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CHAPTER 5. 
HAZARD IDENTIFICATION AND RISK ASSESSMENT 

METHODOLOGY  

5.1 OVERIEW  

The DMA requires measuring potential losses to critical facilities and property resulting from natural 

hazards.  A hazard is an act or phenomenon that has the potential to produce harm or other undesirable 

consequences to a person or thing. Natural hazards can exist with or without the presence of people and 

land development. However, hazards can be exacerbated by societal behavior and practice, such as building 

in a floodplain, along a sea cliff, or on an earthquake fault. Natural disasters are inevitable, but the impacts 

of natural hazards can, at a minimum, be mitigated or, in some instances, prevented entirely.   

It should be noted that occurring simultaneous with this plan development is the COVID-19 Pandemic.  

Response to the Pandemic did impact the ability to develop this plan, with restrictions existing for 

meeting/gathering attendance.  As such, more one-on-one telephonic meetings occurred, with the Samish 

Project Manager holding additional meetings / information gathering sessions in consideration of 

restrictions established by the Samish Indian Nation with respect to work-at-home orders, and the closing 

of facilities.  The Samish primarily relied on the use of the internet, email distribution lists, use of its public 

relations consultants, and the one-on-one meetings to capture and disburse relevant data.   

The goal of the risk assessment is to determine which hazards present the greatest risk and what areas are 

the most vulnerable to hazards.  The Samish Indian Nation is exposed to many natural and other hazards. 

The risk assessment and vulnerability analysis helps identify where mitigation measures could reduce loss 

of life or damage to property in the planning region. Each hazard-specific risk assessment provides risk-

based information to assist the Nation in determining priorities for implementing mitigation measures.  

The risk assessment approach used for this plan entailed using geographic information system (GIS), Hazus 

hazard-modeling software, and hazard-impact data to develop vulnerability models for people, structures 

and critical facilities, and evaluating those vulnerabilities in relation to hazard profiles that model where 

hazards exist. This approach is dependent on the detail and accuracy of the data used.  In all instances, this 

assessment used best available science and data to ensure the highest level of accuracy possible.  

This risk assessment is broken down into three phases, as follows: 

The first phase, hazard identification, involves the identification of the geographic extent of a 

hazard, its intensity, and its probability of occurrence (discussed below).  This level of assessment 

typically involves producing a map.  The outputs from this phase can be used for land use planning, 

management, and development of regulatory authority; public awareness and education; 

identifying areas which require further study; and identifying properties or structures appropriate 

for mitigation efforts, such as acquisition or relocation. 

The second phase, the vulnerability assessment, combines the information from the hazard 

identification with an inventory of the existing (or planned) property and population exposed to the 

hazard.  It then attempts to predict how different types of property and population groups will be 

impacted or affected by the hazard of concern.  This step assists in justifying changes to building 

codes or regulatory authority, property acquisition programs, such as those available through 
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various granting opportunities; developing or modifying policies concerning critical or essential 

facilities; and public awareness and education. 

The third phase, the risk analysis, involves estimating the damage, injuries, and costs likely to be 

incurred in the geographic area of concern over a period of time.  Risk has two measurable 

components:  

1.  The magnitude of the harm that may result, defined through the vulnerability assessment; 

and  

2. The likelihood or probability of harm occurring.   

Utilizing those three phases of assessment, information was developed which identifies the hazards that 

affect the planning area, the likely location of natural hazard impact, the severity of the impact, previous 

occurrences, and the probability of future hazard events. That data, once complete, is utilized to complete 

the Risk Ranking process described in Chapter 13, which applies to all of the data captured. 

The following is provided as the foundation for the standardized risk terminology utilized in this effort: 

¶ Hazard: Natural, human caused or technological source or cause of harm or damage, 

demonstrated as actual (deterministic/historical events) or potential (probabilistic) events. 

¶ Risk: The potential for an unwanted outcome resulting from a hazard event, as determined by 

its likelihood and associated consequences. For this plan, when possible, risk includes potential 

future losses based on probability, severity and vulnerability, expressed in dollar losses. In 

some instances, dollar losses are based on actual demonstrated impact, such as through the use 

of the Hazus model. In other cases, losses are demonstrated through exposure analysis due to 

the inability to determine the extent to which a structure is impacted. 

¶ Extent and Location: The area of potential or demonstrated impact within the area in which the 

analysis is being conducted. In some instances, the area of impact is within a geographically 

defined area, such as a floodplain. In other instances, such as for severe weather, there is no 

established geographic boundary associated with the hazard, as it can impact the entire area. 

¶ Severity/Magnitude: The extent or magnitude on which a hazard is ranked, demonstrated in 

various means, e.g., Richter Scale. 

¶ Vulnerability: The degree of damage, e.g., building damage or the number of people injured. 

¶ Probability of Occurrence and Return Intervals: These terms are used synonymous with 

likelihood, or the estimation of the potential of an incident to occur. 

