team (WERF U4R07). This report focuses on 
the impact of process conditions such as glycerol-based 
denitrification in a full-scale nitritation-denitritation process, 
anoxic-oxic cycling, and inorganic carbon limitation. Because 
plant operations have a key role in N2O emissions, the report 
provides insight into the mechanisms influencing emissions 
and direction to ultimately create environmentally sustain-
able BNR operating strategies and configurations. Originally 
funded as WERF project U4R07b.
Published in 2015.
Related Topics: Climate Mitigation, Wastewater

Quantifying Nitrous Oxide and Methane Emissions from 
Biofilm [4873]

This research addresses the formation of 
nitrous oxide (N2O), a potent greenhouse gas 
that is formed in wastewater treatment biofilm 

processes. The research primarily relied on mathematical  
modeling, but also included lab-scale experiments and 
field campaigns at full-scale treatment plants. Since  
accurate model development takes many years to reach the 
goal of a fully reliable predictive model that provides value to 
treatment design engineers and operators, this research 
provides a theoretical underpinning that can support further 
research on lab, pilot, and full-scale systems.
Published in 2018.
Related Topics: Climate Mitigation, Wastewater 

Balancing Carbon Management, Energy Production, 
Nutrient Removal and Densification [5271] 

The objective of this research is to frame the 
redefinition of the wastewater industry with  
a focus on the activated sludge process. 

Systematic testing of several biological nutrient removal 
configurations will quantify the impacts of influent carbon 
use and diversion on energy production, nutrient removal, 
and sludge densification.
To be completed in 2026.
Related Topics: Carbon Management, Energy Production, 
Nutrient Removal

Tradeoffs Between Process Optimization, GHG 
Mitigation, and Energy Efficiency [5288] 

The project objectives are to (a) develop a frame- 
work for integrated evaluation of the ben-
efits (e.g., reduction of GHG emissions and 

enhancement of energy efficiency) and costs (e.g., cap-
ital expenditure (CAPEX), operating expenditure (OPEX), 
social cost of GHG emissions, and operational complexity)  
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that wastewater and water utilities can apply at a unit 
operations and systems level; (b) provide a harmonized 
benchmarking framework to assess the value of existing 
treatment systems within the current regulatory construct 
and framework. This objective recognizes that future 
frameworks for evaluation may be different, due primarily 
to non-stationarity in the systems from climate impacts; 
(c) offer recommendations for reducing GHG emissions 
through the use of energy-efficient technologies, process 
optimization, and/or implementation of new treatment 
processes.
To be completed in 2027.
Related Topics: Climate Mitigation, Greenhouse Gas Emission, 
Process Optimization

Mitigation Strategy Plan for Direct Greenhouse Gas 
Emissions from Biological Nutrient Removal (BNR) 
Processes in New York City [5072]

The objective of this project is to develop a  
process-specific N2O monitoring and mitigation 
strategy plan for BNR, which can also be  

followed for other processes, to control N2O production and 
emissions from the operations at water resource recovery 
facilities (WRRFs).
To be completed in 2025.
Related Topics: Biological Nutrient Removal, Nitrous Oxide

Beyond Net Zero: Advancing Interdependencies 
Between Utility Greenhouse Gas Emission Reductions 
and Water-Energy-Food Nexus [5187]

The project objectives are (1) to develop a  
decision support framework and operational 
guidelines for water resource recovery facilities 

(WRRFs) to achieve net-zero carbon and beyond (e.g., 
through water-energy-food nexus); and (2) to synthesize 
case studies worldwide (e.g., North America, Europe, Asia, 
and Australia) that can help demonstrate the applicability 
of decision support framework for broader uses. 
To be completed in 2025.
Related Topics: Carbon Offset, Greenhouse Gas Emission, 
Water-Energy-Food Nexus

Projecting Energy and Greenhouse Gas Emissions 
Implications of Capital Improvements Projects: 
Developing a Framework for Quantifying Energy 
Optimization Reporting [5091]

The objectives of this project are to estimate the 
energy implications of planned capital improve-
ment projects and to document potential energy, 

greenhouse gas emissions, and cost savings.
To be completed in 2025.
Related Topics: Capital Improvement, Energy Optimization

