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Executive Summary 
 
In 2018 the Army Corps of Engineers (USACE), Portland District (NWP) prepared a climate 
change qualitative assessment for the Mid-Coast Water Planning Partnership. The objective of 
the assessment was to determine if the region’s natural resources and community infrastructure 
might be vulnerable from projected changes in seasonal metrological (e.g., temperatures and 
precipitation) and hydroclimate (snowpack and streamflow, etc.) in the Mid-Coast region etc.  
 
Changes in these climate variables will likely lead to increased risk of more frequent and 
extreme climate driven phenomena such as droughts, floods, and/or fires. Rising ambient 
temperatures are projected to add a direct stress to ecological resources in the Mid-Coast’s 
natural areas. The warming temperature regimes will most likely lead to altered hydrologic 
patterns as well. Wet seasons will likely become wetter, and the dry seasons will experience even 
less precipitation and, more importantly, lower base flows in the surrounding tributary creeks 
and rivers. Drier conditions in the summertime will drive increased chance and severity of 
wildfires as exemplified in the recent historic fires experienced by the Mid-Coast in September 
2020. Wetter conditions in the winter are likely to increase flooding in the flat lowland areas of 
the Mid-Coast. Areas denuded by increased wildfire will experience higher runoff and will likely 
lead to increased sediment transport in the rivers, as well as mudslides from unstable hills and 
escarpments.  
 
Changes in future hydroclimate metrics, such as lower summer streamflow, are likely to have 
direct and adverse impacts on Mid-Coast water quality and supply infrastructure. Future 
projections (see bullets below) point to increased summertime tempetures as well as less 
available streamflow. These conditions are likely to lead to future water supply shortfalls are 
likely to become more common, and there will be less water to replenish lakes and recharge 
ground water. 
 
Mean sea level is also projected to increase throughout the century. Projected sea level increases 
can adversely impact facilities designedfor historical mean sea level. For example, Water 
Districts with facility outlet pipes set to a certain elevation may be submerged as the ocean levels 
rise. A higher future sea level will increase flood backwater effects upstream into rivers and 
creeks.  
 
Figure 1 graphically expresses these trends in climate change. The trend of the indicators, as 
shown in the graphic, were determined from climate change literature and future projections 
trends. An expanded summary of the major climate change trends for Mid-Coast is also 
presented below. Report Sections 1 and 2 outline the trends in greater detail. 
 
• By the 2050s (2040–2069), Oregon average air temperature is projected to increase by 3.6° to 

5.0° Farenheit. 
• Projected 21st century warming and dry conditions are likely to drive increased fire risk. 
• Summer precipitation is projected to decline, on average, 9% by the 2050s. 
• Winter precipitation is projected to increase, on average, 8% by the 2050s. 
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• Streamflow model projections generally show a decrease in late spring and summer, 
however, there will likely be increases in winter November–March flow peaks and 
streamflow volumes during the winter months. 

• Summer droughts may become more frequent and extreme as wintertime flooding is likely to 
increase. 

• Relative sea level change is anticipated for the Mid-Coast. Section 1.5 outlines changes of +2 
to 5 feet relative increase in sea levels by end of century. More modest increases are 
projected by 2050 of + 0.8 to +1.8 feet).  

 

 
(Source: Recent US Climate Change and Hydrology Literature and Applicable to US Army Corps of Engineers Missions Pacific Northwest 
Region 17) 
 
Figure 1.   Literature consensus of climate change trends. 
 
The US Army Corps of Engineers (USACE) approaches future climate change vulnerability 
systematically by taking a risk-informed approach that is meant to be adaptive in nature, 
providing the most flexible and resilient response to likely climate uncertainty. The USACE’s 
Engineering and Construction Bulletin (ECB) 2020-6 “Implementation of Resilience Principles 
in the Engineering & Construction Community of Practice,”outlines the tenets of this approach. 
The ECB prescribes risk-informed decision making and applies four “principles of resilience” – 
Prepare, Absorb, Recover, and Adapt (PARA).  
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• Prepare. The Prepare principle considers measures to meet the needs of a project 

component, or system, including reducing risks, or costs, under loading conditions beyond 
those required by technical standards or norms. 

 
• Absorb. The Absorb principle considers measures to limit damage to, or loss of function of, 

a project component or system due to both acute and chronic loading conditions, including 
conditions beyond those used for the design. This principle can also be used as an 
opportunity to consider adding system component robustness, redundancy, and increased 
reliability. 

 
• Recover. The Recover principle stresses wise and rapid repair, or functional restoration, of a 

project component or system. 
 
• Adapt. The Adapt principle considers modifications to a project component or system that 

maintains or improves future performance based on lessons learned from a specific loading 
condition, or loadings associated with changed conditions. 

 
The PARA approach is recommended as a robust methodology to plan for likely, but uncertain, 
levels of climate change and their impacts. The goal is to identify the most likely trends of future 
climate and proactively begin planning for the response. To that end, this study has identified 
three qualitative approach recommendations. These approaches are general, however, they are 
more achievable and flexible to meet the unique future risks posed by climate change in the Mid-
Coast region.  
 
In anticipation of an uncertain future, the Mid-Coast can best prepare by continuing existing 
monitoring programs, documenting the current status of the region and projected trends. It is also 
recommended to continue existing and future scientific studies aimed at better understanding 
climate processes and their impacts at the local level. Continuing the Partnership activities with a 
focus on climate change will help prepare the region and articulate strategies in response to 
climate change stressors. The Mid-Coast should continue to rehabilitate and expand water supply 
and water infrastructure. Implementing environmental restoration strategies and expanding water 
conservation efforts will help to mitigate projected increases in streamflow temperatures. 
Programs that increase robustness and resiliency to existing stressors will best position the region 
to climate change stressors. The Mid-Coast should formulate a clear and adaptive management 
plan for dealing with the presence and projected challenges of climate change stressors. 
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1.0 Introduction 

 
The U.S. Army Corps of Engineers (USACE/Corps), Portland District (NWP) was requested to 
prepare a hydroclimate vulnerability assessment for the Mid-Coast Water Planning Partnership 
(MCWPP). This analysis was conducted under the USACE Planning Assistance to States (PAS) 
program. The USACE prepared a qualitative vulnerability assessment detailing how projected 
hydroclimate change could affect areas along the middle coast of Oregon (Mid-Coast). This area 
spans from Lincoln City to the City of Yachats, Oregon. Figure 2 below shows the study area 
and the eight most prominent subbasin watersheds. 
 
The term “hydroclimate change” refers to changes in the mean and variance of meteorology and 
hydrologic variables, such as temperature, precipitation, and streamflow. This study uses a 
qualitative approach that focuses on these hydroclimate change drivers and how they may lead to 
ecological, water management, and economic vulnerabilities.  
 
The qualitative assessment evaluates climate-induced stress and vulnerabilities spanning from 
the middle of the 20th century to the end of 21st century. Historical baseline comparisons for 
change frequently align with conditions associated with the latter half decades of the 20th 
century. Future projections are evaluated in 30-year blocks of time centered on the reference 
year. The 2030s therefore, span water years (WYs) 2020 through 2049. Some of the future 
projecitons for hydroclimate metrics and vulnerbaibilites, span other future epochs, therefore, 
distinctions on time window being evaluated, are made where appropriate.  
 
This qualitative approach is not expected to result in numerical results leading to specific 
decisions responding to climate change, rather they are intended to inform stakeholder 
understanding of likely future conditions, formulation, and valuation related to project planning 
(USACE 2018, ECB-2018-14). 
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Figure 2.   Study Location Map. 
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1.1 Purpose 
 
The purpose of this work was to prepare a qualitative vulnerability assessment of the 
hydroclimate change for the Mid-Coast water users. To this end, this document verifies and 
identifies projected ocean level fluctuation as well as overall climate, hydrologic, and hydraulic 
(hydroclimate) changes, including ambient air temperature, precipitation patterns, and 
streamflow impacts. 
 
1.2 USACE Guidance 
 
Hydroclimate effects and associated vulnerability for the Mid-Coast PAS study were evaluated 
based on the following USACE guidance: 
 
• ECB-2018-14: Guidance for Incorporating Climate Change Impacts to Inland Hydrology in 

Civil Works Studies, Designs, and Projects. 
• ETL-1110-2-3 Guidance for Detection of Non-stationarities in Annual Maximum 

Discharges. 
• ECB-2020-6: Implementation of Resilience Principles in the Engineering & Construction 

Community of Practice. 
• ER 1100-2-8162: Incorporating Sea Level Change in Civil Works Programs. 
 
1.3 Literature Review 
 
ECB-2018-14 prescribes a series of steps to perform a qualitative assessment of the impacts of 
climate change in hydrologic analyses. As part of this process, a literature review, which 
summarizes current climate understanding as well as project changes, should be conducted to 
outline current understanding of climate change in the region. To address inherent uncertainty in 
future hydroclimate change projections, a literature review identifies the degree of consensus on 
certain topics, e.g., how likely, and by how much, the region will warm in the future, etc. The 
USACE literature review is provided as Attachment A to this report. 
 
1.4 Internet hyperlinks to climate change information 
 
Several public and private organizations have created a collection of web portals to online data 
and tools for visualizing past and projected climate and hydrology (Table 1). 
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Table 1: Internet resources 
  

Organization URL web link Description 
1. US Army Corps of 
Engineers (USACE) 

https://www.usace.army.mil/corpsclimate/ USACE regulations and guidance for 
addressing inland and ocean impacts 
from climate change. Tools for 
addressing inland hydrologic changes 
(e.g., non-stationarity in observed 
streamflow as well as future projected 
flows). The tool has a strong 
vulnerability assessment component. 

https://www.usace.army.mil/corpsclimate Projected sea level/datum tool. USACE 
approaches to address sea level change 
uncertainty by projecting future levels 
with 3 curves – low, intermediate and 
high-level forecasts 

2. Oregon Climate Change 
Research Institute (OCCRI) 

http://www.occri.net/ Source of information in Oregon, 
including the Mid-Coast region. OCCRI 
contributed a climate change report for 
the Mid-Coast study in 2019. 

