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PREFACE 

The California Energy Commission Energy Research and Development Division supports 

public interest energy research and development that will help improve the quality of life in 

California by bringing environmentally safe, affordable, and reliable energy services and 

products to the marketplace. 

The Energy Research and Development Division conducts public interest research, 

development, and demonstration (RD&D) projects to benefit California. 

The Energy Research and Development Division strives to conduct the most promising public 

interest energy research by partnering with RD&D entities, including individuals, businesses, 

utilities, and public or private research institutions. 

Energy Research and Development Division funding efforts are focused on the following 

RD&D program areas: 

 Buildings End-Use Energy Efficiency 

 Energy Innovations Small Grants 

 Energy-Related Environmental Research 

 Energy Systems Integration 

 Environmentally Preferred Advanced Generation 

 Industrial/Agricultural/Water End-Use Energy Efficiency 

 Renewable Energy Technologies 

 Transportation 

 

Updating and Enhancing the Cal-Adapt Website; Visualizing Climate Change Risk and 

Adaptation Options for California is the final report for the Cal-Adapt enhancement project 

(contract number 500-12-013) conducted by UC Berkeley’s Geospatial Innovation Facility. The 

information from this project contributes to Energy Research and Development Division’s 

Energy-Related Environmental Research Program. 

 

For more information about the Energy Research and Development Division, please visit the 

Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 

Commission at 916-327-1551. 
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ABSTRACT 

Cal-Adapt is a web-based visualization tool that provides a wealth of innovative climate change 

research produced by the scientific community within California. It was developed by the 

University of California, Berkeley’s Geospatial Innovation Facility and the State of California, 

with advisory support from Google.org. The Cal-Adapt website provides a variety of audiences 

with a means of understanding the local relevance of climate change risks; users are able to 

access and investigate climate change projections using locally relevant information, 

visualization tools, and primary data. Decision makers, scientists, and local residents can then 

use the research results and climate projections to produce effective and sustainable decisions 

and policies. Cal-adapt.org was originally released to the public in June of 2011; by May 1, 2015 

the site had been visited by more than 68,000 unique visitors from over 170 countries, all 50 

states, and 637 California localities. Cal-Adapt is currently used in support of the Climate 

Adaptation Guide prepared by the Governor’s Office of Planning and Research, as well as local 

agencies and their consultants. In fact, many of these agencies and organizations have used 

maps and graphs created directly from Cal-Adapt to support their climate planning efforts. 

Even though Cal-Adapt has already proved to be a dependable resource, the project developers 

continue to update and integrate the latest scientific data into the website database. Ultimately, 

this project sought to further develop the Cal-Adapt webtool to improve its reliability, 

accessability, and flexiblibility. 
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EXECUTIVE SUMMARY 

Introduction 

Over the past twenty-five years, California has been a leader in developing models to project 

regional impacts of global climate change. California has also been at the forefront of 

monitoring indicators of climate change, which provide a basis for understanding the nature 

and magnitude of climatic changes that are already underway. Since human-caused climate 

change has been projected to substantially affect all major economic sectors of the state, it is 

necessary to document and analyze regional climate impacts to aid local and sector-specific 

decision-making in accordance with environmental sustainability.  

The interplay between climate change and urbanization in California is and is projected to 

continue aggravating challenges faced by local and state government officials, planners, 

businesses, and residents. In anticipation of these challenges, the California Energy 

Commission’s Public Interest Energy Research (PIER) program funded a variety of research 

projects throughout the State’s universities and research centers to produce a robust suite of 

data findings related to climate change. Advances in regional climate science and the 

understanding of climate impacts are ongoing within California, thanks to energy-related 

research supported by the PIER Natural Gas program and the Electric Procurement Investment 

Charge (EPIC), as well as state-sponsored research by agencies other than the Energy 

Commission and state-federal collaborations. In concert with the State of California, the 

University of California, Berkeley’s Geospatial Innovation Facility (GIF) developed the Cal-

Adapt web application (http://www.cal-adapt.org) to present a wealth of innovative climate 

change research produced by scientists statewide, as documented in the 2009 California Climate 

Adaptation Strategy. Cal-Adapt enables users to investigate climate change projections in their 

area of interest, giving them access to a combination of locally relevant information, 

visualization tools, and primary data.  

