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Figure 1. Lane County and Cottage Grove 
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Figure 2. Cottage Grove Transportation System 
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Figure 3. Flood Hazard Map of Cottage Grove (Plate 7, DOGAMI 2023) 
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(2017 NHMP update) 

Figure 4. Wildland-Urban Interface in Cottage Grove  
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Figure 5. Landslide Susceptibility Map of Cottage Grove 
 

 

(Plate 8, DOGAMI 2023) 
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Figure 6. Seismic Wave Site Amplification Map of Cottage Grove 

 

(Plate 6, DOGAMI 2023) 
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Figure 7. Cascadia Subduction Earthquake Shaking Map of Cottage Grove  
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Figure 8: Slope Areas (2017 NHMP update) 
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Table 1. City of Cottage Grove Critical Facilities 

 

Critical Facilities by Community 
Flood 1% 

Annual 

Chance 

Earthquake 

Moderate to 

Complete 
Damage 

Landslide High 

and Very High 

Susceptibility 

 
Wildfire 

High Hazard 

Exposed >50% Prob. Exposed Exposed 

Bohemia School - X - - 

Cottage Grove City Hall - X - - 

Cottage Grove High School - X - - 

Cottage Grove Sewage Treatment - X - - 

Cottage Grove State Airport - X - - 

Harrison Elementary School - X - - 

Lane Community College - - - - 

Lincoln Middle School - X - - 

Peach Health Cottage Grove 
Community Hospital 

- X - - 

South Lane Fire and Rescue - - - - 
Source:  DOGAMI Open File O-23-03  (Table A-2) Multi-hazard Risk Assessment for Cottage Grove, 2023. 
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The prior NHMP update contained the following table that assesses exposure of critical 

infrastructure and key facilities based on land area impacted.  It has been retained in the 2023 
Cottage Grove NHMP update. 

NHMP Critical 
Infrastructure and 

Key Facilities 
(% Land Area 

Impacted) 

Flood 
(5%) 

Landslide 
(<1%) 

Earthquake 
(100%) 

Winter 
Storm 
(100%) 

Wildfire 
(20%) 

Volcano 
(<1%) 

Drought 
(100%) 

Critical Facilities  
Cottage Grove City 
Hall  

X   X X       

Cottage Grove Police 
Department (911 
Call Center and 
Dispatch), City Jail 

X   X X       

Cottage Grove 
Community Hospital  

X  X X    

City of Cottage 
Grove Public Works 
Shops (EOC #2) 

X  X X    

Water Treatment 
Facility (Row River) 

X   X X     X 

Waste Water 
Treatment Plant 

X   X X X     

South Lane County 
Fire and Rescue Fire 
Station #1 

X   X X       

Cottage Grove 
Schools 

X   X X       

Cottage Grove High 
School 

    X X       

Our Lady of 
Perpetual Help 
Catholic Church (Red 
Cross Shelter) 

X   X X       

Knox Butte Reservoir   X X X X     

Downtown Historical 
District 

    X         

Cottage Grove Lake 
Dam 

X X X   X   X 

Dorena Reservoir 
Dam 

X X X   X   X 
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Source:  2017 Cottage Grove NHMP 

 

NHMP Critical 
Infrastructure and 

Key Facilities 
(% Land Area 

Impacted) 

Flood 
(5%) 

Landslide 
(<1%) 

Earthquake 
(100%) 

Winter 
Storm 
(100%) 

Wildfire 
(20%) 

Volcano 
(<1%) 

Drought 
(100%) 

Key Infrastructure  

Telephone Lines X X X X X     

Wastewater 
Collection System 

X   X X       

Stormwater 
Collection System 

X   X X       

Cell Phone Towers X   X X       

Roads X X X X       

Cottage Grove 
State Airport 

X   X X X     

NW Natural Gas 
Lines 

X 
  

X 
  

      

Overhead Power 
Lines 

X X X X X     

Transportation 
Networks 

X X X X X     

Bridges X   X X X     

Central Oregon & 
Pacific Railroad 
Lines 

X   X X X     

Water Treatment, 
Storage, and 
Distribution Lines 

X   X X       
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Figure 9: Cottage Grove Critical Facilities 
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Figure 10: Cottage Grove Bridge Locations 
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WHAT’S IN THIS REPORT? 

This report describes the methods and results of multi-hazard risk assessment for the City of Cottage Grove, Oregon.  
The risk assessment can help a community better plan for disaster. 
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EXECUTIVE SUMMARY 

This report was prepared for the City of Cottage Grove, Oregon, with funding provided by the Oregon 
Department of Land Conservation and Development (DLCD). It describes the methods and results of the 
natural hazard risk assessment performed in 2022 by the Oregon Department of Geology and Mineral 
Industries (DOGAMI). The purpose of this project is to provide the City of Cottage Grove with a detailed 
risk assessment information to enable them to compare hazards and act to reduce their risk. The risk 
assessment results quantify the impact of natural hazards to this community and enhance the decision-
making process in planning for disaster.  

We arrived at our findings and conclusions by completing three main tasks: compiling an asset 
database, identifying and using the best available hazard data, and performing natural hazard risk 
assessment. 

• In the first task, we created a comprehensive asset database for the entire study area by 
synthesizing assessor data, U.S. Census information, FEMA Hazus®-MH general building stock 
information, and building footprint data. This work resulted in a single dataset of building 
points and their associated building characteristics. With these data we were able to represent 
accurate spatial locations and vulnerabilities on a building-by-building basis. 

• The second task was to identify and use the most current and appropriate hazard datasets for 
the study area. Most of the hazard datasets used in this report were created by DOGAMI and 
were produced using high-resolution lidar topographic data. Each hazard dataset was the best 
available at the time of writing.  

• In the third task, we analyzed risk using Esri® ArcGIS Desktop® software. We took two risk 
assessment approaches: (1) estimated loss (in dollars) to buildings from flood (recurrence 
intervals) and earthquake scenarios using the Hazus-MH methodology, and (2) calculated the 
number of buildings, their value, and associated populations exposed to earthquake, and flood 
scenarios, or susceptible to varying levels of hazard from landslides and wildfire. 

We performed this assessment using the best data available at the time of the study. However, it is 
important to note that some of the datasets used in this study will likely be updated and replaced within 
the next three years. The landslide hazard maps as well as the geohazard maps that inform the earthquake 
model are several decades old and not based on lidar topography. The flood dataset used was the draft 
FEMA flood depth maps produced in 2022. Changes to any of the datasets in the coming years will need 
to be incorporated into future, more accurate risk assessments. 

The findings and conclusions of this report show the potential impacts of hazards in the City of Cottage 
Grove. An earthquake can cause widespread damage and losses throughout the community. Hazus-MH 
earthquake simulations illustrate the potential reduction in earthquake damage through seismic retrofits. 
Our findings also indicate that many of the critical facilities in the study area that were built before seismic 
building code standards are at high risk from earthquake hazard. Areas along much of the Coast Fork 
Willamette River are at risk from flooding. Our analysis shows that new landslide mapping based on 
improved methods and lidar information will increase the accuracy of mapping. Wildfire risk is low for 
the study area, but moderate and high wildfire hazard areas are present to the east and south. We also 
found that the 100-year flood poses the greatest potential of population displacement compared to other 
hazard scenarios analyzed in this study.  

The information presented in this report is designed to increase awareness of natural hazard risk, to 
support public outreach efforts, and to aid local decision-makers in developing comprehensive plans and 
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natural hazard mitigation plans. This study can help emergency managers identify vulnerable critical 
facilities and develop contingencies in their response plans. The results of this study are designed to be 
used to help communities identify and prioritize mitigation actions that will improve community 
resilience. 

Selected Cottage Grove Results 
Total buildings: 5,776 

Total estimated building value: $1.56 billion 

Cascadia Subduction Zone (CSZ) 
Magnitude (Mw) 9.0 Earthquake 
Red-tagged buildingsa: 28 
Yellow-tagged buildingsb: 290 
Loss estimate: $112 million 

100-year Flood (2022 FEMA draft data)
Number of buildings damaged: 451
Loss estimate: $6.9 million

Landslide (High and Very High-Susceptibility) 
    Number of buildings exposed: 44 
    Exposed building value: $12 million 

Wildfire (High Risk): 
    Number of buildings exposed: 0 
    Exposed building value: $0 

aRed-tagged buildings are considered uninhabitable due to complete damage 
bYellow-tagged buildings are considered limited habitability due to extensive damage 

1.0 INTRODUCTION 

negatively impact humans, and risk is the likelihood that a 
hazard will result in harm. A natural hazard risk 
assessment analyzes and quantifies how different types of 
hazards could affect the built environment, population, the 
cost of recovery, and identifies potential risk. Risk 
assessments provide the basis for developing mitigation 
plans, strategies, and actions, so that steps can be taken to 
prepare for a potential hazard event. 

This report is a multi-hazard risk assessment analyzing individual buildings and resident population 
in the City of Cottage Grove, Oregon. Cottage Grove is situated at the southern extent of the Willamette 
Valley between the Oregon Coast Range and the Cascade Mountains. The city is subject to many natural 
hazards, including earthquake, riverine flooding, landslides, and wildfire. This report provides a detailed 
and comprehensive analysis of these natural hazards and provides a comparative perspective not 
previously available. In this report, we describe our assessment results, which quantify the various levels 
of risk that each hazard presents to the community.  

• Vulnerability: Characteristics that make
people or assets more susceptible to a natural 
hazard. 

• Risk: Probability multiplied by consequence;
the degree of probability that a loss or injury 
may occur as a result of a natural hazard.  

A natural hazard is an environmental phenomenon that can KKeey y TTeermrmss::
• Vulnerability: Characteristics that make

people or assets more susceptible to a natural 
hazard. 

• Risk: Probability multiplied by consequence;
the degree of probability that a loss or injury 
may occur as a result of a natural hazard.  
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1.1 Purpose 

The purpose of this project is to help the City of Cottage Grove better understand their risk and increase 
resilience to earthquakes (including liquefaction and site amplification), riverine flooding, landslides, and 
wildfire natural hazards that are present in their communities. This is accomplished by the best available, 
most accurate, and detailed information about these hazards to assess the number of people and buildings 
at risk.  
The main objectives of this study are to:  

• compile and/or create a database of critical facilities, tax assessor data, buildings, and population 
distribution data,  

• incorporate and use existing data from previous geologic, hydrologic, and wildfire hazard studies,  
• perform exposure and Hazus–based risk analysis, and  
• share this report widely so that all interested parties have access to its information and data.  

 
The body of this report describes our methods and results. Two primary methods (Hazus-MH or 

exposure), depending on the type of hazard, were used to analyze risk. Results for each hazard type are 
reported on a study area basis within each hazard section, and community-based results are reported in 
detail in Appendix A. Appendix B contains detailed risk assessment tables. Appendix C is a more detailed 
explanation of the Hazus-MH methodology. Appendix D lists acronyms and definitions of terms used in 
this report. Appendix E contains tabloid-size citywide hazard maps. These appendices can be helpful in 
clarifying the summarized results in each hazard section.  

1.2 Study Area 

The study area for this project includes the entire incorporated jurisdiction of Cottage Grove, Oregon and 
expanded to include the urban growth boundary (UGB) (Figure 1-1). Cottage Grove is located in Lane 
County in the central-western part of the state, south of Eugene, Oregon along Interstate 5. The study area 
covers approximately 5 square miles (13 square kilometers).  

Cottage Grove is located at the confluence of the Coast Fork Willamette River and the Row River which 
is considered the southernmost extent of the Willamette Valley (Figure 1-1). At approximately 650 feet 
(198 meters) Cottage Grove is at a transition zone between the gentler terrain of the valley and the rugged 
terrain of the mountains. Additional streams within Cottage Grove are Silk Creek and Bennett Creek. 

The population of the study area is approximately 10,000 based on an estimated population in 2020 
from the Portland State University (PSU) Population Research Center https://www.pdx.edu/population-
research/population-estimate-reports. Most of the residents in the study area reside within the city limits 
(9,500) and the remaining residents live within the urban growth boundary (500).  

https://www.pdx.edu/population-research/population-estimate-reports
https://www.pdx.edu/population-research/population-estimate-reports
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Figure 1-1. Study area: Cottage Grove, Oregon. 

 

1.3 Project Scope 

For this risk assessment, we limited the project scope to natural hazard impacts on buildings and 
population because of data availability, the strengths and limitations of the risk assessment methodology, 
and funding availability. We did not analyze impacts to the local economy, land values, or the environment. 
Depending on the natural hazard, we used one of two methodologies: loss estimation or exposure. Loss 
estimation was modeled using methodology from Hazus®-MH (FEMA, 2012a, 2012b, 2012c), a tool 
developed by FEMA for calculating damage to buildings from flood and earthquake. Exposure is a simpler 
methodology, in which buildings are categorized based on their location relative to various hazard zones. 
To account for impacts on population (permanent residents only), city and county population numbers 
from the 2010 U.S. Census data (U.S. Census Bureau, 2010a) was used to distribute people into residential 
structures on a census block basis. Permanent resident counts were then adjusted on a citywide basis to 
current estimates from the PSU Population Research Center (https://www.pdx.edu/population-
research/sites/g/files/znldhr3261/files/2022-
04/2021%20Annual%20Population%20Report%20Tables.pdf). 

https://www.pdx.edu/population-research/sites/g/files/znldhr3261/files/2022-04/2021%20Annual%20Population%20Report%20Tables.pdf
https://www.pdx.edu/population-research/sites/g/files/znldhr3261/files/2022-04/2021%20Annual%20Population%20Report%20Tables.pdf
https://www.pdx.edu/population-research/sites/g/files/znldhr3261/files/2022-04/2021%20Annual%20Population%20Report%20Tables.pdf
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A critical component of this risk assessment is a citywide building inventory developed from building 
footprint data and the Lane County tax assessor database (acquired 2022). The other key component is a 
suite of datasets that represent the currently best available science for a variety of natural hazards. The 
geologic hazard scenarios were selected by DOGAMI staff based on their expert knowledge of the datasets; 
most datasets are DOGAMI publications. In addition to geologic hazards, we included wildfire hazard in 
this risk assessment. The Oregon Department of Forestry (ODF) provided recommendations on the use of 
wildfire datasets for risk analysis. The following is a list of the natural hazards and the risk assessment 
methodologies that were applied. See Table 1-1 for data sources. 

Earthquake Risk Assessment 
• Hazus-MH loss estimation from a CSZ earthquake magnitude (Mw) 9.0 event. Includes 

earthquake induced or “coseismic” liquefaction, soil amplification class, and landslides 
Flood Risk Assessment 

• Hazus-MH loss estimation to four recurrence intervals (10%, 2%, 1%, and 0.2% annual 
chance) 

• Exposure to 1% annual chance recurrence interval 
Landslide Risk Assessment 

• Exposure based on Landslide Susceptibility Index (low to very high) 
Wildfire Risk Assessment 

• Exposure based on Fire Risk Index (low to high) 
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Table 1-1. Hazard data sources for Cottage Grove. 

Hazard Scenario or Classes 
Scale/Level  
of Detail Data Source 

Earthquake 
 
-Coseismic landslide 
 
-Coseismic liquefaction 
-Coseismic soil amplification class 

CSZ Mw 9.0 
 
Susceptibility – wet (3-10 hazard 
classes) 
Susceptibility (1-5 classes) 
National Earthquake Hazards 
Reduction Program (A-F classes) 

Statewide 
 
‘’ 
 
‘’ 
‘’ 

DOGAMI OSHD 1.0 (Madin 
and others, 2021) 
“ 
 
‘’ 
‘’ 

Flood Depth Grids:  
10% (10-yr)  
2% (50-yr)  
1% (100-yr)  
0.2% (500-yr) 

Countywide FEMA – draft data generated 
for 2022 Lane County 
National Flood Insurance 
Program mapping 

Landslide* Susceptibility  
(Low, Moderate, High, Very High) 

Statewide DOGAMI O-16-02 (Burns and 
others, 2016) 

Wildfire Risk (Low, Moderate, High) Regional (Pacific 
Northwest, US) 

ODF (Gilbertson-Day and 
others, 2018) 

*Landslide data comprise a composite dataset where the level of detail varies greatly from place to place within the 
state. Refer to Section 3.3.1 or the report by Burns and others (2016) for more information.  

1.4 Previous Studies 

One previous risk assessment has been conducted that included the study area by DOGAMI. Wang (1998) 
used Hazus-MH to estimate the impact from a Mw 8.5 Cascade Subduction Zone (CSZ) earthquake scenario 
on the state of Oregon. The results of this study were arranged into individual counties. Lane County was 
estimated to experience 5.5% loss ratio in the Mw 8.5 CSZ scenario, due to its proximity to the earthquake 
source.  

We did not compare the results of this project with the results of these previous studies, because the 
previous Wang (1998) study utilized a much lower level of detailed building information and site-specific 
earthquake hazard inputs. Additionally, this study analyzed a different earthquake scenario from the 
previous studies. Comparative analysis was not part of the scope of this project. 
 

2.0 METHODS 

We used a quantitative approach to assess the level of risk of buildings and people from natural hazards. 
The two modes of analysis were Hazus-MH loss estimation and exposure analysis. 
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2.1 Hazus-MH Loss Estimation 

According to FEMA (FEMA, 2012a, p. 1), “Hazus provides 
nationally applicable, standardized methodologies for 
estimating potential wind, flood, and earthquake losses on a 
regional basis. Hazus can be used to conduct loss estimation 
for floods and earthquakes […]. The multi-hazard Hazus is 
intended for use by local, state, and regional officials and 
consultants to assist mitigation planning and emergency 
response and recovery preparedness. For some hazards, 
Hazus can also be used to prepare real-time estimates of damages during or following a disaster.” 

Hazus-MH can be used in different modes depending on the level of detail required. Given the high 
spatial precision of the building inventory data and quality of the natural hazard data available for this 
study, we chose the user-defined facility (UDF) mode. This mode makes loss estimates for individual 
buildings relative to their “cost,” which we then aggregate to the community level to report loss ratios. 
Cost used in this mode are associated with rebuilding using new materials, also known as replacement 
cost. Replacement cost is based on a method called RSMeans valuation (Charest, 2017) and is calculated 
by multiplying the building area (in square feet) by a standard cost per square foot. These standard rates 
per square foot are in tables within the default Hazus-MH database. 

Damage functions are at the core of Hazus-MH. The damage functions stored within the Hazus-MH data 
model were developed and calibrated from the observed results of past disasters. Estimates of loss are 
made by intersecting building locations with natural hazard layers and applying damage functions based 
on the hazard severity and building characteristics. Figure 2-1 illustrates the range of building loss 
estimates from Hazus-MH flood analysis.  

We used Hazus-MH version 5.0, which was the latest version available when we began this risk 
assessment. 

Key Terms: 
• Loss estimation: Damage that occurs to a 

building in an earthquake or flood scenario, 
as modeled with Hazus-MH methodology. 
This is measured as the cost to repair or 
replace the damaged building in US dollars. 

• Loss ratio: Percentage of estimated loss 
relative to the total value. 
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Figure 2-1. 100-year flood zone and building loss estimates example in City 
of Cottage Grove, Oregon. 

 

2.2 Exposure 

Since loss estimation using Hazus-MH is not available for all 
types of hazards, we used exposure analysis to assess the 
level risk for Cottage Grove for landslide and wildfire hazards. 
Exposure methodology identifies the buildings and 
population that are within a particular natural hazard zone. 
This is an alternative to the more detailed loss estimation 
method for those natural hazards that do not have available 
damage models like in Hazus. It provides a way to easily quantify what is and what is not threatened. 
Exposure results are communicated in terms of total building value exposed, rather than a loss estimate. 
For example, Figure 2-2 shows buildings that are exposed to different areas of landslide susceptibility.  

Exposure is used for landslides and wildfires. For comparison with loss estimates, exposure is also 
used for the 1% annual chance flood, that is a flood that has a 1% chance of occurrence in any given year.  

 

Key Terms: 
• Exposure: Determination of whether a 

building is within or outside of a hazard 
zone. No loss estimation is modeled. 

• Building value: Total monetary value of a 
building. This term is used in the context of 
exposure. 
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Figure 2-2. Landslide susceptibility areas and building exposure example in Cottage Grove, Oregon. 

 

2.3 Building Inventory 

A key piece of the risk assessment is the building inventory. This inventory consists of all buildings larger 
than 100 square feet (9.3 square meters), as determined from existing building footprints (Williams, 
2021). A variety of building inventory occupancy types used in the Hazus-MH and exposure analyses are 
present in Cottage Grove (Figure 2-3). See also Appendix B Table B-1, and Appendix E, Plate 1 and Plate 
2. 

To use the building inventory within the Hazus-MH methodology, we converted the building footprints 
to points and migrated them into a UDF database with standardized field names and attribute domains. 
The UDF database formatting allows for the correct damage function to be applied to each building. Hazus-
MH version 2.1 technical manuals (FEMA, 2012a, 2012b, 2012c) provide references for acceptable field 
names, field types, and attributes. The fields and attributes used in the UDF database (including building 
seismic codes) are discussed in more detail in Appendix C.2.2. 
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Figure 2-3. Building occupancy types, City of Cottage Grove, Oregon. 

 

 
The building count and value of the City of Cottage Grove is 5,776 buildings and $1.56 billion of building 

value (Table 2-1). A table detailing the occupancy class distribution is included in Appendix B: Detailed 
Risk Assessment Tables. 

Table 2-1. Cottage Grove building inventory. 

Community 
Total Number 
of Buildings 

Estimated Total  
Building Value ($) 

Cottage Grove 5,776 1,561,735,000 

 
The building inventory was developed from a building footprint dataset developed in 2021 called the 

Statewide Building Footprints for Oregon, release 1 (SBFO-1) (Williams, 2021), which covers all of Cottage 
Grove. The building footprints provide a location and 2D outline of a structure. The total number of 
buildings within the study area was 5,776.  

Lane County supplied assessor data and we formatted it for use in the risk assessment. The assessor 
data contains an array of information about each building (i.e., improvement). Tax lot data, which contains 
property boundaries and other information about the property, was obtained from the county assessor 
and was used to link the buildings with assessor data. The linkage between the two datasets resulted in a 
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database of UDF points that contain attributes for each building. These points are used in the risk 
assessment for both loss estimation and exposure analysis. The building occupancy composition is 
primarily residential and some commercial (Figure 2-4).  

Figure 2-4. Building count in Cottage Grove by occupancy class. 

 

 
Critical facilities are important to note because these facilities play a crucial role in emergency 

response efforts. We embedded identifying characteristics into the critical facilities in the UDF database 
so they could be highlighted in the results. Critical facilities data came from the DOGAMI Statewide Seismic 
Needs Assessment (SSNA; Lewis, 2007). We updated the SSNA data by reviewing Google Maps™ data. The 
critical facilities we identified include hospitals, schools, fire stations, police stations, and emergency 
operations. In addition, we included other buildings based on specific community input and structures 
that would be essential during a natural hazard event, such as public works and water treatment facilities. 
Communities that have critical facilities that can function during and immediately after a natural disaster 
are more resilient than those with critical facilities that are inoperable after a disaster. Various critical 
facilities are present within Cottage Grove Table 2-2 Critical facilities are individually listed in Appendix 
A. 

Table 2-2. Cottage Grove critical facilities inventory. 

Community 
 

Hospital & 
Clinic 

 School  Police/Fire  
Emergency 

Services 
 Military  Other*  Total 

 Count Value ($)  Count Value ($)  Count Value ($)  Count Value ($)  Count Value ($)  Count Value ($)  Count Value ($) 
(all dollar amounts in thousands) 

Cottage 
Grove 

 1 11,838  5 89,288  2 6,336  0 0  0 0  2 3,281  10 110,743 

Note: Facilities with multiple buildings were consolidated into one building. 
* Category includes buildings that are not traditional (emergency response) critical facilities but considered critical during an 

emergency based on input from local stakeholders (e.g., water treatment facilities or airports). 

2.4 Population 

One purpose of the UDF database design was so that we could estimate the number of people at risk from 
natural hazards. Within the UDF database, the 2010 U.S. Census population of permanent residents per 
census block was distributed proportionally among residential buildings based on building area. This 
census block-based distribution was further adjusted with the PSU Population Research Center estimates 
for 2021. The difference in population between the 2010 U.S. Census and the PSU estimate were evenly 
distributed to all residential structures in the study area so that the total population was equal to the PSU 
population estimate. We did not examine the impacts of natural hazards on non-permanent populations 
(e.g., tourists), whose total numbers fluctuate seasonally. Due to lack of information within the assessor 
and census databases, the distribution includes vacation homes, which in many communities make up 
some of the total residential building stock (U.S. Census Bureau, 2010b).  
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From the Census and PSU Population Research Center data, we assessed the risk of the 10,373 
residents of Cottage Grove that could be affected by a natural hazard. For each natural hazard, except for 
the earthquake scenario, a simple exposure analysis was used to find the number of potentially displaced 
residents within a hazard zone. For the earthquake scenario the number of potentially displaced residents 
was based on residents in buildings estimated to be significantly damaged by the earthquake.  

 

3.0 ASSESSMENT OVERVIEW AND RESULTS 

This risk assessment considers four natural hazards (earthquake, flood, landslide, and wildfire) that pose 
a risk to Cottage Grove. The assessment describes both localized vulnerabilities and the widespread 
challenges that impact the community. The loss estimation and exposure results, as well as the rich 
dataset included with this report, can lead to greater understanding of the potential impact of natural 
disasters. The community can use the results to update plans as part of the work toward becoming more 
resilient to future disasters. 

In this section, hazard data sources are described, and results are presented for Cottage Grove. Detail 
results are in Appendix A: Community Risk Profile.  

3.1 Earthquake 

An earthquake results from a sudden movement of rock on each side of a fault in the earth’s crust that 
abruptly releases strain accumulated over a long period of time. The movement along the fault produces 
waves of strong shaking that spread in all directions. If an earthquake occurs near populated areas, it may 
cause casualties, economic disruption, and extensive property damage (Madin and Burns, 2013).  

Two earthquake-induced hazards are liquefaction and coseismic landslides. Liquefaction occurs when 
saturated soils suddenly lose bearing capacity due to ground shaking, causing the soil to behave like a 
liquid; this action can be a source of tremendous damage. Coseismic landslides are mass movement of 
rock, debris, or soil induced by ground shaking. All earthquake loss estimates in this report include 
damage derived from shaking itself, and from liquefaction and landsliding. 

3.1.1 Data sources 
Hazus-MH offers two scenario methods for estimating loss from earthquake, probabilistic and 
deterministic (FEMA Hazus-MH, 2012b). A probabilistic scenario uses U.S. Geological Survey (USGS) 
National Seismic Hazard Maps which are derived from seismic hazard curves calculated on a grid of sites 
across the United States that describe the annual frequency of exceeding a set of ground motions as a 
result of all possible earthquake sources (U.S. Geological Survey, 2017). A deterministic scenario is based 
on a specific seismic event, which in this case is the CSZ Mw 9.0 event. We used the deterministic method 
along with the UDF database so that loss estimates could be calculated on a building-by-building basis.  

The CSZ Mw 9.0 of Madin and others (2021) was selected as the most appropriate for communicating 
earthquake risk for Cottage Grove.  This CSZ scenario by Madin and others (2021) includes information 
necessary for successful Hazus analysis. Other potentially damaging scenarios lacked detailed seismic 
data such that adequate results would be produced. A well understood earthquake scenario, like the CSZ, 
adds to the accuracy of the results.  

To thoroughly characterize the risk of earthquake hazard in Cottage Grove, we also ran a Hazus 
scenario using a nearby crustal fault. We selected the Metolius Fault as a plausible source of a damaging 
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earthquake for the Cottage Grove and surrounding areas. The Hazus results, using the same building 
inputs and site-specific data (coseismic landslide, liquefaction, and National Earthquake Hazard 
Reduction Program (NEHRP) soils) as the CSZ Mw 9.0 scenario, show that a Mw 7.4 earthquake from the 
Metolius Fault would produce damages between $300,000 to $400,000; this is less than 1% of the 
Cascadia impact. Because the damages were so slight in comparison to the CSZ Mw 9.0 scenario, we only 
used the CSZ result to characterize earthquake risk in Cottage Grove.    

The following hazard layers used for the loss estimation analysis are derived from work conducted by 
Madin and others (2021): landslide susceptibility (wet), liquefaction susceptibility, and NEHRP soils. The 
liquefaction and landslide susceptibility layers together with peak ground acceleration (PGA) from Madin 
and others (2021) were used by the Hazus-MH tool to calculate probability and magnitude of permanent 
ground deformation. While the datasets used in the analysis to represent ground deformation (landslide 
susceptibility, liquefaction susceptibility, and NEHRP soils) were the best data available, substantial 
mischaracterizations of these hazards may be present that would reduce the impact of earthquake hazard 
within the community. 

The statewide datasets developed by Madin and others (2021) are compilations of studies of varying 
accuracies and methodologies from across the state of Oregon. The liquefaction data used in the study 
area was derived from the work of O’Connor (2001). The mapping conducted in the O’Connor study was 
not done with geohazards in mind. Because liquefaction was specific looked at, there is uncertainty in how 
the sediments in the study area would react in a given seismic event.  

  

3.1.2 Study area results 
Because an earthquake can affect a wide area, every building in Cottage Grove will by shaken by a CSZ Mw 
9.0 earthquake. Hazus-MH loss estimates (see Appendix B Table B-2) for each building are based on a 
formula where coefficients are multiplied by each of the five damage state percentages (none, low, 
moderate, extensive, and complete). These damage states are correlated to loss ratios that are then 
multiplied by the total building replacement value to obtain a loss estimate (FEMA, 2012b). We performed 
this assessment using the best data available at the time of the study. However, it is important to note that 
some of the datasets used in the study will likely be updated and replaced within the next three years. 
New data should be incorporated into future risk assessments. 

In keeping with earthquake damage reporting conventions, we used the Applied Technology Council 
(ATC)-20 post-earthquake building safety evaluation color-tagging system to represent damage states 
(Applied Technology Council, 2015). Red-tagged buildings correspond to a Hazus-MH damage state of 
“complete,” which means the building is uninhabitable. Yellow-tagged buildings are in the “extensive” 
damage state, indicating limited habitability. The number of red or yellow-tagged buildings we report for 
each community is based on an aggregation of the probabilities for individual buildings (FEMA, 2012b).  

Critical facilities were considered non-functioning if the Hazus-MH earthquake analysis showed that a 
building or complex of buildings had a greater than 50-percent chance of being at least moderately 
damaged (FEMA, 2012b). Because building specific information is more readily available for critical 
facilities and due to their importance after a disaster, we chose to report the results of these buildings 
individually.  

The number of potentially displaced residents from an earthquake scenario described in this report 
was based on the formula: ([Number of Occupants] * [Probability of Complete Damage]) + (0.9 * [Number 
of Occupants] * [Probability of Extensive Damage]) (FEMA, 2012b). The probability of damage state was 
determined in the Hazus-MH earthquake analysis results.  
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Cottage Grove CSZ Mw 9.0 earthquake results: 
• Number of red-tagged buildings: 28 
• Number of yellow-tagged buildings: 290 
• Loss estimate: $111,599,000 
• Loss ratio: 7.1% 
• Non-functioning critical facilities: 8  
• Potentially displaced population: 37 

 
The results indicate that Cottage Grove could incur a moderate level of loss (7%) due to a CSZ Mw 9.0 

earthquake. Much of the contributing factors to damage are soils that are susceptible to seismic shaking. 
The Coast Fork Willamette River floodplain is composed of seismically reactive soils where the majority 
of the buildings in Cottage Grove are located. Since these soils amplify ground shaking, the probability of 
earthquake damage is greater for structures built in these areas.  

Although damage caused by coseismic landslides was not specifically looked at in this report, it likely 
contributes a small amount of the estimated damage from the earthquake hazard in Cottage Grove. 
Landslide exposure results show that 0.8% of buildings in Cottage Grove are within a very high or high 
susceptibility zone. This indicates that a similar percentage of the earthquake loss estimated in this study 
may be due to coseismic landslide.  

Building vulnerabilities such as the age of the building stock and occupancy type are also contributing 
factors in loss estimates. The first seismic building codes were implemented in Oregon in the 1970’s 
(Judson, 2012) and by the 1990’s modern seismic building codes were being enforced. Nearly 85% of 
Cottage Grove’s buildings were built before the 1990’s. In Hazus-MH, manufactured homes are one 
occupancy type that performs poorly in earthquake damage modeling. Communities that are composed 
of an older building stock and more vulnerable occupancy types are expected to experience more damage 
from earthquake than communities with fewer of these vulnerabilities.  

If buildings could be seismically retrofitted to higher 
code standards, earthquake risk would be greatly reduced. 
In this study, a simulation in Hazus-MH earthquake 
analysis shows that loss ratios drop from 7.1% to 1.8%, 
when all buildings are upgraded to at least moderate code 
level. While retrofits can decrease earthquake 
vulnerability, areas of high landslide or liquefaction may 
need additional geotechnical mitigation to have an effect on 
losses. Figure 3-1 illustrates the reduction in loss 
estimates from the probabilistic Mw 7.0 earthquake through two simulations where all buildings are 
upgraded to moderate code standards or to high code standards. 

Key Terms: 
• Seismic retrofit: Structural modification to a 

building that improves its resilience to 
earthquake. 

• Design level: Hazus-MH terminology referring 
to the quality of a building’s seismic building 
code (i. e. pre, low, moderate, and high). Refer 
to Appendix C.2.3for more information.  
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Figure 3-1. CSZ Mw 9.0 earthquake loss ratio in Cottage Grove, with simulated seismic building code 
upgrades. 

 

3.1.3 Areas of significant risk 
We identified locations within the study area that are comparatively at greater risk to earthquake hazard: 

• A cluster of manufactured homes in the northeastern portion of Cottage Grove are more 
vulnerable to earthquake damage relative to other structures.  

• Many high value buildings in commercial areas in Cottage Grove are built with more vulnerable 
building materials compared to wood-built structures.   

• Critical facilities in the study area that were built before seismic building code standards are at 
risk to be non-functioning due to an earthquake like the one simulated in this study. 

3.2 Flooding 

In its most basic form, a flood is an accumulation of water over normally dry areas. Floods become 
hazardous to people and property when they inundate an area where development has occurred, causing 
losses. Floods are a commonly occurring natural hazard in Cottage Grove and have the potential to create 
public health hazards and public safety concerns, close and damage major highways, destroy railways, 
damage structures, and cause major economic disruption. Flood issues like flash flooding, ice jams, post-
wildfire floods, and dam safety were not examined in this report.  

Floods vary greatly in size and duration, with smaller floods more likely than larger floods. A typical 
method for determining flood risk is to identify the size of a flood that has a particular probability of 
occurrence. This report uses floods that have an annual probability of occurrence of 10%, 2%, 1%, and 
0.2%, henceforth referred to as 10-year, 50-year, 100-year, and 500-year scenarios, respectively. The size 
of floods estimated at these probabilities is based on a computer model that is based on recorded 
precipitation and stream levels. 

The major streams within Cottage Grove are the Coast Fork Willamette River, Row River, Silk Creek, 
and Bennett Creek. All the listed rivers are subject to flooding and can cause damage to buildings within 
the floodplain. 

Floods commonly adversely impact human activities within the natural and built environment. 
Through strategies such as flood hazard mitigation these adverse impacts can be reduced. Examples of 
common mitigating activities are elevating structures above the expected level of flooding or removing 
the structure through FEMA’s property acquisition (“buyout”) program.  

3.2.1 Data sources 
The Flood Insurance Study (FIS) and Flood Insurance Rate Maps for Cottage Grove were in the process of 
being updated by FEMA as of April 2022; this is the primary data source for the flood risk assessment in 
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this report. In doing this update, FEMA provided DOGAMI depth grids for flood risk assessment. These 
depth grids are considered draft and are subject to possible change. FEMA approved of their usage in this 
report as they are considered the best available for the study area. Further information regarding the 
National Flood Insurance Program (NFIP) can be found on the FEMA website: https://www.fema.gov/
flood-insurance. These were the only flood data sources that we used in the analysis.  

The depth grids provided by FEMA were used in this risk assessment to determine the level to which 
buildings are impacted by flooding. Depth grids are raster GIS datasets in which each digital pixel value 
represents the depth of flooding at that location within the flood zone (Figure 3-2). Though considered 
draft at the time of this analysis, the depth grid data are the best available flood hazard data. Depth grids 
for four flooding scenarios (10-, 50-. 100-, and 500-year) were used for loss estimations and, for 
comparative purposes, exposure analysis. Each flood scenario is designated by a recurrence interval or 
the probability in any given year of a flood of that magnitude occurring. For example, the 100-year flood 
has a 1% annual chance of occurring.   

 
 

Figure 3-2. Flood depth grid example of confluence of Silk Creek with Coast Fork Willamette River in 
Cottage Grove, Oregon using FEMA 2022 draft flood data. 

 

 

https://www.fema.gov/flood-insurance
https://www.fema.gov/flood-insurance
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Building loss estimates are determined in Hazus-MH by overlaying building data on a depth map. 
Hazus-MH uses individual building information, specifically the first-floor height above ground and the 
presence of a basement, to calculate the loss ratio from a particular depth of flood.  

For Cottage Grove, occupancy type and basement presence attributes were available from the assessor 
database for most buildings. Where individual building information was not available from assessor data, 
we used oblique imagery and street level imagery to estimate these important building attributes. Only 
buildings in a flood zone or within 500 feet (152 meters) of a flood zone were examined closely to attribute 
buildings with more accurate information for first-floor height and basement presence. Because our 
analysis accounted for building first-floor height, buildings that have been elevated above the flood level 
were not given a loss estimate—but we did count residents in those structures as displaced. We did not 
look at the duration that residents would be displaced from their homes due to flooding. For information 
about structures exposed to flooding but not damaged, see the Exposure analysis section below.  

3.2.2 Study area results 
For this risk assessment, we imported the community UDF data and depth grids into Hazus-MH and ran a 
flood analysis for four flood scenarios (10-, 50-, 100-, and 500-year). We used the April 2022 draft 100-
year flood scenario as the primary scenario for reporting flood results (also see Appendix E Plate 4). The 
100-year flood has traditionally been used as a reference level for flooding and is the standard probability 
that FEMA uses for regulatory purposes. See Appendix B Table B-4 for multi-scenario cumulative results. 
We performed this assessment using the best data available at the time of the study. However, it is 
important to note that the FEMA flood depth maps may still be amended before they are adopted. New 
data should be incorporated into future risk assessments. 
 

Cottage Grove 100-year flood loss (FEMA 2022 draft data): 
• Number of buildings damaged: 451 
• Loss estimate: $6,851,000 
• Loss ratio: 0.4% 
• Non-functioning critical facilities: 0 
• Potentially displaced population: 1,188 

 

3.2.3 Hazus-MH analysis 
The Hazus-MH loss estimate for the 100-year flood scenario for the entire county is over $6.8 million. 
While the overall loss ratio for flood damage in Cottage Grove is 0.4%, 100-year flooding has a significant 
impact to areas where development exists near streams. Because most residents are not within flood 
designated zones, the loss ratio may not be as helpful as the actual replacement cost and number of 
residents displaced to assess the level of risk from flooding. The Hazus-MH analysis provides flood 
damage results at the building-level so that planners can identify problems and consider which mitigating 
activities will provide the greatest resilience to flooding. 

The main flooding problems within Cottage Grove are along the Coast Fork Willamette River 
floodplain. While the majority of the 100-year flooding is shallow, it is present in the entire area between 
the Coast Fork Willamette and Highway 99 throughout the community. Flooding is more severe in the 
northern portion of Cottage Grove at the Highway 99 bridge over the Coast Fork Willamette River. The 
500-year is less probable but is likely to cause much more extensive damage (Figure 3-3).  
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Figure 3-3. Ratio of flood loss estimates for Cottage Grove (FEMA 2022 draft data). 

 

3.2.4 Exposure analysis 
Separate from the Hazus-MH flood analysis, we did an exposure analysis by overlaying building locations 
on the 100-year flood extent. We did this to estimate the number of buildings that are elevated above the 
level of flooding and the number of displaced residents, both of which are not considered in the Hazus 
analysis. This was done by comparing the number of non-damaged buildings from Hazus-MH with the 
number of exposed buildings in the flood zone. Some (12%) of Cottage Grove’s buildings were found to 
be within designated flood zones. Of the 700 buildings that are exposed to flooding, we estimate that 249 
are above the height of the 100-year flood. This evaluation also estimates that 1,188 residents might have 
mobility or access issues due to surrounding water. See Appendix B Table B-5 for community-based 
results of flood exposure. 

3.2.5 Areas of significant risk 
We identified locations within the study area that are comparatively at greater risk to flood hazard: 

• Widespread shallow flooding throughout Cottage Grove between Coast Fork Willamette River and 
Highway 99.  

• Flooding most severe in the area near the Highway 99 bridge over the Coast Fork Willamette 
River. 

3.3 Landslide Susceptibility 

Landslides are mass downhill movements of rock, debris, or soil. There are many different types of 
landslides in Oregon. In area around Cottage Grove the most common are debris flows and shallow- and 
deep-seated landslides. Landslides can occur in many sizes, at different depths, and with varying rates of 
movement. Generally, they are large, deep, and slow moving or small, shallow, and rapid. Some factors 
that influence landslide type are hillside slope, water content, and geology. Many triggers can cause a 
landslide: intense rainfall, earthquakes, or human-induced factors like excavation along a landslide toe or 
loading at the top. Landslides can cause severe damage to buildings and infrastructure. Fast-moving 
landslides may pose life safety risks and can occur throughout Oregon (Burns and others, 2016). 

3.3.1 Data sources 
We used the data from the statewide landslide susceptibility map (Burns and others, 2016) for the 
landslide analysis. This statewide susceptibility layer is an analysis of multiple landslide datasets. Burns 
and others (2016) used the Statewide Landslide Information Database for Oregon (SLIDO) inventory data 
along with maps of generalized geology and slope to create a landslide susceptibility overview map of 
Oregon that shows zones of relative susceptibility: Very High, High, Moderate, and Low. Mapped 
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landslides from SLIDO data directly define the Very High landslide susceptibility zone, while SLIDO data 
coupled with statistical results from generalized geology and slope maps define the other relative 
susceptibility zones (Burns and others, 2016).  

SLIDO, release 3.2 (Burns and Watzig, 2014) is an inventory of mapped landslides in the state of 
Oregon. SLIDO is a compilation of past studies; some studies were completed very recently using new 
technologies, like lidar-derived topography, and some studies were performed more than 50 years ago. 
Consequently, SLIDO data vary greatly in scale, scope, and focus and thus in accuracy and resolution 
across the state. Some landslide mapping for the area around Cottage Grove was done as recently as 2002 
but before lidar was available for high-accuracy mapping.  

Statewide landslide susceptibility map data have the inherent limitations of SLIDO and of the 
generalized geology and slope maps used to create the map. Therefore, the statewide landslide 
susceptibility map varies significantly in quality across the state, depending on the quality of the input 
datasets. Another limitation is that susceptibility mapping does not include some aspects of landslide 
hazard, such as runout, where the momentum of the landslide can carry debris beyond the zone deemed 
to be a high hazard area. 

We overlaid building and critical facilities data on landslide susceptibility zones to assess the exposure 
(see Appendix B Table B-6). We combined high and very high susceptibility zones to provide a general 
sense of community risk for planning purposes (see Appendix E, Plate 5).  

The total dollar value of exposed buildings was summed for the study area and is reported below. We 
also estimated the number of people threatened by landslides. Land value losses due to landslides and 
potentially hazardous unmapped areas that may pose a real risk to communities were not examined for 
this report.  

3.3.2 Study area results 
The landslide exposure results are tabulated below for the high and very high categories and shown for 
all categories in Figure 3-4. See Appendix B: Detailed Risk Assessment Tables for multi-scenario 
analysis results. We performed this assessment using the best data available at the time of the study. 
However, it is important to note that the landslide maps for this area are incomplete and an upcoming 
study will likely update and replace the source data within the next three years. New data should be 
incorporated into future risk assessments. 

 

Cottage Grove landslide exposure (High and Very High susceptibility): 
• Number of buildings: 44 
• Value of exposed buildings: $12,103,000 
• Percentage of total value exposed: 0.8%  
• Critical facilities exposed: 0 
• Potentially displaced population: 79 

 
The amount of exposure to landslide hazard in Cottage Grove is low, with less than 1% of building 

value exposed to high or very high susceptibility. Much of Cottage Grove is built on stream sediments 
within the Coast Fork Willamette River floodplain, which tend to have low landslide hazard. Sloped areas 
surrounding the city are at higher risk for landslide. Existing landslides are present south of the city.    

Landslide hazard is ubiquitous in a large percentage of undeveloped land and may present challenges 
for planning and mitigation efforts. Awareness of nearby areas of landslide hazard is beneficial to reducing 
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risk for Cottage Grove. A complete lidar-based landslide inventory for the Cottage Grove area would 
provide much more accurate and detailed results. 

Figure 3-4. Landslide susceptibility exposure for Cottage Grove. 

 

3.3.3 Areas of significant risk 
We identified locations within the study area that are comparatively at greater risk to landslide hazard: 

• Areas surrounding Cottage Grove are at greater risk to landslide hazard than within the city.  
• Some areas in Cottage Grove may be at higher risk than what the data show, due to incomplete 

mapping of landslides.   
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3.4 Wildfire 

Wildfires are a natural part of the ecosystem in Oregon. However, wildfires can present a substantial 
hazard to life and property in many communities. The most common severe wildfire conditions include: 
hot, dry, and windy weather; the inability of fire protection forces to contain or suppress the fire; the 
occurrence of multiple fires that overwhelm committed resources; and a large fuel load (dense 
vegetation). Once a fire has started, its behavior is influenced by numerous conditions, including fuel, 
topography, weather, drought, and development (Gilbertson-Day and others, 2018). Post-wildfire 
geologic hazards can also present risk. These usually include flood, debris flows, and landslides. Post-
wildfire geologic hazards were not evaluated in this project.  

