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CLIMATE CHANGE AND HARMFUL ALGAL BLOOMS IN CLEAR LAKE 

Angela De Palma-Dow and David Cowan 

L ake County’s most prominent ecological and economic 
feature is Clear Lake. With over 100 miles of shoreline, 
Clear Lake is the largest, natural freshwater lake in 

California and one of the oldest lakes in North America. A 
tourist and visitor destination, Clear Lake is popular for all 
water-related activities including fshing, swimming, boating, 
and water-skiing. Ranked as one of the top three bass fshing 
destinations in the continental US, Clear Lake relies heavily on 
the tourism dollars brought in by fshing and other recreational 
activities. For example, resident and non-resident angling alone 
is estimated to generate $1 million annually (Giusti 2016), 
underscoring the importance of Clear Lake to the regional 
economic stability of the county. 

Clear Lake is a shallow, warm, and historically eutrophic lake, 
highly susceptible to changing temperatures, winds, and nutrient inputs. While high primary productivity is a historical 
norm for Clear Lake, the occurrence of Harmful Algal Blooms (HABs), measured by cyanobacteria toxin concentrations that 
exceed state health limits of 0.8 ppb (California Environmental Protection Agency 2012), can impact the visitation rate and 
recreation integrity within Lake County. In 1994, it was estimated that the region lost an estimated $7 million in revenues 
and associated spending due to lower visitation to Clear Lake owing to HABs and poor water clarity (Richerson et al. 1994). 

Algae and cyanobacteria growth is driven by three major components; sunlight, nutrients, and warm temperatures. When 
all these conditions are met, growth can be exponential. During warm days, cyanobacteria colonies can reproduce at 
high levels, becoming visible as bright green scum layers, globs, or foul-smelling mats. Cyanobacteria HABs are especially 
hazardous because they produce toxins that, if consumed, can cause severe health effects in humans and sickness or death 
for pets, fsh, and wildlife. 

Climate change is likely to increase the risk of HABs in Clear Lake. Surface temperatures (<1m depth) have been warming 
over spring and summer seasons, with an average change of 0.64 °C every year since 1968, based on data collected by 
California Department of Water Resources3. In addition to increasing temperatures, algae and HABs occurrence is driven 

Accessed through the Water Data Library at http://wdl.water.ca.gov/waterdatalibrary/ 

Spring time view of Clear Lake with Mount Konocti in the 
background (Photo: Lake County Department of Water Resources) 
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Transportation Network 

Roadways in the North Coast study region traverse a topographically diverse landscape with unstable geology that 
regularly produces landslides and hillslope failures. Coastal highways are particularly vulnerable to landslides and 
beach erosion hazards. Sea-level rise and more intense coastal storm surges will increase the vulnerabilities of coastal 
transportation routes. Existing infrastructure protections may require fortifcation and road segments previously not-
at-risk will become vulnerable. 

In 2014, the California Department of Transportation (CalTrans) completed a climate change vulnerability 
assessment for the transportation network for District 1 (Del Norte, Humboldt, Mendocino, and Lake Counties), 
which evaluated nearly 1,000 miles of 23 roadways (CalTrans 2014). Te most vulnerable road segments in the region 
were identifed by combining stakeholder-driven assessments of “criticality” (how important the road is to economic 
activity) and potential for impact (the likelihood of reduced capacity, temporary failure, or complete failure). As part 
of the study, they also evaluated the vulnerabilities and adaptation options for pilot projects in each county. Tese 
included roads along Humboldt Bay that are vulnerable to sea-level rise and fooding, a section of Highway 101 
known as “Last Chance Grade” in Del Norte County (see Box, below), a section of Highway 1 in coastal Mendocino 
County, and a section of Highway 20 in Lake County. 

Overall, the assessment concluded that the majority of the road network had low vulnerability to climate change, but 
several road segments were considered at risk, having both high criticality and a high potential for impact. Among 
the vulnerable road segments, high criticality scores were related to their limited redundancy (i.e., lack of alternative 
road routes) and presence of infrastructure assets such as bridges and stormwater facilities. Coastal erosion hazards, 
tidal inundation risk, chronic landslides, and drainage challenges were the factors contributing to sites receiving 
“potential high impact” scores. Adaptation options for pilot projects were discussed and scored through a public 
process. Te relative costs of project alternatives, as well as the estimated useable life, level of performance, and social 
and environmental impacts, were assessed. In general, the assessment determined that adaptation options for each of 
the projects would require between $50M and $1B in capital investment. Te vulnerability assessment also exposed 
the value of directly engaging with stakeholders to understand the dependencies between CalTrans assets and the 
interests of local public and private entities. Local input is essential for setting regional priorities and building support 
for investment in climate-adaptation projects in the transportation system. 

A climate change vulnerability assessment for CalTrans District 2 (including Siskiyou and Trinity Counties) has not 
yet been conducted. Vulnerabilities to the extensive network of non-CalTrans maintained roads that serves most of 
the region’s rural population have also not been assessed. Tese county, municipal, and private roads traverse some 
of the most rugged landscapes in the state, yet little is known about their vulnerability to climate change and how 
failures could afect local residences and communities. Te entire road network would beneft from a transportation 
vulnerability assessment using a similar impact-criticality framework to guide regional priorities for maintenance 
and investment. 
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LAST CHANCE GRADE SLIDE 

Andrew Stubblefeld 

Increasing rainfall intensity resulting from climate change has the potential to trigger unstable landslides that traverse 
northern California’s road transportation network. By undercutting the base of coastal bluffs, sea-level rise further 
increases the instability of coastal roads. The Last Chance Grade slide is an example of the challenges facing the region 

and the magnitude of costs that could be incurred as heavy rainfall becomes more frequent, sea levels rise, and coastal 
erosion accelerates. 
Nine miles south of 
Crescent City, Highway 
101 traverses a region 
with hundreds of 
landslides. The stretch 
of highway currently 
requires $2M in yearly 
maintenance costs to 
keep the road open. 
Caltrans has spent 
$67M on the Last 
Chance Grade since 
1980. Heavy rains 
in March 2016 and the 
winter of 2017 led to 
cracks and settling on 
the roadway, deformation of retaining walls, and a localized landslide that took out the southbound lane at mile post 
14.4. Repairs to this storm damage will cost $27.6M. The potential exists for a larger slide to completely remove sections 
of the road, effectively cutting off Crescent City and rural northern communities from the rest of the state and causing 
major economic damage to the region. CalTrans is currently evaluating options to build an alternate route around the 
slide. Costs for the different options run from $240M to $1B dollars. Maintaining the existing alignment would appear 
to be the most cost-effective option, but if a large slide occurs, the economic costs to the region could greatly exceed the 
costs of realigning the road. Will state and federal funds be suffcient for this work if damage to transportation networks 
becomes more frequent and extensive across California? 

For more information, see: http://www.lastchancegrade.com 

Gully erosion at Last Chance Grade, Highway 101, Del Norte County (left panel) and diagram of processes affecting 
the site (right panel) from CalTrans (2014) 
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Water, Energy, and Communications Infrastructure 

Most municipalities in the region rely on surface water supplies from large rivers, including the Eel, Klamath, and 
Mad River systems, or from local groundwater sources. Te relatively low water demands of municipal users relative 
to supplies (DWR 2015), and absence of critically over-drafed groundwater basins (DWR 2016a), suggests that 
communities are not highly vulnerable to drought. However, there is potential for wildfre, foods, and other natural 
disasters to temporarily disrupt water supply systems. Rural residential communities that rely on local surface 
water supplies and wells face greater water scarcity risks. Shifs in precipitation regimes towards shorter winters 
and prolonged dry seasons, coupled with increased frequency of drought, may limit water supplies from local 
sources. Unpermitted diversions from cannabis may compound the risk of water scarcity. Improved permitting and 
enforcement by the State Water Board and eforts to increase local water storage capacity for rural residential water 
users should help improve their water security. 