Cal-Adapt is a resource for researchers, decision makers, and the general public, providing 

access to a wealth of information to better understand the risks posed by climate change.  In 

turn, the localized analyses derived from this website may help to better inform effective 

climate change decisions and policies. Cal-Adapt is comprised of tools designed to foster data 

visualization, primary data access, and community participation.   

Project Purpose 

Cal-Adapt was developed for researchers, decision makers, and the general public, as an easy-

to-use resource and a means to access a wealth of information that provides a better 

understanding of the risks posed to California by climate change. The visualizations and tools 

on the Cal-Adapt website reflect research results and climate projections that can be used 

towards creating adaptation decisions and policies. Since its release in 2011, web application 

infrastructure has changed and Cal-Adapt has been in the process of updating and enhancing 

web services, open standards, and APIs linked to cutting edge scientific data. The new Cal-

Adapt API will foster easier interaction with complex databases, as well as the generation and 
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use of targeted analytical tools, making the climate planning tasks of managers, citizens and 

scientists easier and more relevant.  

The purpose of this project was to further develop the Cal-Adapt web resource, making it more 

open, scalable, and flexible. The developers are integrating the latest scientific data to the Cal-

Adapt website and improving the ability of users and developers to access that information in 

new and meaningful ways in order to meet this goal. In addition, the Cal-Adapt website is 

continually being improved to better foster the communications and outreach between the 

scientists that are producing the new climate change information and the users of that 

information.   

Project Results 

By May 1, 2015 the site had been visited by more than 68,000 unique visitors (with nearly 

300,000 views) from over 170 countries, all 50 U.S. states, and 637 California localities. Cal-

Adapt is used to support the Climate Adaptation Guide prepared by the Governor’s Office of 

Planning and Research, in addition to many local agencies and their consultants. For example, 

in 2012 the City of Santa Cruz Climate Adaptation Plan used cal-adapt.org to highlight 

temperature projections for the Santa Cruz area; the Sustainability Action Plan for Lake Tahoe 

in 2013 used cal-adapt.org to showcase snowpack projections for the area; and Monterey 

County used cal-adapt.org projections of precipitation for their Hazard Mitigation Plan in 2013. 

Details describing the cal-adapt.org project can be found in Koy et al. (2011).  

In order to enhance and update Cal-Adapt, new datasets and visualizations have been added to 

the site. Work is in progress to incorporate new, downscaled CMIP5 climate projections, 

historical observed temperatures, and precipitation data to the current prototype Cal-Adapt 

API. The Sea Level Rise (SLR) tool in Cal-Adapt has been updated with data layers acquired 

from the Our Coast Our Future (OCOF) project managed by Point Blue Conservation Science. 

These data layers represent coastal flooding projections estimated by the Coastal Storm 

Modeling System (CoSMoS) developed by the United States Geological Survey (USGS). 

Additional data added to the site includes energy infrastructure data (for example, locations 

and description of transmission lines, operational substations and power plants) as data 

visualization layers. The GIF worked with and obtained authorization from the Energy 

Commission to include this data on Cal-Adapt.   

Several improvements and additions have been made to the Cal-Adapt website to help users 

interact with climate data available through the various tools and also to showcase the depth of 

climate change research being done in California. This includes hosting The State of California’s 

Climate Change Research Catalog on Cal-Adapt. This important resource was created by the 

Research Working Group of California's Climate Action team to disseminate results and 

identify opportunities for collaboration and further study. Outreach and educational features 

include updating the Cal-Adapt blog with revised categories for posts. These blog posts will be 

used to format a monthly or bi-monthly Cal-Adapt Newsletter which will highlight climate and 

adaptation related news stories and events.  
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Project Benefits 