The Lane County Community Wildfire Protection Plan (CWPP), from 2020, recommends that the 
county develop policies that address fire restriction enforcement, fuel breaks, wildland urban interface 
standards, and building code enforcement related to emergency access. Forests cover large areas around 
Cottage Grove and many homes in the UGB are adjacent to wildfire risk areas. Contact the Lane County 
Planning Department for specific requirements related to the county’s land use plan. 

3.4.1 Data sources 
The Pacific Northwest Quantitative Wildfire Risk Assessment (PNRA): Methods and Results (Gilbertson-
Day and others, 2018) is a comprehensive report that includes a database developed by the United States 
Forest Service (USFS) for the states of Oregon and Washington. The steward of this database in Oregon is 
the Oregon Department of Forestry (ODF). The database was created to assess the level of risk residents 
and structures have to wildfire. For this project, the burn probability dataset, a dataset included in the 
PNRA database, was used to measure the risk to Cottage Grove.  

Using guidance from ODF, we categorized the Burn Probability dataset into low, moderate, and high-
hazard zones for the wildfire exposure analysis. Burn probability is derived from simulations using many 
elements, such as, weather, ignition frequency, ignition density, and fire modeling landscape (Gilbertson-
Day and others, 2018).  

We overlaid the buildings layer and critical facilities on each of the wildfire hazard zones to determine 
exposure. Within the study area, no wildfire data was available in urbanized areas. This indicates that 
there is minimal risk to wildfire hazard, because the omission implies low to no probability of wildfire 
risk (see Appendix B, Table B-8). We also estimated the number of people threatened by wildfire. Land 
value losses due to wildfire were not examined for this project.  

3.4.2 Study area results 
High to moderate wildfire hazard is present for large portions of the surrounding area but is low in Cottage 
Grove. The wildfire risk increases to moderate at 1 mile (1.6 kilometers) east and south of the 
incorporated boundary of Cottage Grove. The wildfire hazard continues to increase to high levels further 
into the Cascade Mountains to the east. Wildfire adjacent to Cottage Grove could still pose a risk related 
to evacuation routes and hazardous smoke.    
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Cottage Grove wildfire exposure (High hazard): 
• Number of buildings: 0 
• Value of exposed buildings: $0 
• Percentage of total value exposed: 0%  
• Critical facilities exposed: 0 
• Potentially displaced population: 0 

  
While wildfire risk is low for Cottage Grove, the risk of wildfire is still present. Low probability events 

do occur and often have a larger impact than high probability events. See Appendix B: Detailed Risk 
Assessment Tables for multi-scenario analysis results; we did not produce a wildfire specific map plate, 
due to the data indicating a uniformly low wildfire risk within the study area. High wildfire hazard exists 
in surrounding forested areas (Figure 3-5. Wildfire hazard areas near Cottage Grove). 

Figure 3-5. Wildfire hazard areas near Cottage Grove. 

 

3.4.3 Areas of significant risk 
We identified locations within the study area that are comparatively at greater risk to wildfire hazard: 

• Dorena Bridge is within an area of high wildfire risk. Other historical covered bridges in the 
area are at risk from wildfire due to their proximity to high-risk zones.  
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• While the probability of wildfire hazard is low, it is still a possibility in Cottage Grove. Nearby 
wildfire prone areas also pose a risk related to evacuation routes and hazardous smoke.   

 

4.0 CONCLUSIONS 

The purpose of this study is to provide a better understanding of potential impacts from multiple natural 
hazards at the community scale. We accomplished this by using the latest natural hazard mapping and 
loss estimation tools to quantify expected damage to buildings and potential displacement of permanent 
residents, or determine which buildings and residents are exposed to a hazard. This comprehensive and 
detailed approach to the analysis provides new context for the city’s risk reduction efforts. However, new 
landslide and coseismic geohazard maps will be produced in the next three years, and the FEMA flood 
maps may change before they are adopted by Cottage Grove. This risk assessment should be updated 
based on the new maps. We note several important findings based on the results of this study: 

• Moderate overall damage and losses can occur from an earthquake—Based on the results of 
a CSZ Mw 9.0 earthquake, every building and resident in Cottage Grove would experience 
moderate impact and disruption. Results show that an earthquake can cause building losses of 
7% in the study area. The high vulnerability of the building inventory (building type) and the 
number of buildings constructed on seismically amplifying soils contribute to the estimated levels 
of losses expected in the study area. Lidar-based geohazard mapping would increase the accuracy 
of the earthquake hazard results.  

• Retrofitting buildings to modern seismic building codes can reduce damages and losses 
from earthquake shaking—Seismic building codes have a major influence on earthquake 
shaking damage estimated in this study. We found that retrofitting to at least moderate code was 
the most efficient mitigation strategy because the additional benefit from retrofitting to high code 
was minimal. In our simulation of upgrading buildings to at least moderate code, the estimated 
loss for the entire study area was reduced from 7.1% to 1.8%. Communities with older buildings 
that were constructed below the moderate seismic code standards are both the most vulnerable 
and have the greatest potential for risk reduction. Although seismic retrofits are an effective 
strategy for reducing earthquake shaking damage, it should be noted that earthquake-induced 
landslide will also be present near the perimeter of Cottage Grove.  

• Cottage Grove is at significant risk from flooding—Most of the buildings in Cottage Grove are 
built along the Coast Fork Willamette River in areas that are prone to flooding. Flood mapping 
was recently revised and represents the best available data to estimate risk. At first glance, Hazus-
MH flood loss estimates may give a false impression of lower risk because they show lower 
damages for a community relative to other hazards we examined. This is due to the difference 
between loss estimation and exposure results, as well as the limited area impacted by flooding. 
Another consideration is that flood is one of the most frequently occurring natural hazards. The 
areas that are most vulnerable to flood hazard are along both banks of the Coast Fork Willamette 
River over to Highway 99 through commercial and residential portions of Cottage Grove. 

• Elevating structures in the flood zone reduces vulnerability—Flood exposure analysis was 
used in addition to Hazus-MH loss estimation to identify buildings that were not damaged but that 
were within the area expected to experience a 100-year flood. By using both analyses in this way, 
the number of elevated structures within the flood zone could be quantified. This showed possible 
mitigation needs in flood loss prevention and the effectiveness of past activities. The flood depth 
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maps show that floods would occur over a wide area but would be relatively shallow, so that, 
many buildings exposed to flood hazard would be above the flood elevation. A large number (249) 
of buildings in the flood hazard area are higher than the base flood elevation (BFE). Based on the 
number of buildings exposed to flooding throughout the city, many would benefit from elevating 
above the level of flooding.  

• New landslide mapping would increase the accuracy of estimating landslide risk—The 
landslide hazard data used in this risk assessment was created before the advent of modern 
mapping technology; future risk assessments using lidar-derived landslide hazard data would 
provide more accurate results.  

• Wildfire risk is low for the overall study area—Exposure analysis shows that buildings 
throughout the community are within low wildfire hazard areas. Nearby areas to the east and 
south of Cottage Grove are considered moderate wildfire risk zones.    

• Most of the study area’s critical facilities are at significant risk to earthquake hazard—
Critical facilities were identified and were specifically examined for this report. We estimate that 
80% (8 of 10) of Cottage Grove’s critical facilities will be non-functioning after a CSZ 9.0 Mw 
earthquake. We found no exposure of critical facilities to flood, landslide, or wildfire.  

• The biggest cause of displacement to population is flood hazard—Potential displacement of 
permanent residents from natural hazards was estimated in this report. We estimate that 11% of 
the population in the city could be displaced due to a flood. A small percentage of residents are 
vulnerable to displacement from earthquake, landslide, and wildfire hazards. 

• The results allow comparisons across hazards and prioritize their needs—The study area 
was assessed for natural hazard exposure and loss. This allowed for comparison of risk for a 
specific hazard within areas in the community. It also allows for a comparison between different 
hazards, though care must be taken to distinguish loss estimates and exposure results. The loss 
estimates and exposure analyses can assist in developing plans that address the concerns of the 
community.  

 

5.0 LIMITATIONS 

There are several limitations to keep in mind when interpreting the results of this risk assessment.  
• Loss estimation for individual buildings – Hazus-MH is a model of reality, which is an 

important factor when considering the loss ratio of an individual building. On-the-ground 
mitigation, such as elevation of buildings to avoid flood loss, has been only minimally captured. 
Also, due to a lack of building material information, assumptions were made about the 
distribution of wood, steel, and un-reinforced masonry buildings. Loss estimation is most 
insightful when individual building results are aggregated to the community level because it 
reduces the impact of uncertainty in building characteristics. 

• Loss estimation versus exposure – We recommend careful interpretation of exposure results. 
This is due to the spatial and temporal variability of natural hazards and the inability to perform 
loss estimations due to the lack of Hazus-MH damage functions. Exposure is reported in terms of 
total building value, which could imply a total loss of the buildings in a particular hazard zone, but 
this is not the case. Exposure is simply a calculation of the number of buildings and their value 
and does not make estimates about the level to which an individual building could be damaged or 
how many buildings might be impacted in a single event.  
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• Population variability – Cottage Grove has some vacation homes and rentals, which are typically 
occupied during the summer. Our estimates of potentially displaced people rely on permanent 
populations (U. S. Census Bureau, 2010b) and unpublished data from the PSU Population 
Research Center. As a result, we are slightly underestimating the number of people that may be 
in harm’s way on a summer weekend.  

• Data accuracy and completeness – Some datasets in our risk assessment had incomplete 
coverage or lacked high-resolution data within the study area. We used lower-resolution data to 
fill gaps where there was incomplete coverage or where high-resolution data were not available. 
Assumptions to amend areas of incomplete data coverage were made based on reasonable 
methods described within this report. However, we are aware that some uncertainty has been 
introduced from these data amendments at an individual building scale. At community-wide 
scales the effects of the uncertainties are lower. Data layers in which assumptions were made to 
fill gaps are building footprints, population, some building specific attributes, and landslide 
susceptibility. Many of the datasets included known or suspected artifacts, omissions and errors, 
identifying or repairing these problems was beyond the scope of the project and are areas needing 
additional research. 

• Changing Conditions – This assessment did not account for potential changes in climate, land 
use, or population. Human-induced climate change poses a significant and widespread risk to 
people around the world. In Oregon, climate change is expected impact future floods, wildfires, 
and landslides, but quantifying this impact was beyond the scope of this study.  

 
 

6.0 RECOMMENDATIONS 

The following actions are needed to better understand hazards and reduce risk to natural hazard through 
mitigation planning. These implementation areas, while not comprehensive, touch on all phases of risk 
management and focus on awareness and preparation, planning, emergency response, mitigation funding 
opportunities, and hazard-specific risk reduction activities.  

6.1 Awareness and Preparation 

Natural hazard awareness is crucial to lowering risk and lessening the impacts of natural hazards. When 
community members understand their risk and know the role that they play in preparedness, the 
community will become a much safer place to live. Awareness and preparation not only reduce the initial 
impact from natural hazards, but they also reduce the time a community needs to recover from a disaster, 
commonly referred to as “resilience.”  

This report is intended to provide local officials with a comprehensive and authoritative profile of 
natural hazard risk to underpin their public outreach efforts. 

Messaging can be tailored to stakeholder groups. For example, outreach to homeowners could focus 
on actions they can take to reduce risk to their property. The DOGAMI Homeowners Guide to Landslides 
(https://www.oregongeology.org/Landslide/ger_homeowners_guide_landslides.pdf) provides a variety 
of risk reduction options for homeowners who live in areas susceptible to landslides. This guide is one of 
many existing resources. Agencies partnering with local officials in the development of additional effective 
resources could help reach a broader community and user groups. 

https://www.oregongeology.org/Landslide/ger_homeowners_guide_landslides.pdf
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6.2 Planning 

This report can help local decision-makers develop their local plans by identifying geohazards and 
associated risks to the community. The primary framework for accomplishing this is through the 
comprehensive planning process. The comprehensive plan sets the long-term trajectory of capital 
improvements, zoning, and urban growth boundary expansion, all of which are planning tools that can be 
used to reduce natural hazard risk. 

Another framework is the natural hazard mitigation plan (NHMP) process. NHMP plans focus on 
characterizing natural hazard risk and identifying actions to reduce risk. Additionally, the information 
presented here can be a resource when updating the mitigation actions and inform the vulnerability 
assessment section of the NHMP plan.  

While there are many similarities between this report and an NHMP, the primary difference is that the 
risk assessment is not a planning document. Additional difference can be the hazards or critical facilities 
that are examined in each report. Differences between the reports may be due to data availability or 
limited methodologies for specific hazards. The critical facilities considered in this report may not be 
identical to those listed in a typical NHMP due to the lack of damage functions in Hazus-MH for non-
building structures and to different considerations about emergency response during and after a disaster.  

6.3 Emergency Response 

Critical facilities will play a major role during and immediately after a natural disaster. This study can help 
emergency managers identify vulnerable critical facilities and develop contingency plans. Additionally, 
detailed mapping of potentially displaced residents can be used to re-evaluate evacuation routes and 
identify vulnerable populations to target for early warning.  

The building database that accompanies this report presents many opportunities for future pre-
disaster mitigation, emergency response, and community resilience improvements. Vulnerable areas can 
be identified and targeted for awareness campaigns. These campaigns can be aimed at pre-disaster 
mitigation through, for example, improvements of the structural connection of a building’s frame to its 
foundation. Emergency response entities can benefit from the use of the building dataset through 
identification of potential hazards and populated buildings before and during a disaster. Both reduction 
of the magnitude of the disaster and a decrease in the response time contribute to a community’s overall 
resilience.  

6.4 Mitigation Funding Opportunities 

Several funding options are available to communities that are susceptible to natural hazards and have 
specific mitigation projects they wish to accomplish. State and federal funds are available for projects that 
demonstrate cost effective natural hazard risk reduction. The Oregon Office of Emergency Management 
(OEM) State Hazard Mitigation Officer (SHMO) can provide communities assistance in determining 
eligibility, finding mitigation grants, and navigating the mitigation grant application process. OEM has 
produced a document that can assist local officials in applying for mitigation funds 
(https://www.oregon.gov/OEM/Documents/Oregon_Hazard_Mitigation_Grant_Program_Handbook.pdf 
). 

At the time of writing this report, FEMA has five programs that assist with mitigation funding for 
natural hazards: Hazard Mitigation Grant Program (HMGP), HMGP Post-Fire Assistance, Pre-Disaster 
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Mitigation (PDM) Grant Program, and Building Resilient Infrastructure and Communities (BRIC) grant 
program, Flood Mitigation Assistance (FMA) (https://www.fema.gov/grants/mitigation). The SHMO can 
help with finding further opportunities for earthquake and tsunami assistance and funding.  

6.5 Hazard-Specific Risk Reduction Actions 

6.5.1 Earthquake 
• Evaluate critical facilities for seismic preparedness by identifying structural deficiencies and 

vulnerabilities to dependent systems (e.g., water, fuel, power). 
• Evaluate vulnerabilities of critical facilities. We estimate that 80% of critical facilities (Appendix 

A: Community Risk Profile) will be damaged by an earthquake scenario described in this 
report, which will have many direct and indirect negative effects on first-response and recovery 
efforts.  

• Identify buildings that would benefit from seismic upgrades.  
• Create modern liquefaction and ground motion amplification maps. 

6.5.2 Flood 
• Map areas of potential flood water storage.  
• Identify structures that have repeatedly flooded in the past and would be eligible for FEMA’s 

“buyout” program. 
• Create channel migration zone maps. 

6.5.3 Landslide 
• Create modern landslide inventory and susceptibility maps. 
• Monitor ground movement in high susceptibility areas. 
• Consider land value losses due to landslide in future risk assessments. 

6.5.4 Wildfire-related geologic hazards 
• Evaluate post-wildfire geologic hazards including flood, debris flows, and landslides.  
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APPENDIX A. COMMUNITY RISK PROFILE 

A risk analysis summary for Cottage Grove is provided in this section to encourage ideas for natural hazard 
risk reduction. Increasing disaster preparedness, public hazards communication, and education, ensuring 
functionality of emergency services, and ensuring access to evacuation routes are actions that this 
community can take to reduce their risk. This appendix contains community specific data to provide an 
overview of the community and the level of risk from each natural hazard analyzed. In addition, a list of 
critical facilities and assumed impact from individual hazards is provided. 
 
 

A.1 City of Cottage Grove ................................................................................................................32 
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A.1 City of Cottage Grove 

Table A-1. City of Cottage Grove. 

Community Overview 

Community Name Population Number of Buildings Critical Facilities1 Total Building Value ($) 

Cottage Grove 10,373 5,776 10 1,561,735,000 

Hazus-MH Analysis Summary 

Hazard Scenario 

Potentially 
Displaced 
Residents 

% Potentially 
Displaced 
Residents 

Damaged 
Buildings 

Damaged 
Critical 

Facilities Loss Estimate ($) Loss Ratio 

Flood2 1% Annual Chance 1,188 11% 451 0 6,851,000 0.4% 

Earthquake CSZ Mw 9.0 37 0.4% 318 8 111,599,000 7.1% 

Exposure Analysis Summary 

Hazard Scenario 

Potentially 
Displaced 
Residents 

% Potentially 
Displaced 
Residents 

Exposed 
Buildings 

Exposed 
Critical 

Facilities 
Building  

Value ($) 
Exposure 

Ratio 

Landslide High and Very 
High Susceptibility 

79 0.8% 44 0 12,103,000 0.8% 

Wildfire High Hazard 0 0% 0 0 0 0% 

1Facilities with multiple buildings were consolidated into one building complex. 
2No damage is estimated for exposed structures with “First floor height” above the level of flooding (base flood elevation). 

 

Table A-2. City of Cottage Grove. 

Critical Facilities by Community 

Flood 1% 
Annual 
Chance 

Earthquake 
Moderate to 

Complete 
Damage 

Landslide High and 
Very High 

Susceptibility 

Wildfire 
High Hazard 

Exposed >50% Prob. Exposed Exposed 

Bohemia School - X - - 

Cottage Grove City Hall - X - - 

Cottage Grove High School - X - - 

Cottage Grove Sewage Treatment - X - - 

Cottage Grove State Airport - X - - 

Harrison Elementary School - X - - 

Lane Community College - - - - 

Lincoln Middle School - X - - 

Peach Health Cottage Grove Community 
Hospital 

- X - - 

South Lane Fire and Rescue - - - - 
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Table B-1. Cottage Grove building inventory. 

 (all dollar amounts in thousands) 

Community 

Residential  Commercial and Industrial  Agricultural  Public and Non-Profit  All Buildings 

Number 
of 

Buildings 
Building 
Value ($) 

Building 
Value per 

Community 
Total 

 
Number 

of 
Buildings 

Building 
Value ($) 

Building 
Value per 

Community 
Total 

 
Number 

of 
Buildings 

Building 
Value ($) 

Building 
Value per 

Community 
Total 

 
Number 

of 
Buildings 

Building 
Value ($) 

Building 
Value per 

Community 
Total 

 
Number 

of 
Buildings 

Number of 
Buildings per 
Watershed 

Total 
Building 
Value ($) 

Value of 
Buildings per 
Watershed 

Total 

Cottage 
Grove 

4,390 974,422 62%  459 355,404 23%  838 62,722 4%  89 169,186 11%  5,776 100.0% 1,561,735 100.0% 

 

Table B-2. Earthquake loss estimates. 

   (all dollar amounts in thousands) 

 Total 
Number 

of 
Buildings 

Total  
Estimated 
Building  
Value ($) 

Total Earthquake Damage 

Buildings Damaged 
 

All Buildings Changed to At Least Moderate Code 
Yellow-
Tagged 

Buildings 

Red-
Tagged 

Buildings 

Sum of 
Economic 
Loss ($) 

Loss 
Ratio 

 Yellow-
Tagged 

Buildings 

Red-
Tagged 

Buildings 

Sum of 
Economic 
Loss ($) 

Loss 
Ratio 

Cottage Grove 5,776 1,561,735 290 28 111,599 7.1%  28 1 27,536 1.8% 

 

 

Table B-3. Flood loss estimates. 

Community 

  (all dollar amounts in thousands) 

Total Number of 
Buildings 

Total Estimated 
Building Value ($) 

 10% (10-yr)  2% (50-yr)  1% (100-yr)  0.2% (500-yr) 
 

Number of 
Buildings 

Loss 
Estimate 

($) 
Loss 
Ratio  

Number of 
Buildings 

Loss 
Estimate 

($) 
Loss 
Ratio  

Number of 
Buildings 

Loss 
Estimate 

($) 
Loss 
Ratio  

Number of 
Buildings 

Loss 
Estimate 

($) 
Loss 
Ratio 

Cottage Grove 5,776 1,561,735  3 3 0.0%  20 66 0.0%  700 6,851 0.4%  1,871 43,664 2.8% 
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Table B-4. Flood exposure. 

Community 

Total 
Number of 
Buildings 

Total  
Population 

  1% (100-yr) 

Potentially Displaced 
Residents from Flood 

Exposure 

% Potentially Displaced 
Residents from flood 

Exposure 
Number of Flood 
Exposed Buildings 

% of Flood 
Exposed Buildings 

Number of Flood 
Exposed Buildings 
Without Damage 

Cottage Grove 5,776 10,373 1,188 11% 700 12% 249 

 

Table B-5. Landslide exposure. 

Community 

  (all dollar amounts in thousands) 

Total 
Number of 
Buildings 

Total 
Estimated 
Building  
Value ($) 

 

Very High Susceptibility 
 

High Susceptibility 
 

Moderate Susceptibility 
 

Number of 
Buildings 

Building 
Value ($) 

Percent of 
Building 

Value 
Exposed 

 

Number of 
Buildings 

Building 
Value ($) 

Percent of 
Building 

Value 
Exposed 

 

Number of 
Buildings 

Building 
Value ($) 

Percent of 
Building 

Value 
Exposed 

Cottage Grove 5,776 1,561,735 
 

0 0 0%  44 12,103 0.8%  760 191,918 12% 

 

Table B-6. Wildfire exposure. 

Community 

  (all dollar amounts in thousands) 

Total Number 
of Buildings 

Total Estimated 
Building Value ($) 

 

High Hazard  Moderate Hazard 
 

Number of 
Buildings 

Building 
Value ($) 

Percent of 
Building 

Value 
Exposed  

Number of 
Buildings 

Building 
Value ($) 

Percent of 
Building Value 

Exposed 
Cottage 
Grove 

5,776 1,561,735 
 

0 0 0%  0 0 0% 
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APPENDIX C. HAZUS-MH METHODOLOGY 

C.1 Software 

We performed all loss estimations using Hazus®-MH 5.0 and ArcGIS® Desktop® 10.7 

C.2 User-Defined Facilities (UDF) Database 

A UDF database was compiled for all buildings in Cottage Grove for use in both the flood and earthquake 
modules of Hazus-MH. The Lane County assessor database (acquired in 2022) was used to determine 
which tax lots had improvements (i.e., buildings) and how many building points should be included in the 
UDF database. 

 Locating buildings points 

The Oregon Department of Geology and Mineral Industries (DOGAMI) used the SBFO-1 (Williams, 2021) 
dataset to help precisely locate the centroid of each building. Extra effort was spent to locate building 
points along the 1% and 0.2% annual chance inundation fringe. When buildings were partially within the 
inundation zone, the building point was moved to the centroid of the portion of the building within the 
inundation zone. An iterative approach was used to further refine locations of building points for the flood 
module by generating results, reviewing the highest value buildings, and moving the building point over 
a representative elevation on the lidar digital elevation model to ensure an accurate first floor height. 

 Attributing building points 

Populating the required attributes for Hazus-MH was achieved through a variety of approaches. The Lane 
County assessor database was used whenever possible, but in many cases that database did not provide 
the necessary information. The following is list of attributes and their sources: 

• Longitude and Latitude – Location information that provides Hazus-MH the x and y-position of 
the UDF point. This allows for an overlay to occur between the UDF point and the flood or 
earthquake input data layers. The hazard model uses this spatial overlay to determine the correct 
hazard risk level that will be applied to the UDF point. The format of the attribute must be in 
decimal degrees. A simple geometric calculation using GIS software is done on the point to derive 
this value. 

• Occupancy class – An alphanumeric attribute that indicates the use of the UDF (e.g., ‘RES1’ is a 
single-family dwelling). The alphanumeric code is composed of seven broad occupancy types 
(RES = residential, COM = commercial, IND = industrial, AGR = agricultural, GOV = public, REL = 
non-profit/religious, EDU = education) and various suffixes that indicate more specific types. This 
code determines the damage function to be used for flood analysis. It is also used to attribute the 
Building Type field, discussed below, for the earthquake analysis. The code was interpreted from 
“Stat Class” or “Description” data found in the Lane County assessor database. When data was not 
available, the default value of RES1 was applied throughout.  

• Cost – The replacement cost of an individual UDF. Loss ratio is derived from this value. 
Replacement cost is based on a method called RSMeans valuation (Charest, 2017) and is 
calculated by multiplying the building square footage by a standard cost per square foot. These 
standard rates per square foot are in tables within the default Hazus database.  
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• Year built – The year of construction that is used to attribute the Building Design Level field for 
the earthquake analysis (see “Building Design” below). The year a UDF was built is obtained from 
Lane County assessor database. When not available, the year of “1900” was applied.  

• Square feet – The size of the UDF is used to pro-rate the total improvement value for tax lots with 
multiple UDFs. The value distribution method will ensure that UDFs with the highest square 
footage will be the most expensive on a given tax lot. This value is also used to pro-rate the 
Number of People field for Residential UDFs within a census block. The value was obtained from 
DOGAMI’s building footprints; where (RES) footprints were not available, we used the Lane 
County assessor database. 

• Number of stories – The number of stories for an individual UDF, along with Occupancy Class, 
determines the applied damage function for flood analysis. The value was obtained from the Lane 
County assessor database when available. For UDFs without assessor information for number of 
stories that are within the flood zone, closer inspection using Google Street View™ or available 
oblique imagery was used for attribution. 

• Foundation type – The UDF foundation type correlates with First Floor Height values in feet (see 
Table 3.11 in the Hazus-MH Technical Manual for the Flood Model [FEMA, 2012a]). It also 
functions within the flood model by indicating if a basement exists or not. UDFs with a basement 
have a different damage function from UDFs that do not have one. The value was obtained from 
the Lane County assessor database when available. For UDFs without assessor information for 
basements that are within the flood zone, closer inspection using Google Street View™ or available 
oblique imagery was used to ascertain if one exists or not. 

• First floor height – The height in feet above grade for the lowest habitable floor. The height is 
factored during the depth of flooding analysis. The value is used directly by Hazus-MH, where 
Hazus-MH overlays a UDF location on a depth grid and using the first floor height determines 
the level of flooding occurring to a building. It is derived from the Foundation Type attribute or 
observation via oblique imagery or Google Street View™ mapping service.  

• Building type – This attribute determines the construction material and structural integrity of 
an individual UDF. It is used by Hazus-MH for estimating earthquake losses by determining which 
damage function will be applied. This information was unavailable from the Lane County assessor 
data, so instead it was derived from a statistical distribution based on Occupancy class.  

• Building design level – This attribute determines the seismic building code for an individual 
UDF. It is used by Hazus-MH for estimating earthquake losses by determining which damage 
function will be applied. This information is derived from the Year Built attribute (Lane County 
Assessor) and state/regional Seismic Building Code benchmark years.  

• Number of people – The estimated number of permanent residents living within an individual 
residential structure. It is used in the post-analysis phase to determine the amount of people 
affected by a given hazard. This attribute is derived from default Hazus database (United States 
Census Bureau, 2010a) of population per census block and distributed across residential UDFs 
and adjusted based on population growth estimates from PSU Population Research Center.  

• Community – The community that a UDF is within. These areas are used in the post-analysis for 
reporting results.  

 Seismic building codes 

Oregon initially adopted seismic building codes in the mid-1970s (Judson, 2012). The established 
benchmark years of code enforcement are used in determining a “design level” for individual buildings. 
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The design level attributes (pre code, low code, moderate code, and high code) are used in the Hazus-MH 
earthquake model to determine what damage functions are applied to a given building (FEMA, 2012b). 
The year built or the year of the most recent seismic retrofit are the main considerations for an individual 
design level attribute. Seismic retrofitting information for structures would be ideal for this analysis but 
was not available for Lane County. Table C-1 outlines the benchmark years that apply to buildings within 
the eastern part of Lane County (including Cottage Grove).  
 

Table C-1. Cottage Grove seismic design level benchmark years. 

Building Type Year Built Design Level Basis 

Single-Family Dwelling 
(includes Duplexes) 

prior to 1976 Pre Code Interpretation of Judson (Judson, 2012) 
1976–1991 Low Code 
1992–2003 Moderate Code 
2004–2016 High Code 

Manufactured Housing prior to 2003 Pre Code Interpretation of OR BCD 2002 Manufactured 
Dwelling Special Codes (Oregon Building Codes 
Division, 2002) 

2003–2010 Low Code 

2011–2016 Moderate Code Interpretation of OR BCD 2010 Manufactured 
Dwelling Special Codes Update (Oregon Building 
Codes Division, 2010) 

All other buildings prior to 1976 Pre Code Business Oregon 2014-0311 Oregon Benefit-
Cost Analysis Tool, p. 24 (Business Oregon, 
2015) 

1976–1990 Low Code 
1991–2016 Moderate Code 

 
Table C-2 illustrates the current state of seismic building codes for the county.  
 

Table C-2. Seismic design level in Cottage Grove. 

Community 
Total Number 
of Buildings 

Pre Code Low Code Moderate Code High Code 

Number of 
Buildings 

Percentage 
of Buildings 

Number of 
Buildings 

Percentage 
of Buildings 

Number of 
Buildings 

Percentage 
of Buildings 

Number of 
Buildings 

Percentage 
of Buildings 

Cottage Grove 5,776 4,431 77% 476 8.2% 438 7.6% 431 7.5% 

 

Figure C-1. Seismic design level in Cottage Grove, Oregon. 

 

 

C.3 Flood Hazard Data 

FEMA developed flood hazard data in 2022 for a revision of the Coast Fork Willamette River and its 
tributaries. The hazard data were based on new flood studies and new riverine hydrologic and hydraulic 
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analyses. For riverine areas, the flood elevations for the 10-, 50-, 100- and 500-year events for each stream 
cross-section were used to develop depth of flooding raster datasets or “depth grids.” 

A 2-meter, lidar-based depth grid was developed for each of the 10-, 50-, 100-, and 500-year annual 
chance flood events. The depth grids were imported into Hazus-MH for determining the depth of flooding 
for areas within the FEMA flood zones.  

Once the UDF database was developed into a Hazus-compliant format, the Hazus-MH methodology was 
applied using a Python (programming language) script developed by DOGAMI. The analysis was then run 
for a given flood event, and the script cross-referenced a UDF location with the depth grid to find the depth 
of flooding. The script then applied a specific damage function, based on a UDF’s Occupancy Class [OccCls], 
which was used to determine the loss ratio for a given amount of flood depth, relative to the UDF’s first-
floor height.  

C.4 Earthquake Hazard Data 

The following hazard layers used for our loss estimation are derived from work conducted by Madin and 
others (2021): peak ground acceleration (PGA), peak ground velocity (PGV), spectral acceleration at 1.0 
second period and 0.3 second period (SA10 and SA03). We also used landslide and liquefaction 
susceptibility data and National Earthquake Hazard Reduction Program (NEHRP) soil classification 
derived from Madin and others (2021). The liquefaction and landslide susceptibility layers together with 
PGA were used by the Hazus-MH tool to calculate permanent ground deformation and associated 
probability.  

During the Hazus-MH earthquake analysis, each UDF was analyzed given its site-specific parameters 
(ground motion and ground deformation) and evaluated for loss, expressed as a probability of a damage 
state. Specific damage functions based on Building type and Building design level were used to calculate 
the damage states given the site-specific parameters for each UDF. The output provided probabilities of 
the five damage states (None, Slight, Moderate, Extensive, Complete) from which losses in dollar amounts 
were derived.  

 

C.5 Post-Analysis Quality Control 

Ensuring the quality of the results from Hazus-MH flood and earthquake modules is an essential part of 
the process. A primary characteristic of the process is that it is iterative. A UDF database without errors is 
highly unlikely, so this part of the process is intended to limit and reduce the influence these errors have 
on the final outcome. Before applying the Hazus-MH methodology, closely examining the top 10 largest 
area UDFs and the top 10 most expensive UDFs is advisable. Special consideration can also be given to 
critical facilities due to their importance to communities. 

Identifying, verifying, and correcting (if needed) the outliers in the results is the most efficient way to 
improve the UDF database. This can be done by sorting the results based on the loss estimates and closely 
scrutinizing the top 10 to 15 records. If corrections are made, then subsequent iterations are necessary. 
We continued checking the “loss leaders” until no more corrections were needed.  

Finding anomalies and investigating possible sources of error are crucial in making corrections to the 
data. A wide range of corrections might be required to produce a better outcome. For example, floating 
homes may need to have a first-floor height adjustment or a UDF point position might need to be moved 
due to issues with the depth grid. Incorrect basement or occupancy type attribution could be the cause of 
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a problem. Commonly, inconsistencies between assessor data and tax lot geometry can be the source of 
an error. These are just a few of the many types of problems addressed in the quality control process.  
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APPENDIX D. ACRONYMS AND DEFINITIONS 

D.1 Acronyms 

CRS Community Rating System 
CSZ Cascadia subduction zone 
DLCD  Oregon Department of Land Conservation and Development 
DOGAMI Department of Geology and Mineral Industries (State of Oregon) 
FEMA Federal Emergency Management Agency 
FIRM Flood Insurance Rate Map 
FIS Flood Insurance Study 
FRI Fire Risk Index 
GIS Geographic Information System 
NFIP National Flood Insurance Program 
NHMP Natural hazard mitigation plan  
NOAA National Oceanic and Atmospheric Administration 
ODF Oregon Department of Forestry 
OEM Oregon Emergency Management 
OFR Open-File Report 
OPDR Oregon Partnership for Disaster Resilience  
PGA Peak ground acceleration 
PGD Permanent ground deformation 
PGV Peak ground velocity 
Risk MAP Risk Mapping, Assessment, and Planning  
SHMO State Hazard Mitigation Officer 
SLIDO State Landslide Information Layer for Oregon 
UDF User-defined facilities 
USACE U.S. Army Corps of Engineers 
USGS U.S. Geological Survey 
WUI Wildland-urban interface 
WWA West Wide Wildfire Risk Assessment 
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D.2 Definitions 

1% annual chance flood – The flood elevation that has a 1-percent chance of being equaled or exceeded 
each year. Sometimes referred to as the 100-year flood. 

0.2% annual chance flood –  The flood elevation that has a 0.2-percent chance of being equaled or 
exceeded each year. Sometimes referred to as the 500-year flood. 

Base flood elevation (BFE) –  Elevation of the 1-percent-annual-chance flood. This elevation is the basis 
of the insurance and floodplain management requirements of the NFIP. 

Critical facilities –  Facilities that, if damaged, would present an immediate threat to life, public health, 
and safety. As categorized in HAZUS-MH, critical facilities include hospitals, emergency 
operations centers, police stations, fire stations and schools. 

Exposure –  Determination of whether a building is within or outside of a hazard zone. No loss estimation 
is modeled. 

Flood Insurance Rate Map (FIRM) –  An official map of a community, on which FEMA has delineated both 
the SFHAs and the risk premium zones applicable to the community.  

Flood Insurance Study (FIS) –  Contains an examination, evaluation, and determination of the flood 
hazards of a community and, if appropriate, the corresponding water-surface elevations. 

Hazus-MH –  A GIS-based risk assessment methodology and software application created by FEMA and 
the National Institute of Building Sciences for analyzing potential losses from floods, hurricane 
winds, and earthquakes. 

Lidar –  A remote sensing technology that measures distance by illuminating a target with a laser and 
analyzing the reflected light. Lidar is popularly used as a technology to make high-resolution 
maps. 

Liquefaction –  Describes a phenomenon whereby a saturated soil substantially loses strength and 
stiffness in response to an applied stress, usually an earthquake, causing it to behave like liquid. 

Loss Ratio –  The expression of loss as a fraction of the value of the local inventory (total value/loss). 

Magnitude –  A scale used by seismologists to measure the size of earthquakes in terms of energy released. 

Risk –  Probability multiplied by consequence; the degree of probability that a loss or injury may occur as 
a result of a natural hazard. Sometimes referred to as vulnerability.  

Risk MAP –  The vision of this FEMA strategy is to work collaboratively with State, local, and tribal entities 
to deliver quality flood data that increases public awareness and leads to action that reduces risk 
to life and property. 

Riverine –  Of or produced by a river. Riverine floodplains have readily identifiable channels. 

Susceptibility –  Degree of proneness to natural hazards that is determined based on physical 
characteristics that are present. 

Vulnerability –  Characteristics that make people or assets more susceptible to a natural hazard. 
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APPENDIX E. MAP PLATES 

See appendix folder for individual map PDFs. 
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§̈¦5

Total
Number of
Buildings

CSZ
Earthquake
red or yellow-
tagged

Flood
Exposure

Landslide
Exposure

Wildfire
Exposure

5,776 318 700 44 0

Number of Buildings at Risk

Community

Cottage Grove

Disclaimer: This product is for informational purposes and 
may not have been prepared for or be suitable for legal, 
engineering, or surveying purposes. Users of this information 
should review or consult the primary data and information 
sources to ascertain the usability of the information. This 
publication cannot substitutefor site-specific investigations 
by qualified practitioners. Site-specific data may give results 
that differ from the results shown in the publication. See the 
accompanying text report for more details on the limitations 
of the methods and data used to prepare this publication.

This map is an overview map and 
not intended to provide details at the 
community scale. The GIS data that is 
published with the Cottage Grove 
Natural Hazard Risk Assessment can 
be used to inform regarding queries 
at the community scale.

Data Sources:
Building footprints: Statewide Building Footprints of Oregon (2021)
Roads: Oregon Department of Transportation Signed Routes (2013)
Place names: U.S. Geological Survey Geographic Names Information System (2015) 
City limits: Oregon Department of Transportation (2014)
Basemap: Oregon Lidar Consortium (2017)
Hydrography: U.S. Geological Survey National Hydrography Dataset (2017)

Projection: NAD 1983 HARN Oregon Statewide Lambert
Software: Esri ArcMap 10, Adobe Illustrator CC

Cartography by: Matt C. Williams, 2022
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Flood
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Exposure

Wildfire
Exposure

10,373 37 1,188 79 0
Community

Number of Residents at Risk

Cottage Grove

Disclaimer: This product is for informational purposes and 
may not have been prepared for or be suitable for legal, 
engineering, or surveying purposes. Users of this information 
should review or consult the primary data and information 
sources to ascertain the usability of the information. This 
publication cannot substitute for site-specific investigations 
by qualified practitioners. Site-specific data may give results 
that differ from the results shown in the publication. See the 
accompanying text report for more details on the limitations 
of the methods and data used to prepare this publication.

This map is an overview map and 
not intended to provide details at the 
community scale. The GIS data that is 
published with the Cottage Grove 
Natural Hazard Risk Assessment can 
be used to inform regarding queries 
at the community scale.

Data Sources:
Population data: U.S. Census (2010) & Portland State University (2021)
Roads: Oregon Department of Transportation Signed Routes (2013)
Place names: U.S. Geological Survey Geographic Names Information System (2015) 
City limits: Oregon Department of Transportation (2014)
Basemap: Oregon Lidar Consortium (2017)
Hydrography: U.S. Geological Survey National Hydrography Dataset (2017)

Projection: NAD 1983 HARN Oregon Statewide Lambert
Software: Esri ArcMap 10, Adobe Illustrator CC

Cartography by: Matt C. Williams, 2022
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Executive Summary 
Climate	change	is	expected	to	increase	the	occurrence	of	many	climate-related	natural	
hazards.	Confidence	that	the	risk	of	heat	waves	will	increase	is	very	high	(Table	1)	given	
strong	evidence	in	the	peer-reviewed	literature,	consistency	among	the	projections	of	
different	global	climate	models,	and	robust	theoretical	principles	underlying	increasing	
temperatures	in	response	to	ongoing	emissions	of	greenhouse	gases.	Confidence	that	the	
risk	of	many	other	natural	hazards	will	increase	as	climate	changes	is	high	or	medium	
(Table	1),	reflecting	moderate	to	strong	evidence	and	consistency	among	models,	yet	these	
risks	are	influenced	by	multiple	secondary	factors	in	addition	to	increasing	temperatures.	
Confidence	in	changes	in	risks	is	indicated	as	low	if	projections	suggest	relatively	few	to	no	
changes	or	evidence	is	limited.	
	
Table	1.	Projected	direction	and	level	of	confidence	in	changes	in	the	risks	of	climate-
related	natural	hazards.	Very	high	confidence	means	that	the	direction	of	change	is	
consistent	among	nearly	all	global	climate	models	and	there	is	robust	evidence	in	the	peer-
reviewed	literature.	High	confidence	means	that	the	direction	of	change	is	consistent	
among	more	than	half	of	models	and	there	is	moderate	to	robust	evidence	in	the	peer-
reviewed	literature.	Medium	confidence	means	that	the	direction	of	change	is	consistent	
among	more	than	half	of	models	and	there	is	moderate	evidence	in	the	peer-reviewed	
literature.	Low	confidence	means	that	the	direction	of	change	is	small	compared	to	the	
range	of	model	responses	or	there	is	limited	evidence	in	the	peer-reviewed	literature.	
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This	report	presents	future	climate	projections	for	Lane	County	relevant	to	specified	
natural	hazards	for	the	2020s	(2010–2039)	and	2050s	(2040–2069)	relative	to	the	1971–
2000	historical	baseline.	The	projections	are	presented	for	a	lower	greenhouse	gas	
emissions	scenario	(RCP	4.5)	and	a	higher	greenhouse	gas	emissions	scenario	(RCP	8.5),	
and	are	based	on	multiple	global	climate	models.	All	projections	in	this	executive	summary	
refer	to	the	2050s,	relative	to	the	historical	baseline,	under	the	higher	emissions	scenario.	
Projections	for	both	time	periods	and	emissions	scenarios	are	included	in	the	main	report.		

Heat Waves 
The	number,	duration,	and	intensity	of	extreme	heat	events	will	increase	as	
temperatures	continue	to	warm.	

In	Lane	County,	the	number	of	extremely	hot	days	(days	on	which	the	temperature	is	90°F	
or	higher)	and	the	temperature	on	the	hottest	day	of	the	year	are	projected	to	increase	by	
the	2020s	and	2050s	under	both	the	lower	(RCP	4.5)	and	higher	(RCP	8.5)	emissions	
scenarios.	
In	Lane	County,	the	number	of	days	per	year	with	temperatures	90°F	or	higher	is	projected	
to	increase	by	an	average	of	18	days	(range	5–30	days)	by	the	2050s,	relative	to	the	1971–
2000	historical	baselines,	under	the	higher	emissions	scenario.	
In	Lane	County,	the	temperature	on	the	hottest	day	of	the	year	is	projected	to	increase	by	
an	average	of	about	7°F	(range	2–9°F)	by	the	2050s,	relative	to	the	1971–2000	historical	
baselines,	under	the	higher	emissions	scenario.	

Cold Waves 
Cold	extremes	will	become	less	frequent	and	intense	as	the	climate	warms.	

In	Lane	County,	the	number	of	cold	days	(maximum	temperature	32°F	or	lower)	per	year	is	
projected	to	decrease	by	an	average	of	3	days	(range	-2–	-5	days)	by	the	2050s,	relative	to	
the	1971–2000	historical	baselines,	under	the	higher	emissions	scenario.	
In	Lane	County,	the	temperature	on	the	coldest	night	of	the	year	is	projected	to	increase	by	
an	average	of	6°F	(range	2–10°F)	by	the	2050s,	relative	to	the	1971–2000	historical	
baselines,	under	the	higher	emissions	scenario.	

Heavy Rains 
The	intensity	of	extreme	precipitation	is	expected	to	increase	as	the	atmosphere	
warms	and	holds	more	water	vapor.	

In	Lane	County,	the	number	of	days	per	year	with	at	least	0.75	inches	of	precipitation	is	not	
projected	to	change	substantially.	However,	by	the	2050s,	the	amount	of	precipitation	on	
the	wettest	day	and	wettest	consecutive	five	days	per	year	is	projected	to	increase	by	an	
average	of	13%	(range	0–30%)	and	9%	(range	-1–21%),	respectively,	relative	to	the	1971–
2000	historical	baselines,	under	the	higher	emissions	scenario.	
In	Lane	County,	the	number	of	days	per	year	on	which	a	threshold	for	landslide	risk,	which	
is	based	on	prior	18-day	precipitation	accumulation,	is	exceeded	is	not	projected	to	change	
substantially.	However,	landslide	risk	depends	on	multiple	factors,	and	this	metric	does	not	
reflect	all	aspects	of	the	hazard.	
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River Flooding 
Winter	flood	risk	at	mid-	to	low	elevations	in	Lane	County,	where	temperatures	
are	near	freezing	during	winter	and	precipitation	is	a	mix	of	rain	and	snow,	is	
projected	to	increase	as	winter	temperatures	increase.	The	temperature	increase	
will	lead	to	an	increase	in	the	percentage	of	precipitation	falling	as	rain	rather	
than	snow.	

Drought 
Drought,	as	represented	by	low	summer	soil	moisture,	low	spring	snowpack,	low	
summer	runoff,	and	low	summer	precipitation,	is	projected	to	become	more	
frequent	in	Lane	County	by	the	2050s.		

