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WHAT IS CNAP?

MISSION: 
To improve resilience in California and 
Nevada by providing decision makers 
usable climate information through 
integrating cutting edge physical and 
social science.
CNAP, California Nevada Applications Program, has a long 
history of providing cutting edge climate science to stakeholders 
in the region. The program began with an emphasis on California 
issues in 1999 as the California Applications Program (CAP). In 
2011 the team expanded its geographic scope to include Nevada 
and became CNAP. CNAP’s core priority sectors include 
understanding the effects of climate variation and change on water 
resources, natural resources and coastal resources, along with 
other linked systems including societal components. 
 
In 2005, CNAP took a leading role in developing the California 
Climate Assessments and has continued in this role since. 
CNAP has built credibility as non-partisan developers of climate 
science on the regional scale and has experience working with 
stakeholders to make the information actionable. This year is 
no exception; many of the projects and outcomes are related 
to capacity building. Most significant, was a report developed 
with two planners from the American Planning Association that 
detailed a proposed framework for collaborative climate resilience 
planning with a focus on environmental justice. Geographically the 
framework is for San Diego, but has wider applicability for other 
jurisdictions in California, and more broadly, even nationally. 
Along with the report itself, we created an executive summary, 
a fact sheet, published an Op Ed, were interviewed by NPR 
and presented to eleven different groups about the framework. 
We also built capacity within Nevada’s Department of Water 
Resources to respond to the ongoing severe drought in the 
state.  Another effort was to build the adaptation community’s 
capacity to understand the complexities and communicate around 
the topic of retreat, particularly as it relates to sea level rise. 
One of the new partnerships we developed last year, with the 
Pacific Crest Trail (PCT) Association, has continued. Through 
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a presentation to the PCT Association and an article about climate change along the PCT, we 
have enabled the PCT Association to begin incorporating climate change information into their 
communication with the hikers on the PCT and their planning process. 

CNAP enhanced our reach and communications related to drought as California and Nevada 
continue in the third year of a severe drought. CNAP partnered with the National Drought 
Information System (NIDIS) to produce monthly Drought Status Updates that reach a wide 
audience and continue to be read by many. CNAP researchers contribute to the current 
conditions and highlight weather and climate changes that can better characterize the drought 
status and its evolution. The Drought Status Updates have become a resource for agencies and 
media to summarize the current drought conditions, especially as the effects of the drought have 
endured into the third year. Through the Drought Status Updates and other partner interactions, 
CNAP also continues to communicate the connection between the Evaporative Demand Drought 
Index (EDDI) and fire risk now and in the future. 
CNAP’s success in being a credible source of climate information is based on a very strong 
scientific foundation. Continuing this work has resulted in scientific research results that 
have implications for policy and management. Throughout this last year, CNAP has pushed 
forward research with California Department of Water Resources as it relates to water use 
and agriculture. This research of CNAP’s provides a scientific foundation that state and federal 
agencies use to identify what adaptations could help mitigate climate change impacts.  

 All the work CNAP has completed throughout this last year fits nicely into the CNAP logic 
model, which is shown below.
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CNAP program model highlights the outcomes, or what the type of products it produces including 
scientific journal articles, reports, stakeholder workshops, and mentoring early career scientists. 
The program model also describes the short-term, near-term, and long-term goals for the program.

PRIORITIES
z Water resources 

(drought/ flooding/
heat waves)

z Natural resources 
(wildfire)

z Coastal Resources 
sea level rise  
and extremes, 
coastal   
climates

PROGR AM E VA L UAT ION

OUTCOMES – IMPACTCONTEXT
z Considerable 

climate research 
in CA & NV —but 
insufficiently linked to 
needs of stakeholders

z Accelerating climate 
risks to water, natural, 
& coastal resources

z Increasing stakeholder 
readiness for climate 
adaptation

z Awareness of 
equity dimension of 
resilience growth

z Changing political 
landscape 

z On-going CA climate 
assessments, DEWS 
& growing number of 
adaptation policies

OUTPUTS – ACTIVITIES & 
DELIVERABLES

LONG-TERM
Increased 
community 
& ecosystem 
resilience to climate 
impacts

L1 Greater 
appreciation for 
social-ecological 
systems

L2 More sustainable 
water resource 
management

L3 Improved 
natural resource 
management for 
resilience

L4 Better prepared 
communities

L5 Improved or 
maintained human 
health & well-being

MID-TERM
Increased use of 
climate information 
in decisions & policy

M1 Greater awareness 
of CNAP as trusted 
information source

M2 Improved science-
policy interactions

M3 Greater confidence 
in climate 
information use 

M4 Better integrated 
adaptation 
strategies

M5 More equitable 
adaptation policies 

NEAR-TERM
Improved 
understanding 
& impact on the 
decision landscape

N1 Identified barriers 
to info use

N2 Enhanced 
vulnerability 
assessments in 
target climate-
sensitive areas

N3 Identified & 
responded to info 
& tool needs

Stakeholders 
demonstrate:
N4 Improved skills in 

stakeholder use of 
info, tool use

N5 Increased 
awareness & 
understanding of 
climate risks

N6 Elevated 
motivation to act

INPUTS
z Staff expertise
z Time 
z Institutional resources/ 

facilities
z Equipment & materials
z Leveraged expertise, 

data, knowledge & 
resources from related 
projects

z Stakeholder time
z Stakeholder data & 

expertise

PARTNERS
z Resource managers
z Planners
z NGOs
z Elected officials & staff
z Academic
z Other climate agencies
z Community opinion 

leaders

RESEARCH
z User-inspired physical science 

research, data & publications
z User-inspired social science research 

& publications
z Integrated, multi-, & inter-disciplinary 

research & publications

ENGAGEMENT,
COMMUNICATION &
OUTREACH
z Stakeholder elicitation of information 

needs
z Research co-design with stakeholders
z Co-delivery of research results, tools
z Public education, policy briefings, etc.