A formal assessment of the vulnerability of the region’s water, energy, and communications infrastructure has not 
been conducted. However, all of these systems are threatened to some degree by natural disasters that are intensifed 
by climate change, including foods, wildfre, and sea-level rise. Infrastructure vulnerability assessments have been 
conducted in other regions of the state and should also be performed in the North Coast region. High priority should 
be given to the evaluation of the region’s disaster planning and emergency response systems, which tend to be less 
robust in rural areas with limited communications and energy networks, but are essential to limiting economic 
damages and the loss of life during and afer natural disasters. 

Critical infrastructure assets in the Humboldt Bay region are at risk from rising sea levels, including wastewater 
treatment plants and storm water facilities (see “Humboldt Bay and Sea-level rise” box, below). Under modest sea-
level rise scenarios, failure of dikes and levees surrounding Humboldt Bay would overwhelm the City of Eureka’s 
waste water treatment plants, water transmission lines, natural gas lines, and other valuable assets (Laird 2016).  
Te City of Arcata’s wastewater treatment facility is also at risk (Laird 2013). Te California Coastal Commission 
(CCC) has facilitated public meetings to identify local and regional priorities and discuss opportunities for advancing 
sea-level rise planning and adaptation projects (CCC 2016). However, the pace of assessment and implementation 
remains slow and may result in increased economic disruption and cost if communities are reactive rather than 
proactive in addressing the threat of sea-level rise. 

Several options for reducing the impacts of sea-level rise to infrastructure exist, such as reinforcing or building new 
tidal barriers, raising the ground elevation of assets in their current location, or relocating vulnerable assets to higher 
elevation, inland locations. Te relative costs of these alternatives will depend on the local context and design features 
and are difcult to generalize, but each has distinct social and environmental consequences that must be considered. 
Given that decisions will be complicated by uncertainty in future sea-level rise conditions, prioritization should be 
given to “no-regret” strategies (Hallegate 2009). Tese are options that have relatively low cost and yield benefts 
even in the absence of climate change, for example, land-use and building restrictions within food-prone areas, 
investment in insurance, warming, and evacuation schemes, and enhanced drainage systems. 

Planned retreat, also known as strategic retreat, refers to the managed removal and relocation of development 
threatened by rising sea levels, which can be triggered by threshold indicators (Eastern Research Group 2013).  
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Tis involves the identifcation of vulnerable properties and assets and then developing incentives, such as regulatory, 
tax, and market-based tools to encourage and achieve realignment (Reza Environmental and Tinsman 2018). Land 
use planning and regulations by local governments and agencies such as the California Coastal Commission can also 
play an important role in facilitating planned retreat and other adaptation strategies to address sea-level rise (Herzog 
and Hecht 2013). 

Where new or improved infrastructure is needed to protect structures and other assets, there is growing interest 
in the use of natural infrastructure for shoreline protection as an alternative to traditional armoring approaches 
(Newkirk et al. 2018). In this context, natural infrastructure means using nature to reduce the vulnerability of coastal 
communities to climate change related hazards and to increase the long-term adaptive capacity of coastal areas. 
Examples of natural shoreline infrastructure include restored sand dunes, marsh sills, and oyster reefs. Natural 
infrastructure promotes the ability of natural systems to respond to sea-level rise and migrate landward and can play 
an important role in planned retreat strategies. Natural infrastructure is ofen more cost-efective than traditional 
armoring approaches (Newkirk et al. 2018), and may also provide important co-benefts for coastal communities, 
such as serving as protective bufers against sea-level rise and storm events while continuing to provide access, 
recreation opportunities, and other social benefts that coastal ecosystems provide. Tese benefts have been well 
documented (e.g., Barbier et al. 2011, Gedan et al. 2011, Moller and Spencer 2002, Narayan et al. 2016, Shepard et al. 
2011, Wamsley et al. 2015). 

SEA-LEVEL RISE AND HUMBOLDT BAY 

Aldaron Laird 

Humboldt Bay has 102 miles of shoreline, 
75 percent of which consists of man-made 
barriers, such as dikes and bulkheads. 

Approximately half of the shoreline barriers protect 
thousands of acres of low-lying areas from regular 
tidal inundation. Eroding dike structures are at 
risk of breaching under current sea level and tidal 
regimes. The consequences of a dike breach could be 
signifcant, potentially tidally inundating thousands 
of acres of former tidelands. These areas are 
primarily pasture and seasonal freshwater wetlands, 
but also include critical infrastructure assets, 
including roads, water pipelines, electricity towers, 

Dike overtopped during a king tide tidally inundating low-lying lands in 
Eureka and Arcata’s wastewater treatment plants, southern Humboldt Bay (Photo: Aldaron Laird) 
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and the Humboldt Bay Power Plant and spent 
nuclear fuel storage facility. 

Currently, there are 3.3 miles of diked 
shoreline that are vulnerable to being 
overtopped by king tides. With one foot of 
sea-level rise, king tides could place 11.4 
miles of diked shoreline at risk of being 
overtopped, and with two feet of sea-level 
rise, 23.4 miles could be overtopped. A New 
Year’s Eve 2005 king tide and storm surge 
caused sea levels to rise 1.8 feet, the highest 
water level ever recorded on Humboldt Bay, 
and prompted the Governor to declare a State 
of Disaster. King tides could reach the tipping 
point of between two and three feet as early 
as 2050, based on current high projections for 
sea-level rise. 

If the diked shoreline were compromised today, Humboldt Bay could expand to 30,308 acres. Sea-level rise of three feet 
would increase the bay to 33,451 acres (63.5% greater than its current size), eel grass habitat could expand 1,269 acres 
(22.0%), mud fats 5,984 acres (119.4%), and salt marsh 2,948 acres (190.8%). Nearly two-thirds of the agricultural 
land in the Coastal Zone around the Bay could be tidally inundated with three feet of sea-level rise. The communities 
of King Salmon, Fields Landing, and Fairhaven in the unincorporated area of the County could also become tidally 
inundated. With three feet of sea-level rise, the most vulnerable asset in the City of Arcata is its wastewater collection 
system and treatment facility at the Arcata Marsh. At high tides, backup of the City’s stormwater drainage systems could 
result in fooding farther inland, even in areas protected by dikes. Eureka’s wastewater treatment plant is also vulnerable, 
and with 3 feet of sea-level rise, a signifcant portion (80%) of the city’s Coastal Zone could also become tidally 
inundated, threatening land uses and developments, utilities, transportation infrastructure, coastal resources, and public 
access. 

Around Humboldt Bay, the State has retained jurisdiction over development on approximately 75% of the Coastal Zone, 
on existing and former tidelands. The Coastal Commission is not bound by Local Coastal Program policies and adheres to 
the Coastal Act in review of proposed developments. The challenge of adaptation planning for sea-level rise on Humboldt 
Bay will be for Local Coastal Program authorities (Humboldt County, City of Eureka, and City of Arcata) and the Coastal 
Commission to integrate the application of their authorities to effectively and effciently address the impacts of sea-level 
rise on coastal resources and developments. 