Wildfire 
Wildfire	risk,	expressed	as	the	average	number	of	days	per	year	on	which	fire	
danger	is	very	high,	is	projected	to	increase	in	Lane	County	by	12	days	(range	-6–
29)	by	the	2050s,	relative	to	the	historical	baseline,	under	the	higher	emissions	
scenario.	
In	Lane	County,	the	average	number	of	days	per	year	on	which	vapor	pressure	
deficit	is	extreme	is	projected	to	increase	by	27	days	(range	9–43)	by	the	2050s,	
compared	to	the	historical	baseline,	under	the	higher	emissions	scenario.	

Reduced Air Quality 
The	risk	of	wildfire	smoke	in	Lane	County	is	projected	to	increase.	The	number	of	
days	per	year	on	which	the	concentration	of	wildfire-derived	fine	particulate	
matter	results	in	poor	air	quality	is	projected	to	decrease	by	5%,	but	the	
concentration	of	fine	particulate	matter	is	projected	to	increase	by	58%,	from	
2004–2009	to	2046–2051	under	a	medium	emissions	scenario.	

Coastal Erosion and Flooding 
The	risk	of	coastal	erosion	and	flooding	on	the	Oregon	coast	is	expected	to	
increase	as	climate	changes	due	to	sea	level	rise	and	changing	wave	dynamics.		
In	Lane	County,	local	sea	level	is	projected	to	rise	by	1.7	to	5.7	feet	by	2100.	This	
projection	is	based	on	the	intermediate-low	to	intermediate-high	global	sea	level	
scenarios	used	in	the	2018	U.S.	National	Climate	Assessment.	Because	these	local	
sea	level	projections	account	for	estimated	trends	in	vertical	land	movement,	they	
are	relative	to	the	future	land	position.	
Given	these	levels	of	sea	level	rise,	the	multiple-year	likelihood	of	a	flood	reaching	
four	feet	above	mean	high	tide	is	45–83%	by	the	2030s,	93–100%	by	the	2050s,	
and	100%	by	2100.	
At	risk	within	the	four-foot	inundation	zone	in	Lane	County	as	of	the	2010	census	
were	116	people,	$23	million	in	property	value,	nearly	9	miles	of	highways,	roads,	
and	railways,	and	more	than	100	buildings.	
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Changes in Ocean Temperature and Chemistry 
The	open-ocean	surface	temperature	off	the	Northwest	coast	increased	by	1.2	±	
0.5°F	since	the	year	1900	and	is	projected	to	increase	by	about	another	5.0	±	1.1°F	
by	the	year	2080.	These	changes	in	temperature	may	affect	many	other	drivers	of	
ocean	change.	For	example,	increases	in	temperature	accelerate	the	rate	of	
reduction	of	dissolved	oxygen	and	increase	the	toxicity	of	harmful	algal	blooms.	
Ocean	acidity	is	projected	to	increase	by	roughly	100–150%,	resulting	in	a	drop	in	
open-ocean	pH	from	8.1	to	7.8,	by	the	year	2100.	The	change	in	pH	is	likely	to	
affect	shell	formation	in	diverse	species	of	commercial,	recreational,	and	cultural	
value.	

Loss of Wetlands 
In	the	Willamette	Valley,	losses	of	wetlands	in	recent	decades	largely	were	caused	
by	conversion	to	agriculture.	Projected	effects	of	climate	change	on	wetlands	in	
the	Northwest	include	reductions	in	water	levels	and	hydroperiod	duration.	If	
withdrawals	of	ground	water	do	not	increase,	then	wetlands	that	are	fed	by	
ground	water	rather	than	surface	water	may	be	more	resilient	to	climate	change.	
The	structure,	composition,	and	function	of	coastal	wetland	ecosystems	will	be	
affected	by	rising	sea	levels	and	saltwater	intrusion,	coastal	erosion	and	flooding,	
changes	in	temperature	and	precipitation,	and	ocean	acidification.	
Wetland	area	in	the	Siuslaw	River	estuary	is	projected	to	decrease	with	increasing	
sea	levels.	Under	4.7	feet	of	sea	level	rise,	tidal	wetland	area	in	these	estuaries	is	
projected	to	decrease	by	about	54%.	

Windstorms 
Limited	research	suggests	little	if	any	change	in	the	frequency	and	intensity	of	
windstorms	in	the	Northwest	as	a	result	of	climate	change.		

Expansion of Non-native Invasive Plants 
In	general,	non-native	invasive	plants	in	Lane	County	are	likely	to	become	more	
prevalent	in	response	to	projected	increases	in	temperature	and	the	frequency,	
duration,	and	severity	of	drought.	However,	many	of	these	responses	are	
uncertain,	are	likely	to	vary	locally,	and	may	change	over	time.	
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Introduction 
Industrialization	has	increased	the	amount	of	greenhouse	gases	emitted	worldwide,	which	
is	causing	Earth’s	atmosphere,	oceans,	and	lands	to	warm	(IPCC,	2021).	Climate	change	and	
its	effects	already	are	apparent	in	Oregon	(Dalton	et	al.,	2017;	Mote	et	al.,	2019;	Dalton	and	
Fleishman,	2021).	Climate	change	is	expected	to	increase	the	likelihood	of	natural	hazards	
such	as	heavy	rains,	river	flooding,	drought,	heat	waves,	wildfires,	and	episodes	of	poor	air	
quality,	and	to	decrease	the	likelihood	of	cold	waves.	

Oregon’s	Department	of	Land	Conservation	and	Development	(DLCD)	contracted	with	the	
Oregon	Climate	Change	Research	Institute	(OCCRI)	to	analyze	the	influence	of	climate	
change	on	natural	hazards.	The	scope	of	the	analysis	that	yielded	this	report	is	limited	to	
the	geographic	area	encompassed	by	Marion,	Linn,	Lane,	and	Tillamook	Counties,	Oregon,	
which	are	the	focus	of	the	Pre-Disaster	Mitigation	(PDM)	19	grants	that	DLCD	received	
from	the	Federal	Emergency	Management	Agency.	Products	of	OCCRI’s	analysis	include	
county-specific	data,	graphics,	and	narrative	summaries	of	climate	projections	related	to	
ten	climate-related	natural	hazards	(Table	2).	This	information	will	be	integrated	into	the	
Natural	Hazards	Mitigation	Plan	(NHMP)	updates	for	the	four	counties,	and	can	be	used	in	
other	county	plans,	policies,	and	programs.	In	addition	to	the	county	reports,	OCCRI	will	
share	data	and	provide	other	technical	assistance	to	the	counties.	This	report	covers	
climate	change	projections	related	to	natural	hazards	relevant	to	Lane	County.	
Table	2.	Selected	natural	hazards	and	related	climate	metrics.	

	

	 					Heat	Waves	
											Hottest	Day,	Warmest	Night	

	 					Hot	Days,	Warm	Nights	

	 					Cold	Waves	
									Coldest	Day,	Coldest	Night	

	 					Cold	Days,	Cold	Nights	

	 					Heavy	Rains	
	 					Wettest	Day,	Wettest	Five	Days	
																			Wet	Days,	Landslide	Risk	Days	

	 					River	Flooding	
	 					Annual	Maximum	Daily	Flows	
																			Atmospheric	Rivers	

Rain-on-Snow	Events	
	 					Drought	

											Summer	Flow,	Spring	Snow	
	Summer	Soil	Moisture	

																			Summer	Precipitation	

																			Wildfire	
																			Fire	Danger	Days	

				Extremely	Dry	Air	Days	

	 						Reduced	Air	Quality	
																			Days	with	Unhealthy	Smoke	
																			Levels	

																			Coastal	Erosion	and	Flooding	
																			Sea	Level	Rise	
																			Waves	

																			Changes	in	Ocean					
																			Temperature	and	Chemistry	

																					
																				Loss	of	Wetlands	

																				
																				Windstorms	

																				Expansion	of		
																				Non-native	Invasive	
																				Species	
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Future Climate Projections Background 

Introduction 

The	county-specific	future	climate	projections	presented	here	are	derived	from	10–20	
global	climate	models	and	two	scenarios	of	future	global	emissions	of	greenhouse	gases.	
The	spatial	resolution	of	projections	from	global	climate	models	has	been	refined	to	better	
represent	local	conditions.	County-level	summaries	of	changes	in	climate	metrics	(Table	2)	
are	projected	to	the	beginning	and	middle	of	the	twenty-first	century	relative	to	a	historical	
baseline.	More	information	about	the	data	sources	is	in	the	Appendix.	

Global Climate Models 

Global	climate	models	(GCMs)	are	computer	models	of	Earth’s	atmosphere,	ocean,	and	land	
and	their	interactions	over	time	and	space.	The	models	are	grounded	in	the	fundamental	
laws	of	physics.	Over	time	the	spatial	resolution	of	the	models	has	increased	and	more	
physical,	chemical,	and	biological	processes,	such	as	wildfire	emissions	and	dynamic	
vegetation,	have	been	included	(Figure	1).	The	latest	GCMs	from	the	sixth	phase	of	the	
Coupled	Model	Intercomparison	Project	(CMIP6),	the	climate	modeling	foundation	of	the	
Intergovernmental	Panel	on	Climate	Change’s	(IPCC)	Sixth	Assessment	Report,	generally	
have	higher	resolution,	better	represent	Earth	system	processes,	and	improve	simulation	
of	recent	mean	values	of	climate	change	indicators	relative	to	older	GCMs	or	versions	of	
GCMs	(IPCC,	2021).	However,	some	CMIP6	models	overestimate	temperatures	in	the	
twentieth	century,	likely	due	to	the	difficulty	of	accurately	simulating	cloud	dynamics.	
Consequently,	the	IPCC	ranked	climate	models	on	the	basis	of	their	ability	to	reproduce	
twentieth-century	temperatures,	and	used	only	the	most	accurate	models	to	produce	its	
official	warming	projections	given	different	fossil	fuel	emissions	scenarios	(Hausfather	et	
al.,	2022).	

Differences	in	simulations	of	Oregon’s	projected	average	temperature	between	the	fifth	
phase	of	the	Coupled	Model	Intercomparison	Project	(CMIP5)	and	CMIP6	were	estimated	
in	the	Fifth	Oregon	Climate	Assessment	(Dalton	and	Fleishman,	2021).	The	CMIP6	models	
generally	projected	greater	warming	over	Oregon	than	the	CMIP5	models,	largely	because	
temperature	in	the	CMIP6	models	was	more	sensitive	to	a	doubling	of	atmospheric	carbon	
dioxide.	The	latter	outcome	reflected	a	larger	amplification	of	temperature	increases	by	
clouds	within	the	CMIP6	models	(Dalton	and	Fleishman,	2021;	IPCC,	2021),	which	may	or	
may	not	be	realistic	(Hausfather	et	al.,	2022).	In	view	of	this	uncertainty,	and	because	
downscaled	data	from	CMIP6	are	not	yet	widely	available,	this	report	presents	the	more	
conservative	projections	from	CMIP5	GCMs.	
GCMs	are	the	most	sophisticated	tools	for	understanding	Earth’s	climate,	but	they	still	
simplify	the	climate	system.	Because	there	are	several	ways	to	implement	such	
simplifications,	different	GCMs	yield	somewhat	different	projections.	Accordingly,	it	is	best	
practice	to	average	and	report	the	range	of	projections	from	at	least	ten	GCMs	that	simulate	
the	historical	climate	well	(Mote	et	al.,	2011;	Hausfather	et	al.,	2022).	More	information	
about	GCMs	and	uncertainty	is	in	the	Appendix.	
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Figure	1.	As	scientific	understanding	of	climate	has	evolved	over	the	last	120	years,	
increasing	amounts	of	physics,	chemistry,	and	biology	have	been	incorporated	into	global	
climate	calculations,	and	over	the	second	half	of	the	twentieth	century	as	computing	
resources	became	available,	into	global	climate	models.	(Source:	
science2017.globalchange.gov)	

Greenhouse Gas Emissions 

When	scientists	use	GCMs	to	project	climate,	they	make	assumptions	about	the	quantity	of	
future	global	emissions	of	greenhouse	gases.	The	GCMs	then	simulate	the	effects	of	those	
emissions	on	the	air,	ocean,	and	land	over	the	coming	centuries.	Because	the	precise	
amount	of	greenhouse	gases	that	will	be	emitted	in	the	future	is	unknown,	scientists	use	
multiple	scenarios	of	greenhouse	gas	emissions	that	correspond	to	plausible	societal	
trajectories.	The	CMIP5	models	on	which	future	climate	projections	in	this	report	are	based	
used	Representative	Concentration	Pathways	(RCPs)	that	describe	different	levels	of	
radiative	forcing.	Radiative	forcing	is	the	total	amount	of	energy	retained	in	the	
atmosphere	via	changes	in	incoming	solar	radiation,	reflectivity	of	the	Earth’s	surface,	and	
concentrations	of	heat-trapping	greenhouse	gases,	and	usually	is	estimated	to	the	year	
2100.	A	fixed	greenhouse	gas	emissions	trajectory	was	associated	with	each	pathway.	The	
higher	the	volume	of	global	emissions,	the	greater	the	projected	increase	in	global	
temperature	(Figure	2).	CMIP6	models	used	Shared	Socio-economic	Pathways	(SSPs)	that	
reflect	sets	of	social	and	economic	assumptions	and	can	be	associated	with	the	different	
levels	of	emissions	of	CMIP5	RCPs	(IPCC,	2021).	Projections	in	this	report	assume	a	lower	
emissions	pathway	(RCP	4.5)	and	a	higher	emissions	pathway	(RCP	8.5).	These	are	the	
most	commonly	used	pathways,	or	scenarios,	in	the	peer-reviewed	literature,	and	
downscaled	data	representing	the	effects	of	these	scenarios	on	local	climate	are	available.	
More	information	about	emissions	scenarios	is	in	the	Appendix.	
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Downscaling 

Global	climate	models	simulate	the	climate	across	contiguous	grid	cells	at	coarse	spatial	
resolutions,	such	that	only	one	to	three	grid	cells	cover	the	state	of	Oregon.	To	make	these	
coarse-resolution	simulations	more	locally	relevant,	GCM	outputs	are	combined	
statistically	with	historical	observations,	yielding	higher-resolution	projections.	This	
process	is	called	statistical	downscaling.	The	future	climate	projections	in	this	report	were	
statistically	downscaled	to	a	resolution	of	about	2.5	by	2.5	miles	(Abatzoglou	and	Brown,	
2012).	More	information	about	downscaling	is	in	the	Appendix.	

Future Time Periods 

When	analyzing	GCM	projections,	it	is	best	practice	to	compare	the	average	of	simulations	
across	at	least	30	future	years	to	the	average	of	simulations	across	at	least	30	recent	past	
years.	The	average	over	the	30	recent	past	simulated	years	is	called	the	historical	baseline.	
This	report	presents	projections	averaged	over	two	future	30-year	periods,	2010–2039	
(2020s)	and	2040–2069	(2050s),	relative	to	the	historical	baseline	from	1971–2000	(Table	
3).	
Because	each	of	the	20	GCMs	is	based	on	slightly	different	assumptions,	each	yields	a	
slightly	different	value	for	the	historical	baseline.	Therefore,	this	report	does	not	present	
the	average	and	range	of	projected	absolute	values	of	variables.	Instead,	it	presents	the	
average	and	range	of	projected	changes	in	values	of	climate	variables	relative	to	each	

Figure	2.	Future	scenarios	of	atmospheric	carbon	dioxide	concentrations	(left)	and	
projections	of	global	temperature	change	(right)	resulting	from	several	different	
emissions	scenarios,	called	Representative	Concentration	Pathways	(RCPs),	that	were	
considered	in	the	fourth	National	Climate	Assessment.	In	the	left	plot,	the	gray	line	
represents	a	scenario	in	which	atmospheric	carbon	dioxide	concentrations	remain	
constant	upon	reaching	400	parts	per	million.	In	the	right	plot,	the	solid	line	and	shading	
represent	the	mean	and	range	of	CMIP5	GCM	simulations.	(Source:	
science2017.globalchange.gov)	
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model’s	historical	baseline.	The	average	of	the	20	historical	baselines,	the	average	historical	
baseline,	is	also	presented	to	aid	in	understanding	the	relative	magnitude	of	projected	
changes.	The	20-model	average	projected	future	change	that	appears	in	the	tables	can	be	
added	to	the	20-model	average	historical	baseline,	which	also	appears	in	the	tables,	to	infer	
the	20-model	average	projected	future	value	of	a	given	variable.	

Table	3.	Historical	and	future	time	periods	over	which	projections	were	averaged.	

Historical	Baseline	 2020s	 2050s	

1971–2000	 2010–2039	 2040–2069	
	

How to Use the Information in this Report 

Because	the	observational	record	may	not	include	many	values	of	climate	variables	nor	the	
frequency	of	some	extreme	conditions	that	are	projected	to	occur	in	the	future,	one	cannot	
reliably	anticipate	future	climate	by	considering	only	past	climate.	Future	projections	from	
GCMs	enable	exploration	of	a	range	of	plausible	outcomes	given	the	climate	system’s	
complex	response	to	increasing	atmospheric	concentrations	of	greenhouse	gases.	
Projections	from	GCMs	should	not	be	interpreted	as	predictions	of	the	weather	on	a	given	
date,	but	rather	as	projections	of	climate,	which	is	the	long-term	statistical	aggregate	of	
weather.1		
The	projected	direction	and	magnitude	of	change	in	values	of	climate	variables	in	this	
report	are	best	interpreted	relative	to	the	historical	climate	conditions	under	which	a	
particular	asset	or	system	was	designed	to	operate.	For	this	reason,	considering	the	
projected	changes	between	the	historical	and	future	periods	allows	one	to	envision	how	
natural	and	human	systems	will	respond	to	future	climate	conditions	that	are	different	
from	past	conditions.	In	some	cases,	the	projected	change	may	be	small	enough	for	the	
existing	system	to	accommodate.	In	other	cases,	the	projected	change	may	be	large	enough	
to	require	adjustments,	or	adaptations,	to	the	existing	system.	However,	engineering	or	
design	projects	would	require	an	analysis	that	is	more	detailed	than	the	analyses	described	
in	this	report.	

The	information	in	this	report	can	be	used	to	

• Explore	a	range	of	plausible	future	outcomes	that	take	into	consideration	the	
climate	system’s	complex	response	to	increasing	concentrations	of	greenhouse	
gases	

• Envision	how	current	systems	may	respond	under	climate	conditions	different	from	
those	under	which	the	systems	were	designed	to	operate	

• Inform	evaluation	of	potential	mitigation	actions	within	hazard	mitigation	plans	to	
accommodate	future	conditions	

• Inform	a	risk	assessment	in	terms	of	the	likelihood	of	occurrence	of	a	particular	
climate-related	hazard	 	

	
1	Read	more:	https://nca2014.globalchange.gov/report/appendices/faqs#narrative-page-38784		
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Average Temperature 
Oregon’s	average	temperature	warmed	at	a	rate	of	2.2°F	per	century	from	1895	through	
2019	(Dalton	and	Fleishman,	2021).	Average	temperature	is	expected	to	continue	
increasing	during	the	twenty-first	century	if	global	emissions	of	greenhouse	gases	
continue;	the	rate	of	warming	depends	on	the	level	of	emissions	(IPCC,	2021).	By	the	2050s	
(2040–2069),	relative	to	the	1970–1999	historical	baseline,	Oregon’s	average	temperature	
is	projected	to	increase	by	3.6°F	(range	of	1.8–5.4°F)	under	a	lower	emissions	scenario	
(RCP	4.5)	and	by	5.0°F	(range	of	2.9–6.9°F)	under	a	higher	emissions	scenario	(RCP	8.5)	
(Dalton	et	al.,	2017;	Dalton	and	Fleishman,	2021).	Furthermore,	summers	are	projected	to	
warm	more	than	other	seasons	(Dalton	et	al.,	2017;	Dalton	and	Fleishman,	2021).	

During	the	twenty-first	century,	average	temperature	in	Lane	County	is	projected	to	warm	
at	a	rate	similar	to	that	of	Oregon	as	a	whole	(Figure	3).	Projected	increases	in	average	
temperature	in	Lane	County	relative	to	the	1971–2000	historical	baseline	in	each	global	
climate	model	(GCM),	range	from	1.0–3.4°F	by	the	2020s	(2010–2039)	and	1.5–6.4°F	by	
the	2050s	(2040–2069),	depending	on	emissions	scenario	and	GCM	(Table	4).	

	

	

	
Figure	3.	Projected	annual	average	temperature	in	Lane	County	as	simulated	by	20	
downscaled	global	climate	models	under	a	lower	(RCP	4.5)	and	a	higher	(RCP	8.5)	
greenhouse	gas	emissions	scenario.	Solid	lines	and	shading	represent	the	20-model	mean	
and	range,	respectively.	The	figure	shows	the	multiple-model	mean	differences	between	
the	average	historical	baseline	(1971–2000	average)	and	the	2020s	(2010–2039	average)	
and	the	2050s	(2040–2069	average).		
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Table	4.	Projected	future	changes	between	the	1971–2000	baseline	annual	temperature	in	
Lane	County	and	annual	temperature	projected	by	each	of	20	global	climate	models.	Values	
are	changes	averaged	across	the	20	models	(range	in	parentheses)	for	two	emissions	
scenarios	and	two	future	time	periods.	

Emissions	Scenario	 2020s	(2010–2039	average)	 2050s	(2040–2069	average)	
Higher	(RCP	8.5)	 +2.3°F	(1.3–3.4)	 +4.8°F	(2.8–6.4)	
Lower	(RCP	4.5)	 +1.9°F	(1.0–3.1)	 +3.6°F	(1.5–5.0)	
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Heat Waves 
Extreme	heat	has	become	more	frequent	and	intense	worldwide	since	the	1950s,	largely	
due	to	human-caused	climate	change	(IPCC,	2021).	The	number,	duration,	and	intensity	of	
extreme	heat	events	in	Oregon	is	projected	to	increase	due	to	continued	warming	
temperatures.	In	fact,	the	temperature	on	the	hottest	days	in	summer	is	projected	to	
increase	even	more	than	the	mean	summer	temperature	in	the	Northwest	(Dalton	et	al.,	
2017).	Heat	waves	occur	periodically	as	a	result	of	natural	variability	in	temperature,	but	
human-caused	climate	change	is	increasing	their	severity	(Vose	et	al.,	2017).	In	addition,	
evidence	of	increases	in	the	number	of	summer	extreme	heat	events	that	are	defined	by	
nighttime	minimum	temperatures	is	stronger	than	evidence	of	increases	in	the	number	of	
extreme	heat	events	that	are	defined	by	maximum	temperatures	(Dalton	and	Fleishman,	
2021).		
Extreme	heat	can	refer	to	days	on	which	maximum	or	minimum	temperatures	are	above	a	
threshold,	seasons	in	which	temperatures	are	well	above	average,	and	heat	waves,	or	
multiple	days	on	which	temperature	are	above	a	threshold.	This	report	presents	projected	
changes	in	three	metrics	of	extremes	daytime	heat	(maximum	temperature)	and	nighttime	
heat	(minimum	temperature)	(Table	5).		
Table	5.	Metrics	and	definitions	of	heat	extremes.	

Metric	 Definition	

Hot	Days	 Number	of	days	per	year	on	which	maximum	temperature	is	
90°F	or	higher	

Warm	Nights	 Number	of	days	per	year	on	which	minimum	temperature	is	
65°F	or	higher	

Hottest	Day	 Highest	value	of	maximum	temperature	per	year	

Warmest	Night	 Highest	value	of	minimum	temperature	per	year	

Daytime	Heat	Waves	 Number	of	events	per	year	in	which	the	maximum	temperature	
on	at	least	three	consecutive	days	is	90°F	or	higher	

Nighttime	Heat	Waves	 Number	of	events	per	year	in	which	the	minimum	temperature	
on	at	least	three	consecutive	days	is	65°F	or	higher	

	
In	Lane	County,	the	number	of	hot	days	and	warm	nights,	and	the	temperature	on	the	
hottest	day	and	warmest	night,	are	projected	to	increase	by	the	2020s	(2010–2039)	and	
2050s	(2040–2069)	under	both	the	lower	(RCP	4.5)	and	higher	(RCP	8.5)	emissions	
scenarios	(Table	6,	Figure	4,	Figure	5).	For	example,	by	the	2050s	under	the	higher	
emissions	scenario,	the	number	of	hot	days,	relative	to	each	GCM’s	1971–2000	historical	
baseline,	is	projected	to	increase	by	5–30.	The	average	number	of	hot	days	per	year	is	
projected	to	be	18	more	than	the	average	historical	baseline	of	4	days.	The	average	number	
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of	warm	nights	per	year	is	projected	to	be	4	more	than	the	average	historical	baseline	of	
virtually	zero.	
Similarly,	under	the	higher	emissions	scenario,	the	temperature	on	the	hottest	day	of	the	
year	is	projected	to	increase	by	2.0–9.2°F	by	the	2050s	relative	to	the	GCMs’	historical	
baselines.	The	average	projected	increase	in	temperature	on	the	hottest	day	is	6.5°F	above	
the	average	historical	baseline	of	91.4°F.	The	average	projected	increase	in	temperature	on	
the	warmest	night	is	5.7°F	above	the	average	historical	baseline	of	61.2°F.		
Under	the	higher	emissions	scenario,	the	numbers	of	daytime	and	nighttime	heat	waves	are	
projected	to	increase	by	0.9–3.5	and	0.0–1.2,	respectively,	by	the	2050s	relative	to	the	
GCMs’	historical	baselines.	The	average	number	of	daytime	and	nighttime	heat	waves	is	
projected	to	increase	by	2.5	and	0.5,	respectively,	above	the	average	historical	baselines	of	
0.7	and	zero	(Table	6,	Figure	6).	
	

Table	6.	Projected	future	changes	in	extreme	heat	metrics	in	Lane	County.	Changes	from	
the	1971–2000	baseline	were	calculated	for	each	of	20	global	climate	models	and	averaged	
across	the	20	models	(range	in	parentheses)	for	a	lower	(RCP	4.5)	and	higher	(RCP	8.5)	
emissions	scenario	and	for	the	2020s	(2010–2039	average)	and	2050s	(2040–2069	
average).	The	20-model	average	projected	future	change	can	be	added	to	the	20-model	
average	historical	baseline	to	infer	the	average	projected	future	value	of	a	given	variable.	
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Figure	4.	Projected	changes	in	the	number	of	hot	days	(left	two	sets	of	bars)	and	warm	
nights	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	(2010–2039	average)	and	
2050s	(2040–2069	average),	relative	to	the	historical	baseline	(1971–2000	average),	
under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	20	global	climate	
models	relative	to	each	model’s	historical	baseline,	then	averaged	across	the	20	models.	
Whiskers	represent	the	range	of	changes	across	the	20	models.	Hot	days	are	those	on	
which	the	maximum	temperature	is	90°F	or	higher;	warm	nights	are	those	on	which	the	
minimum	temperature	is	65°F	or	higher.	
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Figure	5.	Projected	changes	in	the	temperature	on	the	hottest	day	of	the	year	(left	two	sets	
of	bars)	and	warmest	night	of	the	year	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	
(2010–2039	average)	and	2050s	(2040–2069	average),	relative	to	the	historical	baseline	
(1971–2000	average),	under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	
20	global	climate	models	relative	to	each	model’s	historical	baseline,	then	averaged	across	
the	20	models.	Whiskers	represent	the	range	of	changes	across	the	20	models.	
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Figure	6.	Projected	changes	in	the	number	of	daytime	heat	waves	(left	two	sets	of	bars)	and	
nighttime	heat	waves	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	(2010–2039	
average)	and	2050s	(2040–2069	average),	relative	to	the	historical	baseline	(1971–2000	
average),	under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	20	global	
climate	models	relative	to	each	model’s	historical	baseline,	then	averaged	across	the	20	
models.	Whiskers	represent	the	range	of	changes	across	the	20	models.	Daytime	heat	
waves	are	defined	as	three	or	more	consecutive	days	on	which	the	maximum	temperature	
is	90°F	or	higher;	nighttime	heat	waves	are	three	or	more	consecutive	days	on	which	the	
minimum	temperature	is	65°F	or	higher.	
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Key	Messages	
Þ The	number,	duration,	and	intensity	of	extreme	heat	events	will	increase	as	

temperatures	continue	to	warm.	
Þ In	Lane	County,	the	number	of	extremely	hot	days	(days	on	which	the	temperature	

is	90°F	or	higher)	and	the	temperature	on	the	hottest	day	of	the	year	are	projected	
to	increase	by	the	2020s	and	2050s	under	both	the	lower	(RCP	4.5)	and	higher	(RCP	
8.5)	emissions	scenarios.	

Þ In	Lane	County,	the	number	of	days	per	year	with	temperatures	90°F	or	higher	is	
projected	to	increase	by	an	average	of	18	days	(range	5–30	days)	by	the	2050s,	
relative	to	the	1971–2000	historical	baselines,	under	the	higher	emissions	scenario.	

Þ In	Lane	County,	the	temperature	on	the	hottest	day	of	the	year	is	projected	to	
increase	by	an	average	of	about	7°F	(range	2–9°F)	by	the	2050s,	relative	to	the	
1971–2000	historical	baselines,	under	the	higher	emissions	scenario.	
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Cold Waves 
Over	the	past	century,	cold	extremes	have	become	less	frequent	and	severe	in	the	
Northwest	and	worldwide.	This	trend	is	driven	by	human-caused	climate	change	and	is	
expected	to	continue	(Vose	et	al.,	2017;	IPCC,	2021).	This	report	presents	projected	
changes	in	three	metrics	of	extreme	daytime	cold	(maximum	temperature)	and	nighttime	
cold	(minimum	temperature)	(Table	7).	
Table	7.	Metrics	and	definitions	of	cold	extremes.	

Metric	 Definition	

Cold	Days	 Number	of	days	per	year	on	which	the	maximum	temperature	
is	32°F	or	lower	

Cold	Nights	 Number	of	days	per	year	on	which	the	minimum	temperature	
is	0°F	or	lower	

Coldest	Day	 Lowest	value	of	maximum	temperature	per	year	

Coldest	Night	 Lowest	value	of	minimum	temperature	per	year	

Daytime	Cold	Waves	 Number	of	events	per	year	in	which	maximum	temperature	on	
at	least	three	consecutive	days	is	32°F	or	lower	

Nighttime	Cold	Waves	 Number	of	events	per	year	in	which	minimum	temperature	on	
at	least	three	consecutive	days	is	0°F	or	lower	

	
In	Lane	County,	the	number	of	cold	days	and	nights	is	projected	to	decrease	by	the	2020s	
(2010–2039)	and	2050s	(2040–2069)	under	both	the	lower	(RCP	4.5)	and	higher	(RCP	8.5)	
emissions	scenarios	(Table	8,	Figure	7).	For	example,	climate	models	projected	that	by	the	
2050s	under	the	higher	emissions	scenario,	the	number	of	cold	days	will	decrease	by	2–5	
relative	to	each	GCM’s	1971–2000	historical	baseline.	The	average	projected	number	of	
cold	days	per	year	is	3	less	than	the	average	historical	baseline	of	5	days.	Nighttime	
temperatures	rarely	are	lower	than	0°F	in	Lane	County.	
Similarly,	the	temperatures	on	the	coldest	day	and	night	are	projected	to	increase	by	the	
2020s	and	2050s	under	both	emissions	scenarios	(Table	8,	Figure	8).	For	example,	by	the	
2050s	under	the	higher	emissions	scenario,	the	temperature	on	the	coldest	night	of	the	
year	is	projected	to	increase	by	1.6–9.9°F	relative	to	the	GCMs’	historical	baselines.	The	
average	projected	increase	in	the	temperature	on	the	coldest	night	is	5.6°F	above	the	
average	historical	baseline	of	15.1°F.	The	average	projected	increase	in	the	temperature	on	
the	coldest	day	is	4.7°F	above	the	average	historical	baseline	of	31.0°F.	However,	daytime	
and	nighttime	cold	waves	are	rare	in	Lane	County	(Table	8,	Figure	7,	Figure	9).	
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Table	8.	Projected	future	changes	in	extreme	cold	metrics	in	Lane	County.	Changes	from	the	
1971–2000	baseline	were	calculated	for	each	of	20	global	climate	models	and	averaged	
across	the	20	models	(range	in	parentheses)	for	a	lower	(RCP	4.5)	and	higher	(RCP	8.5)	
emissions	scenario	and	for	the	2020s	(2010–2039	average)	and	2050s	(2040–2069	
average).	The	20-model	average	projected	future	change	can	be	added	to	the	20-model	
average	historical	baseline	to	infer	the	average	projected	future	value	of	a	given	variable.	

	
	
	
	



	 23	

	
	

Figure	7.	Projected	changes	in	the	number	of	cold	days	(left	two	sets	of	bars)	and	cold	
nights	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	(2010–2039	average)	and	
2050s	(2040–2069	average),	relative	to	the	historical	baseline	(1971–2000	average),	
under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	20	global	climate	
models	relative	to	each	model’s	historical	baseline,	then	averaged	across	the	20	models.	
Whiskers	represent	the	range	of	changes	across	the	20	models.	Cold	days	are	those	on	
which	the	maximum	temperature	is	32°F	or	lower;	cold	nights	are	those	on	which	the	
minimum	temperature	is	0°F	or	lower.	
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Figure	8.	Projected	changes	in	the	temperature	on	the	coldest	day	of	the	year	(left	two	sets	
of	bars)	and	coldest	night	of	the	year	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	
(2010–2039	average)	and	2050s	(2040–2069	average),	relative	to	the	historical	baseline	
(1971–2000	average),	under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	
20	global	climate	models	relative	to	each	model’s	historical	baseline,	then	averaged	across	
the	20	models.	Whiskers	represent	the	range	of	changes	across	the	20	models.	
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Figure	9.	Projected	changes	in	the	number	of	daytime	cold	waves	(left	two	sets	of	bars)	and	
nighttime	cold	waves	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	(2010–2039	
average)	and	2050s	(2040–2069	average),	relative	to	the	historical	baseline	(1971–2000	
average),	under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	20	global	
climate	models	relative	to	each	model’s	historical	baseline,	then	averaged	across	the	20	
models.	Whiskers	represent	the	range	of	changes	across	20	models.	Daytime	cold	waves	
are	defined	as	three	or	more	consecutive	days	on	which	the	maximum	temperature	is	32°F	
or	lower;	nighttime	cold	waves	are	three	or	more	consecutive	days	on	which	the	minimum	
temperature	is	0°F	or	lower.	
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Key	Messages	
Þ Cold	extremes	will	become	less	frequent	and	intense	as	the	climate	warms.	
Þ In	Lane	County,	the	number	of	cold	days	(maximum	temperature	32°F	or	lower)	per	

year	is	projected	to	decrease	by	an	average	of	3	days	(range	-2–	-5	days)	by	the	
2050s,	relative	to	the	1971–2000	historical	baselines,	under	the	higher	emissions	
scenario.	

Þ In	Lane	County,	the	temperature	on	the	coldest	night	of	the	year	is	projected	to	
increase	by	an	average	of	6°F	(range	2–10°F)	by	the	2050s,	relative	to	the	1971–
2000	historical	baselines,	under	the	higher	emissions	scenario.	
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Heavy Rains 
There	is	greater	uncertainty	in	projections	of	future	precipitation	than	projections	of	future	
temperature.	Precipitation	has	high	natural	variability,	and	the	atmospheric	patterns	that	
influence	precipitation	are	represented	differently	among	GCMs.	Globally,	mean	
precipitation	is	likely	to	decrease	in	many	dry	regions	in	the	subtropics	and	mid-latitudes	
and	to	increase	in	many	mid-latitude	wet	regions	(IPCC,	2013;	Stevenson	et	al.,	2022).	
Because	the	location	of	the	mid-latitude	boundary	between	increases	and	decreases	in	
precipitation	varies	among	GCMs,	some	models	project	increases	and	others	decreases	in	
precipitation	in	Oregon	(Mote	et	al.,	2013).		
Observed	annual	precipitation	in	Oregon	has	high	year-to-year	variability	and	has	not	
changed	significantly	over	the	period	of	record;	future	trends	in	annual	precipitation	are	
expected	to	be	dominated	by	natural	variability	(Dalton	et	al.,	2017;	Dalton	and	Fleishman,	
2021).	On	average,	summers	in	Oregon	are	projected	to	become	drier	and	other	seasons	to	
become	wetter,	resulting	in	a	slight	increase	in	annual	precipitation	by	the	2050s.	However,	
some	models	project	increases	and	others	decreases	in	each	season	(Dalton	et	al.,	2017).	In	
addition,	regional	climate	models	project	larger	increases	in	winter	precipitation	east	of	the	
Cascade	Range	than	west	of	the	Cascade	Range,	which	suggests	a	weakened	rain	shadow	
effect	in	winter	(Mote	et	al.,	2019).	

Extreme	precipitation	events	in	the	Northwest	are	governed	by	atmospheric	circulation	
and	its	interaction	with	complex	topography	(Parker	and	Abatzoglou,	2016).	Atmospheric	
rivers—long,	narrow	swaths	of	warm,	moist	air	that	carry	large	amounts	of	water	vapor	
from	the	tropics	to	mid-latitudes—generally	result	in	extreme	precipitation	events	across	
large	areas	west	of	the	Cascade	Range,	and	are	associated	with	the	majority	of	fall	and	
winter	extreme	precipitation	events	in	Oregon.	By	contrast,	low	pressure	systems	that	are	
not	driven	by	westerly	flows	from	offshore	often	lead	to	locally	extreme	precipitation	east	
of	the	Cascade	Range	(Parker	and	Abatzoglou,	2016).	
The	frequency	and	intensity	of	heavy	precipitation	has	increased	across	most	land	areas	
worldwide	since	the	1950s	(IPCC,	2021).	Observed	trends	in	the	frequency	of	extreme	
precipitation	events	across	Oregon	vary	among	locations,	time	periods,	and	metrics,	but	
overall,	the	frequency	has	not	changed	substantially.	As	the	atmosphere	warms,	it	holds	
more	water	vapor.	As	a	result,	the	frequency	and	intensity	of	extreme	precipitation,	
including	atmospheric	rivers,	is	expected	to	increase	(Dalton	et	al.,	2017;	Kossin	et	al.,	
2017;	Dalton	and	Fleishman,	2021).	Regional	climate	models	project	a	larger	increase	in	
precipitation	extremes	east	of	the	Cascade	Range	than	west	of	the	Cascade	Range	(Mote	et	
al.,	2019).	Climate	models	project	an	increase	in	the	number	of	days	on	which	an	
atmospheric	river	is	present,	and	that	atmospheric	rivers	will	account	for	an	increasing	
proportion	of	total	annual	precipitation	across	the	Northwest	(Dalton	and	Fleishman,	
2021).	This	report	presents	projected	changes	in	four	metrics	of	precipitation	extremes	
(Table	9).	
	 	



	 28	

Table	9.	Metrics	and	definitions	of	precipitation	extremes.	

Metric	 Definition	

Wettest	Day	 Highest	one-day	precipitation	total	per	water	year	(1	October–30	
September)	

Wettest	Five	Days	 Highest	consecutive	five-day	precipitation	total	per	water	year	

Wet	Days	
Number	of	days	per	water	year	on	which	precipitation	exceeds	0.75	
inches	

Landslide	Risk	
Days	

Number	of	days	per	water	year	that	exceed	the	landslide	threshold	
developed	by	the	US	Geological	Survey	for	Seattle,	Washington	(see	
https://pubs.er.usgs.gov/publication/ofr20061064). 

P3/(3.5-.67*P15)>1, where 
P3 = Precipitation accumulation on prior days 1–3  

§ P15 = Precipitation accumulation on prior days 4–18 
	
In	Lane	County,	the	amount	of	precipitation	on	the	wettest	day	and	wettest	consecutive	five	
days	is	projected	to	increase	on	average	by	the	2020s	(2010–2039)	and	2050s	(2040–
2069),	relative	to	the	1971–2000	historical	baseline,	under	both	the	lower	(RCP	4.5)	and	
higher	(RCP	8.5)	emissions	scenarios	(Table	10,	Figure	10).	However,	some	models	project	
decreases	in	these	metrics	for	certain	time	periods	and	scenarios.	
Climate	models	project	that	by	the	2050s	under	the	higher	emissions	scenario,	the	amount	
of	precipitation	on	the	wettest	day	of	the	year,	relative	to	each	GCM’s	1971–2000	historical	
baseline,	will	increase	by	0.4–29.8%	(Figure	10).	The	average	projected	amount	of	
precipitation	on	the	wettest	day	of	the	year	is	12.9%	greater	than	the	average	historical	
baseline	of	2.6	inches.	
Climate	models	project	that	by	the	2050s	under	the	higher	emissions	scenario,	the	amount	
of	precipitation	on	the	wettest	consecutive	five	days	of	the	year	will	change	by	-0.9–20.6%	
(Figure	10).	The	average	projected	amount	of	precipitation	on	the	wettest	consecutive	five	
days	is	9.2%	above	the	average	historical	baseline	of	6.5	inches.	

The	average	number	of	days	per	year	on	which	precipitation	exceeds	0.75	inches	is	not	
projected	to	change	substantially	(Figure	11).	For	example,	by	the	2050s	under	the	higher	
emissions	scenario,	the	number	of	wet	days	per	year	is	projected	to	increase	by	0.3	(range	-
4.1–3.4).	The	historical	baseline	is	an	average	of	24	days	per	year.		
Landslides	are	often	triggered	by	rainfall	when	the	soil	becomes	saturated.	As	a	surrogate	
measure	of	landslide	risk,	this	report	presents	a	threshold	based	on	recent	rainfall	
(cumulative	precipitation	over	the	previous	3	days)	and	antecedent	precipitation	
(cumulative	precipitation	on	the	15	days	prior	to	the	previous	3	days).	By	the	2050s	under	
the	higher	emissions	scenario,	the	average	number	of	days	per	year	in	Lane	County	on	
which	the	landslide	risk	threshold	is	exceeded	is	projected	to	remain	about	the	same,	with	
a	change	of	-0.2	days	(range	-4.0–4.3	days)	(Figure	11).	The	historical	baseline	is	an	
average	of	30	days	per	year.	Landslide	risk	depends	on	multiple	site-specific	factors,	and	
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this	metric	does	not	reflect	all	aspects	of	the	hazard.	The	landslide	risk	threshold	was	
developed	for	Seattle,	Washington,	and	may	be	less	applicable	to	other	locations.	
Landslide	risk	also	can	become	high	when	heavy	precipitation	falls	on	an	area	that	burned	
within	approximately	the	past	five	to	ten	years.	The	probability	that	an	extreme	rainfall	
event	will	occur	within	one	year	after	an	extreme	fire-weather	event	in	Oregon	or	
Washington	was	projected	to	increase	by	700%	from	1980–2005	to	2100	under	the	higher	
emissions	scenario	(Touma	et	al.,	2022).	Similarly,	projections	suggest	that	by	2100,	90%	
of	extreme	fire-weather	events	across	Oregon	and	Washington	are	likely	to	be	succeeded	
within	five	years	by	three	or	more	extreme	rainfall	events	(Touma	et	al.,	2022).	Although	
fire	weather	is	not	synonymous	with	wildfire,	these	results	highlight	the	increasing	
likelihood	of	compounded	climate	extremes	that	elevate	the	risk	of	natural	hazards.	
	
Table	10.	Projected	future	changes	in	extreme	precipitation	metrics	in	Lane	County.	
Changes	from	the	1971–2000	baseline	were	calculated	for	each	of	20	global	climate	models	
and	averaged	across	the	20	models	(range	in	parentheses)	for	a	lower	(RCP	4.5)	and	higher	
(RCP	8.5)	emissions	scenario	and	for	the	2020s	(2010–2039	average)	and	2050s	(2040–
2069	average).	The	20-model	average	projected	future	change	can	be	added	to	the	20-
model	average	historical	baseline	to	infer	the	average	projected	future	value	of	a	given	
variable.	
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Figure	10.	Projected	percent	changes	in	the	amount	of	precipitation	on	the	wettest	day	of	
the	year	(left	two	sets	of	bars)	and	wettest	consecutive	five	days	of	the	year	(right	two	sets	
of	bars)	in	Lane	County	by	the	2020s	(2010–2039	average)	and	2050s	(2040–2069	
average),	relative	to	the	historical	baseline	(1971–2000	average),	under	two	emissions	
scenarios.	Changes	were	calculated	for	each	of	20	global	climate	models	relative	to	each	
model’s	historical	baseline,	then	averaged	across	the	20	models.	Whiskers	represent	the	
range	of	changes	across	the	20	models.	
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Figure	11.	Projected	changes	in	the	number	of	wet	days	(left	two	sets	of	bars)	and	landslide	
risk	days	(right	two	sets	of	bars)	in	Lane	County	by	the	2020s	(2010–2039	average)	and	
2050s	(2040–2069	average),	relative	to	the	historical	baseline	(1971–2000	average),	
under	two	emissions	scenarios.	Changes	were	calculated	for	each	of	20	global	climate	
models	relative	to	each	model’s	historical	baseline,	then	averaged	across	the	20	models.	
Whiskers	represent	the	range	of	changes	across	the	20	models.	

	 	

Key	Messages	
Þ The	intensity	of	extreme	precipitation	is	expected	to	increase	as	the	atmosphere	

warms	and	holds	more	water	vapor.	
Þ In	Lane	County,	the	number	of	days	per	year	with	at	least	0.75	inches	of	

precipitation	is	not	projected	to	change	substantially.	However,	by	the	2050s,	the	
amount	of	precipitation	on	the	wettest	day	and	wettest	consecutive	five	days	per	
year	is	projected	to	increase	by	an	average	of	13%	(range	0–30%)	and	9%	(range	-
1–21%),	respectively,	relative	to	the	1971–2000	historical	baselines,	under	the	
higher	emissions	scenario.	