5.2 HAZARD IDENTIFICATION AND PROFILES 

For this plan, the planning partners and stakeholders considered the full range of natural hazards that could 

impact the planning area.   The process incorporated review of state and local hazard planning documents, 

as well as information on the frequency, magnitude and costs associated with hazards that have impacted 

or could impact the planning area. Anecdotal information regarding natural hazards and the perceived 

vulnerability of the planning areaôs assets to them was also used. Based on the review, the Planning Team, 

at its kick-off meeting, identified the following natural hazards that this plan addresses as the hazards of 

concern: 

Å Drought   
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Å Earthquake 

Å Flood  

Å Landslide 

Å Severe Weather 

Å Tsunami 

Å Volcano 

Å Wildfire (through the 2020 Skagit County CWPP) 

The list of hazards remain consistent with the previous plan, with slight modifications to expand Severe 

Weather, and to include discussion on Climate Change within each profile.  Based on the full spectrum of 

hazards addressed, it is the intent of the Tribe to use this risk assessment in lieu of preparing a separate 

hazard identification and vulnerability assessment for other planning efforts which may require the same 

type of analysis. 

The hazard profiles describe the risks associated with identified hazards of concern. Each chapter describes 

the hazard, the planning areaôs vulnerabilities, and, when possible, probable event scenarios. The following 

steps were used to define the risk of each hazard: 

Identify and profile the following information for each hazard: 

ï General overview and description of hazard; 

ï Identification of previous occurrences; 

ï Geographic areas most affected by the hazard; 

ï Event frequency estimates; 

ï Severity estimates; 

ï Warning time likely to be available for response; 

ï Risk and vulnerability assessment, which includes identification of impact on people, 

property, economy, and the environment. 

5.3 RISK ASSESSMENT PROCESS AND TOOLS 

The hazard profiles and risk assessments describe the risks associated with each identified hazard of 

concern. Each chapter describes the hazard, the planning areaôs vulnerabilities, and probable event 

scenarios.  Chapter 13 summarizes all analysis through completion of the Calculated Priority Risk Index 

(CPRI) for hazard ranking.   

Once the profiles were completed, the following steps were used to define the risk vulnerability of each 

hazard: 

Å Determine exposure to each hazardðExposure was determined by overlaying hazard maps 

with an inventory of structures, facilities, and systems to determine which of them would be 

exposed to each hazard. 

Å Assess the vulnerability of exposed facilitiesðVulnerability of exposed structures and 

infrastructure was determined by interpreting the probability of occurrence of each event and 
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assessing structures, facilities, and systems that are exposed to each hazard. Tools such as GIS 

and Hazus (discussed below) were used in this assessment.   

Å Where specific quantitative assessments could not be completed, vulnerability was measured 

in general, qualitative terms, summarizing the potential impact based on past occurrences, 

spatial extent, and subjective damage and casualty potential.  Those items were categorized 

utilizing the criteria established in the CPRI (see below).  

Å The final step in the process was to assign a significance level determined by review of the 

results of vulnerability based on the CPRI schedule, assigning a final qualitative assessment 

based on the following classifications:  

Ǐ Extremely LowðThe occurrence and potential cost of damage to life and property 

is very minimal to nonexistent.  

Ǐ LowðMinimal potential impact. The occurrence and potential cost of damage to 

life and property is minimal.  

Ǐ MediumðModerate potential impact. This ranking carries a moderate threat level 

to the general population and/or built environment. Here the potential damage is 

more isolated and less costly than a more widespread disaster.  

Ǐ HighðWidespread potential impact. This ranking carries a high threat to the 

general population and/or built environment. The potential for damage is 

widespread. Hazards in this category may have occurred in the past.  

Ǐ Extremely HighðVery widespread with catastrophic impact.  

 Calculated Priority Risk Index Scoring Criteria 

For the 2021 update, the Planning Team utilized a Calculated Priority Risk Index Score for each hazard of 

concern.  Vulnerabilities are focused on Samish-owned structures.  Vulnerabilities are described in terms 

of critical facilities, structures, population, economic values, and functionality of government which can be 

affected by the hazard event as identified in the below tables. Hazard impact areas describe the geographic 

extent a hazard can impact the tribe and are uniquely defined on a hazard-by-hazard basis. Mapping of the 

hazards, where spatial differences exist, allows for hazard analysis by geographic location. Some hazards 

can have varying levels of risk based on location. Other hazards cover larger geographic areas and affect 

the area uniformly. Therefore, a system must be established which addresses all elements (people, property, 

economy, continuity of government) to rate each hazard consistently.  The use of the Calculated Priority 

Risk Index allows such application, based on established criteria of application to determine the risk factor. 

For identification purposes, the six criteria on which the CPRI is based are probability, magnitude, 

geographic extent and location, warning time/speed of onset, and duration of the event. Those elements are 

further defined as follows: 

Probability  

Probability of a hazard event occurring in the future was assessed based on hazard frequency over a 100- 

year period (where available). Hazard frequency was based on the number of times the hazard event 

occurred divided by the period of record. If the hazard lacked a definitive historical record, the probability 

was assessed qualitatively based on regional history and other contributing factors. Probability of 

occurrence was assigned a 40% weighting factor, and was broken down as follows:  
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Rating Likelihood Frequency of Occurrence 

1 Unlikely Less than 1% probability in the next 100 years. 

2 Possible Between 1% and 10% probability in the next year, or at least one chance in 

the next 100 years. 