3. Oregon State University 
Climates Impacts Research 
Consortium (CIRC) 

https://climatetoolbox.org/ An association of public and academic 
entities created a collection of web tools 
for visualizing past and projected 
climate and hydrology of the 
contiguous United States of America. 
The web suite of tools is useful in 
providing a comprehensive spatial 
coverage of the region as well as 
diverse set of climate metrics pertinent 
to climate vulnerability. However, the 
number of projections available for 
Oregon is limited (e.g. 10 GCMs). 

4. Climate Central https://www.climatecentral.org/go/ Climate Central has provided 
assessments for the Mid-Coast region in 
the past. For example, they provided sea 
level change assessment in 2016 

5. University of Washington 
Climate Impacts Group 
(CIG) 

https://cig.uw.edu/ The University of Washington (UW) 
climate impacts group (CIG) is a good 
source for Northwest climate change 
information. They also provide best 
practice information for planning level 
implementation of measures to increase 
community and infrastructure climate 
change resiliency. 

https://www.usace.army.mil/corpsclimate/
https://www.usace.army.mil/corpsclimate/
https://climatetoolbox.org/
https://cig.uw.edu/
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1.5 Oregon Climate Change Research Institute (OCCRI) Projections 
 
The Oregon Climate Change Research Institute (OCCRI) prepared a summary document of 
future climate projections for the Oregon Mid-Coast (OCCRI 2019) in May of 2019(Attachment 
B), describing basic climate change projections and effects for the region. 
 
In the report, the City of Newport was used as a surrogate location to report general Mid-Coast 
hydroclimate trends. The climate change variables were described for two greenhouse gas (GhG) 
emissions scenarios, termed representative concentration pathways scenario RCP 4.5 and RCP 
8.5 respectively (IPCC 2019). RCP 8.5 represents a higher end GhG concentration and radiative 
forcing. The evaluation periods, 30-year future epochs, were defined by centering on WYs 2030, 
2050, 2070 respectively. 
 
The future projections pointed to increasing warming in the Mid-Coast area. Although there is a 
range of responses from individual projection models, all models project warming. Average 
temperature in Newport, Oregon were projected to increase 4.5 °F on average by the 2050s and 
6.8 °F on average by the 2080s under the higher emissions scenario (RCP 8.5). Summers are 
projected to warm the most (Dalton et al., 2017) (Figure 3).  
 

 

Figure 3.   Annual average temperature for Newport, Oregon (RCP 8.5). 
 

Annual precipitation in Oregon is projected to increase on average by 1.9% by the 2050s, and 
3.4% by the 2080s under the lower emissions pathway (RCP 4.5). Under the higher emissions 
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pathway (RCP 8.5), increases in annual precipitation are somewhat greater for each time period -  
2.7%, and 6.3%, respectively (Dalton et al. 2017). Summer precipitation in Oregon is projected 
to decline on average by 8.7% and 7.7% by the 2050s and 2080s under the higher emissions 
scenario. Whereas winter precipitation is projected to increase on average by 7.9% and 14.5%, 
respectively. 

Figure 3 illustrates that the summer precipitation in Newport is projected to decline on average 
by 16.2% by the 2050s and by 18% by the 2080s under RCP 8.5. Wintertime precipitation is 
likely to increase on average by 6.9% and 12.4%, respectively (Figure 4). Rain will be the 
predominant precipitation type for the Mid-Coast basins, whereas any snow experienced in the 
coastal range will be increasingly rare. 

 

 

Figure 4.   Annual average precipitation for Newport, Oregon (RCP 8.5). 
 

While there is a general lack of streamflow runoff studies for Oregon’s coastal basins, OCCRI 
identified a recent study on the Siletz River that may be instructive.Therefore, the Siletz River 
study (Burke and Ficklin 2017) was used to illustrate how other coastal watershed basins might 
respond to future precipitation and temperature changes. As shown in Figure 5, streamflow is 
projected to increase during winter relative to historic streamflow. These increases are most 
apparent in November, December and March. Spring through summer months more closely 



USACE-CENWP-ENC-HY 10 
October 2020 

match historical streamflow ranges. Projected increase in peak winter flows in the Siletz River 
suggest a potential of increase in flood risk in the region. 

  

Figure 5.   Siletz River summary flow hydrographs. 
 

Drought conditions were defined as occurrence of lower than average precipitation, especially 
during spring and fall, often accompanied by higher than normal temperatures, resulting in 
greater demand with less than normal water supply. The Mid-Coast region is located in a 
relatively water abundant region, thus water scarcity vulnerability is lower relative to other areas 
of Oregon. Water years 2015 and 2018 were illustrative of historic drought periods, triggering 
emergency declarations and operations outside normal operating practice. Figure 6 illustrates the 
projected change in total runoff for summer for Oregon for 10 climate models using the variable 
Infiltration Capacity (VIC) model. Source of the graphic is the Northwest Climate Toolbox. 

 



USACE-CENWP-ENC-HY 11 
October 2020 

 

Figure 6.   Change in total runoff for summer for Oregon for 10 climate models. 
 

The report documents local sea level projections. There has been a sea level rise of four inches in 
Newport, OR, for example, during the period 1967–2013. The Mid-Coast PDT did not 
specifically identify sea level rise as a direct impact to community municipal, irrigation, and 
environmental infrastructure, the primary focus of these efforts. However, projected sea level 
will need to be considered in any future Mid-Coast planning study, or infrastructure project. Sea 
level change is likely to affect harbor infrastructure, such as jetties, levees, and riprap armoring. 
Higher sea water levels will result in salt-water intrusion in some areas, likely altering Mid-Coast 
spatial tidal wetlands extents, as well. 

US Army Corps of Engineers is projecting a relative sea level change range from about +2 to 
+5.3 feet by end of century, at South Beach, OR gage, number 9435380. This gage is located 
near the outlet of the Yaquina River (Figures 7 and 8). The gage has a published sea level rate of 
0.00892 feet/yr (http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html). 

 

http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
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Figure 7.   Relative to baseline WY 1992 sea level rise at Newport, OR. 
 

 

Figure 8.   Relative to baseline WY 1992 sea level rise at Newport, OR. 
 

Figure 8 illustrates rises in ocean levels, relative to a 1992 water level as the baseline, 0 feet 
elevation. Figure 9 illustrates the relative change of vertical datum North America Vertical 
Datum 1988 (NAVD 1988). 



USACE-CENWP-ENC-HY 13 
October 2020 

 

Figure 9.   NAVD88 Relative sea level rise at Newport, OR. 
 

The OCCRI report also included forecasts for more extreme fire seasons. Figure 10 illustrates the 
average annual number of “very high” fire danger days in Newport, OR, which is projected to 
increase from about 37 days in 1971–2000 to 51 days by the 2050s under the RCP 8.5. This 
represents a percentage increase of about 40%, and considerable variability of -9% to 131%. 
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Figure 10.   NAVD 88 Relative sea level rise at Newport, OR. 
 

Overall, these and the other hydroclimate trends were used as context as well as statistical 
indicators of likely vulnerability to climate change for both the region as a whole and individual 
basins, in particular. The vulnerability assessments for both the region and by basin are discussed 
below in Sections 2.0 and 3.0. 

2.0 Vulnerability Assessment 
 
USACE concentrated its efforts on leveraging its climate tools and experience to supplement 
OCCRIs future projections information. NWP used USACE data to perform qualitative climate 
assessments at the regional level as well as the Mid-Coast’s subbasin level. 
 
2.1 USACE (HUC-4) Vulnerability Assessment (VA) Tool 
 
For this study, USACE used its Watershed Climate Vulnerability Assessment (VA) tool to make 
a comparative assessment of Mid-Coast climate vulnerabilities. The tool is spatially referenced 
to the Pacific Northwest coastal areas, using Hydrologic Unit Codes (HUCs). The USGS has 
developed HUCs to delineate watersheds to various resolutions  
(https://nas.er.usgs.gov/hucs.aspx).   
 
The USACE tool’s spatial resolution is HUC-4 level, a second level, subregional scale (Figure 
11). As a point of reference, there are 222 subregions in the contiguous United States, CONUS. 

https://nas.er.usgs.gov/hucs.aspx
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The tool is used by USACE for national planning purposes. The tool aids in identification of 
general climate change trends and vulnerabilities as well as relative standing compared to other 
areas of the country. Thus, it can inform how the Federal government might prioritize resources 
to respond to climate change. The tool is accessed from the USACE web portal 
(https://maps.crrel.usace.army.mil/projects/rcc/portal.html). 

The tool is used to assess the vulnerability of specific USACE “business lines” to assess impacts 
from climate change. And was used to identify overall level of Mid-Coast vulnerability to 
climate change. 
 

 

Figure 11.   HUC4 Location of Oregon-Washington Coastal HUC 1710. 
 

Four vulnerability areas (i.e., business lines) were focused on for this study. A summary of the 
business line descriptions is provided below, and included water supply, ecosystem restoration, 
navigation, and flood risk reduction. Details can be found in Attachment C. 
 
• Water supply is most vulnerable. There are more frequent forecasts of low water (dry) water 

years in the future. Obvious correlations exist between the reduction in precipitation and 
streamflow that refill surface water bodies and recharge the ground water aquifers. 
 

https://maps.crrel.usace.army.mil/projects/rcc/portal.html
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• Ecosystem restoration is conceptually correlated to both water quality issues (e.g., water 
temperature, algal blooms, etc.) as well as ecosystem restoration impacts.  
 