Þ In	Lane	County,	the	number	of	days	per	year	on	which	a	threshold	for	landslide	risk,	
which	is	based	on	prior	18-day	precipitation	accumulation,	is	exceeded	is	not	
projected	to	change	substantially.	However,	landslide	risk	depends	on	multiple	
factors,	and	this	metric	does	not	reflect	all	aspects	of	the	hazard.	
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River Flooding 
Streams	in	the	Northwest	are	projected	to	shift	toward	higher	winter	runoff,	lower	summer	
and	fall	runoff,	and	earlier	peak	runoff,	particularly	in	snow-dominated	regions	(Raymondi	
et	al.,	2013;	Naz	et	al.,	2016).	These	changes	are	expected	to	result	from	increases	in	the	
intensity	of	heavy	precipitation;	warmer	temperatures	that	cause	more	precipitation	to	fall	
as	rain	and	less	as	snow,	in	turn	causing	snow	to	melt	earlier	in	spring;	and	increasing	
winter	precipitation	and	decreasing	summer	precipitation	(Dalton	et	al.,	2017;	Mote	et	al.,	
2019;	Dalton	and	Fleishman,	2021).		
Warming	temperatures	and	increasing	winter	precipitation	are	expected	to	increase	flood	
risk	in	many	basins	in	the	Northwest,	particularly	mid-	to	low-elevation	mixed	rain-and-
snow	basins	in	which	winter	temperatures	are	near	freezing	(Tohver	et	al.,	2014).	The	
greatest	projected	changes	in	peak	streamflow	magnitudes	are	at	intermediate	elevations	
in	the	Cascade	Range	and	Blue	Mountains	(Safeeq	et	al.,	2015).	Recent	regional	
hydroclimate	models	project	increases	in	extreme	high	flows	throughout	most	of	the	
Northwest,	especially	west	of	the	Cascade	crest	(Salathé	et	al.,	2014;	Najafi	and	
Moradkhani,	2015;	Naz	et	al.,	2016).	One	study,	which	used	a	single	climate	model,	
projected	an	increase	in	flood	risk	in	fall	due	to	earlier,	more	extreme	storms,	including	
atmospheric	rivers;	and	an	increase	in	the	proportion	of	precipitation	falling	as	rain	rather	
than	snow	(Salathé	et	al.,	2014).	Rainfall-driven	floods	are	more	sensitive	to	increases	in	
precipitation	than	snowmelt-driven	floods.	Therefore,	the	projected	increases	in	total	
precipitation,	and	in	rain	relative	to	snow,	likely	will	increase	flood	magnitudes	in	the	
region	(Chegwidden	et	al.,	2020).		
This	report	presents	monthly	hydrographs	of	the	McKenzie	River	at	Leaburg	(Figure	12)	
and	the	Middle	Fork	Willamette	River	at	Dexter	Reservoir	(Figure	13).	Both	locations	are	
within	mixed	rain-and-snow	basins	in	which	flow	peaks	during	winter	and,	to	a	lesser	
degree,	during	spring	snowmelt.	By	the	2050s	(2040–2069),	under	both	emissions	
scenarios,	the	monthly	hydrographs	are	projected	to	shift	as	the	basins	become	rain-
dominated.	Winter	streamflow	is	projected	to	increase	due	to	increased	winter	
precipitation	and	the	snowpack	will	melt	earlier	as	temperatures	increase	and	a	greater	
percentage	of	precipitation	falls	as	rain	rather	than	snow.	Other	locations	within	Lane	
County,	such	as	McKenzie	River	at	Walterville,	McKenzie	River	at	Trail	Bridge,	South	Fork	
McKenzie	River	at	Cougar	Reservoir,	and	Middle	Fork	Willamette	River	at	Hills	Creek	Dam,	
have	a	similar	hydrograph,	and	projections	of	future	change	at	these	locations	also	are	
similar.	Mean	monthly	flows	do	not	translate	directly	to	flood	risk	because	floods	occur	
over	shorter	periods	of	time.	However,	increases	in	monthly	flow	may	imply	increases	in	
flood	likelihood,	particularly	if	increases	are	projected	to	occur	during	months	in	which	
flood	occurrence	historically	has	been	high.	
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Figure	12.	Simulated	monthly,	bias-corrected,	non-regulated	streamflow	at	the	McKenzie	
River	at	Leaburg	in	2040–2069	compared	to	1971–2000.	Solid	lines	and	shading	represent	
the	mean	and	range	across	ten	global	climate	models.	(Data	source:	Integrated	Scenarios	of	
the	Future	Northwest	Environment,	https://climatetoolbox.org/tool/future-streamflows)	

	



	 34	

	
Figure	13.	Simulated	monthly,	bias-corrected,	non-regulated	streamflow	at	the	Middle	Fork	
Willamette	River	at	Dexter	Reservoir	in	2040–2069	compared	to	1971–2000.	Solid	lines	
and	shading	represent	the	mean	and	range	across	ten	global	climate	models.	(Data	source:	
Integrated	Scenarios	of	the	Future	Northwest	Environment,	
https://climatetoolbox.org/tool/future-streamflows)	

Averaged	across	the	western	United	States,	major	floods	are	projected	to	increase	by	14–
19%	by	the	2020s,	21–30%	by	2040–2069,	and	31–43%	by	2070–2099,	compared	to	the	
1971–2000	historical	baseline,	under	the	higher	emissions	scenario	(Maurer	et	al.,	2018).	
Major	floods	are	defined	as	daily	peak	flow	magnitudes	that	are	associated	with	100-year	
to	10-year	return	periods	(1–10%	probability	that	this	daily	flow	magnitude	will	be	
exceeded	in	a	given	year).	This	report	describes	projected	changes	in	single-day	flood	
levels	for	six	locations	in	Lane	County	in	terms	of	the	magnitude	of	water-year	maximum	
daily	flows	with	2-year,	10-year,	25-year,	and	100-year	return	periods	(50%,	10%,	4%,	and	
1%	probability,	respectively,	that	this	daily	flow	magnitude	will	be	exceeded	in	a	given	
year)	(Table	11).	Flood	magnitudes	are	compared	between	a	historical	baseline	period	
(1961–2010	or	1950–1999)	and	the	2050s	(2031–2080)	or	the	late	twenty-first	century	
(2050–2099).	The	results	of	the	flood	analysis	can	be	interpreted	as	either	an	increase	in	
flood	magnitude	given	a	flood	frequency,	or	an	increase	in	flood	frequency	given	a	flood	
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magnitude.	These	analyses	are	exploratory	and	should	not	be	applied	to	engineering	or	
design.	
On	the	McKenzie	River	at	Leaburg,	flood	levels	with	10-year	and	100-year	return	periods	
(10%	and	1%	probability	that	this	flood	level	would	be	exceeded	in	a	given	year)	were	
projected	to	increase	by	56%	from	1950-1999	to	2050-2099	under	the	higher	emissions	
scenario	(Queen	et	al.,	2021)	(Table	11).	From	1961–2010	to	2031–2080,	the	average	
magnitudes	of	single-day	floods	with	2-year,	10-year,	and	25-year	return	periods	were	
projected	to	increase	by	20%,	11%,	and	9%,	respectively,	under	the	higher	emissions	
scenario	(RCP	8.5)	(Table	11,	Figure	14).		
On	the	Middle	Fork	Willamette	River	at	Dexter	Reservoir,	flood	levels	with	10-year	and	
100-year	return	periods	(10%	and	1%	probability	that	this	flood	level	would	be	exceeded	
in	a	given	year)	were	projected	to	increase	by	55%	and	61%,	respectively,	from	1950-1999	
to	2050-2099	under	the	higher	emissions	scenario	(Queen	et	al.,	2021)	(Table	11).	From	
1961–2010	to	2031–2080,	the	average	magnitudes	of	single-day	floods	with	2-year,	10-
year,	and	25-year	return	periods	were	projected	to	increase	by	15%,	18%,	and	27%,	
respectively,	under	the	higher	emissions	scenario	(RCP	8.5)	(Table	11,	Figure	15).	
However,	a	few	models	projected	no	change	or	decreases	in	the	magnitude	of	maximum	
daily	flows	for	each	return	period	and	location.		
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Figure	14.	Projected	change	in	water-year	maximum	daily,	non-regulated	streamflows	with	
2-year,	10-year,	and	25-year	return	periods	along	the	McKenzie	River	at	Leaburg	from	
1961–2010	to	2031–2080	under	lower	(RCP	4.5)	and	higher	(RCP	8.5)	emissions	scenarios.	
Larger	blue	and	red	dots	and	bars	represent	the	mean	and	two	standard	errors	across	ten	
global	climate	models.	Only	ten	models	simulated	future	hydrology	out	of	the	full	set	of	20	
models	that	were	used	to	project	temperature	and	precipitation	(see	Appendix).	Smaller	
light	blue	and	light	red	dots	represent	projections	from	individual	models.	(Data	source:	
Integrated	Scenarios	of	the	Future	Northwest	Environment,	
https://climate.northwestknowledge.net/IntegratedScenarios/;	Figure	source:	David	
Rupp,	OCCRI)	
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Figure	15.	Projected	change	in	water-year	maximum	daily,	non-regulated	streamflows	with	
2-year,	10-year,	and	25-year	return	periods	along	the	Middle	Fork	Willamette	River	at	
Dexter	Reservoir	from	1961–2010	to	2031–2080	under	lower	(RCP	4.5)	and	higher	(RCP	
8.5)	emissions	scenarios.	Larger	blue	and	red	dots	and	bars	represent	the	mean	and	two	
standard	errors	across	ten	global	climate	models.	Only	ten	models	simulated	future	
hydrology	out	of	the	full	set	of	20	models	that	were	used	to	project	temperature	and	
precipitation	(see	Appendix).	Smaller	light	blue	and	light	red	dots	represent	projections	
from	individual	models.	(Data	source:	Integrated	Scenarios	of	the	Future	Northwest	
Environment,	https://climate.northwestknowledge.net/IntegratedScenarios/;	Figure	
source:	David	Rupp,	OCCRI)	

	
	 	

Average return period (years)

C
ha

ng
e 

in
 fl

ow
 (%

)

−20

0

20

40

60

80

100

−20

0

20

40

60

80

100

−20

0

20

40

60

80

100

2 10 25

Middle Fork Willamette River at Dexter Reservoir

RCP4.5 mean
RCP8.5 mean
RCP4.5 all
RCP8.5 all

Change in water year maximum daily flows with 2, 10, and 25−year
return periods: 1961−2010 to 2031−2080



	 38	

Table	11.	Average	percent	change	in	peak	flow	associated	with	multiple	return	periods	for	
six	locations	in	Lane	County	under	the	higher	emissions	scenario.	The	time	period	of	
analysis	varies	among	sources.	

Location	
Time	Period	
(Source)	

Return	Period	
(Probability	that	this	level	will	be	exceeded	

in	a	given	year)	

2-year	
(50%)	

10-year	
(10%)	

25-Year	
(4%)	

100-Year	
(1%)	

McKenzie	
River	at	
Leaburg	

2031–2080	vs.	1961–2010	
(David	Rupp)	

19.8	 10.7	 8.5	 --	

2050–2099	vs.	1950–1999	

(Queen	et	al.	2021)	
--	 56	 --	 56	

Middle	Fork	
Willamette	
River	at	
Dexter	
Reservoir	

2031–2080	vs.	1961–2010	
(David	Rupp)	

14.5	 17.8	 26.7	 --	

2050–2099	vs.	1950–1999	
(Queen	et	al.	2021)	

--	 55	 --	 61	

McKenzie	
River	at	

Walterville	

2031–2080	vs.	1961–2010	

(David	Rupp)	
19.3	 15.9	 10.4	 --	

2050–2099	vs.	1950–1999	

(Queen	et	al.	2021)	
--	 54	 --	 55	

McKenzie	
River	at	Trail	

Bridge	

2031–2080	vs.	1961–2010	
(David	Rupp)	

22.1	 22.8	 42.7	 --	

South	Fork	
McKenzie	
River	at	
Cougar	
Reservoir	

2031–2080	vs.	1961–2010	

(David	Rupp)	
27.2	 8.8	 10.3	 --	

Middle	Fork	
Willamette	
River	at	Hills	
Creek	Dam	

2031–2080	vs.	1961–2010	

(David	Rupp)	
23.7	 19.2	 25.9	 --	

2050–2099	vs.	1950–1999	

(Queen	et	al.	2021)	
--	 57	 --	 60	
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Some	of	the	Northwest’s	highest	floods	occur	when	large	volumes	of	warm	rain	from	
atmospheric	rivers	fall	on	a	deep	snowpack,	resulting	in	rain-on-snow	floods	(Safeeq	et	al.,	
2015).	The	frequency	and	amount	of	moisture	transported	by	atmospheric	rivers	is	
projected	to	increase	along	the	West	Coast	in	response	to	increases	in	air	temperature	
(Kossin	et	al.,	2017),	which	in	turn	increase	the	likelihood	of	flooding	(Konrad	and	
Dettinger,	2017).		
Future	changes	in	the	frequency	of	rain-on-snow	events	likely	will	vary	along	an	
elevational	gradient.	At	lower	elevations,	the	frequency	is	projected	to	decrease	due	to	
decreasing	snowpack,	whereas	at	higher	elevations	the	frequency	is	projected	to	increase	
due	to	the	shift	from	snow	to	rain	(Surfleet	and	Tullos,	2013;	Safeeq	et	al.,	2015;	
Musselman	et	al.,	2018).	How	such	changes	in	frequency	of	rain-on-snow	events	are	likely	
to	affect	streamflow	varies.	For	example,	projections	for	the	Santiam	River,	Oregon,	
indicate	an	increase	in	annual	peak	daily	flows	at	return	intervals	less	than	10	years,	but	a	
decrease	in	annual	peak	daily	flows	at	return	intervals	greater	than	or	equal	to	10	years	
(Surfleet	and	Tullos,	2013).	Average	runoff	from	rain-on-snow	events	in	watersheds	in	
northern	coastal	Oregon	is	projected	to	decline	due	to	depletion	of	the	snowpack	
(Musselman	et	al.,	2018),	which	may	imply	that	the	driver	of	floods	in	these	areas	shifts	
from	rain-on-snow	events	to	extreme	rainfall	that	exceeds	soil	capacity	(Berghuijs	et	al.,	
2016;	Musselman	et	al.,	2018).	Shifts	in	vegetation	and	wildfire	occurrences	that	affect	soil	
properties	also	will	likely	affect	water	transport,	but	hydrological	models	generally	have	
not	accounted	for	these	processes	(Bai	et	al.,	2018;	Wang	et	al.,	2020;	Williams	et	al.,	2022).	

	

	 	

Key	Messages	
Þ Winter	flood	risk	at	mid-	to	low	elevations	in	Lane	County,	where	temperatures	

are	near	freezing	during	winter	and	precipitation	is	a	mix	of	rain	and	snow,	is	
projected	to	increase	as	winter	temperatures	increase.	The	temperature	increase	
will	lead	to	an	increase	in	the	percentage	of	precipitation	falling	as	rain	rather	than	
snow.	



	 40	

Drought 

Drought	is	common	in	the	Northwest.	The	incidence,	extent,	and	severity	of	drought	has	
increased	over	the	last	20	years	relative	to	the	twentieth	century,	and	this	trend	is	expected	
to	continue	under	future	climate	change	(Dalton	and	Fleishman,	2021).	Drought	can	be	
defined	in	many	ways	(Table	12),	but	most	fundamentally	is	insufficient	water	to	meet	
needs	(Redmond,	2002;	Dalton	and	Fleishman,	2021).	
	
Table	12.	Definitions	and	characteristics	of	various	drought	classes.	(Source:	Dalton	and	
Fleishman,	2021;	Fleishman	et	al.,	unpublished)	

Drought	Class	 Definition	and	Characteristics	

Meteorological	
• lack	of	precipitation	
• evaporative	demand	that	exceeds	precipitation	
• minimum	period	of	time	for	consideration	operationally	is	90	days	

Hydrological	

• prolonged	meteorological	drought	affects	surface	or	subsurface	
water	supply,	such	as	streamflow,	reservoir	and	lake	levels,	or	
groundwater	levels		

• tends	to	evolve	more	slowly	than	meteorological	drought,	with	
extents	longer	than	six	months	

Agricultural	

• occurs	when	meteorological	and	hydrological	drought	impacts	
agricultural	production		

• reflects	precipitation	shortages,	differences	between	actual	and	
potential	evapotranspiration,	soil	water	deficits,	and	reduced	
availability	of	irrigation	water	

Socioeconomic	
• occurs	when	meteorological,	hydrological,	or	agricultural	drought	

reduces	the	supply	of	some	economic	or	social	good	or	service	
• often	affects	state	and	federal	drought	declarations	

Ecological	

• undesirable	changes	in	ecological	state	caused	by	deficits	in	water	
availability		

• usually	caused	by	meteorological	or	hydrological	drought		
• sensitivity	to	water	limitation	varies	among	species	and	life	stages	

Flash	

• relatively	short	periods	of	warm	surface	temperatures,	low	relative	
humidities	and	precipitation	deficits,	and	rapidly	declining	soil	
moisture		

• tends	to	develop	and	intensify	rapidly	within	a	few	weeks,	and	may	
be	generated	or	magnified	by	prolonged	heat	waves	

Snow	

• snowpack—or	snow	water	equivalent	(SWE)—is	below	average	for	
a	given	point	in	the	water	year,	traditionally	1	April		

• often	followed	by	summers	with	low	river	and	stream	flows		
• warm	snow	drought—low	snowpack	with	above	average	

precipitation	and	temperature	
• dry	snow	drought—low	snowpack	and	low	precipitation	
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Summers	in	Oregon	are	expected	to	become	warmer	and	drier,	and	mountain	snowpack	is	
projected	to	decline	due	to	warmer	winter	temperatures	(Dalton	and	Fleishman,	2021).	
Across	the	western	United	States,	the	decline	in	mountain	snowpack	is	projected	to	reduce	
summer	soil	moisture	in	the	mountains	(Gergel	et	al.,	2017).	Climate	change	is	expected	to	
result	in	lower	summer	streamflows	in	snow-dominated	and	mixed	rain-and-snow	basins	
across	the	Northwest	as	snowpack	melts	earlier	due	to	warmer	temperatures	and	
decreases	in	summer	precipitation	(Dalton	et	al.,	2017;	Mote	et	al.,	2019).	For	example,	
summer	flow	is	projected	to	decrease	in	the	McKenzie	River	at	Leaburg	(Figure	12)	and	in	
the	Middle	Fork	Willamette	River	at	Dexter	Reservoir	(Figure	13)	by	the	2050s	(2040–
2069).	As	mountain	snowpack	declines,	seasonal	drought	will	become	less	predictable	and	
snow	droughts	will	increase	the	likelihood	of	meteorological	and	hydrological	drought	in	
subsequent	seasons	(Dalton	and	Fleishman,	2021).	
This	report	presents	projected	changes	in	four	variables	indicative	of	drought:	low	spring	
snowpack	(snow	drought),	low	summer	soil	moisture	from	the	surface	to	55	inches	below	
the	surface	(agricultural	drought),	low	summer	runoff	(hydrological	drought),	and	low	
summer	precipitation	(meteorological	drought).	Drought	is	presented	in	terms	of	a	change	
in	the	probability	of	exceeding	the	magnitude	of	seasonal	drought	conditions	for	which	the	
historical	annual	probability	of	exceedance	was	20%	(5-year	return	period)	(Figure	16).	
In	Lane	County,	summer	(June–August)	soil	moisture,	spring	(April	1)	snowpack,	summer	
runoff,	and	summer	precipitation	are	projected	to	decline	by	the	2050s	under	both	lower	
(RCP	4.5)	and	higher	(RCP	8.5)	emissions	scenarios.	Therefore,	seasonal	drought	
conditions	will	occur	more	frequently	by	the	2050s	(Figure	16).	By	the	2050s	under	the	
higher	emissions	scenario,	the	annual	probability	of	low	summer	soil	moisture	is	projected	
to	be	about	53%	(1.9-year	return	period).	The	annual	probabilities	of	low	spring	snowpack,	
low	summer	runoff,	and	low	summer	precipitation	are	projected	to	be	about	70%	(1.4-year	
return	period),	68%	(1.5-year	return	period),	and	30%	(3.4-year	return	interval),	
respectively.	Drought	projections	for	the	2020s	were	not	evaluated	due	to	data	limitations,	
but	drought	magnitudes	in	the	2020s	likely	will	be	smaller	than	those	in	the	2050s.	
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Figure	16.	Projected	probability	of	exceeding	the	magnitude	of	seasonal	drought	conditions	
for	which	the	historical	annual	probability	of	exceedance	was	20%.	Projections	are	for	the	
2050s	(2040–2069),	relative	to	the	historical	baseline	(1971–2000),	under	two	emissions	
scenarios.	Seasonal	drought	conditions	include	low	summer	soil	moisture	(average	from	
June	through	August),	low	spring	snowpack	(April	1	snow	water	equivalent),	low	summer	
runoff	(total	from	June	through	August),	and	low	summer	precipitation	(total	from	June	
through	August).	The	bars	and	whiskers	represent	the	mean	and	range	across	ten	global	
climate	models.	(Data	Source:	Integrated	Scenarios	of	the	Future	Northwest	Environment,	
https://climate.northwestknowledge.net/IntegratedScenarios/)	

	

	
	 	

Key	Messages	
Þ Drought,	as	represented	by	low	summer	soil	moisture,	low	spring	snowpack,	low	

summer	runoff,	and	low	summer	precipitation,	is	projected	to	become	more	
frequent	in	Lane	County	by	the	2050s.		
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Wildfire 
Human	activities	have	modified	fire	dynamics	in	the	western	United	States	through	
clearance	of	native	vegetation	for	agriculture	and	urbanization,	fragmentation	and	
exploitation	of	forests	and	other	natural	land-cover	types,	human	population	growth	and	
increased	recreational	activities,	introduction	of	highly	flammable,	non-native	annual	
grasses,	and	replacement	of	indigenous	or	natural	fires	by	extensive	fire	suppression	and	
vegetation	management.	From	1985	through	2017,	the	annual	area	burned	by	high-
severity	fires	across	forests	in	the	western	United	States	increased	eightfold	(Parks	and	
Abatzoglou,	2020).	However,	area	burned	did	not	increase	in	naturally	cool	rainforests	on	
the	west	side	of	the	Cascade	Range.	Historically,	wildfires	in	these	rainforests	occurred	
every	few	centuries	due	to	the	lack	of	ignitions	and	moist	vegetation.	
Over	the	last	several	decades,	warmer	and	drier	summers	across	the	western	United	States	
have	contributed	to	an	increase	in	vegetation	dryness	and	outbreaks	of	native	insect	
herbivores,	which	contribute	to	increases	in	the	volume	of	dead	vegetation.	Concurrently,	
the	duration	of	the	wildfire	season	has	increased	across	the	region	(Dennison	et	al.,	2014;	
Jolly	et	al.,	2015;	Westerling,	2016;	Williams	and	Abatzoglou,	2016),	largely	due	to	warmer	
springs	that	cause	earlier	snowmelt	and	to	an	overall	decline	in	mountain	snowpack,	
mostly	in	response	to	warmer	winters	(Westerling,	2016).	

Vegetation	dryness	is	often	caused	by	dry	air.	Vapor	pressure	deficit	(VPD)	corresponds	to	
the	difference	in	atmospheric	pressure	between	water	vapor	in	the	air	and	the	air’s	
saturation	point,	which	is	the	maximum	amount	of	water	the	air	can	carry	at	a	given	
temperature	(dew	point).	This	pressure	difference	drives	transpiration	by	the	plants’	
stomata.	VPD	and	other	measures	of	atmospheric	dryness,	such	as	evaporative	demand,	are	
more	strongly	associated	with	forest	area	burned	than	precipitation,	drought	indices,	or	
temperature	(Sedano	and	Randerson,	2014;	Williams	et	al.,	2014;	Seager	et	al.,	2015;	Rao	et	
al.,	2022).	The	area	of	forest	burned	annually	is	expected	to	increase	exponentially	with	
projected	increases	in	VPD	across	the	western	United	States	(Zhuang	et	al.,	2021;	Juang	et	
al.,	2022).	

CMIP6	climate	model	results	suggest	that	human	emissions	of	greenhouse	gases	can	
explain	a	large	percentage	of	the	observed	VPD	increase	(Zhuang	et	al.,	2021).	In	the	
western	United	States	from	1984	through	2015,	about	half	of	the	observed	increase	in	
vegetation	dryness—driven	mainly	by	the	dryness	of	the	air—and	4.2	million	hectares	
(16,000	square	miles)	of	burned	area	were	attributable	to	human-caused	climate	change	
(Abatzoglou	and	Williams,	2016).	
Fire	danger	is	generally	evaluated	on	the	basis	of	daytime	conditions	that	may	cause	
wildfires	to	spread.	Historically,	wildfires	were	less	active	overnight.	However,	nights	have	
become	hotter	and	drier,	and	the	temperature	and	duration	of	wildfires	is	expected	to	
increase	as	a	result	(Balch	et	al.,	2022).	In	the	western	United	States,	the	number	of	nights	
during	which	atmospheric	conditions	are	conducive	to	burning	has	increased	by	45%	since	
1979	(Balch	et	al.,	2022).		
Vegetation	can	also	amplify	or	dampen	the	effect	of	aridity	on	wildfires.	The	geographic	co-
occurrence	of	plants	with	high	water	sensitivity	(e.g.,	plants	that	do	not	close	their	stomata,	
shallow-rooted	plants	on	porous	soils)	and	high	VPD	suggests	that	the	distribution	of	
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vegetation	in	the	western	United	States	has	amplified	the	effect	of	climate	change	on	
wildfire	hazard	(Rao	et	al.,	2022).		
High	temperatures	contribute	to	the	drying	of	dead	vegetation,	and	high	VPD	reduces	
moisture	in	live	vegetation	(e.g.,	the	tree	canopy),	increasing	the	likelihood	that	any	source	
of	ignition	will	create	a	wildfire.	The	interaction	between	continued	development	in	areas	
with	flammable	vegetation	and	increases	in	VPD	suggests	that	projections	of	changing	
wildfire	risk	in	the	western	United	States	may	be	conservative	(Rao	et	al.,	2022),	especially	
given	that	over	80%	of	all	ignitions	in	the	United	States	are	now	human-caused	(Balch	et	
al.,	2017)	and	that	human	activities	have	extended	both	the	temporal	and	geographic	
extent	of	the	fire	season	(Balch	et	al.,	2017;	Bowman	et	al.,	2020).	Furthermore,	extreme	
wildfires	may	correspond	to	concurrent	weather	extremes,	including	high	temperatures,	
aridity,	and	wind	speeds.	Coincidence	among	these	extremes	is	becoming	more	common	
(Abatzoglou	et	al.,	2021a).	

In	2020,	the	Santiam	Fire	became	an	exemplar	of	such	a	combination	of	extreme	fire	
danger	conditions	that	were	unprecedented	in	the	contemporary	data	record—a	late	
summer	that	was	warm	and	dry,	extremely	dry	live	and	dead	vegetation,	and	strong	and	
dry	east	winds.	These	fires	causes	widespread	loss	of	structures	and	the	loss	of	five	human	
lives	(Abatzoglou	et	al.,	2021b).	Management	practices	also	likely	affected	the	severity	of	
the	fire	(Reilly	et	al.,	2017).	For	example,	uniform	canopy	structure,	which	is	common	in	
forest	plantations,	can	lead	to	subcanopy	winds	that	transport	moisture	out	of	the	
watershed	(Drake	et	al.,	2022).	These	wind	patterns	are	relevant	to	forest	water	use	and	
climate	change	over	large	areas	of	the	montane,	forested	Pacific	Northwest.		
Projecting	wildfire	risk	across	the	western	United	States	in	response	to	changes	in	climate	
and	land	use	requires	understanding	the	interactions	among	biology,	climate,	and	human	
activity.	The	probability	of	wildfire	occurrence	in	the	Cascade	Range	of	Oregon	as	a	
function	of	temperature	and	precipitation	is	projected	to	increase	by	63%	under	the	lower	
emissions	scenario	(RCP	4.5)	and	122%	under	the	higher	emissions	scenario	(RCP	8.5)	
(Gao	et	al.,	2021).	Multiple	modeling	approaches	indicate	future	increases	in	forest	area	
burned	in	the	western	United	States	(Abatzoglou	et	al.,	2021a).	Similarly,	model	
simulations	of	a	common	fire	index	based	on	precipitation	and	temperature,	the	Keetch–
Byram	Drought	Index,	and	a	proxy	for	fuel	availability	suggest	that	the	number	of	days	on	
which	fire	risk	is	extremely	high	will	increase	through	the	end	of	the	twenty-first	century	
(Brown	et	al.,	2021).	Overall,	wildfire	frequency,	intensity,	and	area	burned	are	projected	to	
continue	increasing	in	the	Northwest,	even	in	climatologically	wet	areas	in	western	Oregon	
(Dalton	et	al.,	2017;	Mote	et	al.,	2019;	Dalton	and	Fleishman,	2021)		
This	report	considers	the	number	of	days	with	extreme	values	of	100-hour	fuel	moisture	
(FM100)	and	VPD	as	a	proxy	for	wildfire	risk.	FM100	is	a	measure	of	the	percentage	of	
moisture	in	the	dry	weight	of	dead	vegetation	with	1–3	inch	diameter,	and	commonly	is	
used	by	the	Northwest	Interagency	Coordination	Center	(https://gacc.nifc.gov/nwcc/)	to	
predict	fire	danger.	A	majority	of	climate	models	project	that	100-hour	fuel	moisture	will	
decline	across	Oregon	by	the	2050s	(2040–2069)	under	the	higher	emissions	scenario	
(Gergel	et	al.,	2017).	As	explained	above,	drying	of	vegetation	leads	to	greater	wildfire	risk,	
especially	when	coupled	with	decreases	in	summer	soil	moisture	and	increases	in	
evaporative	demand.	CMIP6	model	simulations	given	a	higher	emissions	scenario	projected	
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that	warm	season	VPD	over	the	next	30	years	will	increase	at	a	rate	similar	to	that	
observed	across	the	western	United	States	from	1980	through	2020	(Zhuang	et	al.,	2021).	
Increases	in	VPD	also	were	projected	by	CMIP5	models	to	contribute	substantially	to	
wildfire	risk	in	Oregon	(Ficklin	and	Novick,	2017;	Chiodi	et	al.,	2021).	Furthermore,	
observed	increases	in	nighttime	temperatures	(Balch	et	al.,	2022)	and	nighttime	VPD	
(Chiodi	et	al.,	2021)	have	been	linked	to	fires	burning	longer	into	the	night	and	increasing	
in	intensity	much	earlier	in	the	morning,	which	reduces	the	window	of	opportunity	for	
suppression.		

In	this	report,	the	future	change	in	wildfire	risk	is	expressed	as	the	increase	in	the	average	
annual	number	of	days	on	which	fire	danger	is	very	high	and	VPD	is	extreme.	Projections	
are	presented	for	two	future	periods	under	two	emissions	scenarios	compared	to	the	
historical	baseline.	A	day	on	which	fire	danger	is	very	high	is	defined	as	a	day	on	which	
FM100	is	lower	(i.e.,	vegetation	is	drier)	than	the	historical	10th	percentile	value.	
Historically,	fire	danger	in	Lane	County	was	very	high	on	36.5	days	per	year.	A	day	on	
which	VPD	is	extreme	is	defined	as	a	day	on	which	VPD	exceeds	the	historical	warm	season	
(March–November)	90th	percentile	value.	

In	Lane	County,	the	average	number	of	days	per	year	on	which	fire	danger	is	very	high	is	
projected	to	increase	by	12	days	(range	-6–29)	by	the	2050s,	compared	to	the	historical	
baseline,	under	the	higher	emissions	scenario	(Figure	17).	The	average	number	of	days	per	
year	on	which	VPD	is	extreme	is	projected	to	increase	by	27	days	(range	9–43)	by	the	
2050s,	compared	to	the	historical	baseline,	under	the	higher	emissions	scenario	(Figure	
18).	The	impacts	of	wildfire	on	air	quality	are	discussed	in	the	following	section,	Reduced	
Air	Quality.	
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Figure	17.	Projected	changes	by	the	2020s	(2010–2039	average)	and	2050s	(2040–2069	
average),	relative	to	the	1971–2000	historical	baseline	and	under	two	emissions	scenarios,	
in	the	number	of	days	on	which	fire	danger	in	Lane	County	is	very	high.	Changes	were	
calculated	for	each	of	18	global	climate	models	relative	to	each	model’s	historical	baseline,	
then	averaged	across	the	18	models.	Whiskers	represent	the	range	of	changes	across	the	18	
models.	Only	18	models	included	the	data	necessary	to	estimate	fire	danger	out	of	the	full	
set	of	20	models	that	were	used	to	project	temperature	and	precipitation.	(Data	Source:	
Climate	Toolbox,	climatetoolbox.org/tool/Climate-Mapper)	
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Figure	18.	Projected	changes	by	the	2020s	(2010–2039	average)	and	2050s	(2040–2069	
average),	relative	to	the	1971–2000	historical	baseline	and	under	two	emissions	scenarios,	
in	the	number	of	days	on	which	vapor	pressure	deficit	in	Lane	County	is	extreme.	Changes	
were	calculated	for	each	of	20	global	climate	models	relative	to	each	model’s	historical	
baseline,	then	averaged	across	the	20	models.	Whiskers	represent	the	range	of	changes	
across	the	20	models.	(Data	Source:	Climate	Toolbox,	climatetoolbox.org/tool/Climate-
Mapper)	

	

	

	

	

	

Key	Messages	
Þ Wildfire	risk,	expressed	as	the	average	number	of	days	per	year	on	which	fire	

danger	is	very	high,	is	projected	to	increase	in	Lane	County	by	12	days	(range	-6–
29)	by	the	2050s,	relative	to	the	historical	baseline,	under	the	higher	emissions	
scenario.	

Þ In	Lane	County,	the	average	number	of	days	per	year	on	which	vapor	pressure	
deficit	is	extreme	is	projected	to	increase	by	27	days	(range	9–43)	by	the	2050s,	
compared	to	the	historical	baseline,	under	the	higher	emissions	scenario.	
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Reduced Air Quality 
Climate	change	is	expected	to	reduce	outdoor	air	quality.	Warmer	temperatures	may	
increase	ground-level	ozone	concentrations,	increases	in	the	number	and	size	of	wildfires	
may	increase	concentrations	of	smoke	and	fine	particulate	matter,	and	increases	in	pollen	
abundance	and	the	duration	of	pollen	seasons	may	increase	aeroallergens.	Such	poor	air	
quality	is	expected	to	exacerbate	allergy	and	asthma	conditions	and	increase	the	incidence	
of	respiratory	and	cardiovascular	illnesses	and	death	(Fann	et	al.,	2016).	

Over	the	past	several	decades,	fire	seasons	have	increased	in	length,	and	the	intensity	and	
severity	of	wildfires	have	increased.	This	trend	is	expected	to	continue	as	a	result	of	
complex	factors	including	traditional	forest	management	practices,	increasing	population	
density	in	fire	risk	zones,	and	climate	change	(Sheehan	et	al.,	2015).	Large	wildfires	in	the	
western	United	States	can	create	extensive	smoke	plumes	that	travel	at	high	altitudes	over	
long	distances	and	affect	air	quality	not	only	near	to	but	far	from	those	wildfires.	
Hazardous	levels	of	air	pollution	are	most	common	near	wildfires.	Fires	emit	fine	
particulate	matter	(less	than	2.5	micrometers	in	diameter	[PM2.5]),	which	exacerbate	
chronic	cardiovascular	and	respiratory	illnesses	(Cascio,	2018).	In	addition,	because	
exposure	to	PM2.5	increases	susceptibility	to	viral	respiratory	infections,	exposure	to	
wildfire	smoke	is	likely	to	increase	susceptibility	to	and	the	severity	of	reactions	from	
Covid-19	(Henderson,	2020).	Wildfire	smoke	also	impairs	visibility	and	can	disrupt	
outdoor	recreational	and	social	activities,	in	turn	affecting	physical	and	mental	health	
(Nolte	et	al.,	2018).	
From	2000	through	2020,	the	frequency,	duration,	and	area	of	co-occurrence	of	two	air	
pollutants	related	to	wildfire	smoke,	PM2.5	and	ozone,	increased	in	the	western	United	
States	(Kalashnikov	et	al.,	2022)	and	in	the	Pacific	Northwest	in	particular	(Buchholz	et	al.,	
2022).	Wildfires	emit	ozone	precursors	that	in	hot	and	sunny	conditions	react	with	other	
pollutants	to	increase	the	concentration	of	ozone.	The	area	in	which	PM2.5	and	ozone	co-
occurred	more	than	doubled	during	the	past	20	years.	
Wildfires	are	the	primary	cause	of	exceedances	of	air	quality	standards	for	PM2.5	in	western	
Oregon	and	parts	of	eastern	Oregon	(Liu	et	al.,	2016),	although	woodstove	smoke	and	
diesel	emissions	also	contribute	(Oregon	DEQ,	2016).	Fine	particulate	matter	from	vehicles,	
woodstoves,	and	power	plants	can	be	regulated,	but	it	is	much	more	difficult	to	control	
wildfires.	Therefore,	the	incidence	of	chronic	smoke	exposure	that	has	potentially	severe	
health	consequences	is	increasing	(Liu	et	al.,	2016).	Across	the	western	United	States,	PM2.5	
concentrations	from	wildfires	are	projected	to	increase	160%	by	2046–2051,	relative	to	
2004–2009,	under	a	medium	emissions	scenario	(SRES	A1B)	(Liu	et	al.,	2016).	The	SRES	
A1B	scenario,	which	is	from	an	earlier	generation	of	emissions	scenarios,	is	most	similar	to	
RCP	6.0	(Figure	2).	CMIP6	models	integrated	with	an	empirical	statistical	model	projected	
that	PM2.5	concentrations	in	August	and	September	in	the	Northwest	will	double	to	triple	
by	2080–2100	under	lower	(SSP5-4.5)	and	higher	(SSP5-8.5)	emissions	scenarios	(Xie	et	
al.,	2022).	
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This	report	presents	projections	of	future	air	quality	that	are	based	on	PM2.5	from	wildfire	
smoke.	Smoke	wave	days	are	defined	as	two	or	more	consecutive	days	on	which	simulated,	
county-averaged,	wildfire-derived	PM2.5	values	are	in	the	highest	2%	of	simulated	daily	
values	from	2004	through	2009	(Liu	et	al.,	2016).	Smoke	wave	intensity	is	defined	as	the	
concentration	of	PM2.5	on	smoke	wave	days.	Mean	number	of	smoke	wave	days	and	mean	
smoke	wave	intensity	are	projected	for	two	six-year	periods,	2004–2009	and	2046–2051,	
under	a	medium	emissions	scenario.	More	information	about	these	methods	of	projecting	
future	air	quality	is	in	the	Appendix.	In	Lane	County,	the	number	of	smoke	wave	days	is	
projected	to	decrease	by	5%,	but	the	intensity	of	smoke	wave	days	is	projected	to	increase	
by	58%	(Figure	19).	
	

	
Figure	19.	Simulated	present	(2004–2009)	and	future	(2046–2051)	number	(left)	and	
intensity	(right)	of	smoke	wave	days	in	Lane	County	under	a	medium	emissions	scenario.	
Values	represent	the	mean	among	15	global	climate	models.	(Data	source:	Liu	et	al.	2016,	
https://khanotations.github.io/smoke-map/)	

	
Plants	also	are	responding	to	changes	in	climate	and	atmospheric	concentrations	of	carbon	
dioxide	by	producing	more	pollen,	and	by	producing	pollen	earlier	in	spring	and	for	longer	
periods	of	time	(Ziska	et	al.,	2009).	From	1990	through	2018,	pollen	seasons	increased	by	



	 50	

about	20	days	and	pollen	concentration	increased	by	21%	in	the	conterminous	United	
States	(Anderegg	et	al.,	2021),	including	northern	California	(Paudel	et	al.,	2021).	
Fungal	spores	also	could	become	more	abundant	following	extreme	floods	or	droughts,	
which	are	expected	to	become	more	common	with	climate	change.	The	period	during	
which	outdoor	airborne	mold	spores	are	detectable	increased	in	the	last	20	years	as	a	
result	of	increasing	concentrations	of	carbon	dioxide	and	changes	in	climate	and	land	use	
(Paudel	et	al.,	2021).	Furthermore,	because	both	ozone	and	fine	particulates	affect	the	
sensitivity	of	respiratory	systems	to	airborne	allergens,	the	combined	effects	of	climate	
change,	air	pollution,	and	changes	in	vegetation	phenology	will	likely	increase	the	severity	
of	respiratory	diseases	and	allergies	(D’Amato	et	al.,	2020).		
	

	
	

	
	 	

Key	Messages	
Þ The	risk	of	wildfire	smoke	in	Lane	County	is	projected	to	increase.	The	number	of	

days	per	year	on	which	the	concentration	of	wildfire-derived	fine	particulate	
matter	results	in	poor	air	quality	is	projected	to	decrease	by	5%,	but	the	
concentration	of	fine	particulate	matter	is	projected	to	increase	by	58%,	from	
2004–2009	to	2046–2051	under	a	medium	emissions	scenario.	
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Coastal Erosion and Flooding 

Variability	in	water	levels	associated	with	the	El	Niño–Southern	Oscillation,	tides,	storm	
surges,	and	waves,	especially	in	conjunction	with	relative	sea	level	rise,	can	result	in	
flooding	and	erosion	along	the	Oregon	coast.	Projected	changes	in	these	processes	and	
phenomena	may	increase	their	risks	to	coastal	communities	and,	in	some	cases,	
ecosystems.	Relative	refers	to	the	fact	that	sea	level	rise	is	calculated	with	respect	to	land	
elevations.	Differences	in	the	rate	and	direction	of	vertical	land	motions	along	the	Oregon	
coast	can	affect	relative	sea	level	rise	strongly.		