Process Intensification and Decarbonization via 
Carbon Management: Pilot-scale Demonstration of the 
Triple A Settler Technology in Municipal Wastewater 
Treatment [5346]

To increase sustainability, our society and 
utilities need to ‘decarbonize,’ i.e., reduce 
anthropogenic carbon emissions linked to 

global climate change. At water resource recovery facil-
ities (WRRFs), decarbonization efforts are often focused 
on redirecting influent carbon from the energy intensive 
aerobic treatment step to the anaerobic solids handling 
processes. The project objective of this study is to evaluate 
a pilot Alternating Activated Adsorption (AAA or Triple A) 
settler using influent wastewater from a WRRF in Colorado. 
The results of the pilot will be used to complete a whole 
plant mass and energy balance using process, energy, 
greenhouse gas, and operating cost models.
To be completed in 2027.
Related Topics: Climate Mitigation, Greenhouse Gas Emission, 
Process Optimization

Optimization of Energy and Water Quality Management 
Systems for Drinking Water Utilities [4271]

This project addressed the reduction of green-
house gases (GHGs) while optimizing the level 
of energy efficiency at drinking water facilities. 

Specifically, this study synthesized and assessed the grow-
ing body of information on the Energy and Water Quality 
Management System (EWQMS) framework; developed a 
functional specification for a GHG module that will be 
incorporated into EWQMS software; and implemented a 
pilot version of the modified EWQMS software at water 
utilities. Research partner: California Energy Commission. 
Published in 2015.
Related Topics: Energy Optimization

Toolbox for Water Utility Energy and Greenhouse Gas 
Emission Management [4224]

  This project evaluated, compared, and contrasted 
process models, impact assessment methods, 
and performance indicators used by water utili-
ties in North America, Europe, South Africa, and 
Australasia to evaluate their energy use and 
greenhouse gas (GHG) emissions. The project 

also identified how these tools can be used to support man-
agement decisions at water utilities. The report discusses 
implications of differences, investigates opportunities towards 
a harmonized assessment method, and provides recommen-
dations. Research partners: NYSERDA and GWRC. 
Published in 2013.
Related Topics: Energy Optimization, Utility Management
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Evaluation of Performance and Greenhouse Gas Emissions 
for Plants Achieving Low Phosphorus Effluents [1523]

This project evaluated operational practices  
and performance results for water resource 
recovery facilities designed to meet very low 

effluent total phosphorus (TP) concentrations, focusing on 
what can be learned from existing facilities to help utilities 
operate more sustainably while achieving the necessary 
level of performance. The researchers identify design and 
operating practices that impact phosphorus removal  
performance and consumption of resources.
Published in 2015.
Related Topics: Climate Mitigation, Wastewater

Sustainable Energy Optimization Tool – Carbon Heat 
Energy Assessment Plant Evaluation Tool (CHEApet) 
[1544]
A web-based plant-wide energy model considers all forms 
of energy (calorific, electric, thermal, and recovered biogas 
from cogeneration) as well as Greenhouse Gas emission 
predictions.
Published in 2011.
Related Topics: Energy Optimization, Climate Mitigation

Building a Climate-Ready Regulatory System [4239]
  This research developed (1) a summary of U.S. 

legislation and regulation that poses con-
straints to water utilities in reducing GHG emis-
sions; (2) a summary of unique legislative and 
regulatory frameworks in other countries and 
individual states that could be adapted to the 

national legislative and regulatory framework; and (3) 
opportunities for new legislative and regulatory options 
and flexibility to help utilities optimize costs and levels of 
service and reduce environmental impacts. Two publica-
tions are available: Building a Climate-Ready Regulatory 
System (4239) and An Executive White Paper and Action Plan 
(4239b). Research partner: AWWA. 
Published in 2012.
Related Topics: Energy Optimization, Regulations, Resilience

Economic Framework and Tools for Quantifying and 
Monetizing the Triple Bottom Line Benefits of Green 
Stormwater Infrastructure [4852]