MENTORING, CAPACITY
BUILDING 
z Fostering capacity among graduate 

students, post-docs, and early-career 
faculty for stakeholder-engagement, 
cross-disciplinary science 

z Training of stakeholders in appropriate 
information & tool use

z Integration of lessons from evaluation 
into all program activities
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C N A P  T E A M  R O L E S / R E S P O N S I B I L I T I E S

DRI
z Tamara Wall

z Tim Brown

z Justin Huntington

z Nina Oakley*

z Kristin VanderMolen*

z Dan McEvoy*

z Nick Kimutis*

z Provide leadership to 
the social science team 
and guide collaborative 
interdisciplinary efforts   
(CA/NV)

z Primary support for 
social science research in 
Nevada and California

z Focus on Nevada 
stakeholder climate 
information needs 

z Provide support and 
expertise to California-
based team members

z Train postdocs and early-
career faculty

z Support evaluation design 
and implementation

z Co-manage media and 
social media outreach and 
engagement

SCRIPPS
z Dan Cayan

z Julie Kalansky*

z David Pierce

z Alexander Gershunov

z Haley Mcinnis*

z Tom Corringham*

z MIke Dettinger

z Provide leadership to the 
physical science team   
(CA/NV) 

z Lead role in physical 
science research

z Focus on California 
stakeholder climate 
information needs

z Provide support and 
expertise to Nevada-based 
team members

z Train postdocs and early-
career faculty

z Overall program 
management

z Co-manage media and 
social media outreach and 
engagement

ADDITIONAL
SUPPORT
z Susanne Moser, Moser 

Research & Consulting 

—Social science 
research in California

—Support evaluation 
design and 
implementation

z LeRoy Westerling,   
UC Merced

—Research on wildfire 
and climate impacts in 
the Sierra Nevada

z Shraddhanand Shukla*   
UC Santa Barbara

—Drought monitoring 
and forecasting

z Dennis Lettenmaier, UCLA

—Hydroclimatology

z Duane Waliser, JPL

—Atmospheric sciences

* Early Career CNAP 
Scientists, postdoctoral 
fellows, or students.

ADVISORY
COMMITTEE
z Michael Anderson, 

California State 
Climatologist, California 
Department of Water 
Resources

z Kristen Averyt,  
Climate Policy Coordinator 
at State of Nevada

z Susan Kocher,   
Forestry/Natural Resource 
Advisor, Central Sierra 
Cooperative social media 
outreach and engagement

CNAP Researchers and the CNAP advisory committee. Throughout the year met quarterly 
with the advisory committee both as a larger group and in smaller groups with each advisory 
committee member. 
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PROUDEST ACCOMPLISHMENT 
THIS PAST YEAR: 
COLLABORATIVE PLANNING FOR  
CLIMATE RESILIENCE
IN COLLABORATION WITH THE American Planning 
Association, CNAP developed a white paper entitled 
Collaborative Planning for Climate Resilience. The report 
evaluates the varied set of climate-related hazards and the array 
of local and regional planning bodies in the San Diego region 
resulting in a deeper understanding of local knowledge related 
to climate and impacts. To strengthen the region’s resilience 
to growing climate change impacts, the report recommends a 
planning framework for improved coordination among public 
agencies, research institutions, non-governmental organizations, 
and other stakeholders—one that can be replicated in other 
regions. Integrating climate justice in resilience planning is 
emphasized throughout this framework, recognizing needs of 
disadvantaged communities that are particularly susceptible 
to climate change impacts. By emphasizing the importance of 
collaboration in adaptation, the report provided a framework of 
how the region could self-organize to build environmentally just 
resilience. 

The report was reviewed by 24 external reviewers whose 
comments significantly helped improve the report and sharpen the 
findings of the report. Below are some key findings of the report: 

Climate projections indicate continued warming, sea level rise, 
and changing precipitation patterns. Of particular concern is 
when extreme weather occurs on top of longer term changes, 
producing heat waves, floods, and severe wildfire risk. The region 
must cope with increased likelihood of compound impacts when 
extreme events co-occur or happen sequentially exacerbating the 
impacts.
By adopting a framework that integrates existing regional planning 
efforts and local government general plans, public agencies in the 
region can create a more coordinated approach, building a more 
resilient region to climate change impacts (Figure 1). 

https://cnap.ucsd.edu/2021/06/30/collaborative-planning-for-climate-resilience/
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• Preparation for widespread impacts must consider the San Diego 
region’s infrastructure, natural resources, coastal resources, and 
public health and safety. Especially urgent is to develop support for 
disadvantaged communities that may be disproportionately affected 
and particularly vulnerable to climate change and climate extremes.

• A cross-jurisdictional, interdisciplinary approach leads to cost-
effective strategies and actions that can be implemented in a 
climate-smart and timely manner. Further, an integrated approach 
can address the needs and help to end discriminatory practices 
affecting disadvantaged communities, including communities of 
color, low-income communities, tribal communities, and certain 
rural areas in the region.

In an effort to communicate the integrated collaborative planning 
approach, we prepared an executive summary, a one page fact sheet 
and an editorial in the San Diego Union Tribune. All can be found on 
the report’s webpage (https://cnap.ucsd.edu/2021/06/30/collaborative-
planning-for-climate-resilience/). In addition, we made eleven 
presentations that largely targeted the planning community but also 
reached a diversity of audiences. 