Observed and Projected Trends in Sea Level 

Global	mean	sea	level	has	risen	by	about	7–8	inches	since	1900,	and	recent	observations	
suggest	that	rates	of	sea	level	rise	have	accelerated	since	1993	(Nerem	et	al.,	2018).	Global	
mean	sea	level	is	very	likely	to	continue	to	rise	by	another	1–4	feet,	relative	to	the	year	
2000,	by	the	year	2100	(Sweet	et	al.,	2017a;	Hayhoe	et	al.,	2018).	Instabilities	in	Antarctic	
ice	sheets	that	are	plausible,	but	have	low	probability,	could	result	in	much	higher	(~8	feet)	
global	sea	level	rise	(Hayhoe	et	al.,	2018)	(Figure	20).		
Recent	advances	in	sea	level	observations	and	modeling	increased	understanding	of	the	
processes	that	contribute	to	global	and	regional	changes	in	sea	level.	These	processes	
include	changes	in	ice	sheets	and	glaciers;	changes	in	water	storage	on	land;	thermal	
expansion	of	sea	water;	changes	in	freshwater	input;	changes	in	vertical	land	motion;	and	
changes	in	tides,	storm	surges,	and	waves	(Hamlington	et	al.,	2020).	Projected	sea	level	rise	
varies	along	the	Oregon	coast,	primarily	due	to	variations	in	vertical	land	motions.	
Local	sea	level	at	the	National	Oceanic	and	Atmospheric	Administration	(NOAA)	water-
level	station	at	South	Beach	in	Newport,	Oregon,	rose	about	four	inches	from	1967–2013.	
Climate	change	is	expected	to	accelerate	sea	level	rise	along	the	Oregon	coast	during	the	
twenty-first	century.	Local	sea	level	is	projected	to	rise	by	1.7–5.7	feet	by	2100	(Climate	
Central,	2022)	given	the	intermediate-low	and	intermediate-high	global	sea	level	scenarios	
used	in	the	2018	U.S.	National	Climate	Assessment	(Sweet	et	al.,	2017a)	(Table	13).	This	
range	of	sea	level	rise	scenarios	is	similar	to	the	very	likely	range	projected	under	the	
higher	emissions	scenario	(RCP	8.5)	by	2100	(Figure	20).	Additionally,	median	local	sea	
level	rise	at	South	Beach	in	Newport,	Oregon,	was	projected	for	each	decade	from	2030–
2100,	relative	to	the	1992	mean	high	tide	line,	given	six	scenarios	of	global	sea	level	rise.	
These	projections	incorporated	estimates	of	trends	in	vertical	land	movement	derived	from	
global	positioning	system	(GPS)	measurements	and	tide	gauge	platforms	(Sweet	et	al.,	
2017b)	(Table	13).	Accordingly,	the	projections	are	relative	to	the	future	land	position	as	
opposed	to	the	existing	land	position.	
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Figure	20.	(Top)	Global	mean	sea	level	rise	from	1800	to	2100,	based	on	tide	gauge-based	
reconstruction	(black),	satellite-based	reconstruction	(purple),	and	six	future	scenarios	
(navy	blue,	royal	blue,	cyan,	green,	orange,	red)	used	in	the	2018	U.S.	National	Climate	
Assessment	(NCA4).	Colored	boxes	indicate	the	very	likely	ranges	in	2100	given	different	
Representative	Concentration	Pathways	(RCPs).	Lines	augmenting	the	very	likely	ranges	
account	for	estimates	of	accelerated	Antarctic	ice-sheet	melt.	(Bottom)	Probability	of	
exceeding	each	NCA4	global	mean	sea	level	scenario	in	2100	under	three	RCPs.	(Source:	
Sweet	et	al.,	2017a,	https://science2017.globalchange.gov/chapter/12/)	
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Table	11.	Median	decadal,	local	sea	level	rise	projections	at	the	NOAA	water	level	station	at	
South	Beach	in	Newport,	Oregon,	based	on	scenarios	used	in	the	2018	U.S.	National	Climate	
Assessment.	Sea	level	rise	is	feet	above	the	1992	baseline.	Each	scenario	also	has	an	
associated	likely	range	of	sea	level	rise	(not	shown).	Projections	account	for	estimated	
trends	in	vertical	land	movement.	(Source:	Climate	Central	Surging	Seas	Risk	Finder,	
https://riskfinder.climatecentral.org/county/lane-
county.or.us?comparisonType=county&forecastType=NOAA2017_int_p50&level=4&unit=ft
&zillowPlaceType=postal-code)	

Scenario	 2030	 2040	 2050	 2060	 2070	 2080	 2090	 2100	
Low	 0.4	 0.5	 0.6	 0.8	 0.9	 1.0	 1.1	 1.2	

Intermediate-Low	 0.5	 0.6	 0.8	 1.0	 1.2	 1.3	 1.5	 1.7	
Intermediate	 0.6	 0.9	 1.2	 1.6	 2.0	 2.4	 2.9	 3.5	

Intermediate-High	 0.9	 1.3	 1.8	 2.4	 3.0	 3.8	 4.7	 5.7	
High	 1.1	 1.7	 2.5	 3.4	 4.3	 5.5	 6.8	 8.4	

Extreme	 1.3	 2.0	 2.9	 4.1	 5.3	 6.8	 8.4	 10.3	
	

Anticipated Effects of Climate Change on Ocean Wave Climate 

Wave	climate	refers	to	attributes	of	waves	that	are	averaged	over	a	given	period	of	time	in	
a	given	location.	Wind	waves	can	be	dominant	contributors	to	total	water	levels	at	the	
coastline	via	their	influence	on	wave	setup	and	swash	(the	movement	of	water	that	washes	
up	on	the	beach	after	a	wave	breaks)	(Melet	et	al.,	2020).	Although	substantial	
uncertainties	remain,	along	the	mainland	west	coast	of	the	United	States,	mean	wave	height	
is	projected	to	decrease	by	approximately	2–20%	(Hemer	et	al.,	2013;	Wang	et	al.,	2014;	
Erikson	et	al.,	2015;	Morim	et	al.,	2019),	and	mean	wave	period	is	projected	to	increase	by	
approximately	2–5%	(Hemer	et	al.,	2013;	Erikson	et	al.,	2015;	Morim	et	al.,	2019),	by	2100.	
Mean	wave	direction	is	projected	to	shift	anticlockwise	(more	waves	from	the	south)	by	
approximately	2–5%	by	2100	(Hemer	et	al.,	2013;	Erikson	et	al.,	2015;	Morim	et	al.,	2019),	
likely	due	to	a	northward	shift	in	storm	tracks	along	the	west	coast	of	the	United	States.	
Projection	of	future	deep-water	wave	conditions	has	progressed	considerably.	However,	
deep-water	wave	conditions	must	be	downscaled	to	the	nearshore	to	understand	the	local	
effects	of	these	changes.	Such	local	downscaling	can	be	computationally	demanding	and	
time	intensive.	Because	wave	transformation	across	the	shelf	determines	which	storm	
events	affect	the	coastline,	the	nearshore	effects	of	a	change	in	the	deep-water	wave	
climate	may	vary	in	space,	even	at	nearby	locations	(Serafin	et	al.,	2019).		
A	simultaneous	increase	in	wave	period	and	decrease	in	wave	height	may	have	contrasting	
effects	on	a	location’s	wave	energy	flux.	Global	wave	power,	which	is	the	transport	of	wave	
energy,	increased	since	1948,	most	likely	due	to	increases	in	temperatures	of	the	upper	
ocean	(Reguero	et	al.,	2019).	However,	average	and	extreme	conditions	may	be	modified	by	
the	future	global	climate	in	different	ways.	For	example,	although	the	annual	average	wave	
height	may	decrease	across	the	west	coast	of	the	United	States,	annual	maximum	and	
winter	wave	heights	may	increase	(Wang	et	al.,	2014).	Ongoing	research	will	continue	to	
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advance	understanding	of	the	impacts	of	alterations	to	the	wave	climate	and	will	examine	
extreme	and	average	conditions	separately.	

Coastal Erosion 

Over	the	past	100	years	(late	1800s	through	2002),	trends	in	beach	erosion	were	
statistically	significant	in	only	three	of	Oregon’s	18	littoral	cells	(coastal	compartments	
within	which	sediment	movement	is	self-contained),	Humbug,	Heceta,	and	Netarts	
(Ruggiero	et	al.,	2013).	However,	in	the	shorter	term	(1967–2002),	10	of	Oregon’s	littoral	
cells	eroded	at	a	statistically	significant	rate	of	1–3.6	feet	per	year	(Ruggiero	et	al.,	2013).	
This	increase	in	rates	of	erosion	along	much	of	Oregon’s	coastline	may	be	related	to	the	
effects	of	sea	level	rise	and	changes	in	storm	patterns	(Ruggiero	et	al.,	2013).	In	the	Heceta	
littoral	cell,	which	is	along	the	coastline	in	Lane	County	between	Cape	Perpetua	and	Heceta	
Head,	the	long-term	average	annual	rate	of	erosion	across	the	shoreline	was	a	statistically	
significant	1.3	feet,	with	some	parts	of	the	shoreline	eroding	at	annual	rates	greater	than	
3.3	feet	(Ruggiero	et	al.,	2013).	However,	in	the	shorter	term,	the	annual	erosion	rate	in	the	
Heceta	littoral	cell	was	not	significant.	The	Coos	littoral	cell	to	the	south	between	Heceta	
Head	and	Cape	Arago,	in	which	the	shoreline	has	the	largest	dune	accumulation	in	the	
United	States,	has	been	accreting	over	the	long	term,	likely	due	to	the	effects	of	jetties	
constructed	at	the	mouths	of	the	Coos	Bay,	Umpqua	River,	and	Siuslaw	River.	The	average	
annual	rate	of	accretion	across	the	shoreline	is	a	statistically	significant	1.6	feet,	although	
26%	of	the	shoreline	is	eroding	(Ruggiero	et	al.,	2013).	The	average	annual	accretion	rate	
in	the	Coos	littoral	cell	is	smaller	and	not	significant	in	the	short	term,	and	54%	of	the	
shoreline	is	eroding	(Ruggiero	et	al.,	2013).	
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Figure	21.	Long-term	(1800s	through	2002)	and	short-term	(1960s	through	2002)	
shoreline	change	rates	(black	lines	on	plots)	in	the	Coos	and	Heceta	littoral	cells	along	the	
coastline	of	Lane	and	Douglas	County,	Oregon.	Shaded	gray	area	behind	long-	and	short-
term	rate	lines	represents	uncertainty	associated	with	rate	calculation.	(Source:	Ruggiero	
et	al.,	2013)	

Coastal Flooding 

The	projected	increase	in	relative	sea	levels	along	the	Oregon	coast	raises	the	starting	point	
(still	water	level)	for	waves,	storm	surges,	and	high	tides	that	can	impinge	on	beaches	and	
backshore	areas.	Possible	changes	to	waves,	storm	surges,	and	tides	have	the	potential	to	
make	coastal	flooding	in	Oregon	(which	is	associated	with	total	water	levels)	more	severe	
and	more	frequent	in	the	future.	A	simple	estimate	of	coastal	flood	risk	combined	
projections	of	relative	sea	level	rise	and	historic	flood	frequencies	to	estimate	the	multiple-
year	risk	of	flooding	above	a	certain	threshold	(Climate	Central,	2022).	For	example,	one	
can	project	the	likelihood	that	at	least	one	coastal	flood	will	exceed	four	feet	above	mean	
high	tide	by	a	given	year	(Table	14).	

Assuming	the	intermediate-low	to	intermediate-high	sea	level	scenarios	for	South	Beach	at	
Newport,	Oregon	(Table	13),	the	projected	likelihood	that	at	least	one	flood	will	exceed	
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four	feet	above	mean	high	tide	was	45–83%	by	2030,	93–100%	by	2050,	and	100%	by	
2100	(Climate	Central,	2022)	(Table	14).	For	historical	perspective,	the	highest	observed	
flood	in	the	area	from	1967	through	2015	was	3.91	feet	above	mean	high	tide	in	1969,	and	
the	statistical	1-in-100	year	flood	height	is	3.9	feet	(Climate	Central,	2022).	As	of	2010,	116	
people,	82	buildings,	and	$23	million	in	property	value	in	Lane	County	were	within	zero	to	
four	feet	above	mean	high	tide	and	were	not	protected	by	levees	or	other	features	(Climate	
Central,	2022).	These	flood	risk	projections	did	not	incorporate	changes	to	wave	dynamics	
or	storm	surges,	which	could	result	in	a	given	coastal	flood	level	occurring	sooner.	

	
Table	12.	Percent	likelihood	that	at	least	one	flood	will	exceed	four	feet	above	mean	high	
tide	from	2016	through	each	year.	Likelihoods	are	based	on	median	projections	of	local	sea	
level	rise	at	South	Beach	in	Newport,	Oregon	(Table	13).	(Source:	Climate	Central	Surging	
Seas	Risk	Finder,	https://riskfinder.climatecentral.org/county/lane-
county.or.us?comparisonType=county&forecastName=Basic&forecastType=NOAA2017_lo_
p50&impact=Roads&impactGroup=Infrastructure&level=4&unit=ft&zillowPlaceType=post
al-code)	

Scenario	 2030	 2040	 2050	 2060	 2070	 2080	 2090	 2100	
Low	 35	 59	 80	 94	 99	 100	 100	 100	

Intermediate-Low	 45	 74	 93	 99	 100	 100	 100	 100	
Intermediate	 60	 91	 100	 100	 100	 100	 100	 100	

Intermediate-High	 83	 100	 100	 100	 100	 100	 100	 100	
High	 96	 100	 100	 100	 100	 100	 100	 100	

Extreme	 99	 100	 100	 100	 100	 100	 100	 100	
	
	
Relative	sea	level	rise	narrows	the	gap	in	elevations	between	commonly	occurring	high	
tides	and	the	thresholds	above	which	flooding	begins.	Coastal	communities	were	developed	
with	an	understanding	of	this	gap	and	the	flooding	that	could	occur	under	extreme	
conditions.	When	considering	only	long-term	sea	level	trends	(still	water	levels),	the	gap	
between	high	tide	and	flooding	may	be	filled	on	the	order	of	decades.	When	considering	
sea-level	variability	associated	with	waves	(total	water	levels),	flooding	and	its	effects	on	
the	built	and	natural	environment	may	become	frequent	much	sooner,	on	the	order	of	
years	(Mills	et	al.,	2018;	Hamlington	et	al.,	2020).	Incremental	increases	in	relative	sea	level	
rise	can	produce	exponential	increases	in	coastal	flood	frequency	(Taherkhani	et	al.,	2020).	
For	example,	on	the	west	coast	of	the	United	States,	approximately	2.1	inches	of	sea	level	
rise	doubles	the	odds	of	exceeding	the	present-day,	50-year	water-level	event	(a	flood	level	
with	a	2%	annual	probability	of	exceedance)	(Taherkhani	et	al.,	2020).	The	odds	of	such	
extreme	flooding	double	about	every	five	years	(Taherkhani	et	al.,	2020).	
The	Oregon	Coastal	Management	Program	(OCMP)	estimated	the	exposure	to	sea	level	rise	
of	Oregon’s	estuaries,	including	the	Siuslaw	River	in	Lane	County	(Sepanik	et	al.,	2017).	The	
OCMP	sea	level	rise	scenarios	are	taken	from	the	upper	range	of	projections	for	Newport,	
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Oregon	in	Sea-Level	Rise	for	Coasts	of	California,	Oregon,	and	Washington	(National	
Research	Council,	2012).	In	this	report	for	Lane	County,	OCCRI	summarized	the	sea	level	
rise	and	flooding	scenarios	considered	by	OCMP	for	Lane	County	and	compared	them	to	the	
sea	level	rise	and	flooding	scenarios	from	the	2018	U.S.	National	Climate	Assessment	(2018	
NCA)	and	Climate	Central	(Table	15)	to	place	the	OCMP	analysis	in	the	context	of	more-
recent	sea	level	rise	scenarios	(Table	13).		
OCMP’s	scenarios	for	the	2030s	and	2050s	most	closely	align	with	the	upper	end	of	the	
likely	range	of	the	2018	NCA’s	intermediate	scenario.	OCMP’s	sea	level	rise	scenario	for	
2100	most	closely	aligns	with	the	lower	end	of	the	likely	range	of	the	2018	NCA’s	
intermediate-high	scenario	(Table	15).	The	OCMP	estimated	that	the	mean	flood	levels	
coinciding	with	a	1%	and	50%	probability	of	exceedance	in	a	given	year	were	3.9	feet	and	
2.56	feet,	respectively,	for	the	Siuslaw	River	estuary	in	Lane	County	(Sepanik	et	al.,	2017).	
These	levels	are	similar	to	Climate	Central’s	estimates	for	South	Beach	at	Newport,	
Oregon’s	mild	flood	level	(2.6	feet)	and	major	flood	level	(3.9	feet)	(Table	15).		
Climate	Central’s	projections	of	water	levels	resulting	from	combined	effects	of	sea	level	
rise	and	flooding,	and	associated	likelihoods	of	flood	risk,	can	be	compared	to	OCMP’s	
water-level	scenarios	(Table	15,	Table	16).	For	example,	the	likelihood	that	flood	levels	will	
exceed	four	feet	above	mean	high	tide	in	any	single	year	by	2050,	similar	to	OCMP’s	2050	+	
50%	scenario,	is	64%,	but	the	likelihood	that	four	feet	will	be	exceeded	at	some	point	
between	2016	and	2050	is	100%	(Table	16).	The	likelihood	that	flood	levels	will	exceed	
eight	feet	above	mean	high	tide	in	any	single	year	by	2100,	similar	to	OCMP’s	extreme	
scenario,	2100	+	1%,	is	9%,	whereas	the	likelihood	that	seven	feet	will	be	exceeded	at	some	
point	between	2016	and	2100	is	31%	(Table	16).	The	likelihood	of	exceeding	eight	feet	by	
the	year	2120	is	100%	(Climate	Central,	2022).	
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Table	13.	Sea	level	rise	(SLR)	and	flooding	scenarios	for	a	given	year	that	were	generated	
by	the	Oregon	Coastal	Management	Program	(OCMP),	Climate	Central,	and	2018	U.S.	
National	Climate	Assessment	(NCA).	(Source:	Sepanik	et	al.,	2017;	Climate	Central	Surging	
Seas	Risk	Finder	for	Lane	County,	Oregon,	https://riskfinder.climatecentral.org)	

OCMP	SLR	Scenario2	 2018	NCA	SLR	Scenario3	
2030:	0.75	feet	 2030:	0.8	feet	
2050:	1.57	feet	 2050:	1.5	feet	
2100:	4.66	feet	 2100:	4.6	feet	

OCMP	Flood	Scenario4	 Climate	Central	Flood	Scenario5	
1%	probability:	3.9	feet	 major	flood:	3.9	feet	
50%	probability:	2.56	feet	 mild	flood:	2.6	feet	

	
	
Table	14.	Scenarios	of	the	combined	effects	of	sea	level	rise	(SLR)	and	flooding	developed	
by	the	Oregon	Coastal	Management	Program	(OCMP)	and	Climate	Central.	Climate	Central	
estimated	the	likelihood	that	water	levels	will	exceed	the	given	floor	(the	integer	before	the	
decimal;	the	floor	of	a	flood	of	4.4	feet	is	4	feet)	in	any	single	year	and	at	some	point	during	
the	given	time	period.	The	OCMP	water	levels	are	for	the	Siuslaw	River	in	Lane	County.	
Water	levels	were	derived	from	the	applicable	sea	level	rise	and	flood	scenarios	in	Table	
15.	(Source:	Sepanik	et	al.,	2017;	Climate	Central	Surging	Seas	Risk	Finder	for	Lane	County,	
Oregon,	https://riskfinder.climatecentral.org)	

OCMP	
SLR	+	Flood	
Scenarios	

OCMP	
SLR	+	Flood	
Water	Level	

(feet)	

Climate	Central	
Equivalent	
SLR	+	Flood	
Water	Level	

(feet)	

Climate	
Central	
Estimated	
Single	Year	

Flood	Risk	(%)	

Climate	Central	
Estimated	

Multiple-Year	
Flood	Risk	(%)	

2030	+	50%	 3.3	 3.4	 87	 100	
2030	+	1%	 4.7	 4.7	 14	 76	
2050	+	50%	 4.1	 4.1	 64	 100	
2050	+	1%	 5.5	 5.4	 5	 33	
2100	+	50%	 7.2	 7.2	 79	 100	
2100	+	1%	 8.6	 8.5	 9	 31	

	

	
2	The	OCMP	analysis	used	the	upper	end	of	the	range	of	sea	level	rise	projections	for	Newport,	Oregon	(NRC,	
2012).	
3	The	2018	NCA	sea	level	rise	scenario	for	South	Beach	at	Newport,	Oregon,	that	most	closely	aligns	with	the	
OCMP	2030	and	2050	sea	level	rise	scenarios	is	the	83rd	percentile,	or	upper	end	of	the	likely	range,	of	the	
intermediate	scenario.	The	NCA	2018	sea	level	scenario	that	most	closely	aligns	with	the	OCMP	2100	scenario	
is	the	17th	percentile,	or	lower	end	of	the	likely	range,	of	the	intermediate-high	scenario.	
4	The	OCMP	analysis	used	NOAA’s	estimates	of	extreme	water	levels	to	calculate	the	1%	and	50%	probability	
of	exceedance	in	a	given	year.	Values	are	for	the	Siuslaw	River	estuary	in	Lane	County.	
5	Extreme	water	levels	at	the	NOAA	water	level	station	at	South	Beach	at	Newport,	Oregon.	
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Under	the	2050	+	50%	scenario,	which	is	virtually	certain	to	occur	at	least	once	by	2050,	
exposed	assets	in	the	Siuslaw	River	estuary	in	Lane	County	include	1.5	miles	of	state	
highways,	6.5	miles	of	state,	county	and	local	roads,	0.6	miles	of	railways,	and	106	buildings	
(Table	17).	Under	the	2100	+	1%	scenario,	which	has	an	31%	likelihood	of	occurring	at	
least	once	by	2100	and	is	virtually	certain	to	occur	at	least	once	by	2120,	exposed	assets	
include	5.3	miles	of	state	highways,	19.4	miles	of	state,	county	and	local	roads,	1.9	miles	of	
railways,	and	366	buildings	(Table	17).	No	airports,	critical	facilities,	municipal	drinking	
water	facilities,	wastewater	treatment	plants,	electrical	substations,	or	potential	
contaminant	sources	are	exposed	under	either	scenario.	
	
Table	17.	Assets	exposed	under	OCMP’s	2050	+	50%	and	2100	+	1%	sea	level	and	flooding	
scenarios	for	the	Siuslaw	River	estuary	in	Lane	County.	The	exposure	of	the	built	
infrastructure	within	the	footprint	of	the	Siuslaw	River	estuary	to	future	flooding,	relative	
to	all	estuaries	along	the	Oregon	coast,	is	low.	(Source:	Sepanik	et	al.,	2017)	

Assets	
2050	SLR	+	50%	
Probability	Flood		

(4.1	feet)	

2100	SLR	+	1%	
Probability	Flood		

(8.6	feet)	
State	Highways	
(miles)	 1.5	 5.3	

State,	County,	and	Local	Roads	
(miles)	 6.5	 19.4	

Railways	
(miles)	 0.6	 1.9	

Buildings	
(number)	 106	 366	
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Key	Messages	
Þ The	risk	of	coastal	erosion	and	flooding	on	the	Oregon	coast	is	expected	to	increase	

as	climate	changes	due	to	sea	level	rise	and	changing	wave	dynamics.		

Þ In	Lane	County,	local	sea	level	is	projected	to	rise	by	1.7	to	5.7	feet	by	2100.	This	
projection	is	based	on	the	intermediate-low	to	intermediate-high	global	sea	level	
scenarios	used	in	the	2018	U.S.	National	Climate	Assessment.	Because	these	local	
sea	level	projections	account	for	estimated	trends	in	vertical	land	movement,	they	
are	relative	to	the	future	land	position.	

Þ Given	these	levels	of	sea	level	rise,	the	multiple-year	likelihood	of	a	flood	reaching	
four	feet	above	mean	high	tide	is	45–83%	by	the	2030s,	93–100%	by	the	2050s,	
and	100%	by	2100.	

Þ At	risk	within	the	four-foot	inundation	zone	in	Lane	County	as	of	the	2010	census	
were	116	people,	$23	million	in	property	value,	nearly	9	miles	of	highways,	roads,	
and	railways,	and	more	than	100	buildings.	
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Changes in Ocean Temperature and Chemistry 
As	a	result	of	increasing	human-caused	emissions	of	carbon	dioxide	(CO2)	into	the	
atmosphere,	the	world’s	oceans	are	warming,	acidifying,	and	deoxygenating.	These	changes	
are	leading	to	alterations	in	marine	ecosystems	that	affect	the	economies	and	livelihoods	of	
coastal	communities	worldwide	(Pershing	et	al.,	2018).	
The	most	direct	and	well-documented	effect	of	climate	change	on	the	oceans	is	warming	
(Pershing	et	al.,	2018).	More	than	90%	of	the	extra	heat	associated	with	carbon	emissions	
has	been	captured	by	the	oceans.	The	temperature	of	global	ocean	surface	waters	increased	
on	average	by	1.3	±	0.1°F	per	century	from	1900	through	2016	(Pershing	et	al.,	2018).	
Open-ocean,	surface	waters	in	the	eastern	North	Pacific,	offshore	of	the	northwestern	
United	States,	warmed	at	a	rate	of	1.15	±	0.54°F	per	century	during	the	same	period,	and	
are	projected	to	warm	by	5.0	±	1.1°F	by	2080,	relative	to	1976–2005,	under	a	higher	
emissions	scenario	(RCP	8.5)	(Jewett	and	Romanou,	2017).		
In	addition	to	gradual	ocean	warming	as	a	result	of	climate	change,	episodic	severe	heat	
events,	known	as	marine	heat	waves,	increasingly	are	being	documented.	One	such	event	
occurred	from	2013	through	2017	in	the	waters	of	the	eastern	North	Pacific	(Harvey	et	al.,	
2020).	A	warm	water	anomaly	first	appeared	in	the	upper	ocean	during	the	winter	of	
2013–2014	(Bond	et	al.,	2015),	then	spread	across	the	eastern	North	Pacific	onto	the	
Oregon	shelf	(Peterson	et	al.,	2017).	By	mid-September	2014,	sea	surface	temperatures	off	
central	Oregon	had	risen	by	8.1°F	above	regional	averages,	and	the	anomalously	high	
temperature	persisted	within	the	region	until	early	2016	(Peterson	et	al.,	2017).	The	
temperature	continued	to	be	anomalously	high	to	depths	of	~492	feet	until	at	least	late	
2017	(Barth	et	al.,	2018;	Fisher	et	al.,	2020).	This	event	triggered	a	coast-wide	harmful	
algal	bloom	that	affected	commercial,	recreation,	and	tribal	subsistence	fisheries	off	the	
Northwest	coast	(May	et	al.,	2018).	It	is	likely	that	marine	heat	waves	will	occur	regularly	
as	atmospheric	and	oceanic	temperatures	become	more	variable	over	the	coming	decades.	
Warming	ocean	temperatures	affect	marine	ecosystems	in	a	variety	of	ways,	including	but	
not	limited	to	changing	the	metabolic	rates	of	organisms,	increasing	the	toxicity	of	harmful	
algal	blooms,	and	causing	species’	ranges	to	shift	(Somero	et	al.,	2016;	Harvey	et	al.,	2020;	
Trainer	et	al.,	2020).	
Warming	ocean	temperatures	have	profound	effects	on	other	aspects	of	ocean	physics,	
particularly	water	density	and	stratification	in	the	upper	part	of	the	water	column,	which	in	
turn	reduces	transfer	of	oxygen	among	surface	and	deeper	layers	(Pershing	et	al.,	2018).	
Additionally,	warm	water	holds	less	oxygen	than	cool	water,	so	increasing	water	
temperature	directly	decreases	the	concentration	of	dissolved	oxygen.	Trends	in	dissolved	
oxygen	are	difficult	to	detect	given	that	oxygen	concentration	varies	considerably	due	to	
periodic	circulation	patterns	and	interdecadal	oscillations	(e.g.,	seasonal	coastal	upwelling,	
seasonal	coastal	storm	mixing,	El	Niño-Southern	Oscillation,	Pacific	Decadal	Oscillation)	
(Pierce	et	al.,	2012).	Local	coastal	processes	of	decomposition	further	can	lead	to	
temporally	and	spatially	variable	low-oxygen	or	hypoxia	events	(oxygen	concentration	less	
than	1400	ppm).	On	the	shelf	and	adjacent	slope,	changes	are	already	noticeable;	oxygen	
levels	off	Newport,	Oregon,	decreased	by	40%	at	197–230	feet	below	the	surface	from	
1960–1971	to	1998–2009	(Pierce	et	al.,	2012).	These	changes	have	led	to	an	increasingly	
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recognizable	and	severe	late-summer	hypoxia	season	in	Oregon	and	throughout	the	Pacific	
Northwest	(Chan	et	al.,	2008,	2019)	that	can	cause	extensive	mortality	and	changes	in	the	
distribution	of	marine	species	(Chan	et	al.,	2019).	The	risk	of	an	increasing	number	of	
hypoxia	events	is	high	given	that	average	oxygen	levels	were	projected	to	decline	by	17%	
throughout	the	north	Pacific	Ocean	by	2100,	assuming	RCP	8.5	(Jewett	and	Romanou,	
2017;	Pershing	et	al.,	2018).	
Globally,	over	the	last	150	years,	surface	ocean	waters	absorbed	large	amounts	of	
anthropogenic	CO2	from	the	atmosphere	and	became	30%	more	acidic	than	prior	to	the	
Industrial	Revolution	(Jewett	and	Romanou,	2017;	Osborne	et	al.,	2020).	This	process	of	
ocean	acidification	is	caused	by	the	chemical	reactions	that	result	from	CO2	entering	the	
ocean,	reacting	with	seawater	to	release	hydrogen	(H+)	ions,	and	altering	the	carbonate	
chemistry	of	the	ocean.	Multiple	parameters	are	used	to	document	and	describe	ocean	
acidification,	including	dissolved	CO2,	pH,	total	alkalinity,	and	calcium	carbonate	(aragonite,	
W)	concentrations	(Doney	et	al.,	2020).	Over	the	twenty-first	century,	the	surface	ocean	
waters	are	projected	to	acidify	by	100	to	150%	(assuming	RCP	8.5),	resulting	in	a	decrease	
of	open	ocean	pH	from	8.1	(current	average)	to	as	low	as	7.8	by	2100	(Jewett	and	
Romanou,	2017).	Negative	effects	of	ocean	acidification,	including	increased	toxicity	of	
harmful	algal	blooms,	reduced	olfaction	in	fishes,	and	thinner	shells	in	shellfish,	are	already	
evident	in	marine	ecosystems	worldwide	(Doney	et	al.,	2020).	
Along	the	West	Coast,	ocean	acidification,	and	to	some	extent	hypoxia,	are	correlated	with	
seasonal	and	decadal	changes	in	coastal	upwelling	(Chan	et	al.,	2008,	2019;	Osborne	et	al.,	
2020),	which	brings	nutrient-rich,	low-oxygen,	and	acidified	deep	waters	up	onto	Oregon’s	
coastal	shelf	(Jewett	and	Romanou,	2017).	By	2100,	coastal	upwelling	along	Oregon’s	coast	
is	projected	to	intensify	in	spring	but	weaken	in	summer,	and	about	23–40%	fewer	strong	
upwelling	events	are	expected	(Jewett	and	Romanou,	2017).	Seasonal	upwelling	not	only	
drives	ocean	circulation	but	affects	species	that	rely	on	upwelling	for	nutrition,	larval	
migration,	and	other	ecological	functions.	
On	the	West	Coast,	ocean	acidification	and	hypoxia	tend	to	co-occur,	and	the	aggregated	
effects	of	ocean	acidification	and	hypoxia	can	be	greater	than	the	independent	effects	of	
either	(Chan	et	al.,	2016).	The	West	Coast	of	North	America	was	one	of	the	first	places	in	
the	world	in	which	the	ecological,	and	economic	consequences	of	ocean	acidification	and	
hypoxia	were	severe.	The	magnitude	of	regional	ocean	acidification	and	hypoxia	in	part	
reflects	natural	upwelling	of	CO2-enriched,	low-oxygen	water	along	the	continental	shelf	of	
the	West	Coast	(Chan	et	al.,	2016).	Ocean	acidification	is	occurring	globally,	and	reducing	
global	levels	of	CO2	emissions	will	be	the	most	effective	means	of	decreasing	the	effects	of	
ocean	acidification	(Chan	et	al.,	2016).	However,	reducing	local	inputs	of	nutrients	and	
organic	matter	to	the	coastal	environment	also	may	decrease	the	magnitude	of	ocean	
acidification	and	hypoxia	(Chan	et	al.,	2016).	
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Changes	in	ocean	temperature	and	chemistry	are	already	transforming	ocean	ecosystems	
and	the	economies,	coastal	communities,	cultures,	and	businesses	that	depend	on	them	
(Pershing	et	al.,	2018).	Research	is	examining	the	differences	in	responses	among	taxa	and	
the	capacity	of	different	taxa	to	adapt	to	changing	ocean	conditions	(Menge	et	al.,	2022).	
Sessile	species	(e.g.,	macroalgae,	eelgrasses,	and	some	invertebrates,	such	as	bivalves,	
barnacles,	and	sea	anemones)	and	species	with	relatively	low	mobility	(e.g.,	small	
phytoplankton	and	zooplankton,	non-migratory	fishes,	and	some	invertebrates,	such	as	
crabs,	shrimp,	and	sea	stars)	are	the	most	affected	by	local	or	regional	changes	in	ocean	
temperature	and	chemistry	(Grantham	et	al.,	2004;	Bednaršek	et	al.,	2020;	Harvey	et	al.,	
2020).	In	contrast,	mobile	species,	such	as	migratory	fishes,	seabirds,	and	marine	
mammals,	often	can	move	away	from	localized	stressors,	and	are	more	affected	by	
extensive	shifts	in	marine	food	webs	(Cheung	et	al.,	2015;	Cheung	and	Frölicher,	2020;	
Harvey	et	al.,	2020).	Regardless	of	mobility,	many	species’	reproductive	cycles	are	tied	to	
oceanographic	and	other	environmental	drivers	(e.g.,	light,	temperature,	seasonality	of	
spring	and	autumn	ocean	upwelling,	freshwater	inputs,	and	food	or	nutrients)	(Chavez	et	
al.,	2017;	Harvey	et	al.,	2020).	Ocean	change	is	likely	to	affect	foraging	during	species’	
migrations,	including	the	location	and	timing	of	feeding	and	the	types	of	prey	available	or	
selected,	potentially	reducing	growth	and	population	viability.	Changes	in	oceanographic	
patterns	may	exceed	species	tolerances	and	disrupt	reproductive	cycles	(Bakun	et	al.,	
2015;	Chavez	et	al.,	2017).	

	  
Key	Messages	
Þ The	open-ocean	surface	temperature	off	the	Northwest	coast	increased	by	1.2	±	

0.5°F	since	the	year	1900	and	is	projected	to	increase	by	about	another	5.0	±	1.1°F	
by	the	year	2080.	These	changes	in	temperature	may	affect	many	other	drivers	of	
ocean	change.	For	example,	increases	in	temperature	accelerate	the	rate	of	
reduction	of	dissolved	oxygen	and	increase	the	toxicity	of	harmful	algal	blooms.	
Ocean	acidity	is	projected	to	increase	by	roughly	100–150%,	resulting	in	a	drop	in	
open-ocean	pH	from	8.1	to	7.8	by	the	year	2100.	The	change	in	pH	is	likely	to	affect	
shell	formation	in	diverse	species	of	commercial,	recreational,	and	cultural	value.	
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Loss of Wetlands  
In	the	United	States,	wetlands	are	defined	under	the	Clean	Water	Act	as	“areas	that	are	
inundated	or	saturated	by	surface	or	ground	water	at	a	frequency	and	duration	sufficient	to	
support,	and	that	under	normal	circumstances	do	support,	a	prevalence	of	vegetation	
typically	adapted	for	life	in	saturated	soil	conditions.	Wetlands	generally	include	swamps,	
marshes,	bogs,	and	similar	areas.”	Wetlands	also	may	be	associated	with	the	edges	of	lakes	
and	with	streams	and	rivers	(Halofsky	et	al.,	2019).	

The	extent	of	historic	wetlands	in	the	Willamette	Valley	has	been	reduced	by	an	estimated	
57–95%	by	agriculture,	urbanization,	timber	harvest,	and	channelization	of	the	Willamette	
River	(Baker	et	al.,	2004;	Christy	and	Alverson,	2011;	Fickas	et	al.,	2016).	About	4.3%	of	
emergent,	lacustrine,	riparian,	and	riverine	wetland	area	within	the	two-year	floodplain	
inundation	zone	along	the	main	stem	Willamette	River	changed	(became	larger	or	smaller	
or	changed	among	the	latter	four	classes)	from	1972	through	2012	(Fickas	et	al.,	2016).	
The	majority	of	losses	resulted	from	conversion	to	agriculture	(Daggett	et	al.,	1998;	Bernert	
et	al.,	1999;	Fickas	et	al.,	2016),	and	the	greatest	proportion	of	change	reflected	conversion	
of	riparian	to	riverine	wetland	(Fickas	et	al.,	2016).	Some	of	the	gains	and	losses	in	area	
related	to	agriculture	may	have	been	prompted	by	drought—creation	of	ponds	in	the	
former	case,	and	farming	of	newly	dry	lands	in	the	latter—and	may	not	be	permanent	
(Bernert	et	al.,	1999).	
Wetlands	and	their	associated	plants	and	animals	are	likely	to	be	affected	by	increases	in	
air	temperature,	which	generally	are	correlated	with	increases	in	freshwater	temperature;	
decreases	in	snowpack	and	summer	stream	flows;	and	increases	in	evapotranspiration	
(Lee	et	al.,	2015).	Projected	effects	in	the	Northwest	include	reductions	in	water	levels	and	
hydroperiod	duration,	and	may	be	most	pronounced	in	wetlands	that	become	temporary	in	
dry	years	(Lee	et	al.,	2015).	Wetlands	along	low-gradient,	wide	valley	bottoms	that	are	
dominated	by	riparian	trees	and	understory	species	may	be	most	susceptible	to	decreases	
in	flow	and	water	volume,	in	part	because	recruitment	of	some	riparian	species	depends	on	
seasonal	flooding	(Dwire	et	al.,	2018).	Systems	that	are	fed	primarily	by	ground	water	may	
have	more	consistent	temperature,	water	chemistry,	and	water	levels	than	wetlands	that	
are	fed	primarily	by	surface	water	(Halofsky	et	al.,	2019).	However,	effects	of	climate	
change	on	ground	water	aquifers	that	are	recharged	by	snowpack	are	uncertain	(Dwire	et	
al.,	2018).	Moreover,	where	increasing	aridity	leads	to	greater	demand	for	ground	water,	
decreases	in	ground	water	availability	may	affect	wetlands.	Additionally,	changes	in	
vegetation	at	the	perimeter	of	wetlands	that	result	from	land	use	or	changes	in	climate,	
such	as	replacement	of	riparian	hardwoods	to	conifers	and	shrubs	(Dwire	et	al.,	2018),	may	
affect	water	temperatures	(Halofsky	et	al.,	2019),	chemistry,	and	nutrient	cycles.	If	
increases	in	temperature	or	decreases	in	water	availability	increase	use	of	wetlands	by	
domestic	livestock,	habitat	quality	for	native	species	likely	will	decrease.	
Among	the	major	wetland	management	efforts	in	Lane	County	is	the	West	Eugene	
Wetlands	Program	(https://www.eugene-or.gov/644/Wetlands),	which	for	the	past	30	
years	has	worked	to	conserve	and	restore	about	3000	acres	west	of	the	city’s	downtown.	
Most	of	the	wetland	area	is	remnant	wet	prairie,	some	of	which	provides	habitat	for	
Fender’s	blue	butterfly	(Icaricia	icarioides	fenderi),	a	subspecies	listed	as	endangered	under	
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the	U.S.	Endangered	Species	Act.	Vernal	pools,	emergent	wetlands,	and	dry	grasslands	and	
woodlands	also	are	present.	The	West	Eugene	Wetlands	are	managed	for	their	benefits	to	
native	species,	stormwater	treatment,	and	food	control	(City	of	Eugene	and	Lane	County,	
2004).	Seventeen	federal,	state,	and	county	agencies	or	other	entities;	watershed	councils;	
and	other	nonprofit	organizations	collaborate	on	oversight	of	the	program.	In	May	2022,	
the	U.S.	Bureau	of	Land	Management	received	$95,000	for	control	of	invasive	plants	in	
wetlands	west	of	Eugene	(Shumway,	2022).	
Climate	change	affects	Oregon’s	coastal	estuaries	and	tidal	wetlands	through	rising	sea	
levels	and	saltwater	intrusion,	increases	in	wave	height	and	the	intensity	of	coastal	storms,	
increases	in	air	and	water	temperatures,	changes	in	precipitation	patterns	and	freshwater	
runoff,	and	ocean	acidification.	These	changes	in	climate	interact	with	the	direct	and	
indirect	effects	of	changes	in	land	use,	from	construction	of	housing	and	infrastructure	to	
increases	in	the	distribution	and	abundance	of	non-native	invasive	species	(ODFW,	n.d.).		

As	the	climate	changes,	biological,	chemical,	and	physical	processes	in	coastal	wetlands	
may	change,	and	some	species	may	move	or	become	less	viable	(ODFW,	n.d.).	In	addition,	
sea	level	rise	is	likely	to	alter	the	location	and	spatial	extent	of	tidal	wetlands.	The	locations	
of	some	tidal	wetlands	may	not	change	if	the	rates	of	accretion	and	sea	level	rise	are	
similar.	If	sea	level	rise	exceeds	accretion,	wetlands	may	form	further	upslope	if	the	
landscape	and	lack	of	coastal	development	allow	this	migration	(Brophy	et	al.,	2017).		
Under	scenarios	of	sea	level	rise	of	up	to	2.5	feet,	wetland	area	in	23	estuaries	in	Oregon	is	
projected	to	increase	somewhat	as	tides	inundate	slightly	higher	land	surfaces	(Brophy	et	
al.,	2017).	However,	projected	tidal	wetland	area	begins	to	decline	sharply	as	sea	level	
continues	to	rise,	with	a	21%	reduction	in	area	at	4.7	feet	of	sea	level	rise,	45%	reduction	at	
8.2	feet,	and	60%	reduction	at	11.5	feet	(Brophy	et	al.,	2017).	The	2.5	and	4.7	feet	of	sea	
level	rise	correspond	to	the	upper	end	of	the	range	of	sea	level	rise	projected	by	2050	and	
2100,	respectively,	at	Newport,	Oregon	(National	Research	Council,	2012).	The	2.5	feet	sea	
level	rise	scenario	corresponds	to	the	level	expected	by	the	2090s,	2070s,	and	2050s	under	
the	2018	NCA’s	intermediate,	intermediate-high,	and	high	sea	level	rise	scenarios,	
respectively	(Table	13).	The	4.7	feet	sea	level	rise	scenario	is	similar	to	that	projected	by	
the	2090s	under	the	2018	NCA’s	intermediate-high	sea	level	rise	scenario	and	by	the	2070s	
to	2080s	under	the	high	sea	level	rise	scenario	(Table	13).		
The	projected	change	in	tidal	wetland	area	of	the	Siuslaw	River	estuary	in	Lane	County	was	
inconsistent	with	the	general	pattern	of	increases	in	potential	tidal	wetland	area	with	
relatively	low	levels	of	sea	level	rise,	followed	by	decreases	with	high	levels	of	sea	level	
rise.	Potential	tidal	wetland	area	in	the	Siuslaw	River	estuary	is	projected	to	decrease	early	
and	continuously	under	all	sea	level	rise	scenarios.	Assuming	4.7	feet	of	sea	level	rise,	tidal	
wetland	area	in	the	Siuslaw	River	estuary	(Figure	22)	is	projected	to	decrease	by	about	
54%	(Brophy	et	al.,	2017)	(Table	18).	
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Figure	22.	Potential	tidal	wetlands,	mudflats,	and	open	water	at	4.7	feet	sea	level	rise,	
versus	areas	currently	within	the	elevation	range	of	tidal	wetlands,	within	the	Siuslaw	
River	estuary.	(Source:	Brophy	et	al.,	2017)	

	
	
Table	18.	Present-day	baseline	and	potential	future	tidal	wetland	area	of	the	Siuslaw	River	
estuary	in	Lane	County,	and	projected	changes	in	area	under	two	sea	level	rise	(SLR)	
scenarios.	(Source:	Brophy	et	al.	2017).		

Present-Day	
Tidal	Wetland	

Area	
(acres)	

Future	Tidal	
Wetland	Area	
with	2.5	feet	of	

SLR	
(acres)	

Future	Tidal	
Wetland	Area	
with	4.7	feet	of	

SLR	
(acres)	

Change	in	Tidal	
Wetland	Area	
with	2.5	feet	of	

SLR	
(%)	

Change	in	Tidal	
Wetland	Area	
with	4.7	feet	of	

SLR	
(%)	

2996	 2435	 1365	 -19	 -54	
	
	

±0 1 2 3 40.5
Miles

Potential future tidal wetlands and mudflats/open water at 4.7 ft SLR, versus
areas currently within tidal wetland elevation range (see legend for details)

Notes: Maps are based on elevation and
projected sea level rise. They do not take into
account rates of sediment accretion.
Background: 2014 NAIP aerial photos.

Colors and symbols show whether mapped
areas are at elevations appropriate for tidal
wetlands (emergent, shrub or forested), even
if they are not currently tidal wetlands (e.g.
they might be behind a dike or tide gate). That
is, colors and symbols show whether or not
the mapped areas would likely be vegetated
tidal wetlands, if they were reconnected to the
tides (and if not in developed land uses).

 Siuslaw River Estuary

Potential future tidal wetlands at 4.7 ft SLR (landward
migration zone)

Areas currently within tidal wetland elevation range
that would remain vegetated at 4.7 ft SLR

Areas currently within tidal wetland elevation range
that would convert to mudflat or open water at 4.7 ft
SLR

Areas currently mudflat or open water, or elevation
below Mean Tide Level

Prepared 8/27/2017. Project covers 23 estuaries on Oregon's coast. See project report for details. Oregon Statewide 
Lambert, NAD1983, Intl Feet, EPSG 2992. Mapped areas derived from 2008-2009 LIDAR elevation models
(http://www.oregongeology.org/lidar) and projected sea level rise (2012 West Coast Sea Level Rise study, www.nap.edu/
catalog/13389). This product is for informational purposes only and is not intended for navigational, legal, engineering, or 
surveying purposes; it is provided with the understanding that conclusions drawn from the information are the responsibility 
of the user. A project of the MidCoast Watersheds Council, funded by the Oregon Watershed Enhancement Board and 
U.S. Fish and Wildlife Service, with support from Pacific States Marine Fisheries Commission.  ArcGIS 10.3.1, 
CurrentVs4pt7_landscape_20170827.mxd. (c) Institute for Applied Ecology, www.appliedeco.org, 541-753-3099
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Key	Messages	
Þ In	the	Willamette	Valley,	losses	of	wetlands	in	recent	decades	largely	were	caused	

by	conversion	to	agriculture.	Projected	effects	of	climate	change	on	wetlands	in	the	
Northwest	include	reductions	in	water	levels	and	hydroperiod	duration.	If	
withdrawals	of	ground	water	do	not	increase,	then	wetlands	that	are	fed	by	
ground	water	rather	than	surface	water	may	be	more	resilient	to	climate	change.	

Þ The	structure,	composition,	and	function	of	coastal	wetland	ecosystems	will	be	
affected	by	rising	sea	levels	and	saltwater	intrusion,	coastal	erosion	and	flooding,	
changes	in	temperature	and	precipitation,	and	ocean	acidification.	

Þ Wetland	area	in	the	Siuslaw	River	estuary	is	projected	to	decrease	with	increasing	
sea	levels.	Under	4.7	feet	of	sea	level	rise,	tidal	wetland	area	in	these	estuaries	is	
projected	to	decrease	by	about	54%.	



	

	 68	

Windstorms 
Climate	change	has	the	potential	to	alter	surface	winds	through	changes	in	the	global	free	
atmospheric	circulation	and	storm	systems,	and	through	changes	in	the	connection	
between	the	free	atmosphere	and	Earth’s	surface.	West	of	the	Cascade	Range,	changes	in	
surface	wind	speeds	tend	to	follow	changes	in	upper	atmosphere	winds	associated	with	
extratropical	cyclones	(Salathé	et	al.,	2015).	The	trend	in	winter	extratropical	storm	
frequency	in	the	northeast	Pacific	since	1950	was	positive,	although	not	statistically	
significant	(Vose	et	al.,	2014).	However,	uncertainty	in	projections	of	future	extratropical	
cyclone	frequency	is	high	(IPCC,	2013).	
Future	projections	indicate	a	slight	northward	shift	in	the	jet	stream	and	extratropical	
cyclone	activity	in	the	North	Pacific.	Over	the	northern	hemisphere,	the	frequency	of	the	
most	intense	extratropical	cyclones	generally	is	projected	to	decrease,	although	in	the	
northern	North	Pacific	the	frequency	is	projected	to	increase	(IPCC,	2021)	Therefore,	there	
is	no	consensus	on	whether	extratropical	storms	(Vose	et	al.,	2014;	Seiler	and	Zwiers,	
2016;	Chang,	2018)	and	associated	extreme	winds	(Kumar	et	al.,	2015)	will	intensify	or	
become	more	frequent	in	the	Northwest	under	a	warmer	climate.	