Inter-tidal inundation extent of northern Humboldt Bay if dikes are breached under current 
conditions (left panel) versus with three feet of sea-level rise (right panel) (Source: Laird 
2018). 
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Wildfre Management 

Tere is growing recognition that active vegetation management, including thinning and prescribed fre, will 
be critical for reducing fre risk to communities and conserving the cultural and ecological values of the region. 
Tinning and fre are needed to reduce stand densities and fuel loading in most of the region’s forest types. Prescribed 
fre would also beneft grasslands by controlling late-phenology invasives and promoting species of interest. Tinning 
and fre in oak woodlands can help to reduce conifer encroachment and to maintain open stand structure. Prescribed 
fre presents a number of potential benefts for the region, including fuels reduction, cultural resource management, 
habitat restoration, range improvement, and drought resilience. Recent research has shown that prescribed fre can 
be used to promote forest resilience during wildfre, but also to decrease mortality from drought by reducing stand 
densities and competition for resources (van Mantgem et al. 2016). 

Several models of successful community-based fre adaptation are emerging in the North Coast. Examples 
include the mid-Klamath corridor in Humboldt and Siskiyou counties, where collaborative processes are enabling 
communities and agencies to work together on strategic fuels projects that bufer communities from adjacent 
wildlands (see “Building capacity for prescribed fre” box, below). Collaborative work is also happening in Trinity 
County, where community-agency partnerships are enabling large-scale fuels planning and implementation. 
Likewise, the recent formation of the Humboldt County Prescribed Burn Association will empower landowners and 
other non-governmental entities to scale up prescribed fre use in the region by working together to plan, fund, and 
implement prescribed burns. Similar groups are common in the Great Plains, but this is the frst of its kind to form 
in the West. Given the challenges that lie ahead, agencies and communities in the North Coast will need to continue 
to fnd innovative, collaborative models for fre management, including cross-boundary fuels treatment eforts and 
cooperative approaches to capacity building. Agencies will also need to better prepare to use wildfre to meet resource 
objectives. Tis will require updating land management plans and better incorporating wildfre as a management tool 
(North et al. 2012), and communicating with local communities about the realities, risks, and opportunities inherent 
to managing fre for resource benefts. 
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BUILDING CAPACITY FOR PRESCRIBED FIRE 

Lenya Quinn-Davidson 

F or the last decade, the North Coast has been a hot bed of innovation around prescribed fre capacity building and 
training. The Northern California Prescribed Fire Council (which formed in 2009 as the Northwestern California 
Prescribed Fire Council before expanding its region to encompass the entire north state) provided a novel venue 

for practitioners, regulators, researchers, and others to collaborate on prescribed fre challenges and opportunities. In the 
eight years since its inception, the Council has continued to provide a venue for networking and collaboration, policy 
issues, outreach and education, and training. 

In 2013, the Council hosted the frst Northern 
California Prescribed Fire Training Exchange, 
or TREX—a two-week prescribed fre training 
opportunity that brought people from across the 
country and the world and provided them with 
opportunities to burn and learn together in Humboldt, 
Trinity, and Shasta counties. The Council has 
continued to host the Nor Cal TREX annually, helping 
diverse fre practitioners—including many who 
would not otherwise have access to prescribed fre 
training—build fre qualifcations and increase the 
capacity of their home agencies and organizations. 
In 2014, several organizations in the mid-Klamath 
region hosted a separate TREX event (the Klamath 
TREX). That event focused on building local capacity, 
and local community and tribal members were invited 
to participate in the training, working alongside agency and NGO staff from across the country. The Klamath TREX has 
also become an annual event, and it is typically hosted in the fall just before the Nor Cal TREX. 

More recently, a large group of landowners, volunteer fre departments, and other non-governmental organizations have 
joined forces to form California’s frst prescribed burn association. The Humboldt County Prescribed Burn Association 
(HCPBA) is a cooperative group focused on planning and implementing prescribed burns on private lands, and providing 
a forum for training, resource and equipment sharing, and funding. The HCPBA joins many other similar groups 
throughout the Great Plains and surrounding regions, but it is the frst of its kind in the West. 

Prescribed burn by the Northern California Prescribed Fire Council  
(Lenya Quinn-Davidson) 
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Public Health and Safety FIGURE 4.1 

Climate change-induced heat waves, 
fooding, sea-level rise, drought, wildfre, 
and the spread of infectious diseases pose 
severe risks of injury, morbidity, and 
mortality to North Coast communities 
through short-term and long-term, 
direct, and indirect exposures and related 
socioeconomic disruption (see image 
on right). In addition to acute risks that 
can result from extreme weather events 
such as storms, fooding, and wildfre, 
communities can experience air and water 
quality threats, outbreaks of infectious 
disease and post-traumatic stress, 
depression, and increased risk of suicide 
in the wake of climate-related events. 
Below, we outline areas of climate-related 
public health risks facing North Coast 
communities. 

HEAT-RELATED ILLNESS 

Te interior zone of the North Coast 
region faces an increasing risk of exposure 
to extreme high heat days and heat 
waves, increasing the risk of heat-related illness and mortality from cardiovascular failure, heat stress/stroke, and 
dehydration (CDPH 2013). Risks to the high proportion of elderly living along in the region (English et al. 2007) are 
of particular concern. Agricultural feldworkers, such as those working in Mendocino and Lake County vineyards, 
are especially vulnerable to extreme heat events. Increased exposure of outdoor workers to heat waves and prolonged 
heat days are likely to increase heat-related illnesses (Cooley 2012). Changes in work hours and eforts to limit heat 
exposure, including shade structures and hydration systems, will be needed to reduce these potential health impacts. 

FLOOD RISK 

Large storms and intense rainfall events cause fooding and increase the risk of drowning or displacement. Projected 
increases in sea level will increase the extent of areas vulnerable to fooding along the coast. For example, the 100-
year food inundation is projected to increase by nearly 20% in Humboldt, Mendocino, and Del Norte Counties by 
2100 (Maizlish et al. 2017a, b, d). In 2010, nearly 2,000 Del Norte County residents lived on coastal blocks that were 
at risk of inundation from a 100-year food (Maizlish et al. 2017a), a number estimated to grow to 3,000 residents 
by end of century. In Humboldt County, the number of residents vulnerable to sea-level rise is expected to more 

Impacts of climate change on human health (Source: Federal Center for Disease Control and 
Prevention 2016) 

Fourth Climate Change Assessment North Coast Region  |  50 



CALIFORNIA’S FOURTH

CLIMATE CHANGE 
ASSESSMENT

 

than double (from 3,700 to 7,900 residents) (Maizlish et al. 2017b). Coastal fooding poses other public health risks, 
such as salt water intrusion into coastal aquifers. In addition, water intrusion into buildings can result in mold 
contamination leading to property damage and indoor air quality problems (Luber et al. 2014). 

WILDFIRE HEALTH RISKS 

Increasing severity and intensity of wildfre directly threatens residences and critical infrastructure, including 
roads and water supply systems. Rural communities are particularly vulnerable to the risks associated with wildfre, 
including direct injury and death, destruction of property, and displacement. Rural communities rely on extended 
electricity lines through wildland areas that can cause fres (Collins 2005), and at the same time, are more vulnerable 
to outages in energy and communication networks from wildfre damage. Wildfres increase the distribution 
of particulate matter in the lower atmosphere, leading to increased hospitalizations and even deaths due to 
cardiovascular and asthma-related emergencies. For populations already struggling with chronic health conditions, 
additional exposure to smoke and fre-related particulate matter can have signifcant health consequences. For 
example, nearly half of the adult population of Lake and Mendocino Counties (49,000 people total) reported one or 
more chronic health conditions, including heart disease, diabetes, asthma, severe mental stress and/or high blood 
pressure (Maizlish et al. 2017c, d). 