PRESENTATIONS: 
American Planning Association, San Diego Section
  August 9, 2021
San Diego Audubon Society  August 27, 2021
Stay Cool  August 27, 2021
San Diego Regional Chamber of Commerce  September 2, 2021
San Diego League of Women Voters  September 13, 2021
San Diego Regional Climate Collaborative  September 14, 2021
American Planning Association, California Chapter  
  September 14, 2021
San Diego Integrated Regional Water Mgmt Program  
  February 2, 2022
American Planning Association,
Regional & Intergovernmental Planning Division  
  March 15, 2022
Urban Land Institute Infrastructure Forum  April 20, 2022
American Planning Association National Conference  
  May 2, 2022

https://cnap.ucsd.edu/2021/06/30/collaborative-planning-for-climate-resilience/
https://cnap.ucsd.edu/2021/06/30/collaborative-planning-for-climate-resilience/
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Proposed Framework Table
Focus Areas

INFRASTRUCTURE NATURAL RESOURCES COASTAL RESOURCES PUBLIC HEALTH 
& SAFETY

REGIONAL & 
SUBREGIONAL PLANS 
SANDAG Regional Plan

REGIONAL & 
SUBREGIONAL PLANS 
San Diego County Urban 
Water Management Plan 

San Diego Basin Plan and 
subregional Water Quality 
Improvement Plans

MSCP Subregional Habitat 
Conservation Plans

REGIONAL & 
SUBREGIONAL PLANS 
San Diego County 
Multijurisdictional Hazard 
Mitigation Plan

San Diego County Regional 
Public Health and Climate 
Adaptation Plan

LOCAL PLANS 
Environmental Justice 
Element

Circulation Element

Land Use Element

Housing Element

LOCAL PLANS 
Environmental Justice 
Element

Open Space Element

Conservation Element

LOCAL PLANS 
Environmental Justice 
Element

Local Coastal Program 
and related General Plan 
Elements

LOCAL PLANS 
Environmental Justice 
Element

Safety Element

Circulation Element

Land Use Element

Housing Element

Local Government Hazard 
Mitigation Plan

*The plans in italics are very likely general plan elements that will integrate information from the regional and subregional 
plans listed above.

Regional & 
Subregional Plans 
that directly 
support elements 
of general plans 
and other local 
plans. Use 
Regional plans 
to more readily 
incorporate climate 
adaptations into 
Local Plans.

FIGURE 1:  An illustration of the proposed framework. The regional plans (generally county level or 
higher) on the top can serve as the foundation for the Local Plans (smaller geographic scale than county 
such as city), which is shown as the different element of General Plans as well as other local plans.
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NEW PARTNERSHIPS & FOCUS AREAS
The Nature Conservancy, Reno (McEvoy): The Nature Conservancy (TNC) was 
working on a stressor and threat assessment of Nevada groundwater dependent ecosystems 
(GDEs) and reached out to McEvoy to help incorporate climate change projections of SPEI 
(Standard Precipitation, Evaporation Index) into their analysis as a future climate threat to GDEs. 
McEvoy used the LOCA evaporative demand projections that he produced for a previous CNAP 
project and published in an article in Earth’s Future. McEvoy provided LOCA basin scale SPEI for all 
256 hydrographic areas in Nevada and co-authored a report with TNC that can be found here (also 
listed in publications). As an outcome of the report, TNC is currently planning a series of meetings 
with the Nevada Bureau of Land Management to share the report results and discuss strategies for 
incorporating the information into GDE management planning. 

Pacific Crest Trail (Cayan and Gershunov): Last year we highlighted a new partnership 
with the Pacific Crest Trail Association (PCTA; pcta.org), the non-profit that manages the Pacific 
Crest Trail (PCT). The PCT is an important element of America’s National Trails System, designated 
in 1968 as one of the Nation’s 11 National Scenic Trails, running along the Pacific Crest from the 
U.S. Mexico border at Campo, California to the U.S. Canadian border in British Columbia. The trail 
is 2,650 miles long, traversing 25 national forests, 6 national parks, 5 national monuments, 84 tribal 
units, 5 state parks, private lands and other entities, and covers elevations just above sea level to 
13,150 ft. Hundreds of thousands of people visit parts of the trail each year, with usage increasing 
over the last few years. The PCTA has recently placed more emphasis on equity in providing the 
PCT experience to broader segments of the U.S. population.

This partnership, still in the early phases, has continued to advance this past year between Cayan, 
Gershunov and collaborator Erica Fleishman from the Oregon Climate Change Research Institute 
(OCCRI). Throughout the last year, CNAP and collaborators provided two units of climate change 
information to the PCTA (1) a climate change webinar to the PCTA board of directors and selected 
staff on June 15, 2021 and (2) an article, “Climate Change along the PCT: Taking the Pulse of Earlier 
Springs and Hotter Summers”, by Cayan, Gershunov, Mumford and Pierce, which recently appeared 
in the PCTA Communicator quarterly (Summer 2022) magazine.  
       

This year we are launching a trail user 
observational effort in partnership 
with the Pacific Coast Trail 
Association to monitor temperature 
and humidity along the Pacific Crest 
Trail. Hikers would carry a small and 
light device that can easily be attached 
to their packs. This type of citizen 
science is a relatively new area for 
CNAP.   

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020EF001736
https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/nevada/water/Pages/database-collaboration.aspx
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California Tahoe Conservancy (Dettinger): As an outgrowth of the Tahoe Lab project and 
the Sierra Nevada Regional report (part of the California 4th Climate Change Assessment), Dettinger has 
developed a high-resolution hydrologic modeling of climate-change impacts in the Tahoe Basin, in cooperation 
with the California Tahoe Conservancy. Prior data provided to the Conservancy was too coarse to support 
the levels of planning they wanted to complete as part of their ongoing Tahoe Climate Adaptation Action 
Planning Program. That modeling work has progressed considerably, and a 60+ page report is under review 
prior to submitting it to the Conservancy. This summer, Dettinger will be working on getting all the data 
(several terrabytes) from the effort online and available to public and agencies to use in the planning process. 

Natural Language Processing for Climate Change Documents 
(Corringham): Corringham, along with colleague Taylor Berg-Kirkpatrick (UCSD Department of Computer 
Science and Engineering), secured a grant for $145,000 from Climate Change Artificial Intelligence to 
develop natural language processing tools to extract information from climate-related documents. We 
are using the grant, “Extracting and Discovering New Measurements from Climate Text Sources, Climate 
Change and Artificial Intelligence,” to fund a graduate student, Daniel Spokoyny, for a year and to manually 
annotate climate-related documents for machine language training purposes. Depending on the results of 
the exploratory research, the data set produced from this method could provide a wealth of information 
suitable for climate change applications. 