Cal-Adapt has played a significant role in helping Californian’s understand the anticipated 

impact of climate change within the state and local areas.  It has benefited citizens who are 

interested in learning more about how climate change may affect California; city, planners, 

regional planners, and resource managers who need access to local level climate data to help 

their development strategies; and research experts interested in accessing climate data in a 

variety of formats. Throughout the development of the site, members from each of these groups 

have been consulted using interviews and surveys to better understand their needs. The Cal-

Adapt site includes engaging map-based visualization tools for temperature, precipitation, 

snowpack, fire, and sea level rise projections based on hundreds of thousands of data layers.  

All of the data hosted on Cal-Adapt are also available for download in a variety of formats. 
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CHAPTER 1:  
New Datasets in Cal-Adapt 

Two new datasets have been added to Cal-Adapt and work is in progress to add new 

downscaled CMIP5 climate projections and historical observed temperature and precipitation 

data to the Cal-Adapt API.  

1.1 Sea Level Rise 

The Sea Level Rise (SLR) tool in Cal-Adapt has been updated with data layers acquired from the 

Our Coast Our Future (OCOF) project managed by Point Blue Conservation Science. These data 

layers represent coastal flooding projections  due to the combination of sea level rise and 

storms, including waves, tides, surge, steric effects, and fluvial discharge estimated by the 

Coastal Storm Modeling System (CoSMoS) model developed by the United States Geological 

Survey (USGS).  

Figure 1: CoSMoS Data 

 

Screenshot of the CoSMoS data layers displayed in the Sea Level Rise tool 

Photo Credit: cal-adapt.org. 

 

CoSMoS is a numerical modeling system to predict coastal flooding due to both sea level rise 

and storms driven by climate change. The CoSMoS model has been used to estimate flooding 

extent, flood depth, low-lying (flood-prone) areas and maximum wave runup for several Sea 

Level Rise (SLR) scenarios (0 to 2 meters with an additional 5 meters scenario) and storm surge 
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scenarios (daily to 100 year return) to meet different planning horizons. Results from this 

modeling effort is currently available for the San Francisco Bay area and the outer coast from 

Bodega Heard to Half Moon Bay.  

The updated SLR tool in Cal-Adapt displays the estimated flood extent, low-lying (flood-prone) 

areas, and potential maximum flood extent CoSMoS data layers for a 100 year storm event. A 

slider allows the user to choose different SLR scenarios ranging from 0 meters to 200 

centimeters and a 500 centimeters option. A dropdown box on the upper right of the tool allows 

the user to switch between data from the new CoSMoS model and the older Passive Inundation 

(“Bathtub”) model, also developed by USGS, which is available for San Francisco Bay area and 

the entire outer coast of California. 

We are currently exploring integration of other sea level rise and storm surge data for the San 

Joaquin Delta (from John Radke, University of California Berkeley).   

1.2 Climate Projections 

Cal-Adapt is currently in the process of integrating new CMIP5 climate projections being 

produced by the Scripps Institute of Oceanography  (Pierce et al., 2014) using localized 

constructed analogs (LOCA) technique to downscale the data into the prototype Cal-Adapt API.  

An early version of the minimum and maximum temperature projections and precipitation 

projections for the historical period (1950 – 2005) from the CCSM4 model is available as high 

resolution (1/16th degree latitude-longitude) grids aggregated to monthly timesteps through the 

draft Cal-Adapt API. Work is also currently underway to integrate the Gridded Meteorological 

Observed Data (1949 - 2010) produced by Ben Livneh, University of Washington, also at 1/16th 

Degree resolution (Livneh et al., 2013). 