Smoke and particulate matter released by wildfre can afect the entire region, including communities on the coast 
that have limited risk of direct exposure to wildfre. Climate-informed programs that incentivize use of fre-resistant 
building materials, limit new construction in fre-prone areas, and encourage vegetation management in and around 
residences and infrastructure assets would be helpful. New approaches to wildfre management, including broader 
and more frequent use of prescribed fre (see “Wildfre Management” section and “Building capacity for prescribed 
fre” box, above) are also needed. 

EMERGENCY SERVICES 

Although there is no region-specifc data on the status of emergency response services, California as a whole is not 
prepared to absorb high patient loads from climate change associated disasters (Report Card Task Force and Staf 
2014). Te American College of Emergency Physicians assigned California an overall emergency care grade of F 
(ranking 42nd among States) for access to emergency care. Enhancing emergency response, public health and clinical 
infrastructures in advance of crisis will save lives and reduce the societal and economic costs of climate hazards 
(Lauland et al. 2018). 

MULTIPLE STRESSORS 

Natural disasters that are exacerbated by climate change can produce multiple stressors to social systems and public 
health. Tese are defned by the increased occurrence of simultaneous or sequential exposures to environmental 
hazards. Individuals, populations, or communities might have the adaptive capacity and resilience to cope with a 
single exposure or environmental challenge; however, the cumulative impacts of multiple stressors can easily overtax 
biological or societal systems resulting in far more serious health consequences. Te multiple stressors related to 
climate change may relate to lack of access to food, water, transportation, housing/shelter, and basic services as 
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well as mental health issues due to depression, anxiety, stress, and shock from loss of family, home, livelihood, or 
displacement (Aitsi-Selmi and Murray 2016, Basu et al. 2017, Vins et al. 2015, Ziegler et al. 2017). As noted by 
Maizlish et al. (2017b), “disruption includes damage to the infrastructure for the delivery of health services and for 
general economic well-being. Health care facilities, water treatment plants, and roads for emergency responders and 
transportation for health care personnel can be damaged in climate-related extreme weather events. Increased burden 
of disease and injury will test the surge capacity of health care facilities. Economic disruption can lead to income loss, 
income insecurity, food insecurity, housing insecurity, and mental health problems, which in turn may increase substance 
abuse, suicide and other health problems.” Disruption of the transportation network from food or wildfre, for 
example, creates multiple public health risks if the capacity of a population to evacuate from an event is restricted 
and if individuals have difculty accessing hospitals or other essential health services. Te risks may be compounded 
further if water delivery or wastewater treatments systems are compromised, especially if disruptions last more than  
a few days. 

Te goal of public health adaptation strategies is to minimize the negative health impacts of climate change.  
A summary of near-term and long-term actions from the 2009 California Climate Adaptation Strategy report are 
outlined in Table 4.1 and include community education and engagement, public health workforce development, 
identifcation of co-benefts, bolstering existing functions of public health professionals, multi-sectorial partnership 
building, and research. 

TABLE 4.1 

STRATEGY NEAR-TERM ACTIONS LONG-TERM ACTIONS 

1. Promote community resilience 
to climate change to reduce 
vulnerability 

• Promote healthy, built 
environments 

• Identify and reduce health 
vulnerabilities 

• Improve food security and quality 

• Promote food sustainability 
• Reduce heat islands 
• Support social and community 

engagement 
• Promote increased access to 

health care 

2. Educate, empower and 
engage California residents, 
organizations and businesses to 
reduce vulnerability 

• Educational outreach campaign 
tying into existing efforts 

• Specifc outreach to vulnerable 
populations 

3. Identify and promote mitigation 
and adaptation strategies with 
public health co-benefts 

• Identify and prioritize strategies 
with public health co-benefts 
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TABLE 4.1 CONT’D 

STRATEGY NEAR-TERM ACTIONS LONG-TERM ACTIONS 

4. Establish, improve and maintain • Monitor outcomes (state and • Convert to electronic 
mechanisms for robust rapid local) surveillance systems to improve 
surveillance of environmental • Develop existing environmental disease reporting, management 
conditions, climate-related contaminant biomonitoring and surveillance 
illness, vulnerabilities, and • Maintain and upgrade water 
adaptive capacities accessibility information 

• Improve heat warning systems 

5. Improve and sustain public • Refne existing preparedness 
health preparedness and plans and conduct exercises 
emergency response 

6. Work in multi-sectoral • Expand training and education 
partnerships (local, regional, to build collaborative capacity 
state and federal) 

7. Conduct applied research • Vulnerability assessments 
to support promotion and • Research collaboration 
protection of human health • Assess local impacts on health 

8. Implement policy changes at • Policy collaboration with • Model policies and training 
local, regional and national stakeholders • Public engagement 
levels • Occupational safety standards 

9. Identify, develop and maintain • Identify and develop funding • Develop funding mechanisms/ 
adequate funding for mechanisms AB32 for education and 
implementation of public health research 
adaptation strategy 

Public health strategies for adapting to climate change (adapted from CNRA 2009) 
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Tribes and Cultural Resources 

California indigenous communities are on 
the frontlines of climate change, not only in 
terms of ecological and social vulnerability, 
but also through their leadership in proactive 
responses to climate variability (KDNR 2016a). 
Climate change has already begun to impact 
tribal lands and waterbodies and threaten the 
viability of cultural resources4 upon which 
California tribal communities depend. Climate 
change imperils tribal knowledge systems, 
economies, livelihoods, and cultural practices 
that are essential to community health and 
well-being as well as tribal sovereignty and 
self-governance (Lynn et al. 2013, Norton-
Smith et al. 2016, KDNR 2016b). As Parker 
and Grossman (2012) remark: “Native peoples 

“Every year since the beginning of time, Karuk People have remade the 
world through ceremonies handed down to us by the Creator where we 
pray for all living things, as well as all the peoples of the earth. […]  
So for my people, the issues related to climate change are not just 
about fsh, water or forests, but about something far deeper and far 
more meaningful. Our physical health, our spiritual health, and our 
cultural identity are intimately tied to the ecological integrity of the 
Klamath River Basin.” 

- Leaf Hillman, Karuk Tribe Department of Natural Resources, First 
Declaration of Leaf Hillman, Civ. No. 16-01079, updated 7/2018. 

are the frst to experience climate change, and the peoples who feel it the deepest, with economies and cultures that 
are the most vulnerable to climate-related catastrophes.” Tribal communities disproportionately experience the 
negative impacts of climate change and are leading innovative climate-change research and adaptation initiatives at 
state, federal, and international levels (Cooley 2012, Levy and Patz 2015, Lynn et al. 2013, Norton-Smith et al. 2016). 
Here we review climate change impacts and adaptation strategies among North Coast tribal communities. Additional 
information on climate change impacts to California’s tribal and indigenous communities is provided in a topical 
report of the Fourth Climate Assessment (Tribal and Indigenous Communities Summary Report). 