RESEARCH HIGHLIGHTS
Historical Drought Declarations in California 
(McInnis, Pierce, Kalansky, Cayan and Dettinger): The research 
project is an interdisciplinary undertaking that examines the water and 
social conditions that characterize drought declarations. The qualitative 
sociology component of the project is a text and discourse analysis 
of four California newspapers for the declared droughts in 1976-77, 
1987-92, 2007-09, and 2012-16. The researcher selected all newspapers 
discussing the existence of drought in the 1-1.5 year build up to an official 
drought declaration in the LA Times, Fresno Bee, Sacramento Bee, and the 
San Francisco Chronicle. In total, 1,012 articles were used in the data set. 
This work forms a key chapter in the PhD dissertation of Haley McInnis, 
who successfully defended her thesis in the University of California San 
Diego Sociology Department this May (2022). McInnis coded the articles 
for the water resource “actors” involved, the water measurements 
cited, responses proposed, and other themes. For the physical indicators 
of drought declarations, a dryness index was developed that included 
precipitation, reservoir storage, runoff, snowpack, and high evaporative 
demand. 
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An important finding of this project shows that the character of drought changes over time, 
although there are some commonalities amongst all the droughts. The physical indicators show 
that low precipitation is a factor, but the other variables differ between the droughts. Further 
the dryness index clearly shows that drought declarations are only after at least a second dry 
year (Figure 2). From the sociology analysis, similarities, including state and federal actors, are 
consistently heavily cited and the measurement precipitation is used most often to describe dryness. 
More variable between the droughts are the economic stakeholders, discussions of drought’s causes 
and proposed solutions. This project shows that the time period between when physical indicators 
show a problem with surface water conditions and when a drought is declared politically is not a 
dormant period. Instead, it is a dynamic and contentious period where actors are mobilizing and 
knowledge is being developed regarding drought and how to respond. 

FIGURE 2. Each water year dryness index value plot for the current year and 
the previous year with higher values indicating drier physical conditions. All the 
drought declarations are indicated by red dots. 

Changes in Evaporative Demand (Abatzoglou, McEvoy, Dettinger, Huntington, 
other collborators): Through the drought monitoring work of CNAP, Dettinger noticed large 
trends in evaporative demand and wondered if the trends were related to data errors or were 
a true representation of how evaporative demand has changed in the last 40 years. This led to 
a collaboration that included several CNAP researchers to examine these trends. The results 
presented in a scientific journal article “justify” and quantify large increasing trends over the past 
40 years in atmospheric evaporative demands across CONUS. These trends are in line with 
all climate-change projections and have already risen pretty much above the historical range of 
natural variability. They have significant practical implications as applied to the aridification of native 
vegetation and forests, increasing irrigation demands, and runoff generation. The paper has received 
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a lot of media attention in the past few months since being released (one 
such example is the Science Daily). 

Albano, C.M., J.T. Abatzoglou, D.  McEvoy, J. Huntington, C. Morton, M. 
Dettinger, T. Ott, 2022: A multi-dataset assessment of climatic drivers and 
uncertainties of recent trends in evaporative demand across the continental US: 
J. Hydrometeorology, 23, 15 p., doi: 10.1175/JHM-D-21-0163.1.

Water Use and Agricultural Productivity in 
California (Cayan and Corringham): A new data set describing 
recent water supply and water use at water reporting units spanning 
California is being analyzed to describe diverse patterns of water supply 
and water use across the state and how these have varied from year 
to year during periods of unusual wetness and persistent dryness. 
Building upon recent results from Helly et al 2021, describing patterns 
of California water supply and water use in large hydrologic regions, the 
association of these patterns with the presence, water consumption and 
productivity of primary crops grown across the state, particularly those 
relating to agricultural water use, are being investigated at the relatively 
fine scale level of water districts (DAUCO’s) totaling over 380 in number 
over the state. Some important results have emerged. Distinctive spatial 
and temporal patterns of water supply and water use are revealed using 
annual developed water balance records from hundreds of DAUCO 
reporting units across California. Results show a subset of DAUCO’s 
features in-phase fluctuations of agricultural water use and ground water 
supply, and a second mode exhibits fluctuations of urban water use that 
vary inversely with imported water supplies. A correlation analysis reveals 
varied responses of water supply and water use to regional precipitation 
and temperature, with time lags from 0 to 5 years. Trends expose 
contrasting cohorts of DAUCO’s--one having growth in agricultural water 
use and another declining urban water use. 

Using the new data set, Corringham and Cayan with Jennifer Stricklin 
and DWR economist Daya Muralidharan are developing a descriptive 
analysis of the DWR water balance and agricultural water use data as 
it relates to agricultural productivity and revenues. Preliminary results 
include descriptions of cropping decisions and yields at DAUCO and 
county levels within the Central and Imperial Valleys and across California 
during wet and dry seasons. Additionally, water sources under wet and 
dry conditions (e.g., local versus imported water, surface water versus 
groundwater) in agricultural and urban areas have been quantified. 
Hydrometeorological conditions during crop-specific growing seasons are 
being linked to water use and cropping decisions.