• Flood risk reduction vulnerability has a direct correlation to future flood concerns as well as 
drivers of secondary effects, such as slope stability and other erosive events caused by severe 
weather. Emergency management and infrastructure are impacted by these considerations. 
 

• Risks to waterway navigation tend to result from extreme summer low base flow conditions, 
which are more prevalent during projected summers. Navigation may also be impacted by 
projected future increases in storm intensity. 

 
Results of the vulnerability assessment tool (Attachment C) did not indicate excessive 
vulnerability relative to other areas of the country. The tool illustrates a trend of increasing 
climate change drivers inducing stress in the several business lines, primarily impacts to water 
supply, ecosystem restoration, and flood risk reduction. Because the tool has inherent resolution 
limitations, in terms of spatial extents and temporal time annual seasonality as well as inter-
annual (year-to-year, decade to decade), it is recommended to evaluate climate change 
vulnerability at basin resolution. 
 
Although the assessment resulted in a relatively low vulnerability compared with national 
statistics, it does not exclude the likelihood of Mid-Coast vulnerabilities at the subbasin levels 
because projected future changes will cause increased stress at the local level (USACE 2018). 
The following sections offer a more detailed evaluation of the Mid-Coast region, watershed basin 
by basin. 
 
2.2 Basin-by-Basin Vulnerability Analysis (VA) 
 
The high level, regional HUC-4 assessment has low spatial resolution and low fidelity 
encompassing local vulnerability points (e.g., ‘business lines’).  Therefore, a basin-by-basin 
vulnerability assessment, using statistical trend metrics, such as percentile monthly change in 
temperature, precipitation, and projected runoff, was conducted. The final assessment is 
qualitative and does not identify a quantitative value, for example, monetary impact to respond to 
future projections. The analyses do describe potential approaches to responding to the changes. 
Section 2.2 summarizes the more detailed assessment contained in Attachment D. 
 
Mid-Coast basins are expected to experience similar hydroclimate changes. The main 
hydroclimate drivers affecting all eight subbasins that were included in this analysis were: 
 
• Ambient temperature increase. 
• Seasonal hydrologic shifts in precipitation, including timing and quantity, which are likely to 

increase flood risk and water scarcity and water quality issues.  
• Streamflow quantity, timing, water quality, which will also increase risk in flood prone areas, 

increasing frequency of low water periods and water quality issues. 
 
However, the individual impacts from climate change are largely dictated by the cities and 
towns, and their corresponding infrastructure and natural resources, within individual subbasins. 
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For example, the cities of Newport and Lincoln City represent the greatest concentration of 
residential and municipal/industrial infrastructure in the Mid-Coast study area, will be affected 
more by climate change stressors that affect water supply and water quality issues. Depoe Bay 
and Beaver Creek tributary basins, by contrast, will be affected more by climate change stressors 
that affect natural areas, such as forested areas, waterways, and estuaries. The main vulnerability 
categories for the subbasin analyses are: 
 
• Water supply/scarcity/conservation. 
• Water quality in terms of water temperature, sediment, and pollutant load.  
• Flood and landslides. 
• Fire danger. 
 
For each of the Mid-Coast subbasins, the current issues, vulnerabilities, projected climate change 
stressors, and potential future impacts and responses were also addressed.  

2.2.1 Current issues and vulnerabilities 
 
Stakeholders have expressed interest and concern about how climate change could affect the 
Mid-Coast region. In August of 2020, the Partnership team outlined key issues of concern to 
three user groups in the region: 
 

• Self-supplied industrial, commercial, agricultural, and domestic water users; 
• Municipal-district water providers; and 
• Instream/ecological water needs. 

 
The document identified 17 issues in eight categories prepared centered on water quantity 
and quality for instream and out of stream uses, overall watershed health (e.g. ecologic 
and habitat), infrastructure, water conservation, natural hazards and emergency 
preparedness, climate change (impacts to ecosystems), and local and regional 
collaboration approaches: 
 

• Water Conservation 
o The Mid-Coast needs a coordinated water conservation initiative/strategy that focuses 

on reducing water use, educating stakeholders, promoting incentives, and effectively 
using limited water supplies, especially in times of water shortage. 

o Rural residents and businesses need improved access to information, incentives, 
funding, and resources to help them implement water conservation measures. 

 
• Natural Hazards, Vulnerabilities, and Emergency Preparedness 
o The majority of water providers need redundancy, water system interconnections, and 

alternative sources to ensure access to safe drinking water in case of emergencies or 
shortages. 

 
• Climate Change Impacts 
o Climate change is having profound impacts on the ecosystem, which affects the 

health and well-being of coastal communities. Although we may not fully understand 
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nor be able to accurately predict climate change effects, we can and should 
proactively adapt to climate change impacts at a regional scale. 

 
• Local Capacity and Regional Collaboration 
o Mid-Coast water providers share the need for system resilience and reliable source 

water quantity and quality. Regular coordination and collaboration among water 
providers can improve access to resources and funding to support this need. 

 
• Water Quantity for Instream and Out-of-Stream Uses 
o Summer streamflows are insufficient in some areas of the Mid-Coast to meet the 

instream water needs of fish and wildlife. Low streamflows contribute to water 
quality impairments (e.g., high temperatures) that negatively affect fish and wildlife. 

o Many streams in the Mid-Coast lack: 1) legal protections (e.g., instream water rights) 
to protect streamflows for the full range of ecological flows, and 2) streamflow 
targets to guide instream flow restoration efforts where there are already significant 
out-of-stream uses. 

o Some municipal and special district water providers are currently facing water 
shortages late in the summer and during dry years. 

o Rural residents and landowners, agricultural irrigators, and industrial water users 
currently experience chronic seasonal water scarcity due to limited water availability. 

o Some watershed systems, such as the Siletz, have insufficient water to meet the needs 
of all uses (both instream and out-of-stream) leading to ecological impacts on the 
rivers, insecurity for water users, and the potential for conflict. 
 

• Water Quality for Instream and Out-of-Stream Uses 
o Multiple river and stream segments consistently do not meet Oregon and federal 

water quality standards: high temperature and low dissolved oxygen threaten fish, 
and elevated turbidity affects the ability to treat and use water. 

o Low stream flow and high temperatures in the summer months, and high turbidity 
due to winter storms, pose challenges for drinking water suppliers to meet state 
and federal regulations to provide safe drinking water. 

o Self-supplied rural residents are increasingly concerned about drinking water 
quality and need adequate and timely data to determine regional, local, or site-
specific water quality contamination issues that may pose a health risk. 
 

• Watershed Health 
o Opportunities exist in the Mid-Coast for enhancing beaver habitat and 

management to improve water storage, stream health, and support the recovery of 
key native fish species. 

o Degraded riparian areas throughout the Mid-Coast negatively affect water quality, 
wildlife habitat, and overall watershed health. Opportunities exist to improve 
these areas. 
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• Infrastructure 

o The degradation of aging water infrastructure used to divert, store, treat, and 
convey water can lead to water loss and water quality issues, and poses a threat to 
the health and safety of communities. 

o Infrastructure to manage water for self-supplied uses (rural residences and 
agricultural operations) is oftentimes undocumented, old, inefficient, and fails to 
meet current construction and quality standards, which negatively affects water 
security and source water quality throughout the region. 
 
A primary focus of that concern was found to be how climate change may 
accentuate existing issues such as water supply shortfalls, worsening water 
quality, flooding, and other environmental impacts. 

 
Across all eight basins, communities are concerned that already stressed water supplies will 
become more scarce in the future. This concern is driven by observations of reduced stream flow 
and low reservoir levels. Groundwater well supplies are depleted seasonally, and springs flows 
are much lower than in recent memory, based on anecdotal information. Stakeholders have 
observed summer and spring water low flow periods, especially when water use is at its peak due 
to tourism, and industrial water demands are greatest to meet water loss from aging 
infrastructure/infrastructure and unforeseen. Warmer and drier future conditions are perceived as 
likely to aggravate existing drought and water scarcity issues in the Mid-Coast. 
 
Decreasing instream flows has led to degraded habitat and less riparian complexity, leading to 
less soil infiltration and higher peak runoff. Degrading habitat complexity driven partially by 
drier and warmer annual conditions has led to less riparian canopy. Increased suspended 
sediment and increases in nutrient and chemical inputs result from limited riparian buffers. 
Higher ambient air contributes to increased water temperature and low dissolved oxygen levels. 
Across the region, there is a concern that overall hotter and drier future conditions along with 
increasing human population growth are likely to increase water quality and habitat degradation 
issues. 
 
Lack of spawning habitat is another shared concern in the region. Less habitat connectivity 
(stream access to alcoves, off-channel ponds, floodplains and wetlands) has adversely affected 
habitat and ecosystem function. Elevated summer temperatures and low water levels could 
contribute to decreased access to habitat as well as water quality degradation. Stream channel 
dredging for navigation, or agricultural practices, has altered channel configurations and impacts 
to substrate, affecting fish and other instream species. There is a concern that increases in 
wintertime flows as well as less water during the summer months and hotter summer periods, 
could further alter sediment deposition and erosion patterns and accelerate vulnerability to 
climate change in all basins. 
 
Water supply availability and reduction of water quality has already affected some municipal and 
special district water providers. Wastewater treatment has been hampered by recent drought and 
high flows, which have led to short-circuiting treatment processes. Microbial bacteria (E. coli 
and total coliform) have been detected in groundwater and surface water sources. Higher 
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turbidity and higher bacterial levels require treatment that is more intensive. Local municipalities 
as well as private well operators have expressed shared concern that climate change will further 
confound the current situation. 
 