3 Likely Between 10% and 100% probability in next year, or at least one chance in 

the next 10 years. 

4 Highly Likely Greater than 1 event per year (frequency greater than 1). 

Magnitude 

The magnitude of potential hazard events was evaluated for each hazard. Magnitude is a measure of the 

strength of a hazard event and is usually determined using technical measures specific to the hazard. 

Magnitude was calculated for each hazard where property damage data was available and was assigned a 

25% weighting factor. Magnitude calculation was determined using the following: Property Damage / 

Number of Incidents) / $ of Building Stock Exposure = Magnitude.  In some cases, the Hazus model 

provided specific people/dollar impact data.  For other hazards, a GIS exposure analysis was conducted.  

Magnitude was broken down as follows: 

Rating Magnitude Percentage of People and Property Affected 

1 Negligible Less than 5% 

Very minor impact to people, property, economy, and continuity of government at 

90%. 

2 Limited 6% to 24% 

Injuries or illnesses minor in nature, with only slight property damage and minimal 

loss associated with economic impact; continuity of government only slightly 

impacted, with 80% functionality. 

3 Critical 25% to 49%  

Injuries result in some permanent disability; 25-49% of population impacted; moderate 

property damage; moderate impact to economy, with loss of revenue and facility 

impact; government at 50% operational capacity with service disruption more than one 

week, but less than a month. 

4 Catastrophic More than 50%  

Injuries and illness resulting in permanent disability and death to more than 50% of the 

population; severe property damage greater than 50%; economy significantly impacted 

as a result of loss of buildings, content, inventory; government significantly impacted; 

limited services provided, with disruption anticipated to last beyond one month. 

Extent and Location 

The measure of the percentage of the people and property within the planning area impacted by the event, 

and the extent (degree) to which they are impacted. Extent and location were assigned a weighting factor 

of 20%, and broken down as follows:   

Rating Magnitude Percentage of People and Property Affected 

1 Negligible Less than 10% 

Few if any injuries or illness. 

Minor quality of life lost with little or no property damage. 

Brief interruption of essential facilities and services for less than four hours. 
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Rating Magnitude Percentage of People and Property Affected 

2 Limited 10% to 24% 

Minor injuries and illness. 

Minor, short term property damage that does not threaten structural stability. 

Shutdown of essential facilities and services for 4 to 24 hours. 

3 Critical 25% to 49% 

Serious injury and illness. 

Major or long-term property damage, that threatens structural stability. 

Shutdown of essential facilities and services for 24 to 72 hours. 

4 Catastrophic More than 50% 

Multiple deaths 

Property destroyed or damaged beyond repair 

Complete shutdown of essential facilities and services for 3 days or more.  

Warning Time/Speed of Onset 

The rate at which a hazard occurs, or the time provided in advance of a situation occurring (e.g., notice of 

a cold front approaching or a potential hurricane, etc.) provides the time necessary to prepare for such an 

event. Sudden-impact hazards with no advanced warning are of greater concern. Warning Time/Speed of 

onset was assigned a 10% weighting factor, and broken down as follows: 

Rating Probable amount of warning time 

1 More than 24 hours warning time. 

2 12-24 hours warning time. 

3 5-12 hours warning time. 

4 Minimal or no warning time. 

Duration 

The time span associated with an event was also considered, the concept being the longer an event occurs, 

the greater the threat or potential for injuries and damages. Duration was assigned a weighting factor of 5%, 

and was broken down as follows: 

Rating Duration of Event 

1 6-24 hours 

2 More than 24 hours  

3 Less than 1 week 

4 More than 1 week 

Chapter 13 summarizes the analysis conducted by way of completion of the Calculated Priority Risk 

Index (CPRI) for hazard ranking.   

 Hazus and GIS Applications  

Earthquake and Flood Modeling Overview 

In 1997, FEMA developed the standardized Hazards U.S., or Hazus model to estimate losses caused by 

earthquakes and identify areas that face the highest risk and potential for loss. Hazus was later expanded 

into a multi-hazard methodology, with new models for estimating potential losses from hurricanes, floods, 

and tsunami (although still limited in nature). 
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Hazus is a GIS-based software program used to support risk assessments, mitigation planning, and 

emergency planning and response. It provides a wide range of inventory data, such as demographics, 

building stock, critical facility, transportation and utility lifeline, and multiple models to estimate potential 

losses from natural disasters. The program maps and displays hazard data and the results of damage and 

economic loss estimates for buildings and infrastructure. Its advantages include the following: 

Å Provides a consistent methodology for assessing risk across geographic and political entities. 

Å Provides a way to save data so that it can readily be updated as population, inventory, and other 

factors change and as mitigation planning efforts evolve. 

Å Facilitates the review of mitigation plans because it helps to ensure that FEMA methodologies 

are incorporated. 