Key climate-related vulnerabilities for indigenous communities in the North Coast region include food and water 
insecurity, reduced access to traditional foods, loss of plant, fungi, and wildlife species of cultural value, increased 
fre severity, extent and frequencies, and water quality threats to freshwater and marine fsheries (Bennett et al. 2014). 
In addition to reservation lands, Tribes are concerned with of-reservation lands and water bodies, also known as 
their ancestral or aboriginal territories, where they have fshed, hunted, harvested, and developed relationships with 
specifc cultural sites since time immemorial. Tese vulnerabilities are not an inherent feature of communities, but 
are the product of, and are compounded by, the history of colonialism and resource extraction which “created both 
the economic conditions for anthropogenic climate change and the social conditions that limit indigenous resistance 
and resilience capacity” (Norton-Smith et al. 2016; see also Marino 2015, Whyte 2016). Te vulnerabilities of North 
Coast tribal communities to climate change are intensifed by cumulative ecological and water quality degradation 
driven by mining, logging, fre suppression, and large-scale irrigated agriculture and ranching. Government policies 

We use the term “cultural resources” in a broad sense to refer to culturally signifcant species including wildlife, birds, fsh, crustaceans, mollusks, plants, 

fungi, lichen, moss and geophytes whose populations and habitats are stewarded for food, fber, medicine, regalia material and other cultural or spiritual 

purposes. Cultural resources also include water, fre, air, land and people, including the Spirit or First People. 
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and private sector practices that promoted resource extraction attempted to colonize tribal territories, forcibly 
remove or assimilate tribal communities, and marginalize or even criminalize indigenous cultures, languages, 
knowledges, and traditional resource management practices (e.g., Huntsinger and McCafrey 2007, Madley 2016, 
Marino 2015, Norgaard 2005, Norgaard et al. 2011, Norton-Smith et al. 2016). Today many Tribes and indigenous 
communities are uniquely disadvantaged due to the lack of acknowledgement of their sovereign political status and 
the ongoing misunderstanding or misrepresentation of their culture, knowledge, and values among scientists and 
public agencies. As Karuk Basketweaver and Tribal Council Member Renee Staufer commented on perceptions of 
traditional knowledge among resource management agencies: “We know that it’s science, but they don’t know. Te 
Karuk people have survived and managed their land for thousands of years. And how long has it taken the White 
man to come in and destroy it? What does that say about their land and water management? Tey come in and they 
try and play God and they’ve ruined everything, threw everything out of balance” (Salter 2003). 

Vulnerabilities of North Coast tribal communities are distinct and culturally specifc, yet there are also broad areas 
of common concern. Tese include impacts to freshwater resources that provide drinking and ceremonial bathing 
water, as well as sustain culturally-important fsh, plants, and wildlife. Other common areas of concern include 
impacts to coastal and marine resources, as well as range shifs in culturally signifcant food, fber, medicinal, and 
regalia species and their habitats. Warming temperatures and altered precipitation and streamfow regimes will 
impact habitat for culturally signifcant fsheries, such as Coho salmon (Oncorhynchus kisutch), Chinook salmon 
(O. tshawytscha), steelhead (O. mykiss), Pacifc lamprey eel (Entosphenus tridentatus), Green Sturgeon (Acipenser 
medirostris) and freshwater mussels (Bivalvia: Unionoida) (Butz et al. 2011, Lynn et al. 2013, Moyle et al. 2013, Sloan 
and Hostler 2011). According to Gregg Young, Environmental Director of the Potter Valley Tribe in Mendocino 
County, “With continued overharvest of ocean resources, the efects of climate change will be additive.” 

Wetlands, marshes, and springs that support culturally signifcant food (including wildfowl populations), fber, and 
medicinal plants are vulnerable under projected climate scenarios (Tribal and Indigenous Communities Summary 
Report). Also at risk are tribal community surface and groundwater resources that supply tribal drinking water 
and irrigation systems. Many tribal drinking water systems are already overstressed and climate change, drought, 
fooding, and Harmful Algal Blooms (HABs) pose further threats to drinking water quality. Te Karuk and Yurok 
Tribes routinely monitor for algal toxins in the Klamath river (Fetcho and Tribe 2006), while Big Valley Rancheria 
and Elem Indian Colony have been conducting monitoring for HABs around Clear Lake (see box on “Climate change 
and harmful algal blooms in Clear Lake” on page 38).5 Climate change related degradation of water quality and 
quantity is a critical issue for many North Coast tribes. As a Yurok elder expressed: “Worry about the Water. Water is 
Life. Focus on water and the rest will follow” (Sloan and Hostler 2011). 

Sea-level rise, ocean acidifcation, increased air and water temperatures, decreased coastal upwelling, and shifs in 
fog dynamics all pose threats to marine fsheries (CEC/CNRA 2018) and other coastal cultural resources such as 
seaweed, mussels, clams, abalone, crustaceans, invertebrates, marine mammals and birds (Sloan and Hostler 2011). 
Some studies warn of increased risks of shellfsh poisoning among tribal cultural practitioners due to temperature 
shifs resulting in the spread of bacteria, viruses, and phytoplankton blooms (Lynn et al. 2013). Shifs in fog dynamics 
will impact coastal plant species adapted to the foggy North Coast, including species of geophytes such as the 
endangered western lily (Lilium occidentale), coastal scrub species such as hazelnut (Corylus cornuta ssp. californica), 

See http://www.bvrancheria.com/clearlakecyanotoxins for more info. 
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and species such as coast redwood (Sequoia sempervirens) and Stika spruce that are dependent upon a regular 
summer fog regime. Tese species are of immense cultural importance to the Wiyot people and other tribes in the 
region (Wiyot Botanist Adam Canter pers. comm.; see also Franklin and Dyrness 1973, Holliday et al. 2012). 

Humboldt Bay, or Wigi, is home to the Wiyot people. Many Wiyot sites, due to their low elevation and hyper-
maritime locations, are especially vulnerable to SLR due to inundation, but also erosion. When sea levels rise, wave 
action is likely to erode unfortifed shorelines, exposing cultural sites and threatening Wiyot artifacts, burials, and 
shell middens. Potentially half of the Wiyot sites on Humboldt Bay are likely to be physically damaged due to tidal 
inundation from sea-level rise or damaged by shoreline erosion and bluf retreat (Laird 2018). Permanent tidal 
inundation would prevent access and use of these sites. Shoreline erosion due to rising sea levels or extreme storm 
events could physically damage or even eliminate sites. Te destruction or loss of access to these sites would have 
devastating cultural impacts on the Wiyot people. A Wiyot cultural site already experiencing erosion is the headlands 
at Guthrie Creek. Te Tribe is an approved steward of the site and is in the process of collecting seeds from the one-
leaf onion (Allium unifolium), an Indian potato6 known to be eaten by the Wiyot, and will relocate the plant to stable 
lands on both the BLM property as well as the Wiyot’s Table Bluf Reservation. Te Tribe has plans to collect seed 
from several species of geophytes that occur at vulnerable cultural sites to ensure that their stock can be preserved for 
future generations of Wiyots (Adam Canter pers. comm.). 

Climate impacts to culturally signifcant species and habitats can result in cascading social and cultural efects in 
tribal communities. For example, as Parker and Grossman (2012) describe, “the loss of culturally important species 
upon which traditional knowledge depends will make it more difcult for elders to practice and pass their knowledge 
to the next generation.” In addition to the importance of cultural foods in revitalizing and sustaining cultural 
practices, lack of access to traditional foods can result in higher rates of food insecurity, diet-related illness, and 
mental health issues in North Coast indigenous communities (Norgaard 2005, KDNR 2016, Sowerwine 2016). In a 
2015-2016 survey of 843 tribal members in the Klamath region, climate change was cited as a barrier to native food 
access by 68% of respondents, ranked fourth behind limited availability, degraded environment, and prohibitive rules 
and permits (KDNR 2016b). Like their non-tribal neighbors, Tribes may face increased exposure to extreme weather 
events, including droughts, foods, and wildfre, but may have less capacity to respond due to economic instability, 
understafed emergency response teams, food and water insecurity, or lack of access to other resources such as home 
owners’ insurance to help recover from disasters (Krol 2017). 