2.2.2 Projected climate change 
 
Each of the eight Mid-Coast basins were evaluated for their individual climate change trends, 
assessed with the climate change toolbox, https://climatetoolbox.org. Overall, it was found that 
climate change projections, such as ambient temperature change, seasonal precipitation 
increase/decreases, and changes in streamflow quantity and timing, were generally found to be 
similar. Because the effects are generally similar across the region, the City of Newport was 
chosen as a proxy-reporting site for describing generalized trends for all Mid-Coast basins. The 
complete basin-by-basin discussion is documented in Attachment D. 
 
Climate models project greater overall future median temperatures for the Mid-Coast (Figure 
12). The greatest increases (compared to historic norms) are expected in the summertime (see 
Figures 12 and 13). This trend is expected to continue through end of century across all basins 
and would likely exacerbate current water issues experienced in the basin (see section 2.2.1 
above). Mean temperatures are projected to increase by about 2.5o to 5o F above historical 
averages. Summertime averages may increase by 8 o F (e.g. 2070s, RCP 8.5) relative to historical 
baseline (Figure 12 and 13). 
 

 
Figure 12.   City of Newport mean JJA temperature change for RCPs 4.5 and 8.5. 
 

https://climatetoolbox.org/
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Figure 13.   City of Newport box plot of RCP 8.5 mean JJA temperature 
 
Annual precipitation for the Mid-Coast is projected to increase slightly by 2100 (Figures 14-15). 
The most significant change will occur seasonally, resulting in drier summers (Figure 14) and a 
more rain-intense wintertime (Figure 15). This trend will likely exacerbate water supply 
shortages during the summer months, coinciding with peak seasonal use and demand. The 
greater wintertime runoff will likely create more local flooding as well as impacts for municipal 
systems, overloading, and short-circuiting of treatment processes, etc. More extreme wintertime 
rains will likely lead to sediment erosion and re-disposition at downstream sites and estuary 
locations. Higher fire danger days are projected to increase  
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Figure 14.   City of Newport basin box plot of RCP 8.5 mean JJA Precipitation. 
 

 
Figure 15.   City of Newport basin box plot of RCP 8.5 mean DJF Precipitation. 
 
Future fire risk is projected to increase in the near future through end of century (Figure 16). The 
proxy indicator chosen to describe this risk increase was change in “Annual High Fire Danger 
Days.” The median increase above historical baseline is about 11 days by 2040 and 15 days by 
2070, relative to the historical (1971-2000) average. 
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Figure 16.   City of Newport basin box plot of RCP 8.5 annual “High” fire danger days. 
 

3.0 Discussion and Conclusions 
 
This report has identified anticipated Oregon Mid-Coast impacts from current and future 
projected hydroclimate changes. The primary driver is warming air temperatures affecting the 
region’s long-term climate cycles. The Mid-Coast region is likely to be impacted by drier 
summers and wetter more intense winters (e.g., rainfall and runoff). Summer baseflow will likely 
decrease as well. Conversely, future highwater events will likely become more frequent and 
rainfall intensities will become more pronounced. Spring and Fall are more likely to experience 
temperature and precipitation variability. An overview of these changes is summarized below. 
 
•  Compared to 1970–1999 historical baseline, Oregon’s average temperature from 2040–2069 

is projected to increase by 3.6 °F with a range of 1.8°–5.4 °F under a lower emissions 
scenario (RCP 4.5) and by 5.0 °F with a range of 2.9 °F–6.9 °F under a higher emissions 
scenario (RCP 8.5). 

• Under a higher emissions scenario (RCP 8.5), average temperature in Newport, Oregon 
(proxy for the Mid-Coast) is projected to increase 4.5 °F, on average, by the 2050s and 6.8 
°F, on average, by the 2080s compared to the historical baseline. 

• Annual precipitation in Oregon is projected to increase, on average, by about 2% by the 
2050s, and 3% by the 2080s, under the lower emissions pathway (RCP 4.5). 

• Summer precipitation in Oregon is projected to decline, on average, by 9% to 8% by the 
2050s and 2080s, respectively.  
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• Winter precipitation is projected to increase, on average, by about 8% to 15% by the 2050s 
and 2080s, respectively. 

• Hydrologic model projections illustrate a 4–12% decrease in spring (March–May) runoff for 
the Oregon Coast versus the historical baseline in summer under a higher emissions scenario 
(June–August). 

• It is likely that there will be increases in flow peaks and flow volume during the winter 
months relative to historic streamflow. These increases were greatest for the months of 
November and December. This projected increase in peak winter flows, although small, 
could increase the risk of flooding. 

 
Fishery impacts and stressing will likely become more frequent as warming waters and low 
flows become more common. Instream temperature increases (i.e., TMDLs) will become more 
common. Hatchery operations may need to adjust to cope with these changes by altering timing 
of release/rearing to best align with changing water condtions (e.g. warmer seasonal water 
temperatures). Meeting potable water demand is likely to become a more critical concern as 
warming and less summertime streamflow becomes more common. Diminishing precipitation in 
critical months will require new water supply options, conservation, reuse, or other novel 
approaches to increase water supply and options for downstream temperature mitigation. 
Innovative planning may produce a environmentally sensitive solution than has been possible in 
the past. An emerging concern for the future is projections for substantial increases in forest fire 
danger, e.g., high fire danger days.” Previous portions of this report (see section 2.2.2 and 
Attachment D) identified substantial increases in “high fire danger days” across the region. 
Unexpected fire (in the Mid-Coast) events may change local and state perceptions of risk and 
resources, resulting in reallocated and reprioritization of resources. More streamflow in the 
winter will likely increase flood risk and emergency operations. Greater wintertime precipaition 
and flod level flows will likely increase more times of higher instream turbidity. Water treatment 
processes may be overwhelmed by higher flows, etc. 
 
The most likely response to future projected changes will be a continuation, and likely an 
expansion, of water conservation initiatives, infrastructure rehabilitation, ecosystem restoration 
projects, emergency management preparation, and planning. Innovation is a best management 
response to address future uncertainty and enhance community resilience to climate change. 
Ongoing scientific studies can inform contingency planning and help prepare the region for 
likely future climate scenarios. In general, science and data-based approaches should be 
continued and expanded. Remote sensing and social media sharing technologies could be 
leveraged to enhance situational awareness and support flexible planning and response. Lower 
maintenance and inexpensive and strategically placed stream gages can facilitate greater 
understanding of streamflows. 
 
Being flexible and managing future risk via a systematic, incremental, and adaptive methodology 
is a proven strategy and a resilient approach. Planning for unforeseen climate change related 
contingencies, such as floods, drought, fires, will become increasingly important. Dedicating 
assets and developing logistical methods to strategically place resources will enhance regional 
resilience and better prepare Mid-Coast stakeholders for climate change driven events and 
stressors. 
  



USACE-CENWP-ENC-HY 25 
October 2020 

4.0 References 
 

Burke WD, Ficklin DL. 2017. Future projections of streamflow magnitude and timing differ 
across coastal watersheds of the western United States. International Journal of Climatology, 
37(13): 4493–4508. https://doi.org/10.1002/joc.5099. 

Climate Central (2016). Sea level rise and coastal flood exposure: Summary for Lincoln County, 
OR. Surging Seas Risk Finder file created July 21, 2016. Retrieved from 
http://ssrf.climatecentral.org.s3-website-us-east-
1.amazonaws.com/Buffer2/states/OR/downloads/pdf_reports/County/OR_Lincoln_Countyreport
.pdf 

Climate Central (2020) Climate data storehouse. (Date accessed August 2020) 
https://www.climatecentral.org/go 

Dalton MM, Dello KD, Hawkins L, Mote PW, Rupp DE. 2017. The Third Oregon Climate 
Assessment Report. Oregon Climate Change Research Institute, College of Earth, Ocean and 
Atmospheric Sciences, Oregon State University: Corvallis, OR, 99.  

Dettinger, M. D. (2013), Atmospheric Rivers as drought busters on the U.S. West Coast, J. 
Hydrometeorol., 14, 1721–1732. 

Dettinger, M. D., F. M. Ralph, T. Das, P. J. Neiman, and D. R. Cayan (2011), Atmospheric 
rivers, floods, and the water resources of California, Water, 3, 445–478, doi:10.3390/W302445. 

Gonzales Katerina Rae, Swain Daniel L, Nardi Kyle, Barnes Elizabeth A, Diffenbaugh Noah S, 
2019, Recent warming of landfalling atmospheric rivers along the west coast of the United 
States. https://doi.org/0.1029/2018JD029860. 

IPCC Fifth Assessment Report (AR5), (Date accessed July 2019) https://www.ipcc-
data.org/guidelines/pages/glossary/glossary_r.html 

Mid-Coast Water Planning Partnership. (2018). Unpublished working document. Instream-
Survey_MajorIssues_05-11-18.docx.  

Mid-Coast Water Planning Partnership. (2018). Unpublished working document. Muni-
SpecialDistricts-Survey_MajorIssues_05-11-18.docx.  

Mid-Coast Water Planning Partnership. (2018). Unpublished working document. Survey - Self 
Supplied (final)_responses_05-08-18.docx. 