Å Supports grant applications by calculating benefits using FEMA definitions and terminology. 

Å Produces hazard data and loss estimates that can be used in communication with local 

stakeholders. 

Å Is administered by the tribal or local government and can be used to manage and update a 

hazard mitigation plan throughout its implementation. 

Levels of Detail for Evaluation 

HAZUS provides default data for inventory, vulnerability, and hazards; this default data can be 

supplemented with local data to provide a more refined analysis. The model can carry out three levels of 

analysis, depending on the format and level of detail of information about the planning area: 

Å Level 1ðAl l of the information needed to produce an estimate of losses is included in the 

softwareôs default data. This data is derived from national databases and describes in general 

terms the characteristic parameters of the planning area. 

Å Level 2ðMore accurate estimates of losses require more detailed information about the 

planning area. To produce Level 2 estimates of losses, detailed information is required about 

local geology, hydrology, hydraulics and building inventory, as well as data about utilities and 

critical facilities. This information is needed in a GIS format. 

Å Level 3ðThis level of analysis generates the most accurate estimate of losses. It requires 

detailed engineering and geotechnical information to customize it for the planning area. 

Building Inventory 

A User Defined Facility approach was used to model exposure and vulnerability to the critical infrastructure 

identified during this process. GIS building data utilizing detailed structure information for tribal facilities 

was loaded into the GIS and Hazus model. Building information was developed using best available Tribal 

data, including building address points, aerial imagery, and Samish staff resources. Building and content 

replacement values were estimated using values from various sources, including valuation by Samish staff.  

Hazus Application for This Plan 

The following methods were used to assess specific hazards for this plan: 

Å FloodðA Hazus Level 2 analysis was performed. Analysis was based on current FEMA 

regulatory 100- and 500-year flood hazard data.  The 1989 Skagit County FIRM was utilized 

for this analysis.  Based on review of that data, there are no Tribal owned structures within the 

500-year floodplain.   
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Å EarthquakeðA Hazus Level 2 analysis was performed to assess earthquake risk and 

exposure. Earthquake shake maps prepared by the U.S. Geological Survey (USGS) were used 

for the analysis of this hazard. A modified version of the National Earthquake Hazard 

Reduction Program (NEHRP) soils inventory was used. One scenario event was modeled: 

ï The scenario event utilized for this update was the Devils Mountain M7.5 Earthquake. 

Drought, Landslide, Severe Weather, Tsunami and Volcano 

For drought, landslide, severe weather, tsunami and volcano, historical data is not adequate to model future 

losses as no specific damage functions have been developed. However, GIS can map hazard areas and 

calculate exposure if geographic information is available with respect to the location of the hazard and 

inventory data. Areas and inventory susceptible to some of the hazards of concern were mapped and 

exposure was evaluated. For other hazards, a qualitative analysis was conducted using the best available 

data and professional judgment. Locally relevant information was gathered from a variety of sources. 

Frequency and severity indicators include past events and the expert opinions of geologists, Samish staff, 

emergency management personnel and others. The primary data source was Samish staff, including various 

GIS data sets, augmented with county, state, and federal datasets. Additional data sources for specific 

hazards were as follows: 

DroughtðThe risk assessment methodologies used for this plan focus on damage to structures. 

Because drought does not impact structures, the risk assessment for drought was more limited 

and qualitative than the assessment for the other hazards of concern. The impact from drought 

also references fish loss associated with the negative impact of climate change on water levels, 

and sedimentation issues resulting from drought situations.  

LandslideðHistoric landslide hazard data was used to assess exposure to landslides using 

Washington State Department of Ecology Landslide Susceptibility data. This data depicts 

landslide susceptibility at a 10-meter resolution across the state of Washington. Utilizing 

elevation data and WA DNR identified slope susceptibility at anything greater than 40 percent 

slope, a 100ô buffer was used to identify potential critical facilities falling within these potential 

landslide hazard areas. It should be noted that this data is for mitigation planning purposes 

only, and should not be considered for life safety matters. No landslide hazard analysis was 

conducted, but rather, only reprojection of existing data.  Additional landslide data is available 

at: http://www.dnr.wa.gov/programs-and-services/geology/geologic-hazards/landslides 

Severe WeatherðSevere weather data was downloaded from various sources, including the 

Natural Resources Conservation Service and the National Climatic Data Center, PRISM, 

Tornado Project, and other sources as referenced. A lack of data separating severe weather 

damage from flooding, windstorms, and landslide damage prevented a detailed analysis for 

exposure and vulnerability, as well as the fact that there are no generally accepted damage 

functions for the hazard.  For planning purposes, it is assumed that the entire planning area is 

exposed to some extent to severe weather. Certain areas are more exposed due to geographic 

location and local weather patterns, as well as the response capabilities of local first responders. 

Å Tsunami ï Information for Tsunami was captured through FEMAôs Risk Map project as a 

pilot project for the new Hazus 4.0 model, and various on-going studies for evacuation 

mapping.   