	

	  

Key	Messages	
Þ Limited	research	suggests	little	if	any	change	in	the	frequency	and	intensity	of	

windstorms	in	the	Northwest	as	a	result	of	climate	change.		
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Expansion of Non-native Invasive Plants 
Changes	in	climate	and	atmospheric	concentrations	of	carbon	dioxide	can	affect	the	
distribution	and	population	dynamics	of	native	and	non-native	species	of	animals	and	
plants	that	are	considered	to	be	invasive	or	pests	in	natural	and	agricultural	systems.	
Species-environment	relations	are	not	static	(MacDonald,	2010;	Walsworth	et	al.,	2019).	
Therefore,	even	when	the	current	ecology	of	a	species	is	well	understood,	it	often	is	difficult	
to	predict	with	confidence	how	the	species	will	respond	to	projected	changes	in	climate,	
especially	when	climate	change	interacts	with	land-use	change	or	other	environmental	
changes.	Species	adapt	not	to	changes	in	climate	but	to	all	types	of	environmental	change,	
including	management	actions	(Thomas	et	al.,	1979;	Skelly	et	al.,	2007;	Winter	et	al.,	2016).	
These	responses	may	be	rapid,	on	the	order	of	years	or	decades,	especially	when	organisms	
have	short	generation	times	(Boughton,	1999;	MacDonald	et	al.,	2008;	Willis	and	
MacDonald,	2011;	Singer,	2017).	Adaptive	capacity	also	is	affected	by	whether	individuals	
can	move	freely	or	whether	habitat	fragmentation	and	other	barriers	impede	movement	
(Thorne	et	al.,	2008;	Willis	and	MacDonald,	2011;	Fleishman	and	Murphy,	2012).	
Monocultures,	dense	populations,	and	even-aged	populations	of	animals	or	plants	generally	
are	more	susceptible	to	pests	and	pathogens	than	individuals	in	areas	with	higher	species	
richness	or	populations	with	greater	demographic	diversity.	

Lane	County	Public	Works	recognizes	43	species	of	plants	as	noxious	or	invasive	weeds	
that	it	aims	to	reduce,	control,	or	eradicate	(Table	19).	Although	little	is	known	about	how	
many	of	these	species	may	to	respond	to	climate	change,	some	evidence	suggests	how	
others	may	be	affected.	In	general,	non-native	invasive	plants	in	Lane	County	are	likely	to	
become	more	prevalent	in	response	to	projected	changes	in	climate.	However,	many	of	
these	responses	are	uncertain,	are	likely	to	vary	locally,	and	may	change	over	time.	
Moreover,	the	density	and	distribution	of	weedy	plants	tends	to	increase	in	response	to	
ground	disturbance,	whether	from	wildfire,	livestock	grazing,	recreational	activities,	or	
removal	of	overstory	trees	and	shrubs.	
	
Table	19.	Lane	County	Public	Work’s	noxious	and	invasive	weed	management	list.	

Species	 Growth	form	
Armenian	blackberry	(Rubus	armeniacus)	 Perennial	vine	
Black	locust	(Robinia	pseudoacacia)	 Tree	
Bull	thistle	(Cirsium	vulgare)	 Biennial	forb	
Butterfly	bush	(Buddleja	davidii)	 Perennial	shrub	
Canada	thistle	(Cirsium	arvense)	 Perennial	forb	
Dalmatian	toadflax	(Linaria	dalmatica)	 Perennial	forb	
Diffuse	knapweed	(Centaurea	diffusa)	 Biennial	forb	
English	ivy	(Hedera	helix)	 Perennial	vine	
English	hawthorn	(Crataegus	monogyna)	 Shrub	or	small	tree	
English	holly	(Ilex	aquifolium)	 Shrub	
Evergreen	blackberry	(Rubus	laciniatus)	 Shrub	
False	brome	(Brachypodium	sylvaticum)	 Perennial	grass	
French	broom	(Cytisus	monspessulanas)	 Shrub	
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Garlic	mustard	(Alliaria	petiolata)	 Perennial	forb	
Giant	hogweed	(Heracleum	mantegazzianum)	 Biennial	or	perennial	forb	
Giant	knotweed	(Fallopia	sachalinensis)	 Shrub	
Gorse	(Ulex	europaeus)	 Shrub	
Himalayan	knotweed	(Polygnonum	
polystachyum)	

Annual	forb	

Houndstongue	(Cynoglossum	officinale)	 Biennial	or	short-lived	perennial	forb	
Hybrid	knotweed	(Polygonum	cuspidatum	var.	
sachalinense)	

Shrub	

Iberian	starthistle	(Centaurea	iberica)	 Annual	forb	
Italian	thistle	(Carduus	pycnocephalus)	 Annual	or	biennial	forb	
Japanese	knotweed	(Fallopia	japonica)		 Shrub	
Kudzu	(Pueraria	lobata)	 Perennial	aquatic	vine	
Meadow	knapweed	(Centaurea	pratensis)	 Perennial	forb	
Orange	hawkweed	(Aegilops	ovata)	 Perennial	forb	
Policeman’s	helmet	(Impatiens	glandulifera)	 Annual	forb	
Portuguese	broom	(Cytisus	striatus)	 Shrub	
Puncturevine	(Tribulus	terrestris)	 Annual	forb	
Purple	loosestrife	(Lythrum	salicaria)	 Perennial	forb	
Purple	starthistle	(Centaurea	calcitrapa)	 Annual,	biennial,	or	perennial	forb	
Reed	canary	grass	(Phalaris	arundinacea)	 Perennial	grass	
Russian	knapweed	(Acroptilon	repens)	 Perennial	forb	
Scotch	broom	(Cytisus	scoparius)	 Shrub	
Scotch	thistle	(Onopordum	acanthium)	 Annual	or	biennial	forb	
Spanish	broom	(Spartium	junceum)	 Shrub	
Spotted	knapweed	(Centaurea	stoebe)	 Short-lived	perennial	forb	
Squarrose	knapweed	(Centaurea	virgata)	 Perennial	forb	
Tree	of	heaven	(Ailantus	altissima)	 Tree	
Sulfur	cinquefoil	(Potentilla	recta)	 Perennial	forb	
Yellow	flag	iris	(Iris	pseudocorus)	 Perennial	aquatic	
Yellow	starthistle	(Centaurea	solstitalis)	 Annual	forb	
Yellow	toadflax	(Linaria	vulgaris)	 Perennial	forb	
	
Increasing	concentrations	of	carbon	dioxide	not	only	lead	to	increases	in	global	
temperature,	but	affect	many	plants’	primary	productivity,	water-use	efficiency,	and	
nutrient	content.	Increases	in	photosynthesis	in	response	to	increases	in	carbon	dioxide	
are	more	common	in	plants	with	C3	metabolism	than	in	plants	with	C4	metabolism.	C4	
metabolism	has	evolved	multiple	times,	usually	as	an	adaptation	to	hot,	dry	climate.	Plants	
with	C4	metabolism	lose	considerably	less	water	per	unit	of	carbon	dioxide	absorbed,	and	
tend	to	photosynthesize	more	efficiently,	than	plants	with	C3	metabolism.	By	contrast,	
tolerance	of	the	herbicide	glyphosate,	the	active	ingredient	in	Roundup,	tends	to	increase	
more	in	C4	than	in	C3	plants	as	carbon	dioxide	increases	(Chen	et	al.,	2020).		
English	ivy	can	benefit	from	increases	in	carbon	dioxide	concentrations,	especially	when	
temperatures	are	relatively	warm	(Manzanedo	et	al.,	2018),	as	can	black	locust	(Nadal-Sala	
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et	al.,	2019).	Similarly,	in	a	greenhouse	experiment,	the	water-use	efficiency	and	
aboveground	and	belowground	biomass	of	reed	canary	grass	increased	as	carbon	dioxide	
concentrations	increased	(Ge	et	al.,	2012),	and	biomass	of	yellow	starthistle	increased	
markedly	in	response	to	experimentally	increased	concentrations	of	carbon	dioxide	(Dukes	
et	al.,	2011).	Experiments	suggested	that	the	photosynthetic	rate	and	biomass	of	Canada	
thistle,	and	the	number	and	length	of	the	species’	spines,	are	likely	to	increase	as	ambient	
concentrations	of	carbon	dioxide	increase	throughout	the	twenty-first	century,	and	may	
have	increased	during	the	previous	century	(Ziska,	2002).	However,	whether	the	root	
biomass	of	Canada	thistle	responds	positively	to	increases	in	carbon	dioxide	
concentrations,	especially	independent	of	increases	in	temperature,	is	unclear	(Ziska	et	al.,	
2004;	Tørresen	et	al.,	2020).	Furthermore,	both	bull	thistle	and	Canada	thistle	can	establish	
readily	in	soils	that	have	been	disturbed	by	high-severity	wildfires,	which	may	become	
more	common	as	climate	changes,	or	by	logging	(Reilly	et	al.,	2020).	Warming	increased	
seed	mass	of	diffuse	knapweed	independent	of	increases	in	carbon	dioxide	(Li	et	al.,	2018).	
Changes	in	climate,	ongoing	human	additions	of	nitrogen	to	the	environment,	and	their	
interactions	also	affect	the	growth	and	competitive	relations	among	plant	and	animal	
species	(Greaver	et	al.,	2016).	The	competitive	advantage	of	non-native	forbs	and	grasses	
over	native	species	of	plants	may	be	strongest	in	relatively	warm	and	dry	areas,	which	
often	coincide	with	lower	elevations	(Dodson	and	Root,	2015).	Additionally,	non-native	
invasive	plants	generally	gain	a	competitive	advantage	from	nitrogen	deposition.	For	
example,	the	size	of	yellow	starthistle	plants	increased	substantially	in	response	to	
experimentally	increased	nitrogen	deposition,	whereas	co-occurring	native	plants	
responded	less	strongly	(Dukes	et	al.,	2011).	Japanese	knotweed,	too,	may	gain	a	
competitive	advantage	over	native	species	when	nitrogen	availability	is	variable	or	
episodic	(Parepa	et	al.,	2013).	Nevertheless,	how	field	experiments	with	supplemental	
nitrogen	relate	to	changes	in	nitrogen	deposition	or	availability	as	a	result	of	climate	
change	is	uncertain.	Japanese	knotweed	also	is	fairly	tolerant	of	high	temperatures,	
drought,	saturated	soils,	and	fire	(Clements	and	DiTommaso,	2012).	
Responses	of	non-native	invasive	plants	to	increases	in	temperature	are	diverse,	even	
within	the	same	species.	For	example,	although	it	appears	that	photosynthesis	in	Japanese	
knotweed	is	constrained	by	temperatures	below	freezing	(Baxendale	and	Tessier,	2015),	
the	range	of	the	species	is	expanding	northward,	perhaps	reflecting	evolution	of	frost	
tolerance	(Clements	and	DiTommaso,	2012).	Therefore,	Japanese	knotweed	may	become	
more	widespread	or	abundant	as	minimum	temperatures	increase.	Butterfly	bush,	Scotch	
broom,	and	English	ivy	usually	are	not	highly	tolerant	of	frost	in	autumn,	although	
populations	can	become	more	frost-tolerant	over	time	(Ebeling	et	al.,	2008;	Strelau	et	al.,	
2018;	Winde	et	al.,	2020).	In	England,	giant	hogweed	germinated	earlier	as	the	number	of	
heat	degree	days	>41˚F	increased,	and	the	species’	overwinter	survival	decreased	as	frost	
incidence	increased,	but	overwinter	survival	of	seeds	was	not	related	to	winter	
temperature	or	the	number	of	days	with	frost	from	November	through	March	(Willis	and	
Hulme,	2002).	
A	6.3°F	increase	in	temperature	was	associated	with	an	increase	in	aboveground	biomass	
of	reed	canary	grass	early	in	the	growing	season,	but	with	earlier	senescence	and	lower	
biomass	later	in	the	growing	season,	especially	when	water	availability	was	limited	(Ge	et	
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al.,	2012).	Increases	in	mean	monthly	temperature	and	maximum	daily	temperature,	and	
reduction	in	the	number	of	spring	days	with	minimum	temperatures	below	32˚F,	may	lead	
to	earlier	seedling	emergence	and	increase	reproduction	and	recruitment	of	garlic	mustard	
(Blossey	et	al.,	2017;	Anderson	et	al.,	2021).	Garlic	mustard	also	may	flower	earlier	as	
temperature	increases	(Fox	and	Jönsson,	2019).	Yet	germination	of	garlic	mustard	seeds	
currently	requires	winter	chilling,	and	increases	in	winter	temperature	may	limit	the	
species’	expansion	until	it	evolves	tolerance	of	higher	winter	temperatures	(Footitt	et	al.,	
2018).	By	contrast,	reproduction	of	false	brome	along	a	latitudinal	gradient	in	Europe	was	
independent	of	temperature	(growing	degree	hours	above	41°F	after	1	January)	(De	
Frenne	et	al.,	2009).	In	at	least	some	experimental	contexts,	growth	of	kudzu	appears	to	be	
more	sensitive	to	photoperiod	than	to	temperature	(Way	et	al.,	2017).	Increases	in	
temperature	also	can	present	opportunities	for	controlling	non-native	invasive	plants.	For	
instance,	there	is	some	evidence	that	heat	stress	impairs	photosynthesis	and	therefore	
growth	of	English	ivy	(Strelau	et	al.,	2018).	The	life	span	of	flowers	of	policeman’s	helmet	
(which	is	associated	with	duration	of	pollination)	and	the	amount	and	sugar	concentration	
of	nectar	produced	responded	negatively	to	temperatures	above	80.6˚F	(Descamps	et	al.,	
2021).	
The	flowering	phenology	of	purple	loosestrife,	which	readily	colonizes	wetlands,	is	adapted	
to	the	duration	of	the	growing	season.	At	northern	latitudes,	including	Oregon,	purple	
loosestrife	flowers	early,	at	a	small	size;	at	southern	latitudes,	it	flowers	later,	at	a	larger	
size	(Colautti	and	Barrett,	2013).	Early	flowering	limits	reproductive	growth	of	purple	
loosestrife,	and	northern	plants	generally	produce	fewer	seeds	and	have	less	population-
level	genetic	variation	than	southern	plants	(Colautti	et	al.,	2010).	Climate	change	is	
expected	to	prolong	the	growing	season,	and	therefore	to	increase	the	long-term	viability	of	
purple	loosestrife,	although	local	adaptation	may	be	relatively	slow	due	to	genetic	
constraints	of	flowering	time	(Colautti	et	al.,	2010,	2017).	

Changes	in	the	amount	and	timing	of	precipitation	may	contribute	to	expansion	or	
contraction	of	different	non-native	invasive	plants.	Some	species	that	occur	in	Lane	County	
tend	to	have	high	drought	tolerance.	For	example,	following	experimental	drought	
treatment	in	a	seasonally	flooded	area,	percent	cover	of	bull	thistle	increased	five	to	13	
times	(Hogenbirk	and	Wein,	1991).	Black	locust	also	may	be	able	to	adapt	to	chronic	
drought	(Mantovani	et	al.,	2014),	although	this	capacity	appears	to	have	high	spatial	
variability	(Klisz	et	al.,	2021).	In	forests	in	western	Oregon,	cover	of	English	ivy	was	
associated	negatively	with	summer	precipitation,	and	occurrence	of	bull	thistle	and	Canada	
thistle	was	associated	negatively	with	annual	precipitation	(Gray,	2005).	
By	contrast,	drought	reduced	the	number	of	leaves,	growth,	and	reproductive	output	of	
policeman’s	helmet	(Descamps	et	al.,	2021),	and	drought	in	conjunction	with	shade	may	
constrain	the	distribution	of	English	holly	(Aranda	et	al.,	2008).	Yellow	starthistle	is	
somewhat	sensitive	to	drought,	and	can	be	outcompeted	by	natives	that	are	more	tolerant	
of	dry	conditions	(Dlugosch	et	al.,	2015;	Young	et	al.,	2017).	Spotted	knapweed	also	may	be	
outcompeted	by	some	native	grasses	(e.g.,	bluebunch	wheatgrass	[Pseudoroegneria	
spicata])	during	drought,	but	may	have	a	competitive	advantage	when	precipitation	is	
closer	to	average	(Pearson	et	al.,	2017).	Monocultures	of	spotted	knapweed	appear	to	be	
less	affected	by	drought	(Pearson	et	al.,	2017).	Evidence	of	drought	tolerance	in	Scotch	
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broom	is	equivocal,	especially	in	the	field	rather	than	in	greenhouse	experiments	(Potter	et	
al.,	2009;	Hogg	and	Moran,	2020).	The	growth	and	survival	of	Scotch	broom	in	relatively	
open	woodlands	and	forests	may	increase	as	snow	depths	decrease,	especially	during	the	
winter	after	germination	(Stevens	and	Latimer,	2015).	
Normal	to	high	precipitation	can	decrease	the	viability	of	certain	non-native	invasive	
plants,	at	least	in	some	contexts.	For	example,	gorse	can	spread	after	wildfire	and	generally	
is	highly	flammable.	However,	extreme	precipitation	following	wildfire	directly	or	
indirectly	may	reduce	seedling	survival	via	movement	of	soil	and	litter,	which	can	either	
expose	or	bury	the	small	plants	(Luís	et	al.,	2005).	By	contrast,	increases	in	annual	
precipitation	may	facilitate	expansion	of	French	broom	(García	et	al.,	2014)	and	diffuse	
knapweed	(Blumenthal	et	al.,	2008).	Whether	drought	limits	vegetative	growth	of	purple	
loosestrife	is	unclear.	Increased	spring	temperatures	and	decreased	precipitation	
associated	with	the	El	Niño–Southern	Oscillation	in	some	parts	of	the	species’	range	were	
associated	with	early	flowering	and	aboveground	biomass	accumulation,	but	not	with	total	
aboveground	biomass,	inflorescence	lengths	(an	indicator	of	reproductive	output),	timing	
of	senescence	(Dech	and	Nosko,	2004).		

	

	
	  

Key	Messages	
Þ In	general,	non-native	invasive	plants	in	Lane	County	are	likely	to	become	more	

prevalent	in	response	to	projected	increases	in	temperature	and	the	frequency,	
duration,	and	severity	of	drought.	However,	many	of	these	responses	are	
uncertain,	are	likely	to	vary	locally,	and	may	change	over	time.	
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Appendix 

Future Climate Projections Background 

Read	more	about	global	climate	models,	emissions	scenarios,	and	uncertainty	in	the	
Climate	Science	Special	Report—Volume	1	of	the	Fourth	National	Climate	Assessment	
(https://science2017.globalchange.gov).	
	
Global	climate	models	(GCMs)	and	downscaling:	
https://science2017.globalchange.gov/chapter/4#section-3	
	
Emissions	scenarios:	https://science2017.globalchange.gov/chapter/4#section-2	
	
Uncertainty:	https://science2017.globalchange.gov/chapter/4#section-4	
	
Coupled	Model	Intercomparison	Project	phase	6	(CMIP6)	climate	models	and	emissions	
scenarios:	see	section	B.	Possible	Climate	Futures,	
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf.		

Climate and Hydrological Data 

Statistically	downscaled	GCM	outputs	from	the	fifth	phase	of	the	Coupled	Model	
Intercomparison	Project	(CMIP5)	were	the	basis	for	projections	of	future	temperature,	
precipitation,	and	hydrology	in	this	report.	The	coarse	resolution	of	the	GCMs	outputs	
(100–300	km)	was	downscaled	to	a	resolution	of	about	6	km	with	the	Multivariate	
Adaptive	Constructed	Analogs	(MACA)	statistical	downscaling	method,	which	is	skillful	in	
complex	terrain	(Abatzoglou	and	Brown,	2012).	The	MACA	approach	uses	gridded	
observational	data	to	train	the	downscaling.	It	applies	bias	corrections	and	matches	the	
spatial	patterns	of	observed	coarse-resolution	to	fine-resolution	statistical	relations.	For	a	
detailed	description	of	the	MACA	method	see	
https://climate.northwestknowledge.net/MACA/MACAmethod.php.	
	
MACA	data	are	the	inputs	to	integrated	models	of	climate,	hydrology,	and	vegetation	run	by	
the	Integrated	Scenarios	of	the	Future	Northwest	Environment	project	
(https://climate.northwestknowledge.net/IntegratedScenarios/).	Snow	dynamics	were	
simulated	by	the	Integrated	Scenarios	project,	which	applied	the	Variable	Infiltration	
Capacity	(VIC)	hydrological	model	(VIC	version	4.1.2.l;	Liang	et	al.,	1994	and	updates)	to	a	
1/16	x	1/16	degree	(6	km)	grid.		

Simulations	of	daily	maximum	temperature,	minimum	temperature,	and	precipitation	from	
1950	through	2099	for	20	GCMs	(Table	20)	and	two	emissions	scenarios	(Representative	
Concentration	Pathway	[RCP]	4.5	and	RCP	8.5)	are	available.	Hydrological	simulations	of	
snow	water	equivalent	(SWE)	are	available	for	the	10	GCMs	used	as	input	to	VIC.	All	
available	modeled	outputs	were	obtained	from	the	Integrated	Scenarios	data	archives	and	
included	in	this	report	to	represent	the	mean	and	range	of	projections	among	the	largest	
possible	ensemble	of	GCMs.		
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Table	20.	The	20	global	climate	models	(GCMs)	from	the	firth	phase	of	the	Coupled	Model	
Intercomparison	Project	(CMIP5)	represented	in	this	report.	Asterisks	indicate	the	ten	
GCMs	used	as	inputs	to	the	Variable	Infiltration	Capacity	hydrological	model.	

Model	Name	 Modeling	Center	

BCC-CSM1-1	
Beijing	Climate	Center,	China	Meteorological	Administration	

BCC-CSM1-1-M*	

BNU-ESM	 College	of	Global	Change	and	Earth	System	Science,	Beijing	Normal	
University,	China	

CanESM2*	 Canadian	Centre	for	Climate	Modeling	and	Analysis	

CCSM4*	 National	Center	for	Atmospheric	Research,	USA	

CNRM-CM5*	 National	Centre	of	Meteorological	Research,	France	

CSIRO-Mk3-6-0*	
Commonwealth	Scientific	and	Industrial	Research	
Organization/Queensland	Climate	Change	Centre	of	Excellence,	
Australia	

GFDL-ESM2G	
NOAA	Geophysical	Fluid	Dynamics	Laboratory,	USA	

GFDL-ESM2M	

HadGEM2-CC*	
Met	Office	Hadley	Center,	UK	

HadGEM2-ES*	

INMCM4	 Institute	for	Numerical	Mathematics,	Russia	

IPSL-CM5A-LR	

Institut	Pierre	Simon	Laplace,	France	IPSL-CM5A-MR*	

IPSL-CM5B-LR	

MIROC5*	 Japan	Agency	for	Marine-Earth	Science	and	Technology,	
Atmosphere	and	Ocean	Research	Institute	(The	University	of	
Tokyo),	and	National	Institute	for	Environmental	Studies,	Japan	

MIROC-ESM	

MIROC-ESM-CHEM	

MRI-CGCM3	 Meteorological	Research	Institute,	Japan	

NorESM1-M*	 Norwegian	Climate	Center,	Norway	

 
All	simulated	climate	data	and	the	streamflow	data,	with	the	exception	of	snow	water	
equivalent,	were	bias-corrected	with	quantile	mapping	by	the	Integrated	Scenarios	project.	
Quantile	mapping	adjusts	simulated	values	by	comparing	the	cumulative	probability	
distributions	of	simulated	and	observed	values.	In	practice,	the	simulated	and	observed	
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values	of	a	variable	(e.g.,	daily	streamflow)	over	the	historical	time	period	are	sorted	and	
ranked,	and	each	value	is	assigned	a	probability	of	exceedance.	The	bias-corrected	value	of	
a	given	simulated	value	is	assigned	the	observed	value	that	has	the	same	probability	of	
exceedance	as	the	simulated	value.	The	historical	bias	in	the	simulations	is	assumed	to	be	
constant.	Therefore,	the	relations	between	simulated	and	observed	values	in	the	historical	
period	were	applied	to	the	future	scenarios.	Climate	data	in	the	MACA	data	reflect	quantile	
mapping	relations	for	each	non-overlapping	15-day	window	in	the	calendar	year.	
Streamflow	data	reflect	quantile	mapping	relations	for	each	calendar	month.		

The	Integrated	Scenarios	project	simulated	hydrology	with	VIC	(Liang	et	al.,	1994)	run	on	a	
1/16	x	1/16	degree	(6	km)	grid.	To	generate	daily	streamflow	estimates,	daily	runoff	from	
VIC	grid	cells	was	routed	to	selected	locations	along	the	stream	network.	Where	records	of	
naturalized	flow	were	available,	the	daily	streamflow	estimates	were	bias-corrected	so	
their	statistical	distributions	matched	those	of	the	naturalized	streamflows.	 

Vapor	pressure	deficit	and	100-hour	fuel	moisture	were	computed	by	the	Integrated	
Scenarios	project	with	the	same	MACA	climate	variables	according	to	the	equations	in	the	
National	Fire	Danger	Rating	System	(NWCG,	2019).	

Smoke Wave Data 

Data	from	Liu	et	al.	(2016)	are	available	at	https://khanotations.github.io/smoke-map/.	
Variables	used	in	this	report	included	“Total	#	of	SW	days	in	6	yrs”	and	“Average	SW	
Intensity”.	The	former	is	the	number	of	days	within	each	time	period	on	which	the	
concentration	of	fine	particulate	matter	(PM2.5),	averaged	within	each	county,	exceeded	the	
98th	quantile	of	the	distribution	of	daily,	wildfire-specific	PM2.5	values	from	2004	through	
2009	(smoke	wave	days).	The	latter	is	the	average	concentration	of	PM2.5	across	smoke	
wave	days	within	each	time	period.	Liu	et	al.	(2016)	used	15	GCMs	from	the	third	phase	of	
the	Coupled	Model	Intercomparison	Project	under	a	medium	emissions	scenario	(SRES-
A1B)	as	inputs	to	a	fire	prediction	model	and	the	GEOS-Chem	three-dimensional	global	
chemical	transport	model.	The	available	data	include	only	the	multiple-model	mean	value	
(not	the	range),	which	should	be	interpreted	as	the	direction	of	projected	change	rather	
than	the	actual	expected	value.	

Sea Level Rise and Coastal Flooding Data 

In	this	report,	we	used	the	sea	level	rise	projections	for	the	United	States	(Sweet	et	al.,	
2017b)	that	were	developed	for	the	2018	U.S.	National	Climate	Assessment	(Sweet	et	al.,	
2017a).	We	accessed	the	projections	from	the	Climate	Central	Surging	Seas	Risk	Finder	
(riskfinder.climatecentral.org).	The	magnitude	of	global	mean	sea	level	rise	by	2100	
(GMSL)	defines	each	scenario.	The	Risk	Finder	provides	the	corresponding	local	
projections	from	NOAA,	which	vary	due	to	local	factors	such	as	rising	or	sinking	land.	Low,	
middle,	and	high	sub-scenarios	yield	a	range	of	possible	local	sea	level	rise	outcomes	(17th,	
50th	and	83rd	percentiles)	given	each	main	scenario.	The	low	scenario	assumes	that	sea	
level	rise	rates	during	the	last	30	years	remains	stable,	whereas	the	extreme	scenario	
assumes	accelerated	loss	of	the	Antarctic	ice	sheet.	Flood	likelihoods	and	assets	at	risk	
were	based	on	these	sea	level	change	scenarios	and	accessed	directly	from	the	Climate	



	

	 77	

Central	Surging	Seas	Risk	Finder’s	data	visualization	tools	(riskfinder.climatecentral.org).	
	 	



	

	 78	

References 
		
Abatzoglou	JT,	Battisti	DS,	Williams	AP,	Hansen	WD,	Harvey	BJ,	Kolden	CA.	2021a.	
Projected	increases	in	western	US	forest	fire	despite	growing	fuel	constraints.	
Communications	Earth	&	Environment,	2(1):	1–8.	https://doi.org/10.1038/s43247-021-
00299-0.	

Abatzoglou	JT,	Brown	TJ.	2012.	A	comparison	of	statistical	downscaling	methods	suited	for	
wildfire	applications.	International	Journal	of	Climatology,	32:	772–780.	
https://doi.org/10.1002/joc.2312.	

Abatzoglou	JT,	Rupp	DE,	O’Neill	LW,	Sadegh	M.	2021b.	Compound	extremes	drive	the	
western	Oregon	wildfires	of	September	2020.	Geophysical	Research	Letters,	48(8):	
e2021GL092520.	https://doi.org/10.1029/2021GL092520.	

Abatzoglou	JT,	Williams	AP.	2016.	Impact	of	anthropogenic	climate	change	on	wildfire	
across	western	US	forests.	Proceedings	of	the	National	Academy	of	Sciences,	113:	11770–
11775.	https://doi.org/10.1073/pnas.1607171113.	

Anderegg	WRL,	Abatzoglou	JT,	Anderegg	LDL,	Bielory	L,	Kinney	PL,	Ziska	L.	2021.	
Anthropogenic	climate	change	is	worsening	North	American	pollen	seasons.	Proceedings	of	
the	National	Academy	of	Sciences,	118(7):	e2013284118.	
https://doi.org/10.1073/pnas.2013284118.	

Anderson	RC,	Anderson	MR,	Bauer	JT,	Loebach	C,	Mullarkey	A,	Engelhardt	M.	2021.	
Response	of	the	invasive	Alliaria	petiolata	to	extreme	temperatures	and	drought.	
Ecosphere,	12(5):	e03510.	https://doi.org/10.1002/ecs2.3510.	

Aranda	I,	Robson	TM,	Rodríguez-Calcerrada	J,	Valladares	F.	2008.	Limited	capacity	to	cope	
with	excessive	light	in	the	open	and	with	seasonal	drought	in	the	shade	in	Mediterranean	
Ilex	aquifolium	populations.	Trees,	22:	375–384.	https://doi.org/10.1007/s00468-007-
0192-5.	

Bai	P,	Liu	X,	Zhang	Y,	Liu	C.	2018.	Incorporating	vegetation	dynamics	noticeably	improved	
performance	of	hydrological	model	under	vegetation	greening.	Science	of	The	Total	
Environment,	643:	610–622.	https://doi.org/10.1016/j.scitotenv.2018.06.233.	

Baker	JP,	Hulse	DW,	Gregory	SV,	White	D,	Van	Sickle	J,	Berger	PA,	Dole	D,	Schumaker	NH.	
2004.	Alternative	futures	for	the	Willamette	River	Basin,	Oregon.	Ecological	Applications,	
14:	313–324.	https://doi.org/10.1890/02-5011.	

Bakun	A,	Black	BA,	Bograd	SJ,	García-Reyes	M,	Miller	AJ,	Rykaczewski	RR,	Sydeman	WJ.	
2015.	Anticipated	effects	of	climate	change	on	coastal	upwelling	ecosystems.	Current	
Climate	Change	Reports,	1:	85–93.	https://doi.org/10.1007/s40641-015-0008-4.	



	

	 79	

Balch	JK,	Abatzoglou	JT,	Joseph	MB,	Koontz	MJ,	Mahood	AL,	McGlinchy	J,	Cattau	ME,	
Williams	AP.	2022.	Warming	weakens	the	night-time	barrier	to	global	fire.	Nature,	602:	
442–448.	https://doi.org/10.1038/s41586-021-04325-1.	

Balch	JK,	Bradley	BA,	Abatzoglou	JT,	Nagy	RC,	Fusco	EJ,	Mahood	AL.	2017.	Human-started	
wildfires	expand	the	fire	niche	across	the	United	States.	Proceedings	of	the	National	
Academy	of	Sciences,	114:	2946–2951.	https://doi.org/10.1073/pnas.1617394114.	

Barth	JA,	Fram	JP,	Dever	EP,	Risien	CM,	Wingard	CE,	Collier	RW,	Kearney	TD.	2018.	Warm	
blobs,	low-oxygen	events,	and	an	eclipse:	the	ocean	observatories	initiative	endurance	
array	captures	them	all.	Oceanography,	31:	90–97.	

Baxendale	VJ,	Tessier	JT.	2015.	Duration	of	freezing	necessary	to	damage	the	leaves	of	
Fallopia	japonica	(Houtt.)	Ronse	Decraene.	Plant	Species	Biology,	30:	279–284.	
https://doi.org/10.1111/1442-1984.12068.	

Bednaršek	N,	Feely	RA,	Beck	MW,	Alin	SR,	Siedlecki	SA,	Calosi	P,	Norton	EL,	Saenger	C,	
Štrus	J,	Greeley	D,	Nezlin	NP,	Roethler	M,	Spicer	JI.	2020.	Exoskeleton	dissolution	with	
mechanoreceptor	damage	in	larval	Dungeness	crab	related	to	severity	of	present-day	ocean	
acidification	vertical	gradients.	Science	of	The	Total	Environment,	716:	136610.	
https://doi.org/10.1016/j.scitotenv.2020.136610.	

Berghuijs	WR,	Woods	RA,	Hutton	CJ,	Sivapalan	M.	2016.	Dominant	flood	generating	
mechanisms	across	the	United	States.	Geophysical	Research	Letters,	43:	4382–4390.	
https://doi.org/10.1002/2016GL068070.	

Bernert	JA,	Eilers	JM,	Eilers	BJ,	Blok	E,	Daggett	SG,	Bierly	KF.	1999.	Recent	wetlands	trends	
(1981/82–1994)	in	the	Willamette	Valley,	Oregon,	USA.	Wetlands,	19:	545–559.	
https://doi.org/10.1007/BF03161692.	

Blossey	B,	Nuzzo	V,	Dávalos	A.	2017.	Climate	and	rapid	local	adaptation	as	drivers	of	
germination	and	seed	bank	dynamics	of	Alliaria	petiolata	(garlic	mustard)	in	North	
America.	Journal	of	Ecology,	105:	1485–1495.	https://doi.org/10.1111/1365-2745.12854.	

Blumenthal	D,	Chimner	RA,	Welker	JM,	Morgan	JA.	2008.	Increased	snow	facilitates	plant	
invasion	in	mixedgrass	prairie.	New	Phytologist,	179:	440–448.	
https://doi.org/10.1111/j.1469-8137.2008.02475.x.	

Bond	NA,	Cronin	MF,	Freeland	H,	Mantua	N.	2015.	Causes	and	impacts	of	the	2014	warm	
anomaly	in	the	NE	Pacific.	Geophysical	Research	Letters,	42(9):	2015GL063306.	
https://doi.org/10.1002/2015GL063306.	

Boughton	DA.	1999.	Empirical	evidence	for	complex	source–sink	dynamics	with	alternative	
states	in	a	butterfly	metapopulation.	Ecology,	80:	2727–2739.	
https://doi.org/10.1890/0012-9658(1999)080[2727:EEFCSS]2.0.CO;2.	



	

	 80	

Bowman	DMJS,	Kolden	CA,	Abatzoglou	JT,	Johnston	FH,	van	der	Werf	GR,	Flannigan	M.	
2020.	Vegetation	fires	in	the	Anthropocene.	Nature	Reviews	Earth	and	Environment,	1:	500–
515.	https://doi.org/10.1038/s43017-020-0085-3.	

Brophy	LS,	Ewald	MJ,	Recht	F.	2017.	Modeling	sea	level	rise	impacts	to	Oregon’s	tidal	
wetlands:	Maps	and	prioritization	tools	to	help	plan	for	habitat	conservation	into	the	future.	
A	report	to	the	MidCoast	Watersheds	Council.	Institute	for	Applied	Ecology:	Corvallis,	
Oregon.	

Brown	EK,	Wang	J,	Feng	Y.	2021.	US	wildfire	potential:	a	historical	view	and	future	
projection	using	high-resolution	climate	data.	Environmental	Research	Letters,	16(3):	
034060.	https://doi.org/10.1088/1748-9326/aba868.	

Buchholz	RR,	Park	M,	Worden	HM,	Tang	W,	Edwards	DP,	Gaubert	B,	Deeter	MN,	Sullivan	T,	
Ru	M,	Chin	M,	Levy	RC,	Zheng	B,	Magzamen	S.	2022.	New	seasonal	pattern	of	pollution	
emerges	from	changing	North	American	wildfires.	Nature	Communications,	13(1):	2043.	
https://doi.org/10.1038/s41467-022-29623-8.	

Cascio	WE.	2018.	Wildland	fire	smoke	and	human	health.	Science	of	The	Total	Environment,	
624:	586–595.	https://doi.org/10.1016/j.scitotenv.2017.12.086.	

Chan	F,	Barth	J,	Kroeker	K,	Lubchenco	J,	Menge	B.	2019.	The	dynamics	and	impact	of	ocean	
acidification	and	hypoxia:	insights	from	sustained	investigations	in	the	northern	California	
Current	large	marine	ecosystem.	Oceanography,	32:	62–71.	
https://doi.org/10.5670/oceanog.2019.312.	

Chan	F,	Barth	JA,	Lubchenco	J,	Kirincich	A,	Weeks	H,	Peterson	WT,	Menge	BA.	2008.	
Emergence	of	anoxia	in	the	California	Current	large	marine	ecosystem.	Science,	319(5865):	
920–920.	https://doi.org/10.1126/science.1149016.	

Chan	F,	Boehm	AB,	Barth	JA,	Chornesky	EA,	Dickson	AG,	Feely	RA,	Hales	B,	Hill	TM,	
Hofmann	G,	Ianson	D,	Klinger	T,	Largier	J,	Newton	J,	Pedersen	TF,	Somero	GN,	Sutula	M,	
Wakefield	WW,	Waldbusser	GG,	Weisberg	SB,	Whiteman	EA.	2016.	The	West	Coast	ocean	
acidification	and	hypoxia	science	panel:	major	findings,	recommendations,	and	actions.	
California	Ocean	Science	Trust:	Oakland,	California.	

Chang	E.	2018.	CMIP5	projected	change	in	northern	hemisphere	winter	cyclones	with	
associated	extreme	winds.	Journal	of	Climate,	31:	6527–6542.	
https://doi.org/10.1175/JCLI-D-17-0899.1.	

Chavez	F,	Pennington	JT,	Michisaki	R,	Blum	M,	Chavez	G,	Friederich	J,	Jones	B,	Herlien	R,	
Kieft	B,	Hobson	B,	Ren	A,	Ryan	J,	Sevadjian	J,	Wahl	C,	Walz	K,	Yamahara	K,	Friederich	G,	
Messié	M.	2017.	Climate	variability	and	change:	response	of	a	coastal	ocean	ecosystem.	
Oceanography,	30:	128–145.	https://doi.org/10.5670/oceanog.2017.429.	

Chegwidden	OS,	Rupp	DE,	Nijssen	B.	2020.	Climate	change	alters	flood	magnitudes	and	
mechanisms	in	climatically-diverse	headwaters	across	the	northwestern	United	States.	



	

	 81	

Environmental	Research	Letters,	15(9):	094048.	https://doi.org/10.1088/1748-
9326/ab986f.	

Chen	J,	Burns	E,	Fleming	M,	Patterson	E.	2020.	Impact	of	climate	change	on	population	
dynamics	and	herbicide	resistance	in	kochia	(Bassia	scoparia	(L.)	A.	J.	Scott).	Agronomy,	
10(11):	1700.	https://doi.org/10.3390/agronomy10111700.	

Cheung	WWL,	Brodeur	RD,	Okey	TA,	Pauly	D.	2015.	Projecting	future	changes	in	
distributions	of	pelagic	fish	species	of	Northeast	Pacific	shelf	seas.	Progress	in	
Oceanography,	130:	19–31.	https://doi.org/10.1016/j.pocean.2014.09.003.	

Cheung	WWL,	Frölicher	TL.	2020.	Marine	heatwaves	exacerbate	climate	change	impacts	for	
fisheries	in	the	northeast	Pacific.	Scientific	Reports,	10(1):	6678.	
https://doi.org/10.1038/s41598-020-63650-z.	

Chiodi	AM,	Potter	BE,	Larkin	NK.	2021.	Multi-decadal	change	in	western	US	nighttime	
vapor	pressure	deficit.	Geophysical	Research	Letters,	48(15):	e2021GL092830.	
https://doi.org/10.1029/2021GL092830.	

Christy	JA,	Alverson	ER.	2011.	Historical	vegetation	of	the	Willamette	Valley,	Oregon,	circa	
1850.	Northwest	Science,	85:	93–107.	https://doi.org/10.3955/046.085.0202.	

City	of	Eugene	and	Lane	County.	2004.	West	Eugene	Wetlands	Plan.	Eugene,	Oregon.	
https://www.eugene-or.gov/DocumentCenter/Home/View/3465.	

Clements	DR,	DiTommaso	A.	2012.	Predicting	weed	invasion	in	Canada	under	climate	
change:	evaluating	evolutionary	potential.	Canadian	Journal	of	Plant	Science,	92:	1013–
1020.	https://doi.org/10.4141/cjps2011-280.	

Climate	Central.	2022.	Coastal	risks	for	Lane	County,	OR.	Climate	Central.	
https://riskfinder.climatecentral.org/county/lane-
county.or.us?comparisonType=county&forecastType=NOAA2017_int_p50&level=4&unit=ft
&zillowPlaceType=postal-code.	

Colautti	RI,	Ågren	J,	Anderson	JT.	2017.	Phenological	shifts	of	native	and	invasive	species	
under	climate	change:	insights	from	the	Boechera–Lythrum	model.	Philosophical	
Transactions	of	the	Royal	Society	B:	Biological	Sciences,	372(1712):	20160032.	
https://doi.org/10.1098/rstb.2016.0032.	

Colautti	RI,	Barrett	SCH.	2013.	Rapid	adaptation	to	climate	facilitates	range	expansion	of	an	
invasive	plant.	Science,	342:	364–366.	https://doi.org/10.1126/science.1242121.	

Colautti	RI,	Eckert	CG,	Barrett	SCH.	2010.	Evolutionary	constraints	on	adaptive	evolution	
during	range	expansion	in	an	invasive	plant.	Proceedings	of	the	Royal	Society	B:	Biological	
Sciences,	277:	1799–1806.	https://doi.org/10.1098/rspb.2009.2231.	



	

	 82	

Daggett	S,	Boulé	M,	Bernert	JA,	Eilers	JM,	Blok	E,	Peters	D,	Morlan	JC.	1998.	Wetland	and	
land	use	change	in	the	Willamette	Valley,	Oregon:	1982	to	1994.	Oregon	Division	of	State	
Lands:	Salem,	Oregon.	

Dalton	M,	Fleishman	E.	2021.	Fifth	Oregon	Climate	Assessment.	Oregon	Climate	Change	
Research	Institute,	Oregon	State	University:	Corvallis,	Oregon.	

Dalton	MM,	Dello	KD,	Hawkins	L,	Mote	PW,	Rupp	DE.	2017.	The	Third	Oregon	Climate	
Assessment	Report.	Oregon	Climate	Change	Research	Institute,	Oregon	State	University:	
Corvallis,	Oregon.	

D’Amato	G,	Chong-Neto	HJ,	Monge	Ortega	OP,	Vitale	C,	Ansotegui	I,	Rosario	N,	Haahtela	T,	
Galan	C,	Pawankar	R,	Murrieta-Aguttes	M,	Cecchi	L,	Bergmann	C,	Ridolo	E,	Ramon	G,	
Gonzalez	Diaz	S,	D’Amato	M,	Annesi-Maesano	I.	2020.	The	effects	of	climate	change	on	
respiratory	allergy	and	asthma	induced	by	pollen	and	mold	allergens.	Allergy,	75:	2219–
2228.	https://doi.org/10.1111/all.14476.	

De	Frenne	P,	Kolb	A,	Verheyen	K,	Brunet	J,	Chabrerie	O,	Decocq	G,	Diekmann	M,	Eriksson	O,	
Heinken	T,	Hermy	M,	Jõgar	Ü,	Stanton	S,	Quataert	P,	Zindel	R,	Zobel	M,	Graae	BJ.	2009.	
Unravelling	the	effects	of	temperature,	latitude	and	local	environment	on	the	reproduction	
of	forest	herbs.	Global	Ecology	and	Biogeography,	18:	641–651.	
https://doi.org/10.1111/j.1466-8238.2009.00487.x.	

Dech	JP,	Nosko	P.	2004.	Rapid	growth	and	early	flowering	in	an	invasive	plant,	purple	
loosestrife	(Lythrum	salicaria	L.)	during	an	El	Niño	spring.	International	Journal	of	
Biometeorology,	49:	26–31.	https://doi.org/10.1007/s00484-004-0210-x.	

Dennison	PE,	Brewer	SC,	Arnold	JD,	Moritz	MA.	2014.	Large	wildfire	trends	in	the	western	
United	States,	1984–2011.	Geophysical	Research	Letters,	41:	2014GL059576.	
https://doi.org/10.1002/2014GL059576.	

Descamps	C,	Boubnan	N,	Jacquemart	A-L,	Quinet	M.	2021.	Growing	and	flowering	in	a	
changing	climate:	effects	of	higher	temperatures	and	drought	stress	on	the	bee-pollinated	
species	Impatiens	glandulifera	Royle.	Plants,	10(5):	988.	
https://doi.org/10.3390/plants10050988.	