Mid-Coast Water Planning Partnership. (2018). Unpublished working document. Survey to 
Identify Key Drivers_Municipal_and_Special_District_Providers_compiled.docx. 

http://ssrf.climatecentral.org.s3-website-us-east-1.amazonaws.com/Buffer2/states/OR/downloads/pdf_reports/County/OR_Lincoln_Countyreport.pdf
http://ssrf.climatecentral.org.s3-website-us-east-1.amazonaws.com/Buffer2/states/OR/downloads/pdf_reports/County/OR_Lincoln_Countyreport.pdf
http://ssrf.climatecentral.org.s3-website-us-east-1.amazonaws.com/Buffer2/states/OR/downloads/pdf_reports/County/OR_Lincoln_Countyreport.pdf
https://www.climatecentral.org/go


USACE-CENWP-ENC-HY 26 
October 2020 

Mid-Coast Water Planning Partnership. (2020). Unpublished working document. Mid-Coast Step 
3 Issue Statements and Supporting Information_2020-08-05_DRAFT.docx. 

Mote, P.W., J. Abatzoglou, K.D. Dello, K. Hegewisch, and D.E. Rupp, 2019: Fourth Oregon 
Climate Assessment Report. Oregon Climate Change Research Institute. occri.net/ocar4. 

USACE (2015) Climate Change and Hydrology literature Synthesis for the US Army Corps of 
Engineers Missions in the United States Pacific Northwest Region 17. 

USACE (2018) Climate Preparedness and Resilience Community of Practice (CPR CoP) 
Climate Assessment Agency Technical Review (ATR) Standards of Practice.  

USACE (2019) Climate Hydrology Assessment Tool.  (Date accessed July 3, 2019) 
https://maps.crrel.usace.army.mil/projects/rcc/portal.html 

USACE (2019) Sea Level Tracker tool.  (Date accessed July 16, 2019) 
https://climate.sec.usace.army.mil/slr_app/ 

USACE (2018) Engineering Construction Bulletin No. 20120-6. Implementation of Resilience 
Principles in the Engineering & Construction Community of Practice. 

USACE (2018) Engineering and Construction Bulletin No. 2018-14 Guidance for Incorporating 
Climate Change Impacts to Inland Hydrology in Civil Works Studies, Designs, and Projects. 

USACE (2013) Engineering Regulation No. 1100-2-8162. Incorporating Sea Level Change in 
Civil Works Programs. 

USACE (2017) Engineering Technical Letter No. 1100-2-3 Guidance for Detection of 
Nonstationarities in Annual Maximum Discharge. 

USACE (2018), US Army Corps of Engineers Nonstationarity Detection Tool User Guide. 

USACE (2019) Vulnerability Assessment Tool. (Date accessed April 30, 2019) 
https://maps.crrel.usace.army.mil/projects/rcc/portal.html 

USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate 
Assessment, Volume II: Report-in-Brief [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. 
Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research 
Program, Washington, DC, USA, 186 pp. 

U.S. Global Change Research Program (USGCRP) National Climate Assessment.  (Date 
accessed July 31, 2019). https://nca2018.globalchange.gov/chapter/ 

USGS (2019), StreamStats v4.3.11. (Date accessed December 16, 2019). 
https://streamstats.usgs.gov/ss/ 



USACE-CENWP-ENC-HY 27 
October 2020 

Warner, M.D., Mass, C.F., and Salathé, E.P., Jr., 2015, Changes in winter atmospheric rivers 
along the North American west coast in CMIP5 climate models: Journal of Hydrometeorology, 
v. 16, no. 1, p. 118–128, https://doi.org/10.1175/JHM-D-14-0080.1. 

 

https://doi.org/10.1175/JHM-D-14-0080.1


 



 

ATTACHMENT A 

 

Literature Review 

 



A-1 

 
 

 



1 | P a g e  
 

Attachment A – Literature Review 
 
Literature review 
 

Climate change science is evolving. Because climate change effects are dependent on merging observed 
and projected (modeled) trends into a coherent picture.  A literature review is a good approach for 
comparing and contrasting the various perspectives and insights on climate change (ECB 2018-14), 
relevant to the needs of this particular study. 

USACE provides an “Information Repository that includes links to reference literature including the US 
National Climate Assessment, regional climate syntheses, and USACE reports developed by the CPR CoP, 
along with a Library of CPR Assessments (CAL), which contains examples of assessments conducted since 
ECB 2016-25 took effect on 16 September 2016.”  

USACE Northwestern Division and Portland District have also conducted extensive future climate studies 
and assessments. This literature review represents sources that supplement current USACE climate 
awareness information. 

Recent US Climate Change and Hydrology Literature and Applicable to US Army Corps of 
Engineers Missions Pacific Northwest Region 17 (2015) 
 

The 2015 report outlines the of range climate trends for temperature, snow, rain precipitation and 
streamflow.  Key findings are below. Figure 1 graphically summarizes the trends and consensus levels, 
from this report. 

Increasing ambient temperature trends have been identified in the region’s data for the 20th 
century for average, minimum, and maximum temperatures. Some spatial variability is observed 
in the recent peer-reviewed literature related to mean annual temperature; however, there is a 
strong consensus that the region’s coastal area has experienced an overall increase. A few 
studies note a slight decrease or no trend in the inland areas of the region, but the location of 
these decreasing trends (or no change) was not consistent amongst the literature presented. 

There was a strong consensus in the literature that the intensity and frequency of extreme 
storm events will increase in the future for the Pacific Northwest Region. Low consensus exists 
with respect to projected changes in total annual precipitation for the region. Future projected 
changes in annual average precipitation varied in magnitude (increasing or decreasing) 
depending upon location(s), season(s), climate model(s), and emissions scenario(s) considered in 
a particular study. 

There was strong consensus of statistically significant decreasing trends have been identified in 
the region’s streamflow and 1 April snow water equivalent (SWE) data for the latter half of the 
20th century.   
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Annual streamflow reduction trends observed in the 25th, 50th and 75th percentile were attributed to 
lower summer volumes and reduced SWE, extreme wintertime events notwithstanding 

Future projected changes in hydrologic parameters (e.g., runoff, streamflow, SWE) varied in 
magnitude (increasing or decreasing) depending upon location(s), climate model(s), and 
emissions scenario(s) considered in a particular study. 

The 2015 report highlighted ambiguity associated with current climate change forecasting; having a 
generally higher level of uncertainty for future hydrologic parameters.  Also, at the time of the report 
(circa 2005-2013), the methods and modeling procedures used to downscale and estimate future 
regional streamflow, were at an emerging level of development. 

 

 

  

Figure 2. Summary matrix of observed and projected climate trends and literary consensus 
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Fourth National Climate Assessment Volume 1 &2 (2018) 
 

The Fourth National Climate Assessment (NCA4) Volume II is a summary of the science described in 
NCA4 Volume I.  The report is posted at: 

https://nca2018.globalchange.gov/. 

The National Oceanic and Atmospheric Administration (NOAA) served as the administrative lead 
agency for the preparation of this report. A Federal Steering Committee, composed of 
representatives from USGCRP agencies, oversaw the report’s development. 

Much of the climate trend information including figures (e.g. Contiguous United States, CONUS 
temperature and precipitation change) in the NCA, are common to the USACE web climate awareness 
site (https://maps.crrel.usace.army.mil/apex/f?p=201:52:7349209327774::NO)  As would be expected, 
NCA is in agreement with the other regional trend determinations. 

Global climate is changing rapidly compared to the pace of natural variations in climate that 
have occurred throughout Earth’s history. Global average temperature has increased by about 
1.7°F from 1901 to 2016, and observational evidence does not support any credible natural 
explanations for this amount of warming; instead, the evidence consistently points to human 
activities, especially emissions of greenhouse or heat-trapping gases, as the dominant cause. 

With significant reductions in emissions, global temperature increase could be limited to 3.6°F 
(2°C) or less compared to preindustrial temperatures. Without significant reductions, annual 
average global temperatures could increase by 9°F (5°C) or more by the end of this century 
compared to preindustrial temperatures. 

 

 

Observed and projected changes in global average temperature (right) depend on observed and 
projected emissions of carbon dioxide from fossil fuel combustion (left) and emissions of carbon 
dioxide and other heat-trapping gases from other human activities, including land use and land-

Figure 3. Observed and Projected Changes in Carbon Emissions and Temperature 

https://nca2018.globalchange.gov/
https://maps.crrel.usace.army.mil/apex/f?p=201:52:7349209327774::NO
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use change. Under a pathway consistent with a higher scenario (RCP8.5), fossil fuel carbon 
emissions continue to increase throughout the century, and by 2080–2099, global average 
temperature is projected to increase by 4.2°–8.5°F (2.4°–4.7°C; shown by the burnt orange 
shaded area) relative to the 1986–2015 average. Under a lower scenario (RCP4.5), fossil fuel 
carbon emissions peak mid-century then decrease, and global average temperature is projected 
to increase by 1.7°–4.4°F (0.9°–2.4°C; range not shown on graph) relative to 1986–2015. Under 
an even lower scenario (RCP2.6), assuming carbon emissions from fossil fuels have already 
peaked, temperature increases could be limited to 0.4°–2.7°F (0.2°–1.5°C; shown by green 
shaded area) relative to 1986–2015. Thick lines within shaded areas represent the average of 
multiple climate models. The shaded ranges illustrate the 5% to 95% confidence intervals for the 
respective projections. In all RCP scenarios, carbon emissions from land use and land-use change 
amount to less than 1 GtC by 2020 and fall thereafter. Limiting the rise in global average 
temperature to less than 2.2°F (1.2°C) relative to 1986–2015 is approximately equivalent to 
3.6°F (2°C) or less relative to preindustrial temperatures. Source: adapted from Wuebbles et al. 
2017. 

The NCA found that overall, the annual average temperatures for the continental US (CONUS) have 
increased by about 1.2°F over since about 1970 and 1.8°F relative to 1900.  The Northwest region has 
experienced warming of about 1 to 2 degrees Fahrenheit, consistent with USACE climate awareness 
data.  