Despite facing signifcant climate change threats, indigenous communities have been adapting to climate variability 
for millennia (Lynn et al. 2013, MacFarland et al. 2017, McNutt 2010, KDNR 2016a). Indigenous resource 
management strategies based on traditional ecological knowledge (TEK) promote and sustain resilient ecosystems, 
cultures, and communities (Bennett et al. 2014, Berkes et al. 2000, Williams and Hardison 2013). Numerous tribes 
in the North Coast region are continuing their eforts to identify climate vulnerabilities and develop strategies for 
adapting to climate change. Tese eforts also serve to strengthen community food, water, and energy systems, 

There are many other species of edible geophytes referred to as “Indian potatoes”. Anderson and Lake (2016) mention the following genera of culturally 

signifcant edible geophytes: Allium, Brodiaea, Camassia, Chlorogalum, Calochortus, Dichelostemma, Lilium, Lomatium, Perideridia, Sanicula, and Triteleia. 
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improve tribal housing and infrastructure, rehabilitate ecosystems and watersheds, and revitalize culture and support 
tribal sovereignty (see boxes for descriptions of tribal-led climate change research, mitigation and adaptation 
initiatives). For example, the Klamath Basin Tribal Food Security initiative developed community-led strategies 
for increasing access to traditional foods and promoting the resilience of cultural agroecosystems among the 
Yurok, Karuk, and Klamath Tribes (Mucioki et al. 2018, Sowerwine 2016). Te Karuk Tribe has been pioneering 
community-engaged approaches to climate vulnerability assessment, collaborative fre management, eco-cultural 
revitalization, and climate resilience (see “Karuk Tribe Cultural Prescribed Fire and Climate Resilience” box, below). 
Federal and state policy recognizes tribal sovereignty and supports tribal self-determination through government-to-
government negotiation and collaboration in climate change adaptation planning and climate governance initiatives.7 

In addition, indigenous nations have been active participants in international climate policy conversations, for 
instance through Declarations and Statements to the United Nations Framework Convention on Climate Change 
(Parker and Grossman 2012) and the creation of the UNFCCC-SBSTA “Local Communities and Indigenous Peoples 
Platform”, which aims to “facilitate stronger and more ambitious climate action by indigenous peoples and local 
communities”8. 

7 E.g. Executive Order B-10-11; California Energy Commission Tribal Consultation Policy, CEC-700-2017-002-D, December 2017; California Natural Resource 

Agency Tribal Consultation Policy, 11/20/12. 

8 UNFCCC Subsidiary Body for Scientifc and Technological Advice Forty-seventh session, Bonn, 6–15 November 2017, Agenda item 13. UNFCCC/SB-

STA/2017/L.29. This platform encourages Parties to “consider their respective obligations on the rights of indigenous peoples and local communities” when 

taking action to address climate change, it emphasizes “the role of local communities and indigenous peoples in achieving the targets and goals set in the 

Convention” and “reaffrm(s) the need to strengthen the knowledge, technologies, practices and efforts of local communities and indigenous peoples related 

to addressing and responding to climate change”. 
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KARUK TRIBE CULTURAL PRESCRIBED FIRE AND CLIMATE RESILIENCE 

Karuk Tribe 

T he Karuk Tribe is located on the Klamath River in Northern 
California, where fres are an integral part of forest ecology 
and central component of Karuk management and culture. 

However, increased fre severity and frequency poses particular 
and unique risks to specifc Karuk cultural use species on the one 
hand, and to broader Tribal programmatic goals and activities 
on the other. Taken together, climate change and settler-colonial 
management regimes have created landscape conditions that 
have the potential to transition much of Karuk Aboriginal Territory 
to an early seral condition with a tendency to repeatedly burn at 
high severity (Cocking et al. 2012, Odion et al. 2010). 

Karuk people are fortunate to retain relationships with hundreds 
of species considered relations (Lake 2007). These foods, 
medicines, and fbers are embedded within cultural, social, 
spiritual, economic, and political systems – in short, in daily life 
(Lake and Long 2014, Norgaard 2014). As Lisa Hillman, the Karuk 
Píkyav Field Institute Program Manager, describes, “Dissecting 
the world into essential moving forces, we consider fve elements: 
water, earth, air, fre and the spirits. To nurture the biodiversity of 
our many unique ecosystems, however, we understand that we 
must consider each of these elements in the everyday choices 
we make.” Impacts to culturally signifcant species in the face of 
climate change have thus more direct impacts on Karuk people than for communities that no longer retain such intimate 
connections with other beings and places in the natural world. Consequently, the strength of these connections amplify 
the vulnerabilities Karuk people face as the climate shifts dramatically. For example, the loss of tan oak groves where 
families have gathered acorns for generations has a deep cultural impact that goes beyond economics. 

There is increasing realization that solutions to climate change must be found in community-based models that prioritize 
long-term social and environmental well-being. The Karuk Tribe has taken a comprehensive approach to climate 
adaptation planning that considers how climate change and the associated responses of other non-Native agencies may 
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affect cultural use species and habitats, as well as program infrastructure. In addition, they are analyzing the impact on 
jurisdictional recognition, tribal management authority and sovereignty. These vulnerabilities must be understood in the 
context of existing threats, as well as the past, present, and future management actions of Tribal and non-Tribal land 
managers. Not only does high severity wildfre hold the potential to negatively affect some species more than others for 
biological reasons, species with already compromised ecological niches that may have more diffculty in adapting will be 
at greater risk in the event of large scale, high severity wildfres. Furthermore, past management actions such as logging, 
road building, and fre suppression interact with wildfre events to infuence the level of eco-cultural vulnerability, as do 
management actions taken during a wildfre and those that may follow in the long term. As such, the Karuk Climate 
Vulnerability Assessment and Climate Adaptation Plan9 also consider how past management actions, including those 
taken during wildfre events, and those that may be taken in the future, may create vulnerabilities for a given species. 
Understanding climate-induced vulnerabilities for particular species therefore requires an interdisciplinary approach that 
incorporates biological and fre science with sociological understanding of human factors. Discussions of habitat zones 
and species profles refect this intersectional dimension to vulnerability. 

Fortunately, in the face of the changing climate, many non-Native ecologists, fre scientists, and policy makers have turned 
to the indigenous knowledge and management practices of their Native colleagues with renewed interest and optimism 
in the hope that they may provide a much needed path towards both adaptation and reducing emissions (Martinez 2011, 
Raygorodetsky 2015, Vinyeta and Lynn 2013, Whyte 2013, Wildcat 2013, Williams and Hardison 2013). In the context 
of climate change, tribal knowledge and management principles regarding the use of fre can be utilized to reduce 
the likelihood of high severity wildfres and thereby protect public as well as tribal trust resources (Norgaard 2014). 
In particular, there is increasing recognition of the importance of indigenous burning as an ecosystem component and 
restoration technique. 

Fire is especially important for restoring meadows and grasslands for elk, managing for food sources including tan 
and black oak acorns, maintaining quality basketry materials, producing smoke that can reduce water temperatures for 
migrating fsh, and more. Karuk fre regimes generate pyrodiversity on the landscape by extending the season of burn 
and shortening fre return intervals. Fire can liberate nutrients (e.g. calcium, potassium, phosphorus) from organic matter 
and increase the production and protein quality of certain forest plants, while also providing protection from pathogens 
(Gregg Young, pers. comm.). The multitude of foods, materials, and other products that come from Karuk environments 
are in turn evidence of the profound diversity of indigenous fre regimes that are required to maintain relationships with 
hundreds of animal, plant, and mushroom species (Anderson and Lake 2013, Lake 2007, Lake and Long 2014). 

See https://karuktribeclimatechangeprojects.wordpress.com/vulnerability-assessment/ 

Fourth Climate Change Assessment North Coast Region  |  59 

9 

https://karuktribeclimatechangeprojects.wordpress.com/vulnerability-assessment/


CALIFORNIA’S FOURTH

CLIMATE CHANGE 
ASSESSMENT

 

 

  
 

For more information: 

Karuk Tribe Climate Change Projects Website (https://karuktribeclimatechangeprojects.wordpress.com) 

Western Klamath Restoration Partnership (https://www.wkrp.network/) 

National Cohesive Wildland Fire Management Strategy (http://wildfreinthewest.blogspot.com/) 

Fire Adapted Communities Learning Network (https://freadaptednetwork.org/). 