Dlugosch	KM,	Cang	FA,	Barker	BS,	Andonian	K,	Swope	SM,	Rieseberg	LH.	2015.	Evolution	of	
invasiveness	through	increased	resource	use	in	a	vacant	niche.	Nature	Plants,	1:	15066.	
https://doi.org/10.1038/nplants.2015.66.	

Dodson	EK,	Root	HT.	2015.	Native	and	exotic	plant	cover	vary	inversely	along	a	climate	
gradient	11	years	following	stand-replacing	wildfire	in	a	dry	coniferous	forest,	Oregon,	
USA.	Global	Change	Biology,	21:	666–675.	https://doi.org/10.1111/gcb.12775.	

Doney	SC,	Busch	DS,	Cooley	SR,	Kroeker	KJ.	2020.	The	impacts	of	ocean	acidification	on	
marine	ecosystems	and	reliant	human	communities.	Annual	Review	of	Environment	and	
Resources,	45:	83–112.	https://doi.org/10.1146/annurev-environ-012320-083019.	



	

	 83	

Drake	SA,	Rupp	DE,	Thomas	CK,	Oldroyd	HJ,	Schulze	M,	Jones	JA.	2022.	Increasing	daytime	
stability	enhances	downslope	moisture	transport	in	the	subcanopy	of	an	even-aged	conifer	
forest	in	western	Oregon,	USA.	Journal	of	Geophysical	Research:	Atmospheres,	127(9):	
e2021JD036042.	https://doi.org/10.1029/2021JD036042.	

Dukes	JS,	Chiariello	NR,	Loarie	SR,	Field	CB.	2011.	Strong	response	of	an	invasive	plant	
species	(Centaurea	solstitialis	L.)	to	global	environmental	changes.	Ecological	Applications,	
21:	1887–1894.	https://doi.org/10.1890/11-0111.1.	

Dwire	KA,	Mellmann-Brown	S,	Gurrieri	JT.	2018.	Potential	effects	of	climate	change	on	
riparian	areas,	wetlands,	and	groundwater-dependent	ecosystems	in	the	Blue	Mountains,	
Oregon,	USA.	Climate	Services,	10:	44–52.	https://doi.org/10.1016/j.cliser.2017.10.002.	

Ebeling	SK,	Welk	E,	Auge	H,	Bruelheide	H.	2008.	Predicting	the	spread	of	an	invasive	plant:	
combining	experiments	and	ecological	niche	model.	Ecography,	31:	709–719.	
https://doi.org/10.1111/j.1600-0587.2008.05470.x.	

Erikson	LH,	Hegermiller	CA,	Barnard	PL,	Ruggiero	P,	van	Ormondt	M.	2015.	Projected	wave	
conditions	in	the	Eastern	North	Pacific	under	the	influence	of	two	CMIP5	climate	scenarios.	
Ocean	Modelling,	96:	171–185.	https://doi.org/10.1016/j.ocemod.2015.07.004.	

Fann	N,	Brennan	T,	Dolwick	P,	Gamble	JL,	Ilacqua	V,	Kolb	L,	Nolte	CG,	Spero	TL,	Ziska	L.	
2016.	Air	quality	impacts.	In:	Crimmins	A,	Balbus	J,	Gamble	JL,	Beard	CB,	Bell	JE,	Dodgen	D,	
Eisen	RJ,	Fann	N,	Hawkins	MD,	Herring	SC,	Jantarasami	L,	Mills	DM,	Saha	S,	Sarofim	MC,	
Trtanj	J	and	Ziska	L	(eds)	The	Impacts	of	Climate	Change	on	Human	Health	in	the	United	
States:	A	Scientific	Assessment.	US	Global	Change	Research	Program:	Washington,	DC,	69–
98.	

Fickas	KC,	Cohen	WB,	Yang	Z.	2016.	Landsat-based	monitoring	of	annual	wetland	change	in	
the	Willamette	Valley	of	Oregon,	USA	from	1972	to	2012.	Wetlands	Ecology	and	
Management,	24:	73–92.	https://doi.org/10.1007/s11273-015-9452-0.	

Ficklin	DL,	Novick	KA.	2017.	Historic	and	projected	changes	in	vapor	pressure	deficit	
suggest	a	continental-scale	drying	of	the	United	States	atmosphere.	Journal	of	Geophysical	
Research:	Atmospheres,	122:	2061–2079.	https://doi.org/10.1002/2016JD025855.	

Fisher	J,	Kimmel	D,	Ross	T,	Batten	S,	Bjorkstedt	E,	Galbraith	M,	Jacobson	K,	Keister	J,	Sastri	
A,	Suchy	K,	Zeman	S,	Perry	RI.	2020.	Copepod	responses	to,	and	recovery	from,	the	recent	
marine	heatwave	in	the	Northeast	Pacific.	PICES	Press,	28:	65-71,74.	

Fleishman	E,	Murphy	DD.	2012.	Minimizing	uncertainty	in	interpreting	responses	of	
butterflies	to	climate	change.	In:	Beever	E	and	Belant	J	(eds)	Ecological	consequences	of	
climate	change:	mechanisms,	conservation,	and	management.	Taylor	&	Francis:	London,	55–
66.	

Footitt	S,	Huang	Z,	Ölcer-Footitt	H,	Clay	H,	Finch-Savage	WE.	2018.	The	impact	of	global	
warming	on	germination	and	seedling	emergence	in	Alliaria	petiolata,	a	woodland	species	



	

	 84	

with	dormancy	loss	dependent	on	low	temperature.	Plant	Biology,	20:	682–690.	
https://doi.org/10.1111/plb.12720.	

Fox	N,	Jönsson	AM.	2019.	Climate	effects	on	the	onset	of	flowering	in	the	United	Kingdom.	
Environmental	Sciences	Europe,	31:	89.	https://doi.org/10.1186/s12302-019-0271-4.	

Gao	P,	Terando	AJ,	Kupfer	JA,	Morgan	Varner	J,	Stambaugh	MC,	Lei	TL,	Kevin	Hiers	J.	2021.	
Robust	projections	of	future	fire	probability	for	the	conterminous	United	States.	Science	of	
the	Total	Environment,	789:	147872.	https://doi.org/10.1016/j.scitotenv.2021.147872.	

García	RA,	Pauchard	A,	Escudero	A.	2014.	French	broom	(Teline	monspessulana)	invasion	in	
south-central	Chile	depends	on	factors	operating	at	different	spatial	scales.	Biological	
Invasions,	16:	113–124.	https://doi.org/10.1007/s10530-013-0507-y.	

Ge	Z-M,	Kellomäki	S,	Zhou	X,	Peltola	H,	Wang	K-Y,	Martikainen	PJ.	2012.	Seasonal	
physiological	responses	and	biomass	growth	in	a	bioenergy	crop	(Phalaris	arundinacea	L.)	
under	elevated	temperature	and	CO2,	subjected	to	different	water	regimes	in	boreal	
conditions.	BioEnergy	Research,	5:	637–648.	https://doi.org/10.1007/s12155-011-9170-2.	

Gergel	DR,	Nijssen	B,	Abatzoglou	JT,	Lettenmaier	DP,	Stumbaugh	MR.	2017.	Effects	of	
climate	change	on	snowpack	and	fire	potential	in	the	western	USA.	Climatic	Change,	141:	
287–299.	https://doi.org/10.1007/s10584-017-1899-y.	

Grantham	BA,	Chan	F,	Nielsen	KJ,	Fox	DS,	Barth	JA,	Huyer	A,	Lubchenco	J,	Menge	BA.	2004.	
Upwelling-driven	nearshore	hypoxia	signals	ecosystem	and	oceanographic	changes	in	the	
northeast	Pacific.	Nature,	429:	749–754.	https://doi.org/10.1038/nature02605.	

Gray	AN.	2005.	Eight	nonnative	plants	in	western	Oregon	forests:	associations	with	
environment	and	management.	Environmental	Monitoring	and	Assessment,	100(1):	109–
127.	https://doi.org/10.1007/s10661-005-7060-9.	

Greaver	TL,	Clark	CM,	Compton	JE,	Vallano	D,	Talhelm	AF,	Weaver	CP,	Band	LE,	Baron	JS,	
Davidson	EA,	Tague	CL,	Felker-Quinn	E,	Lynch	JA,	Herrick	JD,	Liu	L,	Goodale	CL,	Novak	KJ,	
Haeuber	RA.	2016.	Key	ecological	responses	to	nitrogen	are	altered	by	climate	change.	
Nature	Climate	Change,	6:	836–843.	https://doi.org/10.1038/nclimate3088.	

Halofsky	JE,	Peterson	DL,	Ho	JJ.	2019.	Climate	change	vulnerability	and	adaptation	in	south-
central	Oregon.	General	Technical	Report	PNW-GTR-974.	U.S.	Department	of	Agriculture,	
Forest	Service,	Pacific	Northwest	Research	Station:	Portland,	OR.	

Hamlington	BD,	Gardner	AS,	Ivins	E,	Lenaerts	JTM,	Reager	JT,	Trossman	DS,	Zaron	ED,	
Adhikari	S,	Arendt	A,	Aschwanden	A,	Beckley	BD,	Bekaert	DPS,	Blewitt	G,	Caron	L,	
Chambers	DP,	Chandanpurkar	HA,	Christianson	K,	Csatho	B,	Cullather	RI,	DeConto	RM,	
Fasullo	JT,	Frederikse	T,	Freymueller	JT,	Gilford	DM,	Girotto	M,	Hammond	WC,	Hock	R,	
Holschuh	N,	Kopp	RE,	Landerer	F,	Larour	E,	Menemenlis	D,	Merrifield	M,	Mitrovica	JX,	
Nerem	RS,	Nias	IJ,	Nieves	V,	Nowicki	S,	Pangaluru	K,	Piecuch	CG,	Ray	RD,	Rounce	DR,	
Schlegel	N-J,	Seroussi	H,	Shirzaei	M,	Sweet	WV,	Velicogna	I,	Vinogradova	N,	Wahl	T,	Wiese	



	

	 85	

DN,	Willis	MJ.	2020.	Understanding	of	contemporary	regional	sea-level	change	and	the	
implications	for	the	future.	Reviews	of	Geophysics,	58(3):	e2019RG000672.	
https://doi.org/10.1029/2019RG000672.	

Harvey	CJ,	Fisher	JL,	Samhouri	JF,	Williams	GD,	Francis	TB,	Jacobson	KC,	deReynier	YL,	
Hunsicker	ME,	Garfield	N.	2020.	The	importance	of	long-term	ecological	time	series	for	
integrated	ecosystem	assessment	and	ecosystem-based	management.	Progress	in	
Oceanography,	188:	102418.	https://doi.org/10.1016/j.pocean.2020.102418.	

Hausfather	Z,	Marvel	K,	Schmidt	GA,	Nielsen-Gammon	JW,	Zelinka	M.	2022.	Climate	
simulations:	recognize	the	‘hot	model’	problem.	Nature,	605:	26–29.	
https://doi.org/10.1038/d41586-022-01192-2.	

Hayhoe	K,	Wuebbles	DJ,	Easterling	DR,	Fahey	DW,	Doherty	S,	Kossin	J,	Sweet	W,	Vose	R,	
Wehner	M.	2018.	Our	changing	climate.	In:	Reidmiller	DR,	Avery	CW,	Easterling	DR,	Kunkel	
KE,	Lewis	KLM,	Maycock	TK	and	Stewart	BC	(eds)	Impacts,	Risks,	and	Adaptation	in	the	
United	States:	Fourth	National	Climate	Assessment,	Volume	II.	US	Global	Change	Research	
Program:	Washington,	DC,	72–144.	

Hemer	MA,	Fan	Y,	Mori	N,	Semedo	A,	Wang	XL.	2013.	Projected	changes	in	wave	climate	
from	a	multi-model	ensemble.	Nature	Climate	Change,	3:	471–476.	
https://doi.org/10.1038/nclimate1791.	

Henderson	SB.	2020.	The	COVID-19	pandemic	and	wildfire	smoke:	potentially	concomitant	
disasters.	American	Journal	of	Public	Health,	110:	1140–1142.	
https://doi.org/10.2105/AJPH.2020.305744.	

Hogenbirk	JC,	Wein	RW.	1991.	Fire	and	drought	experiments	in	northern	wetlands:	a	
climate	change	analogue.	Canadian	Journal	of	Botany,	69(9):	1991–1997.	
https://doi.org/10.1139/b91-250.	

Hogg	BN,	Moran	PJ.	2020.	Combined	effects	of	drought	stress	and	psyllid	herbivory	on	the	
invasive	weed	Scotch	broom,	Cytisus	scoparius.	Entomologia	Experimentalis	et	Applicata,	
168:	209–220.	https://doi.org/10.1111/eea.12880.	

IPCC.	2013.	Summary	for	policymakers.	In:	Stocker	TF,	Qin	D,	Plattner	G-K,	Tignor	M,	Allen	
SK,	Boschung	J,	Nauels	A,	Xia	Y,	Bex	V	and	Midgley	PM	(eds)	Climate	Change	2013:	The	
Physical	Science	Basis.	Contribution	of	Working	Group	I	to	the	Fifth	Assessment	Report	of	the	
Intergovernmental	Panel	on	Climate	Change.	Cambridge	University	Press:	Cambridge	and	
New	York.	

IPCC.	2021.	Summary	for	policymakers.	In:	Masson-Delmotte	V,	Zhai	P,	Pirani,	Connors	SL,	
Péan	C,	Berger,	Caud	N,	Chen	Y,	Goldfarb	L,	Gomis	MI,	Huang	M,	Leitzell	K,	Lonnoy	E,	
Matthews	JBR,	Maycock	TK,	Waterfield	T,	Yelekçi	R,	Yu	R	and	Zhou	B	(eds)	Climate	Change	
2021:	The	Physical	Science	Basis.	Contribution	of	Working	Group	I	to	the	Sixth	Assessment	
Report	of	the	Intergovernmental	Panel	on	Climate	Change.	Cambridge	University	Press:	
Cambridge	and	New	York.	



	

	 86	

Jewett	L,	Romanou	A.	2017.	Ocean	acidification	and	other	ocean	changes.	In:	Wuebbles	DJ,	
Fahey	DW,	Hibbard	KA,	Dokken	DJ,	Stewart	BC	and	Maycock	TK	(eds)	Climate	Science	
Special	Report:	Fourth	National	Climate	Assessment,	Volume	I.	U.S.	Global	Change	Research	
Program:	Washington,	DC,	364–392.	

Jolly	WM,	Cochrane	MA,	Freeborn	PH,	Holden	ZA,	Brown	TJ,	Williamson	GJ,	Bowman	DMJS.	
2015.	Climate-induced	variations	in	global	wildfire	danger	from	1979	to	2013.	Nature	
Communications,	6:	7537.	https://doi.org/10.1038/ncomms8537.	

Juang	CS,	Williams	AP,	Abatzoglou	JT,	Balch	JK,	Hurteau	MD,	Moritz	MA.	2022.	Rapid	
growth	of	large	forest	fires	drives	the	exponential	response	of	annual	forest-fire	area	to	
aridity	in	the	western	United	States.	Geophysical	Research	Letters,	49(5):	e2021GL097131.	
https://doi.org/10.1029/2021GL097131.	

Kalashnikov	DA,	Schnell	JL,	Abatzoglou	JT,	Swain	DL,	Singh	D.	2022.	Increasing	co-
occurrence	of	fine	particulate	matter	and	ground-level	ozone	extremes	in	the	western	
United	States.	Science	Advances,	8(1):	eabi9386.	https://doi.org/10.1126/sciadv.abi9386.	

Klisz	M,	Puchałka	R,	Netsvetov	M,	Prokopuk	Y,	Vítková	M,	Sádlo	J,	Matisons	R,	Mionskowski	
M,	Chakraborty	D,	Olszewski	P,	Wojda	T,	Koprowski	M.	2021.	Variability	in	climate-growth	
reaction	of	Robinia	pseudoacacia	in	Eastern	Europe	indicates	potential	for	acclimatisation	
to	future	climate.	Forest	Ecology	and	Management,	492:	119194.	
https://doi.org/10.1016/j.foreco.2021.119194.	

Konrad	CP,	Dettinger	MD.	2017.	Flood	runoff	in	relation	to	water	vapor	transport	by	
atmospheric	rivers	over	the	western	United	States,	1949–2015.	Geophysical	Research	
Letters,	44:	11,456-11,462.	https://doi.org/10.1002/2017GL075399.	

Kossin	JP,	Hall	T,	Knutson	T,	Kunkel	KE,	Trapp	RJ,	Waliser	DE,	Wehner	MF.	2017.	Extreme	
storms.	In:	Wuebbles	DJ,	Fahey	DW,	Hibbard	KA,	Dokken	DJ,	Stewart	BC	and	Maycock	TK	
(eds)	Climate	Science	Special	Report:	Fourth	National	Climate	Assessment	Volume	I.	US	
Global	Change	Research	Program:	Washington,	DC,	257–276.	

Kumar	D,	Mishra	V,	Ganguly	AR.	2015.	Evaluating	wind	extremes	in	CMIP5	climate	models.	
Climate	Dynamics,	45:	441–453.	https://doi.org/10.1007/s00382-014-2306-2.	

Lee	S-Y,	Ryan	ME,	Hamlet	AF,	Palen	WJ,	Lawler	JJ,	Halabisky	M.	2015.	Projecting	the	
hydrologic	impacts	of	climate	change	on	montane	wetlands.	PLoS	ONE,	10(9):	e0136385.	
https://doi.org/10.1371/journal.pone.0136385.	

Li	J,	Ren	L,	Bai	Y,	Lecain	D,	Blumenthal	D,	Morgan	J.	2018.	Seed	traits	and	germination	of	
native	grasses	and	invasive	forbs	are	largely	insensitive	to	parental	temperature	and	CO2	
concentration.	Seed	Science	Research,	28:	303–311.	
https://doi.org/10.1017/S0960258518000314.	



	

	 87	

Liang	X,	Lettenmaier	DP,	Wood	EF,	Burges	SJ.	1994.	A	simple	hydrologically	based	model	of	
land	surface	water	and	energy	fluxes	for	general	circulation	models.	Journal	of	Geophysical	
Research,	99:	14415–14428.	

Liu	JC,	Mickley	LJ,	Sulprizio	MP,	Dominici	F,	Yue	X,	Ebisu	K,	Anderson	GB,	Khan	RFA,	Bravo	
MA,	Bell	ML.	2016.	Particulate	air	pollution	from	wildfires	in	the	western	US	under	climate	
change.	Climatic	Change,	138:	655–666.	https://doi.org/10.1007/s10584-016-1762-6.	

Luís	M	de,	Raventós	J,	González-Hidalgo	JC,	Luís	M	de,	Raventós	J,	González-Hidalgo	JC.	
2005.	Fire	and	torrential	rainfall:	effects	on	seedling	establishment	in	Mediterranean	gorse	
shrublands.	International	Journal	of	Wildland	Fire,	14:	413–422.	
https://doi.org/10.1071/WF05037.	

MacDonald	GM.	2010.	Global	warming	and	the	Arctic:	a	new	world	beyond	the	reach	of	the	
Grinnellian	niche?	Journal	of	Experimental	Biology,	213:	855–861.	
https://doi.org/10.1242/jeb.039511.	

MacDonald	GM,	Bennett	KD,	Jackson	ST,	Parducci	L,	Smith	FA,	Smol	JP,	Willis	KJ.	2008.	
Impacts	of	climate	change	on	species,	populations	and	communities:	palaeobiogeographical	
insights	and	frontiers.	Progress	in	Physical	Geography:	Earth	and	Environment,	32:	139–172.	
https://doi.org/10.1177/0309133308094081.	

Mantovani	D,	Veste	M,	Freese	D.	2014.	Black	locust	(Robinia	pseudoacacia	L.)	
ecophysiological	and	morphological	adaptations	to	drought	and	their	consequence	on	
biomass	production	and	water-use	efficiency.	New	Zealand	Journal	of	Forestry	Science,	
44(1):	29.	https://doi.org/10.1186/s40490-014-0029-0.	

Manzanedo	RD,	Ballesteros-Cánovas	J,	Schenk	F,	Stoffel	M,	Fischer	M,	Allan	E.	2018.	
Increase	in	CO2	concentration	could	alter	the	response	of	Hedera	helix	to	climate	change.	
Ecology	and	Evolution,	8:	8598–8606.	https://doi.org/10.1002/ece3.4388.	

Maurer	EP,	Kayser	G,	Gabel	L,	Wood	AW.	2018.	Adjusting	flood	peak	frequency	changes	to	
account	for	climate	change	impacts	in	the	western	United	States.	Journal	of	Water	Resources	
Planning	and	Management,	144(3):	05017025.	https://doi.org/10.1061/(ASCE)WR.1943-
5452.0000903.	

May	C,	Luce	CH,	Casola	J,	Chang	M,	Cuhaciyan	JE,	Dalton	MM,	Lowe	S,	Morishima	G,	Mote	
PW,	Petersen	A,	Roesch-McNally	G,	York	E.	2018.	Northwest.	In:	Reidmiller	DR,	Avery	CW,	
Easterling	DR,	Kunkel	KE,	Lewis	KLM,	Maycock	TK	and	Stewart	BC	(eds)	Impacts,	Risks,	and	
Adaptation	in	the	United	States:	Fourth	National	Climate	Assessment,	Volume	II.	U.S.	Global	
Change	Research	Program:	Washington,	DC,	1036–1100.	

Melet	A,	Almar	R,	Hemer	M,	Le	Cozannet	G,	Meyssignac	B,	Ruggiero	P.	2020.	Contribution	of	
wave	setup	to	projected	coastal	sea	level	changes.	Journal	of	Geophysical	Research:	Oceans,	
125(8):	e2020JC016078.	https://doi.org/10.1029/2020JC016078.	



	

	 88	

Menge	BA,	Gravem	SA,	Johnson	A,	Robinson	JW,	Poirson	BN.	2022.	Increasing	instability	of	
a	rocky	intertidal	meta-ecosystem.	Proceedings	of	the	National	Academy	of	Sciences,	119(3):	
e2114257119.	https://doi.org/10.1073/pnas.2114257119.	

Mills	AK,	Bolte	JP,	Ruggiero	P,	Serafin	KA,	Lipiec	E,	Corcoran	P,	Stevenson	J,	Zanocco	C,	Lach	
D.	2018.	Exploring	the	impacts	of	climate	and	policy	changes	on	coastal	community	
resilience:	simulating	alternative	future	scenarios.	Environmental	Modelling	&	Software,	
109:	80–92.	https://doi.org/10.1016/j.envsoft.2018.07.022.	

Morim	J,	Hemer	M,	Wang	XL,	Cartwright	N,	Trenham	C,	Semedo	A,	Young	I,	Bricheno	L,	
Camus	P,	Casas-Prat	M,	Erikson	L,	Mentaschi	L,	Mori	N,	Shimura	T,	Timmermans	B,	Aarnes	
O,	Breivik	Ø,	Behrens	A,	Dobrynin	M,	Menendez	M,	Staneva	J,	Wehner	M,	Wolf	J,	Kamranzad	
B,	Webb	A,	Stopa	J,	Andutta	F.	2019.	Robustness	and	uncertainties	in	global	multivariate	
wind-wave	climate	projections.	Nature	Climate	Change,	9:	711–718.	
https://doi.org/10.1038/s41558-019-0542-5.	

Mote	P,	Brekke	L,	Duffy	PB,	Maurer	E.	2011.	Guidelines	for	constructing	climate	scenarios.	
Eos,	Transactions	American	Geophysical	Union,	92:	257–258.	
https://doi.org/10.1029/2011EO310001.	

Mote	PW,	Abatzoglou	JT,	Dello	KD,	Hegewisch	K,	Rupp	DE.	2019.	Fourth	Oregon	Climate	
Assessment	Report.	Oregon	Climate	Change	Research	Institute,	Oregon	State	University:	
Corvallis,	Oregon.	

Mote	PW,	Abatzoglou	JT,	Kunkel	KE.	2013.	Climate:	variability	and	change	in	the	past	and	
the	future.	In:	Dalton	MM,	Mote	PW	and	Snover	AK	(eds)	Climate	Change	in	the	Northwest:	
Implications	for	Our	Landscapes,	Waters,	and	Communities.	Island	Press:	Washington,	DC,	
25–40.	

Musselman	KN,	Lehner	F,	Ikeda	K,	Clark	MP,	Prein	AF,	Liu	C,	Barlage	M,	Rasmussen	R.	2018.	
Projected	increases	and	shifts	in	rain-on-snow	flood	risk	over	western	North	America.	
Nature	Climate	Change,	8:	808–812.	https://doi.org/10.1038/s41558-018-0236-4.	

Nadal-Sala	D,	Hartig	F,	Gracia	CA,	Sabaté	S.	2019.	Global	warming	likely	to	enhance	black	
locust	(Robinia	pseudoacacia	L.)	growth	in	a	Mediterranean	riparian	forest.	Forest	Ecology	
and	Management,	449:	117448.	https://doi.org/10.1016/j.foreco.2019.117448.	

Najafi	MR,	Moradkhani	H.	2015.	Multi-model	ensemble	analysis	of	runoff	extremes	for	
climate	change	impact	assessments.	Journal	of	Hydrology,	525:	352–361.	
https://doi.org/10.1016/j.jhydrol.2015.03.045.	

National	Research	Council.	2012.	Sea-Level	Rise	for	the	Coasts	of	California,	Oregon,	and	
Washington:	Past,	Present,	and	Future.	The	National	Academies	Press:	Washington,	DC.	

Naz	BS,	Kao	S-C,	Ashfaq	M,	Rastogi	D,	Mei	R,	Bowling	LC.	2016.	Regional	hydrologic	
response	to	climate	change	in	the	conterminous	United	States	using	high-resolution	



	

	 89	

hydroclimate	simulations.	Global	and	Planetary	Change,	143:	100–117.	
https://doi.org/10.1016/j.gloplacha.2016.06.003.	

Nerem	RS,	Beckley	BD,	Fasullo	JT,	Hamlington	BD,	Masters	D,	Mitchum	GT.	2018.	Climate-
change–driven	accelerated	sea-level	rise	detected	in	the	altimeter	era.	Proceedings	of	the	
National	Academy	of	Sciences,	115:	2022–2025.	
https://doi.org/10.1073/pnas.1717312115.	

Nolte	CG,	Dolwick	PD,	Fann	N,	Horowitz	LW,	Naik	V,	Pinder	RW,	Spero	TL,	Winner	DA,	Ziska	
LH.	2018.	Air	quality.	In:	Reidmiller	DR,	Avery	CW,	Easterling	DR,	Kunkel	KE,	Lewis	KLM,	
Maycock	TK	and	Stewart	BC	(eds)	Impacts,	Risks,	and	Adaptation	in	the	United	States:	
Fourth	National	Climate	Assessment,	Volume	II.	U.S.	Global	Change	Research	Program:	
Washington,	DC,	512–538.	

NWCG.	2019.	NWCG	standards	for	fire	weather	stations.	National	Wildfire	Coordinating	
Group:	Washington,	DC.	

ODFW.	n.d.	Oregon	Conservation	Strategy	Fact	Sheet:	Climate	Change	and	Oregon’s	Estuaries.	
Oregon	Department	of	Fish	and	Wildlife:	Salem,	Oregon.	

Oregon	DEQ.	2016.	2015	Oregon	Air	Quality	Data	Summaries.	Oregon	Department	of	
Environmental	Quality:	Portland,	Oregon.	

Osborne	EB,	Thunell	RC,	Gruber	N,	Feely	RA,	Benitez-Nelson	CR.	2020.	Decadal	variability	
in	twentieth-century	ocean	acidification	in	the	California	Current	Ecosystem.	Nature	
Geoscience,	13:	43–49.	https://doi.org/10.1038/s41561-019-0499-z.	

Parepa	M,	Fischer	M,	Bossdorf	O.	2013.	Environmental	variability	promotes	plant	invasion.	
Nature	Communications,	4(1):	1604.	https://doi.org/10.1038/ncomms2632.	

Parker	LE,	Abatzoglou	JT.	2016.	Spatial	coherence	of	extreme	precipitation	events	in	the	
northwestern	United	States.	International	Journal	of	Climatology,	36:	2451–2460.	
https://doi.org/10.1002/joc.4504.	

Parks	SA,	Abatzoglou	JT.	2020.	Warmer	and	drier	fire	seasons	contribute	to	increases	in	
area	burned	at	high	severity	in	western	US	forests	from	1985	to	2017.	Geophysical	Research	
Letters,	47(22):	e2020GL089858.	https://doi.org/10.1029/2020GL089858.	

Paudel	B,	Chu	T,	Chen	M,	Sampath	V,	Prunicki	M,	Nadeau	KC.	2021.	Increased	duration	of	
pollen	and	mold	exposure	are	linked	to	climate	change.	Scientific	Reports,	11(1):	12816.	
https://doi.org/10.1038/s41598-021-92178-z.	

Pearson	DE,	Ortega	YK,	Maron	JL.	2017.	The	tortoise	and	the	hare:	reducing	resource	
availability	shifts	competitive	balance	between	plant	species.	Journal	of	Ecology,	105:	999–
1009.	https://doi.org/10.1111/1365-2745.12736.	



	

	 90	

Pershing	AJ,	Griffis	RB,	Jewett	EB,	Armstrong	CT,	Bruno	JF,	Busch	DS,	Haynie	AC,	Siedlecki	
SA,	Tommasi	D.	2018.	Oceans	and	marine	resources.	In:	Reidmiller	DR,	Avery	CW,	
Easterling	DR,	Kunkel	KE,	Lewis	KLM,	Maycock	TK	and	Stewart	BC	(eds)	Impacts,	Risks,	and	
Adaptation	in	the	United	States:	Fourth	National	Climate	Assessment,	Volume	II.	U.S.	Global	
Change	Research	Program:	Washington,	DC,	353–390.	

Peterson	WT,	Fisher	JL,	Strub	PT,	Du	X,	Risien	C,	Peterson	J,	Shaw	CT.	2017.	The	pelagic	
ecosystem	in	the	Northern	California	Current	off	Oregon	during	the	2014–2016	warm	
anomalies	within	the	context	of	the	past	20	years.	Journal	of	Geophysical	Research:	Oceans,	
122:	7267–7290.	https://doi.org/10.1002/2017JC012952.	

Pierce	SD,	Barth	JA,	Shearman	RK,	Erofeev	AY.	2012.	Declining	oxygen	in	the	Northeast	
Pacific.	Journal	of	Physical	Oceanography,	42:	495–501.	https://doi.org/10.1175/JPO-D-11-
0170.1.	

Potter	KJB,	Kriticos	DJ,	Watt	MS,	Leriche	A.	2009.	The	current	and	future	potential	
distribution	of	Cytisus	scoparius:	a	weed	of	pastoral	systems,	natural	ecosystems	and	
plantation	forestry.	Weed	Research,	49:	271–282.	https://doi.org/10.1111/j.1365-
3180.2009.00697.x.	

Queen	LE,	Mote	PW,	Rupp	DE,	Chegwidden	O,	Nijssen	B.	2021.	Ubiquitous	increases	in	
flood	magnitude	in	the	Columbia	River	basin	under	climate	change.	Hydrology	and	Earth	
System	Sciences,	25:	257–272.	https://doi.org/10.5194/hess-25-257-2021.	

Rao	K,	Williams	AP,	Diffenbaugh	NS,	Yebra	M,	Konings	AG.	2022.	Plant-water	sensitivity	
regulates	wildfire	vulnerability.	Nature	Ecology	&	Evolution,	6:	332–339.	
https://doi.org/10.1038/s41559-021-01654-2.	

Raymondi	RR,	Cuhaciyan	JE,	Glick	P,	Capalbo	SM,	Houston	LL,	Shafer	SL,	Grah	O.	2013.	
Water	resources:	implications	of	changes	in	temperature	and	precipiptation.	In:	Dalton	
MM,	Mote	PW	and	Snover	AK	(eds)	Climate	Change	in	the	Northwest:	Implications	for	Our	
Landscapes,	Waters,	and	Communities.	Island	Press:	Washington,	DC,	41–66.	

Redmond	KT.	2002.	The	depiction	of	drought:	a	commentary.	Bulletin	of	the	American	
Meteorological	Society,	83:	1143–1148.	https://doi.org/10.1175/1520-0477-83.8.1143.	

Reguero	BG,	Losada	IJ,	Méndez	FJ.	2019.	A	recent	increase	in	global	wave	power	as	a	
consequence	of	oceanic	warming.	Nature	Communications,	10(1):	205.	
https://doi.org/10.1038/s41467-018-08066-0.	

Reilly	MJ,	Dunn	CJ,	Meigs	GW,	Spies	TA,	Kennedy	RE,	Bailey	JD,	Briggs	K.	2017.	
Contemporary	patterns	of	fire	extent	and	severity	in	forests	of	the	Pacific	Northwest,	USA	
(1985–2010).	Ecosphere,	8(3):	e01695.	https://doi.org/10.1002/ecs2.1695.	

Reilly	MJ,	McCord	MG,	Brandt	SM,	Linowksi	KP,	Butz	RJ,	Jules	ES.	2020.	Repeated,	high-
severity	wildfire	catalyzes	invasion	of	non-native	plant	species	in	forests	of	the	Klamath	



	

	 91	

Mountains,	northern	California,	USA.	Biological	Invasions,	22:	1821–1828.	
https://doi.org/10.1007/s10530-020-02227-3.	

Ruggiero	P,	Kratzmann	MG,	Himmelstoss	EA,	Reid	D,	Allan	J,	Kaminsky	G.	2013.	National	
assessment	of	shoreline	change—historical	shoreline	change	along	the	Pacific	Northwest	
coast.	U.S.	Geological	Survey:	Reston,	Virginia,	62.	

Safeeq	M,	Grant	GE,	Lewis	SL,	Staab	B.	2015.	Predicting	landscape	sensitivity	to	present	and	
future	floods	in	the	Pacific	Northwest,	USA.	Hydrological	Processes,	29:	5337–5353.	
https://doi.org/10.1002/hyp.10553.	

Salathé	E,	Mauger	G,	Steed	R,	Dotson	B.	2015.	Final	project	report:	regional	modeling	for	
windstorms	and	lightning.	Prepared	for	Seattle	City	Light.	Climate	Impacts	Group,	University	
of	Washington:	Seattle,	Washington.	

Salathé	EP,	Hamlet	AF,	Mass	CF,	Lee	S-Y,	Stumbaugh	M,	Steed	R.	2014.	Estimates	of	twenty-
first-century	flood	risk	in	the	Pacific	Northwest	based	on	regional	climate	model	
simulations.	Journal	of	Hydrometeorology,	15:	1881–1899.	https://doi.org/10.1175/JHM-
D-13-0137.1.	

Seager	R,	Hooks	A,	Williams	AP,	Cook	B,	Nakamura	J,	Henderson	N.	2015.	Climatology,	
variability,	and	trends	in	the	U.S.	vapor	pressure	deficit,	an	important	fire-related	
meteorological	quantity.	Journal	of	Applied	Meteorology	and	Climatology,	54:	1121–1141.	
https://doi.org/10.1175/JAMC-D-14-0321.1.	

Sedano	F,	Randerson	JT.	2014.	Multi-scale	influence	of	vapor	pressure	deficit	on	fire	
ignition	and	spread	in	boreal	forest	ecosystems.	Biogeosciences,	11:	3739–3755.	
https://doi.org/10.5194/bg-11-3739-2014.	

Seiler	C,	Zwiers	FW.	2016.	How	will	climate	change	affect	explosive	cyclones	in	the	
extratropics	of	the	Northern	Hemisphere?	Climate	Dynamics,	46:	3633–3644.	
https://doi.org/10.1007/s00382-015-2791-y.	

Sepanik	J,	Lanier	A,	Dana	R,	Haddad	T.	2017.	Sea	Level	Rise	Exposure	Inventory	for	Oregon’s	
Estuaries.	Oregon	Coastal	Management	Program,	Oregon	Department	of	Land	Conservation	
and	Development:	Salem,	Oregon.	

Serafin	KA,	Ruggiero	P,	Barnard	PL,	Stockdon	HF.	2019.	The	influence	of	shelf	bathymetry	
and	beach	topography	on	extreme	total	water	levels:	Linking	large-scale	changes	of	the	
wave	climate	to	local	coastal	hazards.	Coastal	Engineering,	150:	1–17.	
https://doi.org/10.1016/j.coastaleng.2019.03.012.	

Sheehan	T,	Bachelet	D,	Ferschweiler	K.	2015.	Projected	major	fire	and	vegetation	changes	
in	the	Pacific	Northwest	of	the	conterminous	United	States	under	selected	CMIP5	climate	
futures.	Ecological	Modelling,	317:	16–29.	
https://doi.org/10.1016/j.ecolmodel.2015.08.023.	



	

	 92	

Shumway	J.	2022.	$1.65	million	earmarked	to	restore	Oregon	streams,	wetlands,	prairies.	
Oregon	Capital	Chronicle.	https://oregoncapitalchronicle.com/briefs/1-65-million-
earmarked-to-restore-oregon-streams-wetlands-prairies/.		

Singer	MC.	2017.	Shifts	in	time	and	space	interact	as	climate	warms.	Proceedings	of	the	
National	Academy	of	Sciences,	114:	12848–12850.	
https://doi.org/10.1073/pnas.1718334114.	

Skelly	DK,	Joseph	LN,	Possingham	HP,	Freidenburg	LK,	Farrugia	TJ,	Kinnison	MT,	Hendry	
AP.	2007.	Evolutionary	responses	to	climate	change.	Conservation	Biology,	21:	1353–1355.	

Somero	GN,	Beers	JM,	Chan	F,	Hill	TM,	Klinger	T,	Litvin	SY.	2016.	What	changes	in	the	
carbonate	system,	oxygen,	and	temperature	portend	for	the	northeastern	Pacific	Ocean:	a	
physiological	perspective.	BioScience,	66:	14–26.	https://doi.org/10.1093/biosci/biv162.	

Stevens	JT,	Latimer	AM.	2015.	Snowpack,	fire,	and	forest	disturbance:	interactions	affect	
montane	invasions	by	non-native	shrubs.	Global	Change	Biology,	21:	2379–2393.	
https://doi.org/10.1111/gcb.12824.	

Stevenson	S,	Coats	S,	Touma	D,	Cole	J,	Lehner	F,	Fasullo	J,	Otto-Bliesner	B.	2022.	Twenty-
first	century	hydroclimate:	a	continually	changing	baseline,	with	more	frequent	extremes.	
Proceedings	of	the	National	Academy	of	Sciences,	119(12):	e2108124119.	
https://doi.org/10.1073/pnas.2108124119.	

Strelau	M,	Clements	DR,	Benner	J,	Prasad	R.	2018.	The	Biology	of	Canadian	Weeds:	157.	
Hedera	helix	L.	and	Hedera	hibernica	(G.	Kirchn.)	Bean.	Canadian	Journal	of	Plant	Science,	
98:	1005–1022.	https://doi.org/10.1139/cjps-2018-0009.	

Surfleet	CG,	Tullos	D.	2013.	Variability	in	effect	of	climate	change	on	rain-on-snow	peak	
flow	events	in	a	temperate	climate.	Journal	of	Hydrology,	479:	24–34.	
https://doi.org/10.1016/j.jhydrol.2012.11.021.	

Sweet	WV,	Horton	R,	Kopp	RE,	LeGrande	AN,	Romanou	A.	2017a.	Sea	level	rise.	In:	
Wuebbles	DJ,	Fahey	DW,	Hibbard	KA,	Dokken	DJ,	Stewart	BC	and	Maycock	TK	(eds)	Climate	
Science	Special	Report:	Fourth	National	Climate	Assessment,	Volume	I.	U.S.	Global	Change	
Research	Program:	Washington,	DC,	333–363.	

Sweet	WV,	Kopp	RE,	Weaver	CP,	Obeysekera	J,	Horton	RM,	Thieler	ER,	Zervas	C.	2017b.	
Global	and	Regional	Sea	Level	Rise	Scenarios	for	the	United	States.	NOAA	Technical	Report.	
NOAA	National	Ocean	Service:	Silver	Spring,	Maryland,	75.	

Taherkhani	M,	Vitousek	S,	Barnard	PL,	Frazer	N,	Anderson	TR,	Fletcher	CH.	2020.	Sea-level	
rise	exponentially	increases	coastal	flood	frequency.	Scientific	Reports,	10(1):	6466.	
https://doi.org/10.1038/s41598-020-62188-4.	



	

	 93	

Thomas	JW,	Maser	C,	Rodiek	JE.	1979.	Wildlife	habitats	in	managed	rangelands—the	Great	
Basin	of	southeastern	Oregon:	riparian	zones.	U.S.	Department	of	Agriculture	Forest	Service,	
Pacific	Northwest	Research	Station:	Portland,	Oregon.	

Thorne	JH,	Morgan	BJ,	Kennedy	JA.	2008.	Vegetation	change	over	sixty	years	in	the	central	
Sierra	Nevada,	California,	USA.	Madroño,	55:	223–237.	https://doi.org/10.3120/0024-
9637-55.3.223.	

Tohver	IM,	Hamlet	AF,	Lee	S-Y.	2014.	Impacts	of	21st-century	climate	change	on	hydrologic	
extremes	in	the	Pacific	Northwest	region	of	North	America.	Journal	of	the	American	Water	
Resources	Association,	50:	1461–1476.	https://doi.org/10.1111/jawr.12199.	

Tørresen	KS,	Fykse	H,	Rafoss	T,	Gerowitt	B.	2020.	Autumn	growth	of	three	perennial	weeds	
at	high	latitude	benefits	from	climate	change.	Global	Change	Biology,	26:	2561–2572.	
https://doi.org/10.1111/gcb.14976.	

Touma	D,	Stevenson	S,	Swain	DL,	Singh	D,	Kalashnikov	DA,	Huang	X.	2022.	Climate	change	
increases	risk	of	extreme	rainfall	following	wildfire	in	the	western	United	States.	Science	
Advances,	8(13):	eabm0320.	https://doi.org/10.1126/sciadv.abm0320.	

Trainer	VL,	Moore	SK,	Hallegraeff	G,	Kudela	RM,	Clement	A,	Mardones	JI,	Cochlan	WP.	2020.	
Pelagic	harmful	algal	blooms	and	climate	change:	Lessons	from	nature’s	experiments	with	
extremes.	Harmful	Algae,	91:	101591.	https://doi.org/10.1016/j.hal.2019.03.009.	

Vose	RS,	Applequist	S,	Bourassa	MA,	Pryor	SC,	Barthelmie	RJ,	Blanton	B,	Bromirski	PD,	
Brooks	HE,	DeGaetano	AT,	Dole	RM,	Easterling	DR,	Jensen	RE,	Karl	TR,	Katz	RW,	Klink	K,	
Kruk	MC,	Kunkel	KE,	MacCracken	MC,	Peterson	TC,	Shein	K,	Thomas	BR,	Walsh	JE,	Wang	
XL,	Wehner	MF,	Wuebbles	DJ,	Young	RS.	2014.	Monitoring	and	understanding	changes	in	
extremes:	extratropical	storms,	winds,	and	waves.	Bulletin	of	the	American	Meteorological	
Society,	95:	377–386.	https://doi.org/10.1175/BAMS-D-12-00162.1.	

Vose	RS,	Easterling	DR,	Kunkel	KE,	LeGrande	AN,	Wehner	MF.	2017.	Temperature	changes	
in	the	United	States.	In:	Wuebbles	DJ,	Fahey	DW,	Hibbard	KA,	Dokken	DJ,	Stewart	BC	and	
Maycock	TK	(eds)	Climate	Science	Special	Report:	Fourth	National	Climate	Assessment,	
Volume	1.	U.S.	Global	Change	Research	Program:	Washington,	DC,	185–206.	

Walsworth	TE,	Schindler	DE,	Colton	MA,	Webster	MS,	Palumbi	SR,	Mumby	PJ,	Essington	TE,	
Pinsky	ML.	2019.	Management	for	network	diversity	speeds	evolutionary	adaptation	to	
climate	change.	Nature	Climate	Change,	9:	632–636.	https://doi.org/10.1038/s41558-019-
0518-5.	

Wang	J,	Stern	MA,	King	VM,	Alpers	CN,	Quinn	NWT,	Flint	AL,	Flint	LE.	2020.	PFHydro:	a	new	
watershed-scale	model	for	post-fire	runoff	simulation.	Environmental	Modelling	&	Software,	
123:	104555.	https://doi.org/10.1016/j.envsoft.2019.104555.	



	

	 94	

Wang	XL,	Feng	Y,	Swail	VR.	2014.	Changes	in	global	ocean	wave	heights	as	projected	using	
multimodel	CMIP5	simulations.	Geophysical	Research	Letters,	41:	1026–1034.	
https://doi.org/10.1002/2013GL058650.	

Way	DA,	Stinziano	JR,	Berghoff	H,	Oren	R.	2017.	How	well	do	growing	season	dynamics	of	
photosynthetic	capacity	correlate	with	leaf	biochemistry	and	climate	fluctuations?	Tree	
Physiology,	37:	879–888.	https://doi.org/10.1093/treephys/tpx086.	

Westerling	AL.	2016.	Increasing	western	US	forest	wildfire	activity:	sensitivity	to	changes	
in	the	timing	of	spring.	Philosophical	Transactions	of	the	Royal	Society	B,	371(1696):	
20150178.	https://doi.org/10.1098/rstb.2015.0178.	

Williams	AP,	Abatzoglou	JT.	2016.	Recent	advances	and	remaining	uncertainties	in	
resolving	past	and	future	climate	effects	on	global	fire	activity.	Current	Climate	Change	
Reports,	2(1):	1–14.	https://doi.org/10.1007/s40641-016-0031-0.	