Helly, J., Cayan D.R., Corringham, T., Stricklin, J. and T. Hillaire, 2021: Patterns 
of Water Use in California. San Francisco Estuary and Watershed Science, 
https://escholarship.org/uc/item/16x9z5n1.

https://www.sciencedaily.com/releases/2022/04/220406132356.htm
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Drought Amelioration Research (Shukla, 
Lettenmaier): The research investigates the value of subseasonal 
climate forecasts in supporting drought forecasts. The research 
thus far has indicated that the skill of subseasonal climate forecasts, 
mainly precipitation and temperature, is the highest during the 
first week and to a certain extent in the second week, and drops 
rapidly beyond 2 weeks. However, the skill during the first two 
weeks does lead to skill in the monthly forecasts (e.g. precipitation 
anomaly over the next 30 days). The research also looked at the 
skill in forecasting precipitation and temperature extremes and 
concluded that in general, limited skill exists, however some of the 
recent temperature extremes (mainly anomalies of the number of 
days in upcoming 30 days above a certain temperature threshold) 
were forecasted well. Two scientific journal papers (one published 
and one submitted) have used these subseasonal climate forecasts 
and bias-corrected and downscaled them to drive hydrologic 
models and to examine skill of resulting hydrologic forecasts 
(e.g. soil moisture and runoff forecasts) for drought forecasting 
applications. Su et al., 2022, examined the value of subseasonal 
climate forecasts driven hydrologic forecasts in drought onset and 
termination forecasts for all Western Coast states. The study found 
usable drought termination and onset forecasts skill up to 2 weeks 
in advance especially for D0 to D2 category events and limited skill 
for D0 to D1 category droughts at week 3. The study, in general, 
found higher skill for drought termination than onset. Overall, 
given the subseasonal climate forecasts are generated each week, 
despite their limited skill beyond 2 weeks, subseasonal climate 
forecasts driven hydrologic forecasts, can still be useful in facilitating 
routine (each week) updates of drought outlook by accounting for 
current drought conditions and climate forecasts over the next 
30 days. These results are going to lead to the development of 
beta products and the focus of ongoing work to understand how 
different sectors use subseasonal forecasts such that both forecast 
skill and uncertainty can be presented in a way that support 
understanding and use. 

Cao, Q., Shukla, S., DeFlorio, M. J., Ralph, F. M., & Lettenmaier, D. P. 
(2021). Evaluation of the Subseasonal Forecast Skill of Floods Associated 
with Atmospheric Rivers in Coastal Western U.S. Watersheds, Journal 
of Hydrometeorology, 22(6), 1535-1552. Retrieved Jun 18, 2021, from 
https://journals.ametsoc.org/view/journals/hydr/22/6/JHM-D-20-0219.1.xml

Su Lu, Qian Cao, Shraddhanand Shukla, Ming Pan, Dennis, P. 
Lettenmaier, Evaluation of Subseasonal Drought Forecast Skill over the 
Coastal Western U.S. Journal of Hydrometeorology (submitted)
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OUTREACH & ENGAGEMENT ACTIVITIES 
NIDIS Drought Status Updates and Webinars (Kalansky, McEvoy, Dettinger, 
Abatzoglou): California and Nevada are currently in one of the worst three year droughts in the 
observational record. With NIDIS, last year CNAP began and is continuing to release Drought Status Updates 
to provide the regionally current information on the status of the ongoing drought. These have had wide 
readership and people tend to spend a lot of time reading them indicating their interest (Table 1). As part of 
the Drought Status Updates, CNAP has provided novel graphical representation of the drought including the 
precipitation tracking and water storage tracking observations that are on the CNAP website. Many of these 
were shared on Twitter by Dettinger, who has over 2,000 followers. 

Table 1. Website Statistics on Drought Status Updates

DATE 
(INCLUDES LINK TO UPDATE) UNIQUE PAGE VIEWS AVERAGE TIME ON PAGE

July 8, 2021 937 views 9 minutes 56 seconds

August 26, 2021 1,590 view 11 minutes 47 seconds

September 22, 2021 722 views 11 minutes 13 seconds

October 15, 2021 573 views 17 minutes 22 seconds

December 16, 2021 1,560 views 12 minutes 18 seconds

January 6, 2022 1,151 views 12 minutes 19 seconds

February 24, 2022 1,530 views 13 minutes 42 seconds

March 15, 2022 1,045 10 minutes 34 seconds

April 8, 2022 752 14 minutes 09 seconds

May 15, 2022 511 12 minutes 01 seconds

CNAP also contributed to the California Nevada Drought Early Warning System (DEWS) webinars. These 
webinars have a diverse audience and have between 200-300 attendees and all had over 200 views on youtube 
after the webinar aired. Please see below for a list of CNAP’s contribution to the webinars.
 
September 2021: J. Abatzoglou – Drought Climate Update and Outlook & D. Cayan – Autumn Rainfall   
Arrival and Wildfire Rise in Southern California
November 2021: J. Kalansky – Tools and Resources for your Winter Toolbox
January 2022: D. McEvoy – Drought and Climate Update 
June 2022: D. McEvoy – Drought and Climate Update and Outlook

https://www.drought.gov/drought-status-updates/drought-status-update-california-nevada-5
https://www.drought.gov/drought-status-updates/drought-status-update-california-nevada-6
https://www.drought.gov/drought-status-updates/drought-status-update-california-nevada-7
https://www.drought.gov/drought-status-updates/drought-status-update-california-nevada-8
https://www.drought.gov/drought-status-updates/california-nevada-drought-status-update-1
https://www.drought.gov/drought-status-updates/california-nevada-drought-status-update-2
https://www.drought.gov/drought-status-updates/california-nevada-and-pacific-northwest-special-edition-drought-early
https://www.drought.gov/drought-status-updates/california-nevada-drought-status-update-3-15-22
https://www.drought.gov/drought-status-updates/california-nevada-drought-status-update-4-8-22
https://www.drought.gov/drought-status-updates/california-nevada-drought-status-update-5-13-22


PA G E  1 4 C A L I F O R N I A - N E V A D A  C L I M A T E  A P P L I C A T I O N  P R O G R A M

Evaporative Demand and Fire Risk (McEvoy, Abatzoglou, Brown): McEvoy has 
been a key developer of and communicator about the Evaporative Drought Demand Index (EDDI); 
he continues to lead a lot of work associated with EDDI. His research reported in previous years 
has shown the strong linkage between high EDDI and fire risk now and in the future. This year 
McEvoy with Abatzoglou and Kalansky developed a two pager on the topic which can be found 
here. This was shared on social media, with our advisory board and with other key water and fire 
stakeholders. In addition, Brown has educated about and recommended utilization of EDDI data 
for groups such as Predictive Services and California Fire agencies. Brown has also passed along to 
Predictive Services how research could be beneficial to operations, in particular the generation of 
the seasonal fire potential outlooks.