The “Endowment for Eco-Cultural Revitalization Fund” has been developed by the Karuk Tribe’s Department of Natural  
Resources through the Humboldt Area Foundation for the purposes of funding Karuk eco-cultural revitalization initiatives. 
See: hafoundation.org/EcoCultural for more information and to donate in support of Karuk Eco-Cultural Revitalization. 

Te diversity of traditional ecological knowledge traditions and stewardship practices among tribal communities of 
the North Coast region hold considerable promise for adapting to climate change in California. MacFarland et al. 
(2017) argue that “increased awareness and appreciation” of traditional knowledge can be “a viable and important 
component of climate change adaptation.” In addition to supporting more comprehensive climate research and 
policy, including tribal representatives and perspectives in climate change research and adaptation planning can 
help avoid the further marginalization of indigenous knowledge and cultural perspectives in resource management 
processes (Whyte 2016). Tribal representatives should be centrally involved in conducting climate change 
vulnerability assessments and adaptation planning initiatives to ensure that indigenous knowledges, values, and 
priorities are appropriately included in climate research and policy (Norton-Smith et al. 2016, Whyte 2016). In their 
2014 “Guidelines for Considering Traditional Knowledges in Climate Change Initiatives”, the Climate and Traditional 
Knowledges Workgroup stated: “TEK is tribally proprietary and inclusion of TEK should support and respect the 
sovereignty of Tribes and have safeguards through free, prior and informed consent with careful consideration of 
risks and opportunities” (Joe Hostler pers. comm.). 

If steps are taken to include tribal communities as full partners, on their own terms and in accordance with 
indigenous cultural values, climate change research and adaptation planning initiatives can create opportunities for 
culturally appropriate jobs, workforce training, and youth education while building community capacity for resilient 
tribal economies and eco-cultural systems. For example, the Yurok Tribe’s Carbon Forest, Community Forest and 
Blue Creek Salmon Sanctuary project is converting an industrial tree farm to a diverse fsh and wildlife preserve and 
sustainable community forest, while providing “green” and culturally appropriate jobs for Yurok tribal members (see 
box for more information). Te Blue Lake Rancheria is utilizing a range of approaches to reduce its carbon footprint, 
which simultaneously improves disaster preparedness and reduces energy and electricity costs for tribal members 
(see box for more information). More climate related education, capacity building, and training opportunities 
designed specifcally for tribal youth are needed. Overall, more tribal community-based research and collaborative 
partnerships are needed to understand and address the site-specifc impacts of climate change on North Coast tribal 
communities, including their foodways, livelihoods and economies, ecosystems and watersheds, cultural resources, 
health, and well-being (Cooley 2012). 
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YUROK TRIBE’S CARBON FOREST, COMMUNITY FOREST AND BLUE CREEK SALMON SANCTUARY 

Joe Hostler 

T aking advantage of an historic 
opportunity, Western Rivers Conservancy 
(WRC) and the Yurok Tribe are acquiring 

47,097 acres from a timber company to 
establish a carbon forest, a community forest, 
and a salmon sanctuary along the Lower 
Klamath River. Yurok people have utilized 
the Lower Klamath River for its fsheries 
and cultural values since time immemorial. 
Returning part of this land to the Yurok will 
transform the landscape along 33 miles of 
the River from an industrial tree farm to a diverse 
fsh and wildlife preserve and sustainable forest 
managed by the original stewards of the land. 
Central to this effort is Blue Creek, a vital cold-water tributary to the Lower Klamath River that is a lifeline for migrating 
salmonids and is essential to the survival of anadromous fsh runs throughout the Klamath Basin. 

To establish a Sanctuary and Community Forest of this scale, WRC and the Yurok are pioneering new approaches to 
conservation fnance. When the property is transferred to the Yurok Tribe, carbon revenues will be used for natural 
resource management and to provide for quality resource-based Tribal employment (i.e. “green jobs”). The overall 
management approach will use the best available science and applied adaptive management, guided by traditional 
Yurok cultural values and appropriate traditional management practices. Sustainable forestry practices will rejuvenate 
old-growth forests and improve the overall health and resiliency of the lands for native fsh and wildlife, which will greatly 
improve conditions for the Yurok people who rely on the Klamath River for their cultural and economic livelihoods. 

When acquisition of the Sanctuary and Community Forest are complete, it will help ensure restoration and conservation 
of one of the most biologically rich areas on Earth and protect and enhance vital fsh and wildlife habitat and promote 
species recovery and resilience to resource threats such as drought and climate change. It will also reestablish Yurok 
homelands while promoting sustainable resource-based economic opportunities for a community whose greatest 
cultural, spiritual, and economic interests are healthy and resilient habitats capable of supporting robust, self-sustaining 
populations of native fsh and wildlife. 

Blue Creek fowing into the Klamath River, 16 miles upstream from its mouth. 
(Photo: Peter Marbach) 
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BLUE LAKE RANCHERIA CLIMATE RESILIENCE INITIATIVES 

Jana Ganion 

T he Blue Lake Rancheria is a federally recognized 
tribal government and community located in the 
rural, geographically isolated north coast near Blue 

Lake, California. Local climate impacts of concern include 
severe storms with heavy rains, high winds, and fooding. 
Landslides across major arterials are common. Drought 
degrades endangered species habitats and increases 
toxic cyanobacteria in the Mad River, which supplies 
drinking water for the region. Temperature increases, pest 
infestations, tree mortality, and unmanaged undergrowth 
in the region’s forests contribute to large wildfres on an 
annual and increasingly year-round basis. 

Utilizing a range of approaches – continual energy 
effciency upgrades, microgrids, solar power, battery 
storage, and transitioning to green transportation – the Tribe is simultaneously improving disaster preparedness, reducing 
costs, and shrinking its carbon footprint. To date, the Tribe has reduced energy consumption by 40 percent (from a 2014 
baseline) and has committed to reduce net greenhouse gas (GHG) emissions to zero by 2030. Powered by solar PV 
paired with battery storage, the Tribe’s community microgrid alone achieves annual cost savings of $200,000 and reduces 
GHGs by about 195 tons of carbon dioxide. The microgrid can also disconnect from the larger electric grid and generate 
its own emergency power for as long as needed to support critical infrastructure and a certifed American Red Cross 
shelter. For pairing GHG reductions with improved resilience, the microgrid was named the DistribuTECH / PowerGrid 
International distributed energy resource “2018 Project of the Year.” The Tribe was selected as a U.S. “Climate Action 
Champions” by the White House and U.S. Department of Energy, and recognized with FEMA’s “2017 Whole Community 
Preparedness Award.” 

Other illustrative Blue Lake Rancheria Climate Initiatives include: 

• Community-scale and residential-scale renewable energy, including solar PV, battery storage, microgrids , and electric vehicle 
charging stations. 

• Low-carbon transportation, including electric vehicles (EV) and EV charging stations, biodiesel manufacturing, EV public transit 
buses, green commuting programs. 

Aerial view of the Blue Lake Rancheria 500kW solar array within the 
Tribe’s low-carbon community microgrid (Photo: Blue Lake Rancheria) 
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• Smart water grid and water conservation measures. 

• Tribal Utility Authority responsible for managing low-carbon, low cost resilience programs reservation-wide. 

• Community-wide recycling. 