 

http://www.dnr.wa.gov/programs-and-services/geology/geologic-hazards/landslides
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Volcano - There are currently no generally accepted damage functions for volcanic hazards in 

risk assessment platforms such as Hazus or any GIS system for the ash fall associated with the 

hazard. There would also be too many variables to associate with any type of plume modeling 

for ash. No historical data was available specifically for the Samish with respect to impact and 

losses associated with the eruption of Mount St. Helens on which impact could be based.  

Therefore, for planning purposes, it is assumed that the entire planning area is exposed to some 

extent to ash accumulations from eruption of either Mt. Baker or Glacier Peak. Those structures 

would be vulnerable to the excessive weight of tephra and rainfall. Certain areas are more 

exposed to ash accumulations due to geographic location and local weather patterns, as well as 

the response capabilities of local first responders.  In addition to the ashfall, Lahar inundation 

zones were also identified, with identification of the area and critical facilities impacted. 

 Probability of Occurrence and Return Intervals 

Natural hazard events with relatively long return periods, such as a 100-year flood or a 500-year earthquake, 

are often thought to be very unlikely. In reality, the probability that such events occur over the next 30 or 

50 years is relatively high.  

Natural hazard events with very long return periods, such as 100 or 500 or 1,000 years, have significant 

probabilities of occurring during the lifetime of a building: 

Å Hazard events with return periods of 100 years have probabilities of occurring in the next 30 

or 50 years of about 26 percent and about 40 percent, respectively. 

Å Hazard events with return periods of 500 years have about a 6 percent and about a 10 percent 

chance of occurring over the next 30 or 50 years, respectively. 

Å Hazard events with return periods of 1,000 years have about a 3 percent chance and about a 5 

percent chance of occurring over the next 30 or 50 years, respectively. 

For life safety considerations, even natural hazard events with return periods of more than 1,000 years are 

often deemed significant if the consequences of the event happening are very severe (extremely high 

damage and/or substantial loss of life). For example, the seismic design requirements for new construction 

are based on the level of ground shaking with a return period of 2,475 years (2 percent probability in 50 

years). Providing life safety for this level of ground shaking is deemed necessary for seismic design of new 

buildings to minimize life safety risk. Of course, a hazard event with a relatively long return period may 

occur tomorrow, next year, or within a few years. Return periods of 100 years, 500 years or 1,000 years 

mean that such events have a 1 percent, a 0.2 percent or a 0.1 percent chance of occurring in any given year. 

5.4 LIMITATIONS 

Loss estimates, exposure assessments and hazard-specific vulnerability evaluations rely on the best 

available data and methodologies. Uncertainties are inherent in any loss estimation methodology and arise 

in part from incomplete scientific knowledge concerning natural hazards and their effects on the built 

environment. Uncertainties also result from the following: 

Å Approximations and simplifications necessary to conduct a study; 

Å Incomplete or outdated inventory, demographic or economic parameter data; 

Å The unique nature, geographic extent and severity of each hazard; 

Å Mitigation measures already employed; and 
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Å The amount of advance notice residents have to prepare for a specific hazard event. 

These factors can affect loss estimates by a factor of two or more. Therefore, potential exposure and loss 

estimates are approximate. The results do not predict precise results and should be used only to understand 

relative risk for planning purposes; not life-safety measures.  
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CHAPTER 6. 
DROUGHT 

6.1 GENERAL BACKGROUND 

Droughts originate from a deficiency of precipitation resulting from an unusual 

weather pattern. If the weather pattern lasts a short time (a few weeks or a couple 

of months), the drought is considered short-term. If the weather pattern becomes 

entrenched and the precipitation deficits last for several months or years, the 

drought is considered long-term. It is possible for a region to experience a long-

term circulation pattern that produces drought, and to have short-term changes in 

this long-term pattern that result in short-term wet spells. Likewise, it is possible 

for a long-term wet circulation pattern to be interrupted by short-term weather 

spells that result in short-term drought. 

Drought is a prolonged period of dryness severe enough to reduce soil moisture, 

water, and snow levels below the minimum necessary for sustaining plant, 

animal, and economic systems. Droughts are a natural part of the climate cycle. 

For this plan, the Samish Indian Nation has elected to use Washingtonôs statutory definition of drought 

(RCW Chapter 43.83B.400), which is based on both of the following conditions occurring: 

Å The water supply for the area is below 75 percent of normal. 

Å Water uses and users in the area will likely incur undue hardships because of the water shortage.  

6.2 HAZARD PROFILE 

 Extent and Location 

Drought can have a widespread impact on the environment and the economy, depending upon its severity, 

although it typically does not result in loss of life or damage to property, as do other natural disasters. The 

National Drought Mitigation Center uses three categories to describe likely drought impacts: 

Å AgriculturalðDrought threatens crops that rely on natural precipitation, while also increasing 

the potential for infestation. 

Å Water supplyðDrought threatens supplies of water for irrigated crops, for communities and 

for fish and salmon and other species of wildlife. 

Å Fire hazardðDrought increases the threat of wildfires from dry conditions in forest and 

rangelands. 