  Green infrastructure (GI) programs can reduce 
stormwater runoff and help meet water quality 
standards related to combined sewer overflows, 
municipal separate storm sewer systems, and 
total maximum daily load targets. GI practices can 
also yield important co-benefits, including beau-

tifying communities, reducing flood risks, enhancing climate 
resilience, improving air quality, creating jobs, and more. 
There is a need to better quantify and monetize these benefits 

through a triple bottom line (TBL) approach. This project pro-
vides stormwater managers and practitioners with a  
systematic approach for quantifying and monetizing the finan-
cial, social, and environmental benefits of GI at the community, 
watershed, or neighborhood scale. An accompanying  Excel-
based tool, case studies, and a guidance document provide 
essential information and calculations that allow users to 
quantify the TBL benefits and compare benefits to costs of GI 
scenarios in support of holistic stormwater management.
Published in 2021.
Related Topics: Air Quality, Carbon Sequestration, Green 
Infrastructure

Groundwater Degradation from Carbon Dioxide at 
Geological Carbon Sequestration Sites [4265]

The purpose of this project was to identify  
groundwater quality impacts resulting from 
migration of CO2 from geologic carbon sequestra-

tion projects, and consider impacts of physical and chemical 
changes associated will varying levels of contaminant migra-
tion or displacement associated with underground storage 
and sequestration of CO2. An understanding of how the 
chemistry of near surface groundwater may be impacted by 
a CO2 leak from a carbon capture and sequestration project is 
important for monitoring near surface groundwater resources. 
This knowledge can be used to develop groundwater monitor-
ing protocols and to realistically assess risk to near-surface 
groundwater resources. 
Published in 2013.
Related Topics: Carbon Sequestration, Groundwater 
Management & Protection
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Developing an Environmental, Social, and Governance 
(ESG) Framework for Water Utilities [5206] 

  The project objectives are (1) to develop a water 
sector specific environmental, social, and  
governance (ESG) framework and address 
related topics; and (2) to prepare a user-friendly 
ESG framework report with synthesis of case 
studies for water utilities. 
To be completed in 2025.
Related Topics: Environmental, Social, and 
Governance (ESG), Sustainability Reporting

Using Climate Information in Water Utility Planning [5054] 
 This project convened a workshop for water utili-

ties in the northwest United States designed to 
improve the delivery of resources for small- to 
medium-size water utilities to help them build 
their resilience to climate change. Through a 
survey, focus groups, and a workshop, an 
understanding of utility climate planning needs 
and strategies to support them was developed, 
and resources for climate resilience planning 
were provided. This effort also resulted in the 
webinar series, Our Changing Precipitation: A 
Conversation on the Science of Precipitation 

and Planning for the Future, hosted by NOAA and WRF.
Published in 2021.
Related Topics: Climate Information, Resilience by Small- to 
Medium-Size Water Utilities

Enhancement of Resilience to Extreme Weather and 
Climate Events: Proactive Flood Management [4842]
See page 2.

Holistic Approaches for Flood Mitigation Planning and 
Modeling under Extreme Wet Weather Events and 
Climate Impacts [5084]
See page 1.

Decision Support Framework for Drinking Water 
Treatment Plants Experiencing Lake Recovery [4920]
See page 10.

Long-Term Vulnerability Assessment and Adaptation 
Plan for the San Francisco Public Utilities Commission 
Water Enterprise – Phase I [4703]
See page 11.

Community-Enabled Lifecycle Analysis of Stormwater 
Infrastructure Costs (CLASIC) [4798]
See page 2.

An Enhanced Climate-Related Risks and Opportunities 
Framework and Guidebook for Water Utilities Preparing 
for a Changing Climate [5056]
See page 11.

Mapping Climate Exposure and Climate Information 
Needs to Utility Business Functions [4729]
See page 11.

Climate-Resilient Planning for Urban Stormwater and 
Wastewater Utilities: Workshop Proceedings [5001]
See page 2.

An Action Agenda for the Water Sector to Advance Methods 
for Achieving Integrated Climate Resilience [5058]
See page 2.

An Integrated Modeling and Decision Framework to Evaluate 
Adaptation Strategies for Sustainable Drinking Water Utility 
Management Under Drought and Climate Change [4636]
See page 5.

Impacts of Climate Change on Honolulu Water Supplies 
and Planning Strategies for Mitigation [4637]
See page 5.