• Energy effciency improvements, including automated fxtures, high-effciency refrigeration and HVAC, LED lighting, low-fow 
plumbing, upgraded insulation and windows, commercial and residential effciency audits. 

The Tribe also maintains outreach efforts to support coordination and collaboration in the low-carbon resilience sector 
and was appointed to the U.S. Department of Energy’s Indian Country Energy and Infrastructure Working Group, 
California’s Integrated Climate Adaptation and Resilency Program Technical Advisory Council, and California’s AB 617 
Community Air Protection Program Consultation Group. Blue Lake Rancheria was the frst tribal government to join the 
“We Are Still In” initiative to maintain the Paris Climate Agreement and the Tribe is a member of the U.S. EPA’s Green 
Power Partnership. 

For more information: 

• Wood, Elisa. “Tribal Microgrid in Northern California Shows How Communities Can Lead on Climate” in Microgrid Knowledge. 
4/28/2017. https://microgridknowledge.com/tribal-microgrid/ 

• US Climate Resilience Toolkit. “Blue Lake Rancheria Tribe Undertakes Innovative Action to Reduce the Causes of Climate 
Change”. June 4, 2018: 
https://toolkit.climate.gov/case-studies/blue-lake-rancheria-tribe-undertakes-innovative-action-reduce-causes-climate-change 

• “When you control your own energy, you control your future” video: 
https://www.youtube.com/watch?reload=9&v=6FcI4CHKh7g 

• Federal Emergency Management Authority Individual and Community Preparedness Division 2017 John D. Solomon Whole Com-
munity Preparedness Award Blue Lake Rancheria, California: https://www.ready.gov/awards. Video by FEMA-ICPD, Mar.26,2018: 
https://www.fema.gov/medialibrary/assets/videos/161742 

• California Department of Water Resources “Climate Conversations” video: 
https://www.youtube.com/watch?v=YcmmK1HDr7Q&feature=youtu.be 
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Knowledge Gaps and Looking Ahead 
Improvements in the spatial resolution and accuracy of climate models will reduce uncertainty in our predictions of 
climate change impacts. For the North Coast region, improved predictions of near-coast weather and fog trends will 
be particularly important for planners and resources managers along the coast. Improved fre models that account for 
the dynamic interplay between climate change, tree mortality, fre intensity and frequency, and vegetation responses 
are also needed by planners and resource managers throughout the region. Better understanding, modeling, and 
prediction of fsh and wildlife responses to changing patterns in landscape water availability, streamfow patterns, 
and water temperatures would help to inform conservation strategies. Finally, there is a need to advance sea-level 
rise predictions for the region that take into account local variation in vertical land movement, regional sea-level rise 
trends, and potential changes in the direction and intensity of waves. Te planned extension of the Coastal Storm 
Modeling System10 (CoSMoS) to the North Coast will be helpful in this regard. 

While models are a valuable tool for decision-making, the importance of building capacity within communities 
to engage in climate adaptation decisions cannot be overstated. Creating opportunities for robust stakeholder 
participation in planning processes and development decisions helps to raise awareness of climate hazards, builds a 
common understanding of key vulnerabilities, and allows local perceptions and preferences to guide the selection 
of adaptation strategies. Climate change is only one of many issues that threaten the health and prosperity of 
communities of the North Coast, but as described above, will afect nearly all aspects of life in the region, including 
ecosystems, the built environment, and public health. Terefore, greater efort should be invested in integrating 
climate change into existing planning and decision-making processes that traditionally have excluded climate change 
considerations. Te more climate change is taken into account in long-term decisions, especially those regarding 
infrastructure and development projects, the more communities will be prepared to cope with climate change 
impacts in the future. 

Te extensive and largely intact ecosystems of the North Coast Region provide unique opportunities for natural 
infrastructure approaches to climate adaptation. Tese include watershed restoration activities to attenuate foods 
and improve water quality and the use of salt marshes and other coastal habitats to bufer sea level rise and facilitate 
the planned retreat of infrastructure assets from vulnerable areas. As an important contributor to statewide water 
supplies, carbon sequestration, and biodiversity, an economic valuation of the region’s “natural capital” could also 
help direct State and Federal resources to the North Coast to improve natural resource management and advance 
adaptation eforts. 

Freshwater and terrestrial ecosystems will respond in complex ways to a changing climate and predictions of future 
environmental conditions will depend on the specifc trajectory of regional climate and wildfre patterns that cannot 
be predicted with accuracy. An improved environmental monitoring network would be helpful for tracking regional 
trends in ecosystem conditions (including water, temperature, vegetation, and animal communities), assessing the 
status of vulnerable species, and allowing for early detection of pests, disease, and invasive species. Te identifcation 
and protection of watersheds in the region that may serve as climate refugia for sensitive plant and animal species 
will be an essential element of a long-term ecosystem management and conservation strategies. Research to guide 
the selection of these locations, and to understand the underlying physical processes that sustain climate refugia, is 
needed. Improved environmental surveillance is also needed to assess public health risks, especially for vulnerable 

10 https://northcoastresourcepartnership.org 
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communities. Tis would involve improved real-time monitoring of air quality, water quality, food, wildfre, and heat 
risks, and reporting information in widely accessible electronic information systems. 

Diferent sectors will have difering responses to climate related stressors and disturbances, but actions to ameliorate 
impacts to any one sector may confer benefts or costs to others (Cooley 2012). Terefore, careful attention must 
be given to such cross-sector linkages to avoid actions that produce unintended adverse consequences and to 
identify strategies that produce co-benefts, where possible. For example, natural infrastructure approaches to 
shoreline protection  in the coastal zone can reduce food risk while creating benefts for estuarine ecosystem health 
and wildlife. Prescribed wildfre programs reduce public health and safety risks, build community-awareness and 
understanding of wildfre processes, and improve forest health. Improved irrigation, fertilizer, and soil management 
techniques in agriculture can save water, reduce their carbon footprint, and in some cases, enhance wildlife habitat. 
Programs that promote the use of traditional ecological knowledge in managing natural resources can help to reduce 
fre risk and improve ecosystem health, while preserving the traditions of tribal communities. Additional research 
that explores cross-sector linkages and quantifes the costs and benefts of alternative actions would be valuable. 

By breaking down traditional sectors, climate change also creates opportunities for new partnerships among local 
and regional governments, natural resource and health agencies, private industry, tribes, and NGOs. One such efort 
is the North Coast Resource Partnership (NCRP)11, a collaboration among Northern California Tribes, local, state, 
and federal agencies, utility service providers, NGOs, private landowners, and other stakeholders that has existed 
since 2004. Te NCRP collects data and performs analyses to inform regional and local planning with the intention 
of implementing projects that enhance ecosystems and human communities. Te NCRP is a member of Alliance of 
Regional Collaborative for Climate Adaptation (ARCA) and actively conducts research and takes action on climate 
change adaptation across multiple sectors. Recent NCRP-funded projects address regional climate change impacts 
(Micheli et al. 2018), adaptation strategies (Reza Environmental and Tillman 2018), and strategies for reducing GHG 
emissions in the region (Redwood Coast Energy Authority and Woods Biological Services 2018). Such partnerships 
are not only needed for addressing climate change challenges, but will help the region be more competitive for State 
and Federal funding to support needed climate vulnerability assessments and adaption projects in the future. 

Overall, the North Coast region has taken signifcant steps towards understanding what climate change means for 
its communities, ecosystems, and working lands and the strategies that are needed to limit social and environmental 
impacts. By continuing to enhance the region’s collective scientifc, economic, and social capacity in addressing 
climate change, there is little doubt that North Coast communities will fnd novel ways to adapt, while preserving 
region’s unique character, natural resources, and cultures. 

11 https://northcoastresourcepartnership.org 
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