In Washington, where hydroelectric power plants generate nearly three-quarters of the electricity produced, 

drought also threatens the supply of electricity. Unlike most disasters, droughts normally occur slowly but 

last a long time. Drought conditions occur every few years in Washington. The droughts of 1977 and 2001 

(discussed below), the worst and second worst in state history, provide good examples of how drought can 

affect the state. 

DEFINITIONS 

DroughtðThe cumulative 
impacts of several dry years 
on water users and 
agricultural producers. It can 
include deficiencies in 
surface and subsurface 
water supplies and cause 
impacts to health, well-
being, and quality of life. 

Hydrological Droughtð
Deficiencies in surface and 
subsurface water supplies. 

Socioeconomic Droughtð
Drought impacts on health, 
well-being, and quality of life. 
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On average, the nationwide annual impacts of drought are greater than the impacts of any other natural 

hazard. They are estimated to be between $6 billion and $8 billion annually in the United States and occur 

primarily in the agriculture, transportation, recreation and tourism, forestry, and energy sectors. Social and 

environmental impacts are also significant, although it is difficult to put a precise cost on these impacts.  

Drought affects groundwater sources, but generally not as quickly as surface water supplies, although 

groundwater supplies generally take longer to recover. Reduced precipitation during a drought means that 

groundwater supplies are not replenished at a normal rate. This can lead to a reduction in groundwater levels 

and problems such as reduced pumping capacity or wells going dry. Shallow wells are more susceptible 

than deep wells. About 16,000 drinking water systems in Washington get water from the ground; these 

systems serve about 5.2 million people. Reduced replenishment of groundwater affects streams. Much of 

the flow in streams comes from groundwater, especially during the summer when there is less precipitation 

and after snowmelt ends. Reduced groundwater levels mean that even less water will enter streams when 

steam flows are lowest.  Reduced water levels in wells also means that the wells are subject to saltwater 

intrusion.  

The areaôs drinking water comes from the local watersheds and is provided primarily by the City of 

Anacortes, and in some areas, privately-owned wells. Drought conditions within the planning area may 

increase pressure on local aquifers, with increased pumping potentially resulting in saltwater intrusion into 

freshwater aquifers. This, in turn, could cause restrictions on economic growth and development, impacting 

the economy. 

 Previous Occurrences 

In the past century, Washington has experienced several drought episodes, including several that lasted for 

more than a single seasonð1928 to 1932, 1992 to 1994, and 1996 to 1997. Table 6-1 identifies additional 

drought occurrences in the state. The 1977 drought was the worst on record, but the 2001 drought came 

close to surpassing it in some respects. Table 6-2 has data on how the two droughts affected Washington 

by late September of their respective years.  

TABLE  6-1 
DROUGHT OCCURRENCES 

July-August 1902  No measurable rainfall in Western Washington 

August 1919 Drought and hot weather occurred in Western Washington  

July ï August 1921 Drought in all agricultural sections.  

June-August 1922 The statewide precipitation averaged 0.10 inches.  

March ï August 1924 Lack of soil moisture retarded germination of spring wheat.  

July 1925 Drought occurred in Washington  

July 21-August 25, 

1926 

Little or no rainfall was reported.  

June 1928-March 1929 Most stations averaged less than 20 percent of normal rainfall for August and 

September and less than 60 percent for nine months.  

July ï August 1930 Drought affected the entire state. Most weather stations averaged 10 percent or less 

of normal precipitation.  

April 1934-March 1937 The longest drought in the regionôs history ï the driest periods were April -August 

1934, September-December 1935, and July-January 1936-1937.  

May ï September 1938 Driest growing season in Western Washington.  
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TABLE  6-1 
DROUGHT OCCURRENCES 

1952 Every month was below normal precipitation except June. The hardest hit areas 

were Puget Sound and the central Cascades.  

January ï May 1964  Drought covered the southwestern part of the state. Precipitation was less than 40 

percent of normal.  

Spring 1966 Drought throughout Washington 

June ï August 1967 Drought throughout Washington  

January ï August 1973 Dry in the Cascades. 

October 1976 ï 

September 1977 

Worst drought in Pacific Northwest history. Below normal precipitation in 

Olympia, Seattle, and Yakima. Crop yields were below normal and ski resorts 

closed for much of the 1976-77 season.   The 1977 drought led to widespread water 

shortages and severe water conservation measures throughout Washington. More 

than 70 public and private drinking-water operations reported water-supply 

problems. Wheat and cattle were the most seriously affected agricultural products 

in the state. The Federal Power Commission ordered public utilities on the 

Columbia River to release water to help fish survive. Agriculture experienced 

drought-related losses of more than $400 million. 

2001 Governor declared statewide Stage 2 drought in response to severe dry spell.  

June ï September 2003 Federal disaster number 1499 assigned to 15 counties. The original disaster was for 

flooding, but several jurisdictions were included because of previous drought 

conditions. The 2001 drought came on rapidly. Between November 2000 and 

March 2001, most of the stateôs rainfall and snowpack totals were only about 60 

percent of normal. The 2001 event was a result of warm weather melting snowpack 

into streams a month earlier than normal. Nine large utility companies statewide 

advised the Washington State Department of Health that they were highly 

vulnerable to the drought. Washington declared a statewide drought emergency on 

March 14, 2001. As a result of the 2001 drought, 90,000 acres of agricultural land 

were taken out of production; thousands of acres of orchards were unused, and the 

sugar beet industry was out of production.    