Over the next few decades, annual average temperature over the contiguous United States is 
projected to increase by about 2.2°F (1.2°C) relative to 1986–2015, regardless of future scenario. 
As a result, recent record-setting hot years are projected to become common in the near future 
for the United States. Much larger increases are projected by late century: 2.3°–6.7°F (1.3°–
3.7°C) under a lower scenario (RCP4.5) and 5.4°–11.0°F (3.0°–6.1°C) under a higher scenario 
(RCP8.5) relative to 1986–2015. 

Precipitation trends were consistent with other regional determinations. 

Annual Precipitation since the beginning of the last century has increased across most of the 
northern and eastern U.S, whereas decreases have been observed across much of the southern 
and western U.S. There is much more regional variation in observed precipitation change as 
compared with observed temperature change. Looking more closely at the Pacific Northwest, 
most of the state of Oregon near the vicinity of the Willamette Basin has observed an increase in 
annual precipitation between 0% and 5%, with some isolated areas experiencing a change 
between -5% and 10%. 

These precipitation changes will be accompanied by large declines in snowpack in the western 
United States (high confidence)and shifts to more winter precipitation falling as rain rather than 
snow (medium confidence).  

NCA indicated that the frequency and severity of landfalling “atmospheric rivers” (ARs) on the west 
coast could become more severe due to persistent climate variability in the Northwest.  ARs have been 
seen as major drivers for wintertime extreme events, in the Northwest.  AR’s are enhanced water vapor 
plumes in the atmosphere from extra-tropical cyclones sourced from tropical latitudes. ARs only last 
several days, but deliver a significant amount of rain over their duration and account for 30%–40% 
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(Dettinger, 2011) of annual precipitation and significantly contribute to snowpack along the western 
coast of the United States. They are associated with severe flooding events in California and other 
western states. 

Streamflow change at the regional (i.e. northwest) scale was not addressed explicitly in the NCA. 
Implicitly, the trends of increasing intensity and occurrence of extreme regional precipitation events 
(e.g. ARs), observed and projected reduction in snow pack and overall warming temperatures; would for 
example, drive mid-coast runoff quantity to higher wintertime volumes, earlier snow melts, albeit 
already a minimal contributor to base runoff, in the Coast range. 

Oregon Climate Change Research Institute Future Climate Change Projections Oregon Mid-Coast 
(2019) 
 

In 2018. Oregon Climate Change Research Institute (OCCRI) offered their services to the Mid-Coast 
Water Planning Partnership, to identify climate change trends for the project area. This being accepted, 
OCCRI prepared a climate change report and submitted a final document in May 2019.  The authors 
relied heavily on the Northwest Climate Toolbox. 

https://climatetoolbox.org 

The Northwest Climate Toolbox is a web tool driven by a collection of databases containing historical 
and future projection hydro-meteorological data such as temperature, precipitation and streamflows, 
etc. The tool also contains several global climate models (GCM) of projected data. It leverages 
downscaled datasets to drive scenario analyses (e.g. flood and drought) that are relevant to the Pacific 
Northwest.  This report makes some qualitative determinations on the current and future climate trends 
in temperature precipitation; projected frequency and severity of flooding, droughts, sea level rise, and 
wildfire and ocean acidification. 

Temperature 

Oregon’s average temperature warmed at a rate of 2.2°F per century during 1895–2015. 
Average temperature is expected to continue warming during the 21st century under scenarios 
of continued global greenhouse gas emissions; the rate of warming depends on the particular 
emissions scenario (Dalton et al., 2017). By the “2050s” compared to the 1970–1999 historical 
baseline, Oregon’s average temperature is projected to increase by 3.6 °F with a range of 1.8°-
5.4°F under a lower emissions scenario (RCP 4.5) and by 5.0°F with a range of 2.9°F-6.9°F under 
a higher emissions scenario (RCP 8.5) (Dalton et al., 2017). Furthermore, summers are projected 
to warm more than other seasons (Dalton et al., 2017). 

Average temperature in Newport, Oregon is projected to increase 4.5 °F on average by the 
2050s and 6.8 °F on average by the 2080s compared to the historical baseline under the higher 
emissions scenario (RCP 8.5). While there is a range of responses from individual models, all 
models project warming. These projections for Newport are representative of the entire Mid---
Coast region. 

https://climatetoolbox.org/
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Precipitation 

Annual precipitation in Oregon is projected to increase on average by 1.9% by the 2050s, and 
3.4% by the 2080s under the lower emissions pathway (RCP 4.5). Under the higher emissions 
pathway (RCP 8.5), increases in annual precipitation are a bit larger for each time period 2.7%, 
and 6.3%, respectively (Dalton et al., 2017). Summer precipitation in Oregon is projected to 
decline on average by 8.7% and 7.7% by the 2050s and 2080s under the higher emissions 
scenario while winter precipitation is projected to increase on average by 7.9% and 14.5%, 
respectively. 

In Newport, Oregon, annual precipitation is projected to increase 1.5% on average by the 2050s 
and 4.2% on average by the 2080s compared to the historical baseline under the higher 
emissions scenario (RCP 8.5), although some models project decreases (Figure 3). Summer 
precipitation in Newport is projected to decline on average by 16.2% by the 2050s and by 18% 
by the 2080s under the higher emissions scenario while winter precipitation is projected to 
increase on average by 6.9% and 12.4%, respectively (not shown). While precipitation amount 
varies along the coast, the projected percent change at Newport is representative of the 
projected changes within the Mid-Coast region. With warming temperatures, precipitation will 
fall increasingly as rain, and snow on the coast will become increasingly rare. 

Figure 4. Annual average temperature for Newport, Oregon (RCP 8.5) 
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Floods 

Coastal rain-dominated watersheds, like those in the Mid---Coast region, have received very 
little attention in the published literature in regards to how streamflow is expected to change 
under future climate. A recent study on coastal watersheds in the Western US featuring the 
Siletz River shows projected increases in streamflow during winter relative to historic 
streamflow for the Siletz River (Burke and Ficklin, 2017) (Figure 4). These increases were 
significant for the months November, December, March–June, however, the range of 
projections still span the range of historical data (Burke and Ficklin, 2017). This projected 
increase in peak winter flows in the Siletz River, although small percentage could increase the 
risk of flooding, yet that is dependent on the timing and amount of precipitation. 

Figure 5. Annual average precipitation for Newport, Oregon (RCP 8.5) 
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Drought 

Drought conditions were defined in the report as occurrence of lower than average precipitation, 
especially during spring and fall, often accompanied by higher than normal temperatures, resulting in 
greater demand with less than normal water supply. The Mid-Coast region is located in a relatively 
water abundant region, so water scarcity vulnerability is lower relative to other areas of Oregon. That 
being said, 2015 and 2018 were drought years, triggering emergency declarations. 

A recent study on coastal watersheds in the Western US featuring the Siletz River shows shifts 
toward slightly greater streamflow in winter by the mid-21st century, with little change in the 
summer (Burke and Ficklin, 2017). Hydrologic model projections show a decrease in spring 
(March–May) runoff for the Oregon Coast and a 4–12% decrease versus the historical baseline 
in summer under a higher emissions scenario (June–August) (Figure 5).  

The figure below shows the projected change in total runoff for summer for Oregon for 10 climate 
models using the variable Infiltration Capacity (VIC) model. Source of the graphic is the Northwest 
Climate Toolbox. 

 

Figure 6. Siletz River summary flow hydrographs 
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On the nearby north coast of Oregon (Tillamook County), previous analysis (Sharp et al., 2013) 
shows a projected shift in the seasonality of precipitation to wetter winters and drier summers 
through the 21st century. Total annual precipitation is projected to remain within 1–2% of the 
historical average, but summers are projected to be drier across the entire region by mid-21st 
century (Dalton et al., 2017; Mote et al., 2019). However, averages across the annual and 
seasonal timescales may be less important than the year-to-year variability when it comes to 
drought on the Mid-Coast, exemplified by the very dry and warm years 2015 and 2018. There is 
a projected increase in variability for spring and summer precipitation and temperature in the 
Columbia River Basin, but it has not been analyzed for the coast (Rupp et al., 2017). 

Seal Level Rise 

OCCRI reported high relative sea level change both observed and forecast. 

Local sea level at Newport, OR has risen about four inches during 1967–2013 and is projected to 
rise by 1.7 to 5.7 feet by 2100 based on the intermediate---low and intermediate---high global 
sea level scenarios used in the 2018 National Climate Assessment (Coastal Risks for Newport, 
OR, 2019). At these levels, the likelihood of a 4-foot flood event, that is water reaching four feet 

Figure 7. Change in total runoff for summer for Oregon for 10 climate models 
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above mean high tide, ranges from 45%–83% by the 2030s, 93%–100% by the 2050s, and 100% 
by 2100 (Coastal Risks for Newport, OR, 2019). These projections represent a real future flood 
risk for people and assets within the 4-foot flood area. In Lincoln County, assets in areas below 4 
feet that are not potentially protected by levees or other features include 406 people, $63 
million in property value, 6 miles of roads, 5 EPA listed sites, and 6.2 square miles of land. 

Sea level rise is likely to alter the location and spatial extent of tidal wetlands. Some tidal 
wetlands may remain in place if the rate of accretion keeps pace with sea level rise, otherwise 
wetlands will need to migrate upslope if possible (Brophy et al., 2017). Figure 12 shows the 
potential future extent of tidal wetlands and areas likely to be lost with sea level rise of 4.7 feet. 

Wildfire and Ocean Acidification 

OCCRI report contained forecasts for more extreme fire seasons as well as lower PH ocean conditions.  

The average annual number of “very high” fire danger days in Newport, Oregon is expected to 
increase from 36.5 days in 1971–2000 to 50.8 days (with a range of 33.2 days to 84.2 days) by 
the “2050s” under the higher emissions scenario (RCP 8.5) (Figure 10). This represents a 
percentage increase of about 39% with a range of --9% to 131%. Note that four models project 
slight decreases by the 2050s. 