Outthink Wildfire Workshop: Retrofitting Personal Property to 
Mitigate Wildfire Risk—How can we reduce the risk to people’s 
homes and property? (Wall): Working with National Fire Protection Association (NFPA) 
to support their Outthink Wildfire Strategy, Wall helped develop and facilitate a 1.5 day workshop 
held in Sacramento, California, May 11 & 12, 2022. Specifically, this meeting brought together the 
wildfire management, emergency response, insurance, real estate, data, fire mitigation experts, and 
policy experts to develop a set of recommendations related to effectively retrofitting existing homes 
in the Wildland Urban Interface. Preliminary recommendations center around changes to existing 
codes, materials, and risks; funding strategies for implementing implementation; developing a wildfire 
risk mitigation workforce; and education. A draft report is expected in early July, 2022 and a final 
report by August 31, 2022. Dr. Wall worked with NFPA staff and leads to design meeting, act as 
lead facilitator, and coach the NFPA staff in small group exercises and facilitation techniques for the 
meeting. The focus of this meeting was to drive it forward into developing recommendations, and 
required an innovative approach to working in small groups to achieve this goal. The collaboration 
with NFPA, the enthusiasm and engagement of the participants and the success of the meeting 
design has the potential to led to a rapid turnaround in the report process and a deep sense of 
buy-in and support from the participants to take the proposed recommendations they feel most 
passionate about and move those forward in their own agencies and professions. 

https://www.nfpa.org/wildfirepolicy
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INITIATIVES TO ADVANCE
Using Climate Data in Nevada (Kalansky, VanderMolen and Wall): As an outgrowth of 
the Nevada Climate Assessment, the team that developed the assessment has continued to meet monthly. 
Through these meetings, we realized the utility of having a Nevada specific guide that explained how to use 
climate data in developing climate vulnerability and resilience plans. Several different local agencies are working 
with contractors to develop vulnerability reports, but upon evaluation by climate scientists, it was clear that 
the reports would have benefits for some more guidance on how to use climate data to assess vulnerability 
and plans for resilience. Currently the team has a draft guidance document that will be finalized over the 
summer and into the fall. We will work with Dr. K. Averyt, Nevada’s Senior Climate Advisor, Nevada Office 
of the Governor and CNAP advisory board member, and Dr. S. McAfee, Nevada State Climatologist, to 
distribute the guide so it reaches local agencies and their contractors. 

Representing Uncertainty in Wildfire Risk Assessment Maps (Westerling): 
All geospatial data contain uncertainty and ignoring this fact can have severe consequences for spatial analysis 
and decision making. Past research has suggested that communicating information about data uncertainty has 
the potential to increase trust in the results when analyses are conducted and to support decision making that 
uses the data. Communicating risk—especially changing risk—is a significant challenge in risk management. 
It serves different purposes; an important one is to improve public risk awareness and mitigation. One 
important question is how to convey the uncertainties of a risk assessment to decision-makers and the 
general public is an essential subject. The question of whether and to what degree uncertainties should be 
conveyed, as well as how this could alter and how the stated risks are perceived is crucial. Recently, Hullman 
et al. (2015) visualized uncertainty through animation, by cycling through a number of different but equally 
likely plots called Hypothetical Outcome Plots (HOPs). HOPs present uncertainty as a set of animated frames, 
each depicting a sample from a distribution of possible outcomes. Westerling and colleagues are developing 
methods to effectively visualize uncertainty in animated representations by various combinations of graphics 
and dynamic visualization of mapped variables representing wildfire risk projections. The human subjects part 
of this work has been delayed due to the pandemic and medical issues affecting project personnel. In addition 
to submitting a peer reviewed manuscript, the methods tested here will be incorporated into visual depictions 
of projected wildfire risk scenarios for California’s Fifth State Climate Assessment.

Mitigating Business Disruption from Compounding Events (VanderMolen, 
Wall): This project aims to identify the key capabilities and conditions that enable small and medium-sized 
business (SMB) resilience to compound events (in this case, wildfire and COVID-19) in the Sierra Nevada 
Region of California. In doing so, the project expands a long-standing area of CNAP research—wildfire and 
natural resources—to include both human and natural systems. The project objective is to understand the 
impacts of wildfire more holistically and to cultivate new stakeholder relationships within business sectors in 
general and within Northern California specifically. To date (and to our knowledge) there are no other studies 
that seek to identify key capabilities and conditions as they relate to SMB resilience to the compound events 
of wildfire and COVID-19 (or to wildfire alone).
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We continue to work collaboratively with the project partner, Sierra Business Council (SBC) in 
all tasks. Most recently we have shared the report of survey findings with SBC for their review 
and feedback, and based on those findings, we are now working with SBC to develop an interview 
guide. We will use that guide in conducting a series of semi-structured interviews with a subset of 
the businesses that responded to the survey. Both the report of survey findings and the anticipated 
summary of interview findings will directly inform SBC and partner programming around SMB 
resilience. In this way, the project is responsive to stakeholder (or partner, SBC) identified needs.

NOTE: Originally the project was focused on identifying the impacts of wildfire (including 
active fire, threat of fire, smoke, and PSPS) to SMBs. Following the start of the pandemic, we 
shifted the focus to identifying the impacts of wildfire and COVID-19 on SMBs as compound 
events. The project additionally explores how businesses have responded to the impacts of 
wildfire and COVID-19 to identify the key capabilities and conditions that enable resilience. 