1.3 Energy Infrastructure Data Layers 

The GIF obtained authorization from the Energy Commission to use the energy infrastructure 

data (e.g. locations and description of transmission lines, operational substations and power 

plants) in data visualizations on Cal-Adapt. These datasets were styled and added to all the Cal-

Adapt tools (except for the Local Climate Snapshot tool). The user can show or hide energy 

infrastructure data layers in the map view by clicking on a new tool button within the Map 

Toolbar. At higher zoom levels, the user can right-click and query a particular feature to bring 

up a popup box showing details on energy facility name, owner and capacity.  
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Figure 2: Energy Infrastructure Data 

 

Screenshot of Energy Infrastructure data layers displayed in the Wildfire tool 

Photo Credit: cal-adapt.org. 
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CHAPTER 2: 
Updates and Enhancements to the Cal-Adapt Website 

Several updates and enhancements have been made to the Cal-Adapt website to help users 

interact with climate data available through the different tools and also to showcase the depth 

of climate change research being done in California. 

2.1 Improving User Experience 

Using feedback provided by several Cal-Adapt users in the form of bug reports and the Cal-

Adapt user survey generated by Melissa Deas, an intern at the Energy Commission, several 

enhancements have been made to the Cal-Adapt website to improve user experience. These 

enhancements include the following tools and features: 

 Addition of links to other SLR tools and resources available for the State of California 

within the Cal-Adapt SLR tool.  

 Streamlining the design of Data Sources, Download and Share links at the top of each 

Cal-Adapt tool to make it easier for the user to choose an appropriate option. 

 Increasing the maximum limit to which a user can zoom into the map for all the tools. 

This allows the user to explore the energy infrastructure data layers in more detail.  

 Redesigning the Community page to better showcase the most recent posts in new Cal-

Adapt blog categories such as Events and Funding Opportunities, Adaptation Resources 

and Case Studies and User Stories. 

 Redesigning the Resources page and Resources links to highlight availability of peer 

reviewed publications and state sponsored research.  

 A new page on “How to Use Cal-Adapt” was added to the Resources section. The 

content on this page describes what climate projections are, how they are produced and 

guidance on how to use climate projections on Cal-Adapt. 

 New content was also added to all of the tools designed to better describe the 

uncertainty associated with climate projections.  

2.2 Release of State of California's Climate Change Research 
Catalog 

The State of California’s Climate Change Research Catalog contains information about research 

projects supported by state government, including the project name and year, budget, principal 

investigators, and a short description. This catalog is a valuable resource for researchers, the 

public, and state agency staff, and was created by the Research Working Group of California's 

Climate Action team to disseminate results and identify opportunities for collaboration and 

further study. The catalog is hosted on Cal-Adapt and was released publicly in December 2014. 
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A search tool enables users to search for research projects by a variety of terms, including 

geographical location, sector, or any other keyword of interest.  

Figure 3: Research Catalog 

 

Screenshot of the State of California's Climate Change Research Catalog 

Photo Credit: cal-adapt.org. 

 

2.3 Cal-Adapt Application Programming Interface (API)  

The Cal-Adapt web application has been developed using all free and open-source software 

(FOSS) components, hosted on virtual private servers (Steiniger and Bocher, 2009).  The Cal-

Adapt API (Application Programming Interface) is being built upon the foundation of Django 

web framework and Django REST Framework which is a powerful and flexible toolkit that 

makes it easy to build Web APIs. A RESTful API can be described as a machine-readable web-

based representation of data resources utilizing the functionality of the HTTP protocol. 

Compared to other forms of web services, simplicity, ease of use, and interoperability are 

among the main advantages. 

Additional capabilities for spatial querying and serialization to geo-formats will be provided by 

the Django-Spillway package, an open source library developed at GIF. This includes the 

handling of GDAL-supported raster formats and rendering via Mapnik. This powerful 

combination of tools will enable a creation of a flexible, spatially-enabled Cal-Adapt Web API, 

through which developers and researchers can access the rich environmental and climate 

variables available through Cal-Adapt. 
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Moving to an API allows Cal-Adapt to accommodate new higher resolution downscaled CMIP5 

climate projections with additional IPCC scenarios and GCM models, as well as improved 

regional downscaling routines that offer more realistic portrayals for extreme events in 