However, these subject areas lie outside Corps purview.  Therefore, these topics are touched upon 
lightly and qualitatively. 

The Natural Resource Defense Council has mapped ocean acidification hot spots, including contributions 
to coastal acidification from rivers as well as estuary eutrophication scores. Figure 6 shows a summary of 
these factors for the Mid-Coast region. Coastal waters off the Mid-Coast are projected to reach 
chronically stressful water conditions (in terms of aragonite saturation state) by 2050. The Yaquina Bay 
and Alsea River estuaries rank moderately low in the estuary eutrophication score indicating a relatively 
smaller contribution to local coastal acidification conditions; however, upstream the Alsea River is 
ranked Medium for its riverine contribution to coastal acidification. The Siletz River and Estuary have not 
been assessed. 
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Source: Natural Resource Defense Council, https://www.nrdc.org/resources/ocean---
acidification---hotspots. 

  

Figure 8. Ocean Acidification for the Mid-Coast region. 
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Relative sea level change 

USACE relative sea level change estimates are provided via: 

http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html 

The procedures and methods are in accord with USACE Engineering Technical Letter, ETL-1100-2-1 
Procedures to evaluate sea level change. The RSL evaluation is at NOAA gage ID: 9435380, South Beach 
Yaquina River, OR. This site is representative of the mid-coast study extents. 

 

 

 

 

Figure 13. Location of NOAA gage 9435380 at Newport, OR 

Figure 14. Relative to baseline WY 1992 sea level rise at Newport, OR 

http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
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The plot above shows relative increases in ocean levels, relative to a 1992 water level as the baseline 0 
elevation. The following figure shows the relative change in terms of vertical datum North America 
Vertical Datum 1988 (NAVD 1988). 

 

 

The three curves denote projected relative sea level advance from end of 20th century (1992) through 
the 21st century. The three local relative sea level change scenarios are derived from USACE Engineering 
Circular 1165-2-212 Sea-Level Change Considerations for Civil Works Programs (EC 1165-2-212), its 
procedures and information. 

The historic rate of SLC represents the “low” rate curve. The “intermediate” rate of local mean sea level 
change is estimated with the modified National Research Council (NRC) curves and is corrected for the 
local rate of vertical land movement.  The “high” rate of local mean SLC is estimated using the modified 
NRC Curve III.  The estimate is corrected for the local rate of vertical land movement. It takes into 
account a scenario for a potential rapid loss of ice from Antarctica and Greenland. 

OCCRI found that local sea level at Newport, OR has risen about 4 inches during 1967–2013 and is 
projected to rise by 1.7 to 5.7 feet by 2100 based on the intermediate -low and intermediate - high 
global sea level scenarios used in the 2018 National Climate Assessment (Coastal Risks for Newport, OR, 
2019).  The USACE intermediate and high curve range of +2 to +5.3 feet, follow similar trends as with the 
OCCRI estimate. Gage 9435380 at South Beach: Yaquina River, OR has a published sea level rate of 
0.00892 feet/yr.  Refer to the table below. 

  

Figure 15. NAVD 88Relative sea level rise at Newport, OR 
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Table 1. Relative sea level change curve values 

Year USACE USACE USACE 
  Low Int High 

1992 0 0 0 
1995 0.03 0.03 0.03 
2000 0.07 0.08 0.1 
2005 0.12 0.13 0.18 
2010 0.16 0.19 0.28 
2015 0.21 0.25 0.4 
2020 0.25 0.32 0.54 
2025 0.29 0.39 0.7 
2030 0.34 0.47 0.87 
2035 0.38 0.55 1.07 
2040 0.43 0.63 1.28 
2045 0.47 0.72 1.51 
2050 0.52 0.82 1.77 
2055 0.56 0.92 2.03 
2060 0.61 1.02 2.32 
2065 0.65 1.13 2.63 
2070 0.7 1.24 2.95 
2075 0.74 1.35 3.3 
2080 0.79 1.47 3.66 
2085 0.83 1.6 4.04 
2090 0.88 1.73 4.43 
2095 0.92 1.86 4.85 
2100 0.96 2 5.29 
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The figure above is developed utilizing the USACE Sea Level tracker web tool. 

https://climate.sec.usace.army.mil/slr_app/ 

The dark blue line is a 19-year moving average. This increment is used to compensate for decadal cycles.  
There is a very discernible upward trend in rate of rise. It approximates the slope of the USACE low SLC 
curve. The light blue line graphically exemplifies the shorter duration moving average, and higher 
variability. There is still a discernible upward trend, approaching the intermediate curve. The time 
window chosen to best display the most recent and longest period trends in the observed record. 
Overall, the sea level rise is positively sloped and matches the sea level forecast curves. However, it is a 
small snap shot and the overall trend will be revealed as more observed data becomes available.  

  

Figure 16. Observed tend line: relative sea level rise South Beach, Yaquina Bay, Newport, OR (NAVD 88) 

https://climate.sec.usace.army.mil/slr_app/
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Atmospheric rivers (ARs) 
 

“Atmospheric rivers” have come into the popular lexicon. Atmospheric rivers (ARs) are concentrated 
bands of water vapor traveling through the atmosphere. They are an important Pacific Northwest 
climate driver. The historic February 1996 flooding was partly driven by a “pineapple express” type 
atmospheric river, falling on frozen ground and snow pack.  This type of integrated water vapor 
transport, IVT, is expected to become more frequent and intense in the future (Warner and others, 
2015). 

… climate simulations suggest significant in-creases in integrated water vapor transport (IVT) 
along the North American west coast…winter-average and extreme precipitation are expected 
to increase in this region if IVT increases. 

A warmer future has implications on how ARs affects the Northwest, and in particular the Oregon coast 
(Gonzales and others, 2019). The Oregon coast is believed to be somewhat insulated from increasing 
temperatures and seasonal precipitation change; but it is uniquely impacted by changes at the ocean 
land interface. Sea level rise and atmospheric river changes fall into the latter category. 

In the “Recent warming of landfalling atmospheric rivers along the west coast of the United States” 
(published by American Geophysical Union, AGU); it was found that 

All US West Coast sub-regions exhibit positive atmospheric river (AR) temperature trends 1980-
2016, with warming from 0.69°C to 1.65°C.  ARs have warmed by more than 2°C in some 
months, particularly in March. As a result, changes in AR temperature have implications for both 
water storage and flood risk. We find substantial warming in ARs at both the seasonal and 
monthly scales, as well as seasonal and regional variations in the amount of warming along the 
US West Coast. To understand the warming of ARs at the landfall regions, we compare these 
monthly temperature trends with trends in temperature along the AR tracks, background 
temperature over the landfall region, and temperature over the coastal ocean adjacent to the 
landfall region. The most robust warming occurs in November and March, which has important 
implications for increased regional flood risk and decreased water storage, and motivates 
further investigation in other AR-prone regions around the globe. 

With future warming, ARs would make landfall on Oregon Coast with increased moisture content and 
higher energy. The implications for the coast could be more extreme storm events, as ARs make landfall 
with more moisture content. Consequently, higher intensity precipitation could stress flood prone areas 
and lead to increased sediment erosion.  Regionally, warmer and more energetic ARs could serve to 
rapidly warm higher elevation areas of the Pacific Northwest; affecting snow accumulation levels and 
affecting spring melt hydrology. 
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Climate Central.org - Sea level rise and coastal flood risk: Summary for Lincoln County, OR (2016) 
 
Climate Central prepared a sea level rise risk assessment for Lincoln County (2016). The 
estimate of a mean sea level (MSL) 2.2-foot rise, relative to the 1992 baseline, was consistent 
with the USACE intermediate RSLC estimate of 2.0 feet (by 2100). The Climate Central 
projection also fell within the range of OCCRI estimates of 1.7 to 5.7 feet (MSL), low to high 
estimates.  With the higher relative sea level, is an increase in future storm surge some change 
in tidal range. The following excerpts from the Climate Central analysis outline the impact of 
the projected sea level to Mid-Coast infrastructure and habitats. The primary risk is from high 
water events, coastal flooding.  
 

Sea level rise and flood forecast 
 
Even small amounts of sea level rise make rare floods more common by adding to tides 
and storm surge. Climate Central has estimated risk by combining local sea level rise 
projections with historic flood statistics from the NOAA water level station at South 
Beach, OR, 7 miles from the center of Lincoln County. For reference, our extreme values 
analysis indicates that the "100-year" flood height, is 3.9 feet above local Mean Higher 
High Water (high tide line)1. The highest observed flood at this location, in records from 
1967 to 2015, reached 3.91 feet MHHW in 1969. Taken all together, these values 
suggest that floods above 4 feet likely pose significant concerns. 
 
Based on the National Research Council's mid-range Pacific coast sea level rise 
projections, we project 2.2 feet of rise locally by 2100, from a 1992 baseline. Our 
analysis translates this to 34 percent multi-year risk of at least one flood exceeding 4 
feet from 2016 to 2030, a [sic] 85 percent risk by from 2016 to midcentury, and a 100 
percent risk by 2100. Under the Council's high-end projections, these chances increase 
to 52, 100, and 100 percent, respectively, and we compute a 93 percent risk of at least 
one flood exceeding 7 feet by the end of the century. 