March 10, 2005 

Governor Declared 

Drought 

Precipitation levels was below or much below the average from November through 

February, with extremely warm fall and winter months, adversely affecting the 

stateôs mountain snowpack.  A warm mid-January removed much of the remaining 

snowpack, with March projections at 66 percent of normal, indicating that 

Washington might be facing a drought as bad as, or worse, than the 1977 drought. 

Late March rains filled reservoirs to about 95 percent. State legislature approved 

$12 million supplemental budget that provided funds to buy water, improve wells, 

and implement other emergency water supply projects. Wildfires numbers was 

about 75 percent of previous five years, but acreage burned was three times greater.  
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TABLE  6-1 
DROUGHT OCCURRENCES 

2015 2015 was the year of the ñsnowpack drought.ò Washington State had normal or 

near-normal precipitation over the 2014-2015 winter season. However, October 

through March the average statewide temperature was 40.5 degrees Fahrenheit, 4.7 

degrees above the 20th century long-term average and ranking as the warmest 

October through March on record. Washington experienced record low snowpack 

because mountain precipitation that normally fell as snow instead fell as rain. The 

snowpack deficit then was compounded as precipitation began to lag behind 

normal levels in early spring and into the summer. With record spring and summer 

temperatures, and little to no precipitation over many parts of the state, the 

snowpack drought morphed into a traditional precipitation drought, causing injury 

to crop and aquatic species. Many rivers and streams experienced record low 

flows.  (See Figure 6-1.) 

2019 On May 20, 2019, Governor Jay Inslee issued an emergency drought declaration in 24 

watersheds statewide (see Figure 6-2). According to the Washington State Department 

of Ecology, very dry conditions over several months and a diminished snowpack 

impacted streamflow, which were identified to be well below normal conditions across 

most of the state (see Figure 6-3).1 Watersheds west of the Cascades crest, which are 

more rain dependent than rivers on the east side, flowed at much below normal levels. 

Some rivers set record daily lows for historic May flows. Statewide, at the time the 

declaration was ordered, only four (4) percent of rivers were flowing at levels above 

normal. Streamflows were strong in the southeast corner of the state. Twenty-seven out 

of 62 watersheds were declared for drought as of May 20, 2019.  Skagit County and 

several of its watersheds were among the Counties identified as having a drought 

emergency.  On August 29, 2019, the USDA designated Skagit County as one of the four 

areas identified as sustaining a natural disaster due to the drought.  

 

 

1 Source: https://waterwatch.usgs.gov/?m=real&r=wa  

https://waterwatch.usgs.gov/?m=real&r=wa
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Figure 6-1 Washington State Department of Ecology 2015 Drought Map 

 

Figure 6-2 Washington State Department of Ecology May 2019 Drought Declaration Areas 
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Figure 6-3 USGS Streamflow Comparison for Day of Year 

 

TABLE 6-2 
COMPARISON OF IMPACTS OF 1977 DROUGHT TO 2001 DROUGHT 

Impact 1977 Drought 2001 Drought 

Precipitation Precipitation at most locations ranged 

from 50 to 75% of normal levels, and 

in parts of Eastern Washington as low 

as 42 to 45% of normal. 

Precipitation was 56 to 74% of normal. U.S. Bureau of 

Reclamation ï Yakima Project irrigators received only 

37% of their normal entitlements. 

At the end of the irrigation season, the Bureau of 

Reclamationôs five reservoirs stored only 50,000 acre-

feet of water compared with 300,000 acre-feet typically 

in storage. 

Wildland 

Fire 

1,319 wildland fires burned 10,800 

acres. State fire-fighting activities 

involved more than 7,000 man-hours 

and cost more than $1.5 million. 

1,162 wildland fires burned 223,857 acres. Firefighting 

efforts cost the state $38 million and various local, 

regional, and federal agencies another $100 million. 

Fish In August and September 1977, water 

levels at the Goldendale and Spokane 

trout hatcheries were down. Fish had 

difficulties passing through Kendall 

Creek, a tributary to the north fork of 

the Nooksack River in Whatcom 

County. 

A dozen state hatcheries took a series of drought-

related measures, including installing equipment at 

North Toutle and Puyallup hatcheries to address low 

water flow problems. 
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TABLE 6-2 
COMPARISON OF IMPACTS OF 1977 DROUGHT TO 2001 DROUGHT 

Impact 1977 Drought 2001 Drought 

Emergency 

Water 

Permits 

Department of Ecology issued 517 

temporary groundwater permits to 

help farmers and communities drill 

more wells. 

Department of Ecology issued 172 temporary 

emergency water-right permits and changes to existing 

water rights. 

Economic 

Impacts 

The stateôs economy lost an estimated 

$410 million over a two-year period. 