Williams	AP,	Livneh	B,	McKinnon	KA,	Hansen	WD,	Mankin	JS,	Cook	BI,	Smerdon	JE,	
Varuolo-Clarke	AM,	Bjarke	NR,	Juang	CS,	Lettenmaier	DP.	2022.	Growing	impact	of	wildfire	
on	western	US	water	supply.	Proceedings	of	the	National	Academy	of	Sciences.	Proceedings	
of	the	National	Academy	of	Sciences,	119(10):	e2114069119.	
https://doi.org/10.1073/pnas.2114069119.	

Williams	AP,	Seager	R,	Berkelhammer	M,	Macalady	AK,	Crimmins	MA,	Swetnam	TW,	
Trugman	AT,	Buenning	N,	Hryniw	N,	McDowell	NG,	Noone	D,	Mora	CI,	Rahn	T.	2014.	Causes	
and	implications	of	extreme	atmospheric	moisture	demand	during	the	record-breaking	
2011	wildfire	season	in	the	southwestern	United	States.	Journal	of	Applied	Meteorology	and	
Climatology,	53:	2671–2684.	https://doi.org/10.1175/JAMC-D-14-0053.1.	

Willis	KJ,	MacDonald	GM.	2011.	Long-term	ecological	records	and	their	relevance	to	climate	
change	predictions	for	a	warmer	world.	Annual	Review	of	Ecology,	Evolution,	and	
Systematics,	42:	267–287.	https://doi.org/10.1146/annurev-ecolsys-102209-144704.	

Willis	SG,	Hulme	PE.	2002.	Does	temperature	limit	the	invasion	of	Impatiens	glandulifera	
and	Heracleum	mantegazzianum	in	the	UK?	Functional	Ecology,	16:	530–539.	
https://doi.org/10.1046/j.1365-2435.2002.00653.x.	

Winde	J,	Sønderkær	M,	Nielsen	KL,	Pagter	M.	2020.	Is	range	expansion	of	introduced	Scotch	
broom	(Cytisus	scoparius)	in	Denmark	limited	by	winter	cold	tolerance?	Plant	Ecology,	221:	
709–723.	https://doi.org/10.1007/s11258-020-01044-x.	

Winter	M,	Fiedler	W,	Hochachka	WM,	Koehncke	A,	Meiri	S,	De	la	Riva	I.	2016.	Patterns	and	
biases	in	climate	change	research	on	amphibians	and	reptiles:	a	systematic	review.	Royal	
Society	Open	Science,	3(9):	160158.	https://doi.org/10.1098/rsos.160158.	

Xie	Y,	Lin	M,	Decharme	B,	Delire	C,	Horowitz	LW,	Lawrence	DM,	Li	F,	Séférian	R.	2022.	
Tripling	of	western	US	particulate	pollution	from	wildfires	in	a	warming	climate.	



	

	 95	

Proceedings	of	the	National	Academy	of	Sciences,	119(14):	e2111372119.	
https://doi.org/10.1073/pnas.2111372119.	

Young	SL,	Clements	DR,	DiTommaso	A.	2017.	Climate	dynamics,	invader	fitness,	and	
ecosystem	resistance	in	an	invasion-factor	framework.	Invasive	Plant	Science	and	
Management,	10:	215–231.	https://doi.org/10.1017/inp.2017.28.	

Zhuang	Y,	Fu	R,	Santer	BD,	Dickinson	RE,	Hall	A.	2021.	Quantifying	contributions	of	natural	
variability	and	anthropogenic	forcings	on	increased	fire	weather	risk	over	the	western	
United	States.	Proceedings	of	the	National	Academy	of	Sciences,	118(45):	e2111875118.	
https://doi.org/10.1073/pnas.2111875118.	

Ziska	LH.	2002.	Influence	of	rising	atmospheric	CO2	since	1900	on	early	growth	and	
photosynthetic	response	of	a	noxious	invasive	weed,	Canada	thistle	(Cirsium	arvense).	
Functional	Plant	Biology,	29:	1387–1392.	https://doi.org/10.1071/FP02052.	

Ziska	LH,	Epstein	PR,	Schlesinger	WH.	2009.	Rising	CO2,	climate	change,	and	public	health:	
exploring	the	links	to	plant	biology.	Environmental	Health	Perspectives,	117:	155–158.	
https://doi.org/10.1289/ehp.11501.	

Ziska	LH,	Faulkner	S,	Lydon	J.	2004.	Changes	in	biomass	and	root:shoot	ratio	of	field-grown	
Canada	thistle	(Cirsium	arvense),	a	noxious,	invasive	weed,	with	elevated	CO2:	implications	
for	control	with	glyphosate.	Weed	Science,	52:	584–588.	https://doi.org/10.1614/WS-03-
161R.	

	



 

 19 | P a g e  
 

   

Appendix E: Evaluation of Mitigation 

Strategies 

Economic Analysis of Natural Hazard Mitigation 

Projects 

 

This appendix was developed by the University of Oregon’s Oregon Natural Hazards 

Workgroup and it outlines three approaches for conducting economic analysis of 

natural hazard mitigation projects. It describes the importance of implementing 

mitigation activities, different approaches to economic analysis of mitigation 

strategies, and methods to calculate costs and benefits associated with mitigation 

strategies. Information in this section is derived in part from: The Interagency 

Hazards Mitigation Team, State Hazard Mitigation Plan, (Oregon State Police – 

Office of Emergency Management, 2000), and Federal Emergency Management 

Agency Publication 331, Report on Costs and Benefits of Natural Hazard Mitigation. 

This section is not intended to provide a comprehensive description of benefit/cost 

analysis, nor is it intended to provide the details of economic analysis methods that 

can be used to evaluate local projects. It is intended to (1) raise benefit/cost analysis 

as an important issue, and (2) provide some background on how economic analysis 

can be used to evaluate mitigation projects. 

Why Evaluate Mitigation Strategies? 

Mitigation activities reduce the cost of disasters by minimizing property damage, 

injuries, and the potential for loss of life, and by reducing emergency response costs, 

which would otherwise be incurred. Evaluating possible natural hazard mitigation 

activities provides decision-makers with an understanding of the potential benefits 

and costs of an activity, as well as a basis upon which to compare alternative 

projects. 

Evaluating mitigation projects is a complex and difficult undertaking, which is 

influenced by many variables. First, natural disasters affect all segments of the 

communities they strike, including individuals, businesses, and public services such 

as fire, police, utilities, and schools. Second, while some of the direct and indirect 

costs of disaster damages are measurable, some of the costs are non-financial and 

difficult to quantify in dollars. Third, many of the impacts of such events produce 

“ripple-effects” throughout the community, greatly increasing the disaster’s social 

and economic consequences. 

While not easily accomplished, there is value, from a public policy perspective, in 

assessing the positive and negative impacts from mitigation activities, and obtaining 

an instructive benefit/cost comparison. Otherwise, the decision to pursue or not 
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pursue various mitigation options would not be based on an objective understanding 

of the net benefit or loss associated with these actions. 

What are Some Economic Analysis Approaches for 

Evaluating Mitigation Strategies? 

The approaches used to identify the costs and benefits associated with natural 

hazard mitigation strategies, measures, or projects fall into three general categories: 

benefit/cost analysis, cost-effectiveness analysis and the STAPLE/E approach. The 

distinction between the methods is outlined below: 

Benefit/cost Analysis 

Benefit/cost analysis is a key mechanism used by the state Office of Emergency 

Management (OEM), the Federal Emergency Management Agency, and other state 

and federal agencies in evaluating hazard mitigation projects.. 

Benefit/cost analysis is used in natural hazards mitigation to show if the benefits to 

life and property protected through mitigation efforts exceed the cost of the 

mitigation activity. Conducting benefit/cost analysis for a mitigation activity can assist 

communities in determining whether a project is worth undertaking now, in order to 

avoid disaster-related damages later. Benefit/cost analysis is based on calculating 

the frequency and severity of a hazard, avoided future damages, and risk. In 

benefit/cost analysis, all costs and benefits are evaluated in terms of dollars, and a 

net benefit/cost ratio is computed to determine whether a project should be 

implemented. A project worth pursuing will have a benefit/cost ratio greater than 1 

(i.e., the net benefits will the exceed net costs). 

Cost-Effectiveness Analysis 

Cost-effectiveness analysis evaluates how best to spend a given amount of money 

to achieve a specific goal. This type of analysis, however, does not necessarily 

measure costs and benefits in terms of dollars. Determining the economic feasibility 

of mitigating natural hazards can also be organized according to the perspective of 

those with an economic interest in the outcome. Hence, economic analysis 

approaches are covered for both public and private sectors as follows. 

Investing in public sector mitigation activities 

Evaluating mitigation strategies in the public sector is complicated because it 

involves estimating all of the economic benefits and costs regardless of who realizes 

them, and potentially to a large number of people and economic entities. Some 

benefits cannot be evaluated monetarily, but still affect the public in profound ways. 

Economists have developed methods to evaluate the economic feasibility of public 

decisions which involve a diverse set of beneficiaries and non-market benefits. 

Investing in private sector mitigation activities 

Private sector mitigation projects may occur on the basis of one of two approaches: 

it may be mandated by a regulation or standard, or it may be economically justified 

on its own merits.  
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A building or landowner, whether a private entity or a public agency, required to 

conform to a mandated standard may consider the following options: 

• Request cost sharing from public agencies; 

• Dispose of the building or land either by sale or demolition; 

• Change the designated use of the building or land and change the hazard 

mitigation compliance requirement; or 

• Evaluate the most feasible alternatives and initiate the most cost effective 

hazard mitigation alternative. 

The sale of a building or land triggers another set of concerns. For example, real 

estate disclosure laws can be developed which require sellers of real property to 

disclose known defects and deficiencies in the property, including earthquake 

weaknesses and hazards to prospective purchasers. Correcting deficiencies can be 

expensive and time consuming, but their existence can prevent the sale of the 

building. Conditions of a sale regarding the deficiencies and the price of the building 

can be negotiated between a buyer and seller.  

 

STAPLE/E Approach 

Conducting detailed benefit/cost or cost-effectiveness analysis for every possible 

mitigation activity could be very time consuming and may not be practical. There are 

some alternate approaches for conducting a quick evaluation of the proposed 

mitigation activities which could be used to identify those mitigation activities that 

merit more detailed assessment. One of these methods is the STAPLE/E Approach. 

Using STAPLE/E criteria, mitigation activities can be evaluated quickly by steering 

committees in a systematic fashion. This criteria requires the committee to assess 

the mitigation activities based on the Social, Technical, Administrative, Political, 

Legal, Economic, and Environmental (STAPLE/E) constraints and opportunities of 

implementing the particular mitigation item in your community. The second chapter 

in FEMA’s April How-To Guide “Developing the Mitigation Plan – Identifying 

Mitigation Actions and Implementation Strategies” as well as the “State of Oregon’s 

Local Natural Hazard Mitigation Plan: An Evaluation Process” outline some specific 

considerations in analyzing each aspect. The following are suggestions for how to 

examine each aspect of the STAPLE/E Approach from the “State of Oregon’s Local 

Natural Hazard Mitigation Plan: An Evaluation Process”. 

Social: Community development staff, local non-profit organizations, or a local 

planning board can help answer these questions: 

• Is the proposed action socially acceptable to the community? 

• Are there equity issues involved that would mean that one segment of the 

community is treated unfairly? 

• Will the action cause social disruption? 
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Technical: The city or county public works staff, and building department staff 

can help answer these questions. 

• Will the proposed action work? 

• Will it create more problems than it solves? 

• Does it solve a problem or only a symptom? 

• Is it the most useful action in light of other community goals? 

Administrative: Elected officials or the city or county administrator, can help 

answer these questions. 

• Can the community implement the action? 

• Is there someone to coordinate and lead the effort? 

• Is there sufficient funding, staff, and technical support available? 

• Are there ongoing administrative requirements that need to be met? 

Political: Consult the mayor, city council or county planning commission, city 

or county administrator, and local planning commissions to help answer these 

questions. 

• Is the action politically acceptable? 

• Is there public support both to implement and to maintain the project? 

Legal: Include legal counsel, land use planners, risk managers, and city 

council or county planning commission members, among others, in this 

discussion. 

• Is the community authorized to implement the proposed action? Is there a 

clear legal basis or precedent for this activity? 

• Are there legal side effects? Could the activity be construed as a taking? 

• Is the proposed action allowed by the comprehensive plan, or must the 

comprehensive plan be amended to allow the proposed action? 

• Will the community be liable for action or lack of action? 

• Will the activity be challenged? 

Economic: Community economic development staff, civil engineers, building 

department staff, and the assessor’s office can help answer these questions. 

• What are the costs and benefits of this action? 

• Do the benefits exceed the costs? 

• Are initial, maintenance, and administrative costs taken into account? 

• Has funding been secured for the proposed action? If not, what are the 

potential funding sources (public, non-profit, and private)? 

• How will this action affect the fiscal capability of the community? 

• What burden will this action place on the tax base or local economy? 

• What are the budget and revenue effects of this activity? 

• Does the action contribute to other community goals, such as capital 

improvements or economic development? 

• What benefits will the action provide? (This can include dollar amount of 

damages prevented, number of homes protected, credit under the CRS, 

potential for funding under the HMGP or the FMA program, etc.) 
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Environmental: Watershed councils, environmental groups, land use planners 

and natural resource managers can help answer these questions. 

• How will the action impact the environment? 

• Will the action need environmental regulatory approvals? 

• Will it meet local and state regulatory requirements? 

• Are endangered or threatened species likely to be affected? 

The STAPLE/E approach is helpful for doing a quick analysis of mitigation projects. 

Most projects that seek federal funding and others often require more detailed 

Benefit/Cost Analyses. 

When to use the Various Approaches 

It is important to realize that various funding sources require different types of 

economic analyses. The following figure is to serve as a guideline for when to use 

the various approaches. 

 

 

 

 

 

 

 

Structural                                              Non-Structural 

Projects   Projects 

  

  

 

Implementing the Approaches 

Benefit/cost analysis, cost-effectiveness analysis, and the STAPLE/E are important 

tools in evaluating whether or not to implement a mitigation activity. A framework for 

evaluating mitigation activities is outlined below. This framework should be used in 

further analyzing the feasibility of prioritized mitigation activities. 

1. Identify the Activities  

Activities for reducing risk from natural hazards can include structural projects to 

enhance disaster resistance, education and outreach, and acquisition or demolition 

of exposed properties, among others. Different mitigation project can assist in 

minimizing risk to natural hazards, but do so at varying economic costs. 

Mitigation Plan Action Items 

 

ID Funding Source 

B/C 

Analysis 

STAPLE/E or 

Cost-

Effectiveness 
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2. Calculate the Costs and Benefits 

Choosing economic criteria is essential to systematically calculating costs and 

benefits of mitigation projects and selecting the most appropriate activities. Potential 

economic criteria to evaluate alternatives include: 

Determine the project cost. This may include initial project development costs, and repair and 

operating costs of maintaining projects over time. 

Estimate the benefits. Projecting the benefits, or cash flow resulting from a project can be 

difficult. Expected future returns from the mitigation effort depend on the correct specification of 

the risk and the effectiveness of the project, which may not be well known. Expected future 

costs depend on the physical durability and potential economic obsolescence of the 
investment. This is difficult to project. These considerations will also provide guidance in 
selecting an appropriate salvage value. Future tax structures and rates must be projected. 
Financing alternatives must be researched, and they may include retained earnings, bond 
and stock issues, and commercial loans. 

Consider costs and benefits to society and the environment. These are not easily 

measured, but can be assessed through a variety of economic tools including existence value or 

contingent value theories. These theories provide quantitative data on the value people attribute 

to physical or social environments. Even without hard data, however, impacts of structural 

projects to the physical environment or to society should be considered when implementing 

mitigation projects. 

Determine the correct discount rate. Determination of the discount rate can just be the risk-

free cost of capital, but it may include the decision maker’s time preference and also a risk 

premium. Including inflation should also be considered. 

3. Analyze and Rank the Activities 

Once costs and benefits have been quantified, economic analysis tools can rank the 

possible mitigation activities. Two methods for determining the best activities given 

varying costs and benefits include net present value and internal rate of return. 

• Net present value. Net present value is the value of the expected future 

returns of an investment minus the value of expected future cost 

expressed in today’s dollars. If the net present value is greater than the 

project costs, the project may be determined feasible for 

implementation. Selecting the discount rate, and identifying the present 

and future costs and benefits of the project calculates the net present 

value of projects. 

• Internal Rate of Return. Using the internal rate of return method to 

evaluate mitigation projects provides the interest rate equivalent to the 

dollar returns expected from the project. Once the rate has been 

calculated, it can be compared to rates earned by investing in alternative 

projects. Projects may be feasible to implement when the internal rate of 

return is greater than the total costs of the project. Once the mitigation 

projects are ranked on the basis of economic criteria, decision-makers 

can consider other factors, such as risk, project effectiveness, and 

economic, environmental, and social returns in choosing the appropriate 

project for implementation. 
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Economic Returns of Natural Hazard Mitigation 

The estimation of economic returns, which accrue to building or landowner as a 

result of natural hazard mitigation, is difficult. Owners evaluating the economic 

feasibility of mitigation should consider reductions in physical damages and financial 

losses. A partial list follows: 

• Building damages avoided 

• Content damages avoided 

• Inventory damages avoided 

• Rental income losses avoided 

• Relocation and disruption expenses avoided 

• Proprietor’s income losses avoided 

These parameters can be estimated using observed prices, costs, and engineering 

data. The difficult part is to correctly determine the effectiveness of the hazard 

mitigation project and the resulting reduction in damages and losses. Equally as 

difficult is assessing the probability that an event will occur. The damages and 

losses should only include those that will be borne by the owner. The salvage value 

of the investment can be important in determining economic feasibility. Salvage 

value becomes more important as the time horizon of the owner declines. This is 

important because most businesses depreciate assets over a period of time. 

Additional Costs from Natural Hazards 

Property owners should also assess changes in a broader set of factors that can 

change as a result of a large natural disaster. These are usually termed “indirect” 

effects, but they can have a very direct effect on the economic value of the owner’s 

building or land. They can be positive or negative, and include changes in the 

following: 

• Commodity and resource prices 

• Availability of resource supplies 

• Commodity and resource demand changes 

• Building and land values 

• Capital availability and interest rates 

• Availability of labor 

• Economic structure 

• Infrastructure 

• Regional exports and imports 

• Local, state, and national regulations and policies 

• Insurance availability and rates 

Changes in the resources and industries listed above are more difficult to estimate 

and require models that are structured to estimate total economic impacts. Total 

economic impacts are the sum of direct and indirect economic impacts. Total 

economic impact models are usually not combined with economic feasibility models. 
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Many models exist to estimate total economic impacts of changes in an economy. 

Decision makers should understand the total economic impacts of natural disasters 

in order to calculate the benefits of a mitigation activity. This suggests that 

understanding the local economy is an important first step in being able to 

understand the potential impacts of a disaster, and the benefits of mitigation 

activities. 

Additional Considerations 

Conducting an economic analysis for potential mitigation activities can assist 

decision-makers in choosing the most appropriate strategy for their community to 

reduce risk and prevent loss from natural hazards. Economic analysis can also save 

time and resources from being spent on inappropriate or unfeasible projects. Several 

resources and models are listed on the following page that can assist in conducting 

an economic analysis for natural hazard mitigation activities. 

Benefit/cost analysis is complicated, and the numbers may divert attention from 

other important issues. It is important to consider the qualitative factors of a project 

associated with mitigation that cannot be evaluated economically. There are 

alternative approaches to implementing mitigation projects. Many communities are 

looking towards developing multi-objective projects. With this in mind, opportunity 

rises to develop strategies that integrate natural hazard mitigation with projects 

related to watersheds, environmental planning, community economic development, 

and small business development, among others. Incorporating natural hazard 

mitigation with other community projects can increase the viability of project 

implementation. 

Resources 

CUREe Kajima Project, Methodologies For Evaluating The Socio-Economic 

Consequences Of Large Earthquakes, Task 7.2 Economic Impact Analysis, 

Prepared by University of California, Berkeley Team, Robert A. Olson, VSP 

Associates, Team Leader; John M. Eidinger, G&E Engineering Systems; Kenneth A. 

Goettel, Goettel and Associates Inc.; and Gerald L. Horner, Hazard Mitigation 

Economics Inc., 1997. 

Federal Emergency Management Agency, Benefit/Cost Analysis of Hazard 

Mitigation Projects, Riverine Flood, Version 1.05, Hazard Mitigation Economics Inc., 

1996. 

Federal Emergency Management Agency Report on Costs and Benefits of Natural 

Hazard Mitigation. Publication 331, 1996. 

Goettel & Horner Inc., Earthquake Risk Analysis Volume III: The Economic 

Feasibility of Seismic Rehabilitation of Buildings in The City of Portland, Submitted to 

the Bureau of Buildings, City of Portland, August 30, 1995. 

Goettel & Horner Inc., Benefit/Cost Analysis of Hazard Mitigation Projects Volume V, 

Earthquakes, Prepared for FEMA’s Hazard Mitigation Branch, October 25, 1995. 
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Horner, Gerald, Benefit/Cost Methodologies for Use in Evaluating the Cost 

Effectiveness of Proposed Hazard Mitigation Measures, Robert Olson Associates, 

Prepared for Oregon State Police, Office of Emergency Management, July 1999. 

Interagency Hazards Mitigation Team, State Hazard Mitigation Plan, (Oregon State 

Police – Office of Emergency Management, 2000). 

Risk Management Solutions, Inc., Development of a Standardized Earthquake Loss 

Estimation Methodology, National Institute of Building Sciences, Volume I and II, 

1994. 

VSP Associates, Inc., A Benefit/Cost Model for the Seismic Rehabilitation of 

Buildings, Volumes 1 & 2, Federal Emergency Management Agency, FEMA 

Publication Numbers 227 and 228, 1991. 

VSP Associates, Inc., Benefit/Cost Analysis of Hazard Mitigation Projects: Section 

404 Hazard Mitigation Program and Section 406 Public Assistance Program, 

Volume 3: Seismic Hazard Mitigation Projects, 1993. 

VSP Associates, Inc., Seismic Rehabilitation of Federal Buildings: A Benefit/Cost 

Model, Volume 1, Federal Emergency Management Agency, FEMA Publication 

Number 255, 1994. 
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Appendix F: Plan Development 

Timeline 
 

2005 

General: The City of Cottage Grove developed the 2005 Hazards Mitigation Plan as 

an addendum to the Lane County All-Hazard Mitigation Plan in an effort to take a 

more regional approach to planning for natural hazard scenarios. The Natural 

Hazards Mitigation Plan Team was formed in February of 2003, and served to 

provide guidance and direction in the Natural Hazards Mitigation Plan by the City 

Council in 2005.  

Activities: Community Development Department engaged in several community-wide 

planning activities that implemented elements of the 2005 Natural Hazards 

Mitigation Plan, including a 2050 Visioning project, Total Maximum Daily Load 

(TMDL) Implementation Planning process and plan adoption, extended work with the 

Coast Fork Watershed Council on floodplain and riparian protections, work with the 

2006-2007 Development Code Advisory Committee on the adoption of new sensitive 

lands standards in 2008, and ongoing work with the Lane County Countywide 

Preparedness Group. 

The original Natural Hazards Mitigation Plan Advisory Committee was used as an 

Advisory Committee for the TMDL Implementation Plan; information from this on-

going planning process was used to inform changes made in the Update done in 

2010. 

Table 2. 2005 NHMP Action Items 

Flood #1: Investigate FEMA’s Community Rating System requirements to 

potentially lower flood insurance rates. 

Flood #2: Improve upon localized flood hazard knowledge. 

Flood #3: Inventory structures and infrastructure in the FEMA mapped floodway 

and explore mitigation options. 

Flood #4: Address concerns associated with development in areas with high water 

tables.  

Flood #5: Increase channel maintenance and debris removal from rivers and 

streams. 

Flood #6: Update Storm Drainage Master Plan, determine and implement 

appropriate mitigation measures. 
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Flood #7: Improve public notification system in case of a dam break. 

Landslide #1: Evaluate risk level for buildings identified in the landslide hazard 

area. 

Landslide #2: Limit future development in high landslide potential areas. 

Landslide #3: Adopt erosion control regulations for all development, especially in 

high landslide hazard areas. 

Wildland Fire #1: Encourage fire-safe construction practices for existing and new 

construction in high-risk areas. 

Winter Storm #1: Decrease risk of power and utility outages by moving lines 

underground. 

Winter Storm #2: Periodically survey trees on city property and trim as necessary. 

Winter Storm #3: Ensure that critical facilities have backup power and emergency 

operations plans to deal with power outages. 

Earthquake #1: Complete inventory of residential, commercial, and public 
buildings in Cottage Grove that may be particularly vulnerable to earthquake 
damage, including (but not limited to) unreinforced masonry buildings and wood 
frame buildings with cripple wall foundations and with sill plates not bolted to the 
foundation. 

Earthquake #2: Complete seismic vulnerability assessments and develop 

mitigation strategies of seismic retrofit of critical public buildings identified as being 

particularly vulnerable. 

Earthquake #3: Study and make necessary improvements to the water 

transmission line from Layng Creek.  

Multi-Hazard #1: Complete inventories of buildings and infrastructure at risk from 
each hazard and prioritize mitigation projects to reduce the level of risk. 

Multi-Hazard #2: Identify and pursue funding opportunities to develop and 

implement specific mitigation projects in Cottage Grove. 

Multi-Hazard #3: Strengthen emergency preparedness and response capabilities. 

Multi-Hazard #4: Integrate the information, objectives, mitigation strategies and 

action items into existing regulatory documents and programs. 

Multi-Hazard #5: Update the Comprehensive Plan to meet State Land Use 

Planning Goal 7. 

Multi-Hazard #6: Enhance awareness of natural hazards. 

Multi-Hazard #7: Increase the medical resources capable of handling large-scale 

medical needs. 

Multi-Hazard #8: Ensure that there are adequate shelter facilities in hazard-free 
zones to serve Cottage Grove residents. 
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2010 

General: The 2005 Plan was due for an update by April 2010. In December 2009, a 

steering committee was formed to update the 2005 Plan.  

This committee reviewed and updated the mission, goals and objectives of the 2005 

Plan. They also reviewed and updated the plan’s risk assessment, the mitigation 

actions, and the plan implementation and maintenance process. The planning 

process was designed to: (1) result in an updated plan that is Disaster Mitigation Act 

2000 compliant; (2) coordinate with the State’s plan and Lane County’s plan; (3) 

build a network of local organizations that can play an active role in plan 

implementation; and (4) reflect any changes or new information that occurred since 

the plan’s initial adoption in 2005.  

This planning process was influenced by the work done by the Oregon Partnership 

for Disaster Resilience on the 2009 Eugene/Springfield Multi-Jurisdictional Natural 

Hazards Mitigation Plan, funded through a FEMA awarded Pre-Disaster Mitigation 

grant. 

Table 3. 2010 NHMP Action Items 

Flood Hazard 1: Improve upon localized flood hazard knowledge. 

Flood Hazard 2: Inventory structures and infrastructure in the FEMA mapped 

floodway and explore mitigation options. 

Flood Hazard 3: Coordinate with other local, state and federal agencies on 

floodplain improvements 

Flood Hazard 4: Increase channel maintenance and debris removal from rivers 

and streams. 

Flood Hazard 5: Adopt Storm Drainage Master Plan, and determine and 

implement appropriate mitigation measures.  

Flood Hazard 6: Improve public notification system in case of a dam break. 

Flood Hazard 7: Improve Riparian area health. 

Landslide Hazard 1: Evaluate risk level for buildings identified in the Landslide 

hazard area. 

Landslide Hazard 2: Limit future development in high landslide potential areas. 

Landslide Hazard 3: Adopt erosion control regulations for all development, 

especially in high landslide hazard areas.  

Landslide Hazard 4: Evaluate landslide hazard risk for Knox Hill Reservoir and 

mitigate as necessary. 
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Landslide Hazard 5: Improve knowledge of landslide hazard through better 

mapping.  

Wildfire 1: Encourage fire-safe construction practices for existing and new 

construction in high-risk areas.  

Winterstorm 1: Decrease risk of power and utility outages by moving lines 

underground. 

Winterstorm 2: Periodically survey trees on city property and trim as necessary. 

Winterstorm 3: Ensure that critical facilities have backup power and emergency 

operations plans to deal with power outages.  

Winterstorm 4: Develop plans for snow emergency and roof clearance.  

Earthquake 1: Complete and maintain inventory of critical infrastructure in Cottage 

Grove that may be particularly vulnerable to earthquake damage, including (but 

not limited to) unreinforced masonry buildings and infrastructure.  

Earthquake 2: Complete seismic vulnerability assessments and develop mitigation 

strategies of seismic retrofit of critical public buildings and facilities identified as 

being particularly vulnerable.  

Earthquake 3: Complete and maintain inventory of commercial and multi-family 

residential buildings in Cottage Grove that may be particularly vulnerable to 

earthquake damage, including (but not limited to) unreinforced masonry buildings 

and wood frame buildings with cripple wall foundations and with sill plates not 

bolted to the foundation.  

Earthquake 4: Complete necessary improvements to the Row River Water 

Treatment Plant.  

Earthquake 5: Participate in ODOT Bridge review program. 

Multi Hazard 1: Complete inventory of buildings and infrastructure at risk from 

each hazard and prioritize mitigation projects to reduce the level of risk.  

Multi Hazard 2: Identify and pursue funding opportunities to develop and 

implement specific mitigation projects in Cottage Grove.  

Multi Hazard 3: Strengthen emergency preparedness and response capabilities.  

Multi Hazard 4: Integrate the information. Objectives, mitigation strategies and 

action items into existing regulatory documents and programs.  

Multi Hazard 5: Update the Comprehensive Plan and Development Code to meet 

State Land Use Planning Goal 7. 

Multi Hazard 6: Enhance awareness of natural hazards. 
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Multi Hazard 7: Increase the medical resources capable of handling large-scale 

medical needs.  

Multi Hazard 8: Ensure that there are adequate shelter facilities in hazard-free 

zones to serve Cottage Grove residents.  

 

Activities:  

Steering Committee Meeting (February, 2010) 

The committee met to review and update as necessary plan goals and 

objectives; (2) develop a stakeholder list and approve a public involvement 

plan; and (3) develop a project timeline. 

Steering Committee Meeting (March, 2010) 

The committee met again in early March to (1) review and update the 

city’s hazard profile and vulnerability estimates; (2) review and make 

recommendations on mitigation strategies; and (3) discuss stakeholder 

survey content.  

Agendas from those meeting were included as part of the City’s Appendix 

to the Lane County Natural Hazards Mitigation Plan Update. Once 

defined, the public involvement schedule and project goals were uploaded 

to the City’s website and a notice of the upcoming planning process was 

sent to all City water service customers. 

Stakeholder Identification 

As part of the public involvement plan, the Steering Committee identified a 

group of stakeholders that may be impacted by or have some control over 

the impacts of natural hazards in Cottage Grove. Representatives from the 

following organizations were contacted via mail and email to inform them 

on the ongoing project and request comment on revised mitigation 

strategies: 

• The Building Department 

• Cottage Grove Historical 

Society 

• Cottage Grove Area Chamber 

of Commerce 

• Coast Fork Willamette 

Watershed Council 

• City of Cottage Grove Public 

Works, Engineering 

• City of Cottage Grove, 

Maintenance 

• City of Cottage Grove, Sewer 

& Water 

• South Lane County Fire and 

Rescue District 

• Lane County Transportation 

Planning 

• Oregon Department of 

Forestry  

• U.S. Forest Service 

• Department of State Lands 

• Lane County Waste 

Management 
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• Lane County Land 

Management 

• ODOT Region 5 

• Pacific Power & Light 

• NW Natural 

• Emerald People’s Utility 

District 

• Peace Health 

• South Lane School District 

• Cottage Grove Economic & 

Business Improvement 

District 

• Visioning Committee 

• U.S. Army Corps of Engineers 

• Department of Land 

Conservation & Development 

 

Public Open House & Steering Committee meeting (June 2010) 

The Steering Committee met to review final draft mitigation strategies as prepared 

by Community Development Department staff at a meeting in June at City Hall in an 

Open House format. The drafts were made available on-line for public comment two 

weeks before the open house.  

All stakeholders had received email and written invitations to attend the Open 

House. Additionally, all water-bill customers within Cottage Grove received a public 

notice of the meeting. The public open house was also published in the Sentinel and 

advertised on-line and at various public locations throughout Cottage Grove. 

Comments taken at the meeting were incorporated into the final draft of the 

document. (See Appendix for copies of public notice, meeting materials and meeting 

attendance.) 

Final Draft  

Staff created a draft 2011 Natural Hazards Mitigation Plan Update integrating 

comments received during the open house. This draft was sent to the State Hazard 

Mitigation Office and to FEMA Region 5 for review and comment to verify that the 

City was on the right track. Comments were incorporated into the draft prior to 

release to the public. 

State Hazard Mitigation Officer Review (November 2011) 

The final approved draft of the 2011 Update was sent to the State Hazard Mitigation 

Officer and to FEMA for review. Upon receipt of approval pending adoption, City 

staff began the process for local adoption. 

Final adoption (April 2012) 

The Cottage Grove City Council is responsible for adopting the City of Cottage 

Grove Natural Hazards Mitigation Plan as well as the Lane County All-Hazard 

Mitigation Plan as an addendum to the Cottage Grove Plan.  

The City Council adopted the final draft of the document through Resolution No. 

1802 on April 23, 2012. 
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2015-16 Update 

In June of 2015, the decision was made to update the City’s current NHMP as Lane 

County was also in the process of updating its NHMP in order to incorporate 

changes made in state level planning guidelines. The Cottage Grove NHMP Update 

is being undertaken early in the 5 year planning cycle in order to make it adaptable 

to new FEMA mitigation planning standards released in 2013, and in coordination 

with efforts undertaken by Lane County Emergency Management.  

The process began with a review of the current plan as it was adopted in April of 

2012. The changes to the 2016 plan update include a significant change in the 

format of the document, and a very thorough review of existing Mitigation Actions. 

Mitigation Actions are now listed in a concise table format, and separate tables 

outlining Critical Infrastructure and Key Resources (CIKR), and the Natural Hazards 

to which they are vulnerable. Below is the timeline of development: 

 

2015-16 NHMP Update Timeline 

October 

•   Form Advisory Committee 

•   Invitees: 

o South Lane County Fire and Rescue – Justin Baird  

o Cottage Grove Police Department – Dan White 

o Planning Commission – Alan Widener 

o City Council - Garland Burbank 

o Community Development Department - Howard Schesser 

o City Planner - Amanda Ferguson 

o Public Works – Jan Wellman 

o Water Treatment – Jan Wellman 

o Finance Department – Bert Olson 

•   Contact Stakeholders with Initial Information 

December 
•   Advisory Committee 

•   Review Proposed Mitigation Actions 

March 2016 •   Public Forum on survey results, proposed mitigation measures 

April 
•   Advisory Committee: Review Second Draft Plan 

•   Public Meeting on Draft Plan 

May 

•   Final Draft of plan to stakeholders (written notice, plan on-line) 

•   Advisory Committee: final Draft Review 

•   Planning Commission – Draft Review 

•   Revise as necessary based on comments 

June •   Final Draft of Plan made available to City Council for comment 

September •   Final Draft of Plan open for public comment on website 

October •   Final Draft of Plan to OEM 
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2022-23 Plan Update 

 

The process of updating the NHMP was initiated in 2020 with an application by the (then) 

Office of Emergency Management to FEMA’s Pre-Disaster Mitigation program.  The 

Department of Land Conservation and Development was the sub-applicant and the agency 

to carry out the update project.  The initial work (Community Profile, Risk Assessment and 

Public Engagement) was coordinated by Pam Reber, and she prepared a 75% draft of the 

plan update. Due to Pam’s departure from the agency, a second Natural Hazard Mitigation 

Planner (Katherine Daniel) worked with the steering committee to complete the analysis of 

the Mitigation Strategy. 

The city has had a structure and practice in place to maintain and make progress on the 

Cottage Grove Natural Hazard Mitigation Plan since the 2017 update. The Hazard 

Mitigation AC solicited participation from county, state, federal and tribal government, the 

Coast Fork Willamette Watershed Council, the city-owned airport, the water district, the 

education service district and school facilities managers and superintendents, private 

insurance and power company representatives, Lane Community College, historical and 

health organizations.  The steering committee met five times beginning in January 2022 

and finishing in April 2023.  Meeting minutes and agendas are provided in Appendix G. 

The activities conducted to complete the plan update included publicly noticed meetings as 

well as public engagement through the city’s website and a survey.  The Central Lane 

County Flood Risk meetings were occurring during the same time frame as the plan update 

(October 2022).  This was another opportunity to engage members of the public in free 

events open to the public.  The city also received notification in October 2022 that it had 

retained its CRS rating of 6.   

Public input was included in the plan to confirm the risk assessment conducted by the 

Steering Committee using the OEM Hazard Assessment Methodology as a group exercise.  

The survey received eighteen responses.  Although the data were not analyzed or graphed, 

a review of the responses to the question  "How would you like local government agencies 

to prepare for the earthquake hazard?” commonly included the following: 

 

• Retrofit or rebuild critical facilities to ensure they have the structural integrity to 
withstand an earthquake event. 

• Ensure that Cottage Grove’s water supply can withstand a major earthquake event.; 

• Install automatic shut off valves for fuel to prevent spills, explosions, and fires after 

an earthquake event. 

• Install automatic shut off valves for water supply to prevent loss, leakage, or 

flooding. 

• Educate the community about seismic retrofits for private homes. 

• Educate the community about how to be 3-weeks ready with emergency food and 

supplies.  
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The survey contained the following questions:  

Cottage Grove Community Hazard Survey  

Cottage Grove Public Works & Development Department is leading the five-year 

update of the City’s Natural Hazard Mitigation Plan. We want to hear from the 

community about your concerns regarding risks from natural hazards! Please 

answer the following survey questions and return the survey to the location where 

you received it or mail it to 400 E. Main St., Cottage Grove, OR 97424 

1. Where do you live in Cottage Grove? Please choose the direction or 

landmark closest to your primary residence. Select one:   

 Northwest (Mt. David) 

 Southwest (CGHS & Bohemia School) 

 Northeast (Middlefield) 

 Southeast (Lincoln Middle School) 

 Central/Downtown West (west of Hwy 99, east of the river) 

 Central/ Downtown East (east of Hwy 99, west of I-5) 

2. Are you concerned about Flooding affecting your home, family, or livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

 

3. Are you concerned about a Landslide affecting your home, family, or 

livelihood? 

Select one:   

 Yes  

 No  

 Unsure 

 

4. Are you concerned about a Wildfire affecting your home, family, or 

livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

 

5. Is your home address well-signed and clearly visible from the street? (For 

example, reflective numbers visible at night, without vegetation impeding 

visibility, etc.)  
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Select one:   

 Yes  

 No  

 Unsure 

6. What actions have you taken to reduce wildfire risk for your home? Please 

select all that apply: 

 Purchased insurance: homeowners, renters, and/or flood insurance. 

 Retrofit home for fire or earthquake—such as installing fire-resistant siding, 

securing water tanks, etc. 

 Created a firebreak around your home by removing or reducing fuels—such as 

dead trees, overgrown vegetation, or cleaning debris from gutters and roof. 

 Installed smoke detectors, carbon monoxide detectors, and/or fire extinguishers.  

7. Are you concerned about a Winter Storm affecting your home, family, or 

livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

 

8. Are you concerned about an Earthquake affecting your home, family, or 

livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

 

9. Seismic standards were put into place in 1994. Have you considered seismic 

retrofits?  

Select one:   

 Yes  

 No  

 Unsure 

 

10. How would you like local government agencies to prepare for the earthquake 

hazard? Select all that apply: 

 Retrofit or rebuild critical facilities to ensure they have the structural 

integrity to withstand an earthquake event. 

 Ensure that Cottage Grove’s water supply can withstand a major 

earthquake event. 
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 Install automatic shut off valves for fuel to prevent spills, explosions, and 

fires after an earthquake event.  

 Install automatic shut off valves for water supply to prevent loss, leakage, 

or flooding.  

 Educate the community about seismic retrofits for private homes. 

 Educate the community about how to be 3-weeks ready with emergency 

food and supplies. 

11. Are you concerned about a Drought affecting your home, family, or 

livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

12. Are you concerned about a Volcanic Event affecting your home, family, or 

livelihood?  

Select one:   

 Yes  

 No  

 Unsure 

13. Are you concerned about Climate Change affecting your home, family, or 

livelihood? 

Select one:   

 Yes  

 No  

 Unsure 

 

14. Do you have any additional concerns or comments about hazards in your 

community? Please share them in the space below (200-word limit).  

 
 

 

15. Provide your name if you would like it to appear with your comment.  
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16. Please provide your email if you would like to learn about future opportunities 

regarding hazards in Cottage Grove. 

 
 

Thank you for completing this survey! Please return completed surveys to the 

location where you received it or mail it to: 400 E. Main Street, Cottage Grove, 

OR 97424. 

The data from the 28 responses were provided in graphical form to the final plan writier, 

however, the open-ended responses were as  follows: 

Public Comment Matrix 
The following comments were provided by the community as a part of the City 

of Cottage Grove Community Hazards Survey available July 2022.  

 
Open-Ended Response Comments 
Do you have any additional concerns or comments about hazards in your community? 

# Commenter Comment Response 

1 Emad Al-Nasian, 
Northwest (Mt. David) 

No concerns aside from the 
power outages. 

Thank you. Power outages are addressed by 
backup power and are considered under the 
Winter Storm and All-Hazards mitigation actions 
and hazard chapters. 

2 Chelsy, Southeast 
(Lincoln Middle School) 

More housing Housing production is outside of the scope of this 
plan. However, the location and density of 
residential development is considered. 

3 Anonymous, 
Northwest (Mt. David) 

Crime and homeless Crime is not specifically addressed in a plan of this 
type. Addressing the needs of the whole 
community in a disaster is a consideration in 
natural hazards planning. 

4 James, Northwest (Mt. 
David) 

Homeless people Addressing the needs of the whole community in 
a disaster is a consideration in natural hazards 
planning. 

5 Anonymous, 
Southwest (CGHS & 
Bohemia School)  

People driving too fast Natural hazard mitigation planning does not 
address this concern. 

6 Keri, Southwest (CGHS 
& Bohemia School) 

No Thank you for participating in this survey. 

7 Pam Gothberg, 
Southwest (CGHS & 
Bohemia School) 

No Thank you for participating in this survey. 

8 Erika, Southeast 
(Lincoln Middle School) 

No Thank you for participating in this survey. 
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Appendix G: Public Meeting 

Documentation 
 

 

 

 

 

 

Outlined below are the highlights of Cottage Grove Natural Hazards Mitigation Plan 

Advisory Committee meetings and general mitigation activities undertaken during 

this planning cycle. These activities demonstrate the committed and diverse 

involvement of community members, local government, regional agencies, the 

public, and various stakeholders. 

 

The 2023 Natural Hazards Mitigation Plan Advisory Committee began meeting in 

late January 2022. Committee members included staff from Public Works, 

Community Development, the city Building Official, Water Production 

Superintendent, City Engineer, and the City Manager, South Lane Fire & Rescue 

District, Cottage Grove City Council. Representatives from other community 

organizations participated as partners.  These included the Coast Fork Willamette 

Watershed Council, Community Sharing, and the Cottage Grove Museum. Lane 

County Emergency Management acted as an ex-officio member of the committee, 

receiving agenda packets prior to each meeting.  

Public notice for all meetings was provided and meetings were held in City Council 

Chambers at City Hall, 400 E. Main Street. All Steering Committee meetings were 

held as public meetings and time was provided at each meeting for public comment. 

Information was sent out to the community about the meetings through press 

releases and website updates at least 2 weeks before each meeting, and current 

drafts of the document were available to review as it was being developed on the 

City’s website, www.cottagegrove.org. The final document was made available for 

review by City Council and stakeholders in December 2023. The final draft was 

placed on the City’s website for public comment for 30 days. No additional 

comments were received during this public comment period. The final draft was 

concurrently forwarded to the Oregon Department of Emergency Management 

(OEM) for their review in December 2023. 

44 CFR Requirement 201.6(b)  
An open public involvement process is essential to the development of an effective plan. In 

order to develop a more comprehensive approach to reducing the effects of natural 

disasters, the planning process shall include: (2) An opportunity for neighboring communities, 

local and regional agencies involved in hazard mitigation activities, and agencies that have 

the authority to regulate development, as well as businesses, academia and other private 

and non-profit interests to be involved in the planning process. (3) Review and incorporation, 

if appropriate, of existing plans, studies, reports, and technical information. 

http://www.cottagegrove.org/
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Figure 11. January 26, 2022 Steering Committee meeting agenda. 
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Figure 12. January 26, 2022 Steering Committee meeting notes.
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Figure 13. February 23, 2022 Steering Committee meeting agenda 
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Figure 14. February 23, 2022 Steering Committee meeting notes 
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48 | P a g e  
 

Figure 15.  March 16, 2022 Steering Committee meeting agenda
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50 | P a g e  
 

Figure 16.  March 16, 2022 Steering Committee meeting notes 

 



 

 51 | P a g e  
 

 



 

52 | P a g e  
 



 

 53 | P a g e  
 

 

 

 



 

54 | P a g e  
 

Figure 17. October 5, 2022 Steering Committee meeting agenda 
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Figure 18.  October 5, 2022 Steering Committee meeting notes 
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Figure 19.  April 18, 2023 Steering Committee meeting agenda 
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Appendix H: FEMA Approval and Local 

Adoption Documentation 
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