BUILDING EXPERTISE OF DECISION MAKERS 
TO PREPARE & ADAPT 
Communicating Coastal Retreat: Engagement in the Midst of 
Transformative Change (Moser): Managed (coastal) retreat constitutes but a small, 
if growing subset of a much larger multi-disciplinary literature on relocation. In that broader 
relocation literature, there is no notable concern with the word “retreat” or the other “R” words. 
In these other contexts, the word either serves as a neutral descriptor or is part of a larger 
(often dominant) narrative of progress, improvement, advance, or safety. The broader literature 
on relocation also reveals extensive attention to people’s psychological experience of such 
relocation experiences, something far less well examined in the coastal retreat literature, and the 
vast majority of reviewed retreat studies mention only negative emotional experiences associated 
with the process, predominantly resistance, refusal, conflict, and trauma associated with people 
not wishing to let go of home, property, and community. The emotional experience of retreat is 
very much driven by the quality of the retreat process (e.g., duration, clarity of communication 
between authorities and affected communities, ease of process, availability and sufficiency of financial 
compensation, and interactions with neighbors), reinforcing the crucial importance of effective 
communication and engagement throughout the retreat process. However, there is a wide-ranging 
emotional landscape involved in relocation that an effective engagement process must make space 
for. Therefore, a number of principles of effective communication and engagement could be 
delineated for coastal retreat:

• Naming and Framing the Depth, Scale, Nature and Outline of (Necessary) Change
• Fostering the Transformative Imagination 
• Mirroring Change Empathetically 
• Helping People Resist the Habit of Acquiescing to Going Numb 
• Orienting and Course-Correcting Toward the Difficult 
• Distinguishing (and Deconstructing) Valuable (Un)Certainties
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• Sense- and meaning-making of difficult change through story (not facts)
• Fostering authentic and radical hope
• Fostering generative engagement in building dignified futures for all

The information gathered from this research contributed to a training workshop that was conducted at the 
2021 Managed Retreat conference and immediate feedback from participants suggested they found the training 
very practically applicable and helpful. The training reached ca. 50 individuals.
• Moser, S. (2021). Before You Jump Ship: How to Engage Coastal Communities and Planners on Retreat  
 Before It Has to Happen. Training Workshop co-lead with Sarah Watson, June 22, 2021.

Findings were also presented in another presentation in early 2022, and again were well received by the 
audience (academics and students, ca. 60 persons).
• Moser, S. (2022). Transformative Climate Adaptation. Keynote Speech, Envisioning Resilience Narragansett 
 Bay Design Challenge, February 16, 2022.

Heat Impacts on Persons Experiencing Homelessness (Gershunov): Our work 
on heat wave impacts/vulnerabilities in the homeless population is an example of research focusing on an 
underserved and particularly vulnerable community. Assessing emergency department visits during heat waves 
we determined that people experiencing homelessness are significantly more likely to suffer adverse heat 
impacts compared to other San Diego residents, matching for race, gender and ethnicity. This work is the first 
study, to our knowledge, to quantify the effect of heat waves on the health burden of persons experiencing 
homelessness by using reproducible heat wave definitions. Done in collaboration with emergency department 
doctors, these results will inform the prioritization of especially vulnerable individuals in developing more 
effective targeted heat action plans. 

Schwarz L, E.M. Castillo, T.C. Chan, J.J. Brennan, E.S. Sbiroli, G. Carrasco-Escobar, A. Nguyen, R.E.S. Clemesha, A. 
Gershunov and T. Benmarhnia, 2022: Heat waves and emergency department visits among the homeless, San Diego, 
2012–2019. American Journal of Public Health.112(1):98–106. DOI: https://doi.org/10.2105/AJPH.2021.306557
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Fire and Climate Change: Conserving Seasonally Dry Forests is 
Still Possible (Westerling): Increases in size and frequency of large, destructive wildfires 
in seasonally dry forests in California and elsewhere in the Western US are due to interactions 
between climate change and a legacy of fuel accumulation due to fire exclusion policies and 
practices. Managing these forests for resilience is often presented as posing conflicts between 
optimizing for competing values, such as: air quality; water quality, timing and quantity; carbon 
sequestration; habitat preservation; recreation; community protection; and fiber extraction.  In 
Stephens et al. (2020) we summarized recent science to argue that in fact, these objectives are 
complimentary and can be promoted together by fire use treatments and mechanical thinning, 
although timber production will need to be managed to align with fire management goals. This 
work has been well received by the community and is highly cited since publication in 2020.  It 
has also informed our approach to the development of a one million acre per year strategy for 
fuels treatments in California to support objectives of federal, state, local and private entities in 
California.  This fuels strategy has been incorporated into work being done for the Fifth State 
Climate Assessment, sponsored by the California Energy Commission, as well as projects for Cal 
Fire, the Strategic Growth Council, the University of California National Lab Fees research program.  
The work here informed a set of open letters from the fire and forest science community to USDA 
Forest Service administrators and politicians regarding forest management.

Stephens, S., L. Westerling, M. Hurteau, M. Z. Peery, C. 
A. Schultz, S, Thompson, 2020: Fire and climate change: 
Conserving seasonally dry forests is still possible. Front Ecol 
Environ 18(6), pp.354-360. doi:10.1002/fee.2218.

Weather and Climate Data to Support 
FIRO Agencies (Brown): Brown served as an 
academic advisor for the National Wildfire Coordinating 
Group Fire Environment Committee. This committee makes 
national recommendations on all things fire environment 
with emphasis on data, products, and tools. In addition, 
Brown also serves on California’s FIRESCOPE committee 
that also focuses on fire environment issues and makes 
recommendations for California state and local agencies. 
Together, by engaging with these agencies, Brown is able 
to integrate scientifically grounded information into the 
agencies’ recommendations. 
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SOCIETAL IMPACTS

FIGURE 3. Example experimental testing at the 
Storm Prediction Center of prototype Red Flag 
Warning decision matrix guidance.