The drought hit the aluminum 

industry hardest. Major losses in 

agriculture and service industries 

included a $5 million loss in the ski 

industry. 

13,000 jobs were lost because of 

layoffs in the aluminum industry and 

in agriculture. 

The Bonneville Power Administration paid more than 

$400 million to electricity-intensive industries to shut 

down and remain closed for the duration of the 

drought. 

Thousands lost their jobs for months, including 2,000-

3,000 workers at the Kaiser and Vanalco plants. 

Federal agencies provided more than $10.1 million in 

disaster aid to growers. 

More than $7.9 million in state funds paid for drought-

related projects; these projects enabled the state to 

provide irrigation water to farmers with junior water 

rights and to increase water in fish-bearing streams. 

 Severity 

In 1989, the Washington State Legislature gave permanent drought relief authority to the Department of 

Ecology and enabled them to issue orders declaring drought emergencies. (RCW 43.83B.400-430 and 

Chapter 173-166 WAC). In Washington State, the statutory criteria for drought is a water supply below 

75% of normal and a shortage expected to create undue hardship for some water users. 

While droughts customarily do not directly impact structures, droughts do impact individuals (farmers, 

laborers, etc.), the agricultural and natural resource industries, and other precipitation-dependent sectors. 

Lack of snowpack has forced ski resorts into bankruptcy. There is increased danger of forest /wildland fires. 

Millions of board feet of timber have been lost. Loss of forests and trees increases erosion, causing damage 

to aquatic life, irrigation, and power development by heavy silting of streams, reservoirs, and rivers.  The 

health of forests is also a concern with respect to infestation associated with weakened trees due to drought.  

Nearly all areas of Washington are vulnerable to drought. The coastal areas of Washington, the Olympic 

Peninsula, and areas in Central Washington just east of the Cascades are particularly vulnerable. High 

quality agricultural soils exist in Skagit County. These areas sustain crops that are dependent upon moisture 

through the winter and spring and dryer conditions in the summer. 

The severity of a drought depends on the degree of moisture deficiency, the duration, and the size and 

location of the affected area. The longer the duration of the drought and the larger the area impacted, the 

more severe the potential impacts. Droughts are not usually associated with direct impacts on people or 

property, but they can have significant impacts on agriculture, wildlife, and fishing, which can impact 

people indirectly. When measuring the severity of droughts, analysts typically look at economic impacts.  

A drought lasting for more than one season would most likely reduce the annual snowpack accumulated at 

high elevations in the Cascade Mountains, thereby reducing normal stream flows in local rivers and creeks.  

Should an extreme, long-term drought occur, a large portion of the population of area would be impacted.  
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Customarily when such events occur, the initial response is to institute a voluntary water conservation 

measures, particularly in those communities which receive water supplies from the depleted watersheds.  

Such was the case with the 2019 drought.   

The water supply for the planning area is obtained from the Skagit River, as well as large creeks with 

reliable, glacial sources.  The effects of an extreme, long-term drought could result in inadequate stream 

flows and ground water recharge, thereby resulting in the implementation of strict water conservation 

measures.   

A substantial reduction in stream flows could also severely impact the generation of electricity from the 

hydroelectric dams which are situated in Skagit County.  A reduction in hydroelectric generation will result 

in increased electricity rates or could also result in brown outs.   

The National Oceanic and Atmospheric Administration (NOAA) has developed several indices to measure 

drought impacts and severity to map their extent and locations.  The Palmer Drought Severity Index (PDSI) 

and Crop Moisture Index (CMI) are indices of the relative dryness or wetness effecting water sensitive 

economies. The PDSI indicates the prolonged and abnormal moisture deficiency or excess. The CMI gives 

both short-term and the current status of the potential for an agricultural drought or moisture surplus, which 

can change rapidly from week to week. Both indices indicate general conditions and not local variations 

caused by isolated rain. Input to the calculations include the weekly precipitation total and average 

temperature, division constants (water capacity of the soil, etc.) and previous history of the indices. 

The PDSI is an important climatological tool for evaluating the scope, severity, and frequency of prolonged 

periods of abnormally dry or wet weather. It can be used to help delineate disaster areas and indicate the 

availability of irrigation water supplies, reservoir levels, range conditions, amount of stock water, and 

potential intensity of forest fires. The CMI can be used to measure the status of dryness or wetness affecting 

warm season crops and field activities. 

What follow are a series of maps indicating the existing conditions as they relate to Drought.  These maps 

change very frequently and are intended to demonstrate information available to viewers.  Additional 

information and current monthly data are available from the NOAA website at the following address: 

https://www.cpc.ncep.noaa.gov/products/Drought/ 

https://www.cpc.ncep.noaa.gov/products/Drought/


DROUGHT 

6-9 

 
Figure 6-4 July 2020 Drought Monitor 

Source: NOAA http://go.usa.gov/3eZGd    

http://go.usa.gov/3eZGd
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Figure 6-5 Palmer Drought Severity Index July 2020 

Source: NOAA https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/palmer.gif 

 

  

https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/palmer.gif







































































































































































































































































