California. Given the vast amount of data available through the site, it is impossible for a single 

organization to build tools that might satisfy every potential use of the information. Similarly, 

the multitude of planning decisions that need to be made would best be informed by 

applications developed by local experts and stakeholders. With a Cal-Adapt API, developers 

from other organizations will be able to access the data and build domain specific visualization 

and planning tools on top of the existing data and tools  

A prototype Cal-Adapt API is being tested internally within the GIF. The features of this 

prototype API include raster tiles, spatial querying and filtering, spatial subsetting and dynamic 

temporal aggregations. As new CMIP5 downscaled data becomes available, it will be added to 

this prototype API. The prototype API will be folded into the Cal-Adapt web application once 

the existing codebase for Cal-Adapt is migrated to support the latest versions of Django, Django 

REST Framework and Django Spillway libraries.  
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CHAPTER 3: 
Cal-Adapt Outreach and Education 

The goal of the Outreach and Education efforts have been to foster the communications and 

outreach between the scientists that are producing the new climate change information and the 

users of that information including: the general public, planners and decision makers, and 

experts from other fields. The information coming out of the climate change community is 

complex and requires expertise in order to successfully communicate it with those outside of 

the scientific fields of expertise. 

3.1 Cal-Adapt Blog and Newsletter 

The Cal-Adapt blog has been updated with new categories for blog posts, which include 

Climate Change News, Events and Funding Opportunities, Adaptation Resources and Case 

Studies and User Stories. New stories and events are being added to the blog on a regular basis. 

The Cal-Adapt Newsletter has been designed to pull the content of the Cal-Adapt blog into a 

compact layout and will be delivered by email to subscribers on a monthly or bi-monthly basis.  

Figure 4: Cal-Adapt Blog 

 

Screenshot of the redesigned Cal-Adapt Blog 

Photo Credit: cal-adapt.org. 
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A form is available on the Cal-Adapt website which users can use to subscribe to the Cal-Adapt 

newsletter and to optionally complete a quick survey where they can provide more information 

about the industry they work in and how they use Cal-Adapt in their work. Once the Cal-Adapt 

newsletter feature has been tested and finalized, more outreach will be done to subscribe users 

through social media and mailing lists.  

Figure 5: Cal-Adapt Newsletter 

 

Screenshot of the Cal-Adapt Newsletter 

Photo Credit: cal-adapt.org. 

 

3.2 California Adaptation Forum: Lifting the Fog Workshop 

The California Adaptation Forum was held in Sacramento in August 2014. A pre-forum 

workshop called Lifting the Fog was held to facilitate discussion on various SLR data and tools 

used for adaptation planning in California. Along with the Energy Commission, the GIF 

participated in presenting Cal-Adapt at a Tools Café held as part of the workshop.  
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GLOSSARY 

Term Definition 

API Application Programming Interface 

CMIP5 Coupled Model Intercomparison Project Phase 5: using a suite of General 

Circulation Models (GCMs), CMIP5 provides a standard set of climate 

change projections and model experiments that are aligned with the 

IPCC’s Fifth Assessment Report. 

Django Free and open source web application framework written in Python, 

which follows the model-view-controller architectural pattern. 

Django-

Spillway 

Open source python package that provides facilities for handling of 

raster and feature based geospatial data. 

GCM General Circulation Model or Global Climate Model (terms used 

interchangeably): A computational model of the planetary atmosphere, 

which can be used to simulate changes in climate in response to driving 

factors such as greenhouse gas emissions. 

GDAL Geospatial Data Abstraction Library: a free and open source software 

GIF Geospatial Innovation Facility 

HTTP Hyper Text Transfer Protocol: used to communicate between web servers 

and web users 

IPCC Intergovernmental Panel on Climate Change 

LOCA Localized Constructed Analogs: a method for statistically downscaling 

climate model simulations of daily temperature and precipitation over 

western United States. 

Mapnik Open source toolkit for developing mapping applications. 

PIER Public Interest Energy Research 

ReST Representational State Transfer: an open source architecture for 

providing internet-based services 
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