Assessment of the Impacts of Climate Change on 
Reservoir Water Quality [4468]

This project produced a comprehensive assess-
ment of the impacts of climate change on  
reservoir water quality under a range of climatic 

scenarios. The aim of the project was to determine how 
risks will propagate and change with a changing climate. 
Risks to reservoir water quality include both those that are 
generated externally and enter during rain event inflows 
and those that are generated within the reservoir. Research 
partner: Water Research Australia. 
Published in 2018. 
Related Topics: Reservoir Management, Resilience, Risk 
Assessment, Water Quality

Urban Landscape Water Use Research [4633]
See page 12. 

Adapting to Change: Utility Systems and Declining 
Flows [4736]
See page 12.
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Advanced Techniques for Monitoring Changes in NOM 
and Controlling DBPs under Dynamic Weather 
Conditions [4422]
See page 12.

Drought Management Strategy – Learning from 
Australia [4640]
See page 5.

Impact of Climate Change on the Ecology of Algal 
Blooms [4382]

This project describes how climate change may 
affect the frequency, severity, and types of algal 
blooms that impair water quality in reservoirs 

and lakes that serve as sources of drinking water. 
Published in 2015.
Related Topics: Cyanobacteria & Cyanotoxins, Integrated 
Planning & Water Management, Nutrients, Reservoir 
Management 

Drought Management in a Changing Climate: Using Cost- 
Benefit Analyses to Assist Drinking Water Utilities [4546]
See page 5.

Water Utility Planning Strategies to Mitigate Impacts of 
Climate Change in Central Ohio [4585]
See page 12.

Developing Robust Strategies for Climate Change and 
Other Risks: A Water Utility Framework [4262] 

  This project identified the most likely vulnera-
bilities typically associated with climate change, 
provided utilities with a tool to assess their own 
utility-specific vulnerabilities, and produced a 
suite of risk management tools to assist utili-
ties in identifying appropriate strategies and 

actions to respond to the vulnerabilities that are identified. 
Research partners: NYSERDA and WSAA. 
Published in 2014. 
Related Topics: Resilience, Risk Assessment

Dynamic Reservoir Operations: Managing for Climate 
Variability and Change [4306]
See page 12. 

Water Quality Impacts Of Extreme Weather-Related 
Events [4324]
See page 13.

Water/Wastewater Utilities and Extreme Climate and 
Weather Events: Case Studies on Community Response, 
Lessons Learned, Adaptation, and Planning Needs for the 
Future [4416]
See page 13. 

Changes in Water Use Under Regional Climate Change 
Scenarios [4263]
See page 13. 

Effects of Lake Erie Water Quality Changes on 
Disinfection Byproduct Formation [4302]

This purpose of this project was to understand 
the relationships between Lake Erie algal  
population, dissolved organic matter, and DBP 

formation and if water quality can be attributed to climate 
change. The work documents how water quality changes 
can impact treated drinking water quality and helps to 
better prepare water agencies for such changes. Tailored 
Collaboration partner: City of Cleveland Division of Water. 
Published in 2013.
Related Topics: Disinfection Byproducts, Water Quality

Joint Front Range Climate Change Vulnerability  
Study [4205]

This project assessed changes in the timing 
and volume of hydrologic runoff that might be 
expected from several climate change sce-

narios for years 2040 and 2070 for the Front Range of 
the United States. Two hydrologic models, the WEAP 
(Water Evaluation and Planning) model and the 
Sacramento Soil Moisture model, were calibrated and 
implemented, and drew on historical streamflow data 
from the Colorado Water Conservation Board, regionally 
downscaled projections from the Bureau of Reclamation, 
and discussions with Western Water Assessment. 
Tailored Collaboration partners: City of Aurora Utilities, 
Colorado Springs Utilities Department, City of Boulder, 
Denver Water, City of Fort Collins Utilities, and Northern 
Colorado Water Conservancy District. 
Published in 2012. 
Related Topics: Resilience, Source & Receiving Waters

Building a Climate-Ready Regulatory System [4239]
See page 19. 