Red Flag Project (Wall and Brown): 
Overall, there is a concern amongst NWS and fire 
agency personnel that the Red Flag Warning is 
not an effective messaging medium. As a result of 
these issues and questions, the California Nevada 
Applications Program (CNAP), NWS Fire Weather, 
the National Integrated Drought Information 
System (NIDIS) and the National Wildfire 
Coordinating Group, Fire Environment Committee, 
began a collaborative project in 2018 to begin an 
assessment of this forecast product with the aim 
of developing an improved product that meet the 
NWS, the fire management community, and public 
warning needs. The involvement of the technical 
advisory committee in the Red Flag Project 
(comprised of representatives from Predictive 
Services and NWS) has been exceptionally strong. 
This past year, we developed a decision matrix for 

National Weather Service Red Flag Warnings including allowing for an initial assessment and a determination 
of how to proceed with a fire weather testbed approach for the product (Figure 3).

We are anticipating funding for a Phase 2 of the NWS Red Flag Warning project. This will include further 
assessments of the decision matrix developed in the initial project based on Weather Forecast Office field 
testing and other validation analyses. 

CASE STUDY EXAMPLES OF CAPACITY 
BUILDING AND SOCIETAL IMPACTS    

Nevada Climate Assessment: Since the release 
of the Nevada Climate assessment in December of 2020, the 
reach of the assessment and the climate information within the 
assessment is being more widely distributed via social media and 
several presentations. The Assessment is being recognized as a 
resource for Nevada to build climate understanding.  

Acknowledging this Dr. Kristen Averyt, Nevada’s Senior 
Climate Advisor, Nevada Office of the Governor said, “Having 
this baseline science has been critical to helping the state chart 
a path toward better understanding risks, vulnerabilities, and 
opportunities related to climate change.” 

In addition, Daniel Rothberg, a reporter for The Nevada Independent mentioned the value of the report on 
his social media as well. 
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Integration of Climate Information with 
the County of San Diego Health & Human 
Services Agency (Gershunov, Kalansky): CNAP 
researchers, Gershunov and Kalansky, along with close 
collaborator Dr. Benmarhnia have been working with the 
County of San Diego Health and Human Services Agency since 
the beginning of the project. The CNAP support for Gershunov 
leverages the research supported by a UC wide project that 
examined health impacts from climate change and enables 
closer collaboration between Gershunov and the County of San 
Diego Health and Human Services Agency. Kalansky has been 
facilitating these interactions. Some examples of this partnership 
include Gershunov, Benmarhnia and Kalansky participation 
in the County’s signature event for local community-based 
organizations and partners known as the Live Well San Diego 
Advance where with the County, and others hosted a booth 
at the Connection Hub to further reach residents and others 
bringing important messages about excessive heat, wildfire 
smoke and the importance of preparing for emergencies. 
Another event was the Resident Leadership Academy 
Network where Gershunov and Benmarhnia collaborated with 
Public Health Services, the Pala Band of Mission Indians, the 
Community Action Partnership (HHSA), and the Community 
Health Improvement Partners (CHIP). Together the team 
provided 3-hour training curriculum to inspire resident leaders 
to bring messages and information on the public health impacts 
of climate change to various communities in the region. This 
invaluable and unique training inspired a whole cohort of 
resident leaders to make a difference in their neighborhoods and 
communities in meaningful ways.

The long term relationship has led to more of a focus on the 
impacts of climate change on health within the Agency. Jo Ann 
Julian, Health Planning Program Specialist, is in a leadership 
role at the Agency and had the following to say about the 
future of the partnership, “Working with these experts will 
be critical in the next few years as the region moves towards 
increasingly coordinated regional adaptation and resilience 
planning efforts which require a foundation in research and 
data, and as environmental justice and equity issues increasingly 
gain momentum at the State and County levels (e.g., excessive 
heat), also founded on and guided by, the latest local research 
efforts. Together this partnership will ensure residents can 
adapt, and be resilient to, the challenges of extreme weather 
and/or climate change in San Diego County.”
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Nevada Drought and Climate Impacts Webinar Series: Given the ongoing drought 
conditions in Nevada, in collaboration with the Nevada Department of Water Resources and the National 
Integrated Drought Information System (NIDIS), Dr. Wall supported the design and development of a series 
of three webinars focused on drought and climate in Nevada. The first webinar was held on January 26th, 
2022 and reviewed the 2015 drought forum recommendations; the second webinar focuses on drought 
outreach and communication strategies and was held on February 9th, 2022; and the third webinar focused 
on drought resources, funding, and projects. Each webinar had between 50-70 participants. A follow-up 
survey with participants indicated a strong interest in an in person meeting later in 2022, and the organizers 
have begun planning an in-person meeting for September 27th, 2022 to be hosted at DRI that will focus 
on building relationships between urban/rural organizations and agencies across the state using tabletop 
exercises and scenarios in the one-day meeting. Nevada suffers from a lack of coordinated drought and climate 
communication across geographic subregions and sectors in the State. The goal of this series and future 
meetings is to improve communication and collaboration regarding preparing and responding to drought and 
climate events in the state and support creating a network of agencies and individuals that is diverse to address 
this issue in rural and urban communities in Nevada.

In a letter of appreciation, Bunny Bishop, Chief Water Planning and Drought Resiliency for Nevada Department 
of Water Resources wrote, “The contributions from CNAP partners for the planning process and the technical 
support in delivering these webinars assisted in making these webinars a success. I appreciate the expertise that 
was made available to the NDWR Water Planning and Drought Resiliency section described above and look 
forward to working with our CNAP partners in the future.” 

EVALUATION 

We did not complete any new evaluations throughout this last year. Last year we reported on 
the evaluation of the California Fourth Climate Change Regional Reports. The purpose was 
to evaluate the effectiveness to support local adaptation planning and implementation of the 
San Diego and Sierra Nevada Report. This year, as follow up to the evaluation report, CNAP 
researchers have held conversations with the organizers of the California 5th Assessment to 
address ways to improve the process and material so that the regional reports have an even 
greater impact in the 5th Assessment.

In this upcoming year, we plan to conduct an evaluation of the Nevada Assessment that was 
part of the Nevada Climate Initiative. Should there be resources remaining after the evaluation 
of the Nevada Assessment, we may do an evaluation of the Collaborative Planning for Climate 
Resilience report.  
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