Estimating Salinity Effects Due to Climate Change on 
the Georgia and South Carolina Coasts [4285]

This project studied the effects of potential 
changes in the frequency and magnitude of 
salt-water intrusion events under forecasted 

climatic and sea level conditions on stakeholders in the 
Pee Dee and the Lower Savannah River basins of North 
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Carolina, South Carolina, and Georgia. This information 
can be used to assess the potential impacts of global climate 
change on salt-water inundation of the water intakes of 
coastal utilities. Tailored collaboration partner: Beaufort-
Jasper Water & Sewer Authority. 
Published in 2012.
Related Topics: Risk Assessment, Source Water Protection

Groundwater Sustainability Under Climate Change:  
A Literature and Research Review [4325]

This research provides a preliminary evalua-
tion of potential impacts of climate change on 
groundwater resources, identifies potential 

impacts for groundwater systems, and develops recom-
mendations for further investigation. Published in 2012. 
Includes an Annotated Bibliography under Project Papers.
Published in 2012.
Related Topics: Groundwater Management & Protection, 
Resilience, Risk Assessment

Climate Change in Water Utility Planning: Decision 
Analytic Approaches [3132]

Identifies vulnerabilities of drinking water utilities 
to changing climate conditions and the adapta-
tions drinking water utilities will need to make 

to manage risk, given unavoidable uncertainties regarding 
the specific nature of future changes in local hydrologic 
conditions. Also develops flexible and responsive short- and 
long-term management strategies to help utilities deal 
effectively with this new source of uncertainty when planning 
for and implementing changes in response to climate 
change. Research partner: NCAR. 
Published in 2011.
Related Topics: Risk Assessment, Resilience, Utility 
Management

Technical Briefings for Navigating Climate Change 
Information and Data [4204] 

  This project provides a set of technical briefing 
fact sheets describing the scale of the challenge, 
robust approaches, and resources available to 
U.S. water and wastewater utilities seeking to 
increase their resilience to climate change 
risks over the next 20-50 years. The technical 
briefings help utilities to match their individual 
needs to available data and technical capacities. 
Research partners: UKWIR, WERF, and NCAR. 

This series of 10 fact sheets guides readers through the 
terminology, concepts, models, and observations relevant 
to climate change, par ticularly as it relates to wastewater 
and storm water. It provides wastewa ter and stormwater 
service providers a summary of infor mation and resources 
available on the effect of climate change in the areas of 

water quality, hydrology, sea level, and vulnerability to 
risk. 
Published in 2010.
Related Topics: Integrated Planning & Water Management, 
Resilience, Risk Assessment, Stormwater

Guide to Climate Change Risk Information – A Series of 
Technical Fact Sheets [1333]

This series of 10 fact sheets guides readers 
through the terminology, concepts, models, and 
observations relevant to climate change. The 
fact sheets provide information on climate data 
collection efforts, resources, and tools/mod-
els currently available. It provides wastewater 
and stormwater service providers a summary 
of information and resources available on the 
effect of climate change in the areas of water 
quality, hydrology, sea level, and vulnerability 
to risk.
Published in 2009.

Related Topics: Integrated Planning & Water Management, 
Risk Assessment

The Future of Research on Climate Change Impacts on 
Water: A Workshop Focusing on Adaptation Strategies 
and Information Needs [4340]
See page 14. 

Potential Groundwater Quality Impacts Resulting From 
Geologic Carbon Sequestration [4203] 

Assesses potential impacts of underground 
carbon sequestration on the quality of ground-
water supplies and identifies related knowledge 

gaps and research needs. Research partner: AWWA. 
Published in 2009.
Related Topics: Groundwater Management & Protection, 
Integrated Planning & Water Management, Risk Assessment, 
Water Supply Planning

Climate Change and Water Resources: A Primer for 
Municipal Water Providers [2973] 

Summarizes the best available scientific  
evidence on climate change, including both 
natural changes and changes that may be 

caused by human activities. Focuses on what is known about 
the implications of climate change for the water cycle and 
the availability and quality of water resources. Also provides 
guidance on planning and adaptation strategies. Includes a 
CD-ROM. Research partner: NCAR. 
Published in 2006. 
Related Topics: Resilience

State Survey of Climate Change Resiliency Efforts [4730]
See page 14. 
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