 

As noted above in the Climate Central study and OCRRI reports, the Mid-Coast is vulnerable to events of 
4 feet above mean sea level. This study shows that the chances of this occurring will increase in the 
future. The greatest vulnerability from rising ocean levels is likely increase in flood risk along the coastal 
as well as (induced flooding) inland, caused by backwater created from higher water levels at the 
downstream boundaries.  
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Introduction	  
Industrialization	  has	  given	  rise	  to	  increasing	  amounts	  of	  greenhouse	  gas	  emissions	  worldwide,	  
which	  is	  causing	  the	  Earth’s	  climate	  to	  warm	  (IPCC,	  2013).	  The	  effects	  of	  which	  are	  already	  
apparent	  here	  in	  Oregon	  (Dalton	  et	  al.,	  2017).	  Climate	  change,	  including	  changes	  in	  temperature,	  
precipitation,	  hydrology,	  sea	  level,	  and	  coastal	  ocean	  conditions,	  is	  expected	  to	  affect	  the	  Oregon	  
Mid-‐Coast	  region.	  This	  report	  describes	  projected	  future	  climate	  conditions	  for	  the	  Mid-‐Coast	  in	  
terms	  of	  temperature,	  precipitation,	  snowpack,	  floods,	  droughts,	  wildfire,	  sea	  level,	  and	  coastal	  
ocean	  conditions.	  	  

Projections	  in	  this	  report	  are	  derived	  from	  ten	  or	  more	  global	  climate	  models	  (GCM)	  and	  multiple	  
scenarios	  of	  future	  global	  greenhouse	  gas	  emissions.	  Future	  climate	  projections	  have	  been	  
“downscaled”—that	  is,	  made	  locally	  relevant—and	  summaries	  of	  projected	  changes	  in	  the	  climate	  
are	  presented	  for	  a	  mid-‐21st	  century	  period—the	  “2050s”—and	  a	  late-‐21st	  century	  period—the	  
“2080s”—compared	  to	  a	  historical	  baseline.	  

Global	  Climate	  Models	  
Global	  climate	  models	  are	  sophisticated	  computer	  models	  of	  the	  Earth’s	  atmosphere,	  water,	  and	  
land	  and	  how	  these	  components	  interact	  over	  time	  and	  space	  according	  to	  the	  fundamental	  laws	  of	  
physics	  (Figure	  1).	  GCMs	  are	  the	  most	  sophisticated	  tools	  for	  understanding	  the	  climate	  system,	  but	  
while	  highly	  complex	  and	  built	  on	  solid	  physical	  principles,	  they	  are	  still	  simplifications	  of	  the	  
actual	  climate	  system.	  There	  are	  several	  ways	  to	  implement	  such	  simplifications	  into	  a	  GCM,	  which	  
results	  in	  each	  one	  giving	  a	  slightly	  different	  answer.	  As	  such,	  it	  is	  best	  practice	  to	  use	  at	  least	  ten	  
GCMs	  and	  look	  at	  the	  average	  and	  range	  of	  projections	  across	  all	  of	  them.	  

	  

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	  calculations	  and,	  eventually,	  models.	  This	  figure	  
shows	  when	  various	  processes	  and	  components	  of	  the	  climate	  system	  became	  regularly	  included	  in	  scientific	  
understanding	  of	  global	  climate	  calculations	  and,	  over	  the	  second	  half	  of	  the	  century	  as	  computing	  resources	  
became	  available,	  formalized	  in	  global	  climate	  models.	  (Source:	  science2017.globalchange.gov)	  

Greenhouse	  Gas	  Emissions	  
When	  used	  to	  project	  future	  climate,	  scientist	  give	  the	  GCMs	  information	  about	  the	  quantity	  of	  
greenhouse	  gases	  that	  the	  world	  would	  emit,	  then	  the	  GCMs	  run	  simulations	  of	  what	  would	  happen	  
to	  the	  air,	  water,	  and	  land	  over	  the	  next	  century.	  Since	  the	  precise	  amount	  of	  greenhouse	  gases	  the	  
world	  will	  emit	  over	  the	  next	  century	  is	  unknown,	  scientists	  use	  several	  scenarios	  of	  different	  
amounts	  of	  greenhouse	  gas	  emissions	  based	  on	  plausible	  societal	  trajectories.	  The	  higher	  global	  
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emissions	  are,	  the	  greater	  the	  increase	  in	  global	  temperature	  is	  expected.	  This	  report	  uses	  emission	  
scenarios	  from	  the	  current	  suite	  of	  emissions	  scenarios	  called	  Representative	  Concentration	  
Pathways	  (RCP)	  (Figure	  2).	  Specifically,	  this	  report	  considers	  a	  lower	  emissions	  scenario	  (RCP	  4.5)	  
and	  a	  higher	  emissions	  scenario	  (RCP	  8.5)	  based	  on	  available	  data	  and	  relevant	  published	  
literature.	  	  The	  lower	  emissions	  scenario	  represents	  modest	  efforts	  to	  cut	  global	  greenhouse	  gas	  
emissions	  by	  mid-‐21st	  century	  whereas	  the	  higher	  emissions	  scenario	  represents	  a	  “business-‐as-‐
usual”	  scenario	  with	  greenhouse	  gas	  emissions	  continuing	  to	  increase	  throughout	  the	  21st	  century.	  	  

	  

Figure	  2	  Scenarios	  of	  future	  atmospheric	  carbon	  dioxide	  emissions	  for	  the	  current	  suite	  of	  emissions	  scenarios	  
(RCPs).	  (Source:	  science2017.globalchange.gov)	  

Downscaling	  
Global	  climate	  models	  simulate	  the	  climate	  across	  adjacent	  grid	  boxes	  the	  size	  of	  about	  60	  by	  60	  
miles.	  To	  make	  this	  coarse	  resolution	  information	  locally	  relevant,	  global	  climate	  model	  outputs	  
have	  been	  combined	  with	  historical	  observations	  to	  translate	  large-‐scale	  patterns	  into	  high-‐
resolution	  projections.	  This	  process	  is	  called	  statistical	  downscaling.	  This	  report	  makes	  use	  of	  The	  
future	  climate	  projections	  that	  have	  been	  statistically	  downscaled	  to	  a	  resolution	  with	  grid	  boxes	  
the	  size	  of	  about	  2.5	  by	  2.5	  miles	  (Abatzoglou	  and	  Brown,	  2012).	  

Future	  Time	  Periods	  
When	  analyzing	  global	  climate	  model	  projections	  of	  future	  climate,	  it	  is	  best	  practice	  to	  compare	  
the	  average	  across	  at	  least	  a	  30-‐year	  period	  in	  the	  future	  to	  an	  average	  historical	  baseline	  across	  at	  
least	  30	  years.	  In	  this	  report,	  the	  historical	  baseline	  is	  1971–2000	  and	  the	  future	  time	  periods	  are	  
the	  “2050s”	  (2040–2069	  average)	  and	  the	  2080s	  (2070–2099	  average),	  unless	  otherwise	  noted.	  

Read	  more	  about	  emissions	  scenarios,	  global	  climate	  models,	  downscaling,	  and	  uncertainty	  in	  the	  
Climate	  Science	  Special	  Report,	  Volume	  1	  of	  the	  Fourth	  National	  Climate	  Assessment	  
(https://science2017.globalchange.gov).	   	  
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Temperature	  
Oregon’s	  average	  temperature	  warmed	  at	  a	  rate	  of	  2.2°F	  per	  century	  during	  1895–2015.	  Average	  
temperature	  is	  expected	  to	  continue	  warming	  during	  the	  21st	  century	  under	  scenarios	  of	  continued	  
global	  greenhouse	  gas	  emissions;	  the	  rate	  of	  warming	  depends	  on	  the	  particular	  emissions	  scenario	  
(Dalton	  et	  al.,	  2017).	  By	  the	  “2050s”	  compared	  to	  the	  1970–1999	  historical	  baseline,	  Oregon’s	  
average	  temperature	  is	  projected	  to	  increase	  by	  3.6	  °F	  with	  a	  range	  of	  1.8°–5.4°F	  under	  a	  lower	  
emissions	  scenario	  (RCP	  4.5)	  and	  by	  5.0°F	  with	  a	  range	  of	  2.9°F–6.9°F	  under	  a	  higher	  emissions	  
scenario	  (RCP	  8.5)	  (Dalton	  et	  al.,	  2017).	  Furthermore,	  summers	  are	  projected	  to	  warm	  more	  than	  
other	  seasons	  (Dalton	  et	  al.,	  2017).	  

Average	  temperature	  in	  Newport,	  Oregon	  is	  projected	  to	  increase	  4.5	  °F	  on	  average	  by	  the	  2050s	  
and	  6.8	  °F	  on	  average	  by	  the	  2080s	  compared	  to	  the	  historical	  baseline	  under	  the	  higher	  emissions	  
scenario	  (RCP	  8.5)	  (Figure	  3).	  While	  there	  is	  a	  range	  of	  responses	  from	  individual	  models,	  all	  
models	  project	  warming.	  These	  projections	  for	  Newport	  are	  representative	  of	  the	  entire	  Mid-‐Coast	  
region.	  	  

	  

Figure	  3	  Simulated	  historical	  (1971–2000)	  and	  projected	  2020s	  (2010–2039),	  2050s	  (2040–2069),	  and	  2080s	  
(2070–2099)	  annual	  average	  temperature	  for	  Newport,	  Oregon	  under	  a	  higher	  emissions	  scenario	  (RCP	  8.5)	  
based	  on	  20	  global	  climate	  models.	  (Source:	  Northwest	  Climate	  Toolbox,	  Future	  Climate	  Tool,	  
https://climatetoolbox.org/tool/future-‐climate)	  
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Precipitation	  
In	  Oregon,	  observed	  precipitation	  is	  characterized	  by	  high	  year-‐to-‐year	  variability	  and	  future	  
precipitation	  trends	  are	  expected	  to	  continue	  to	  be	  dominated	  by	  this	  large	  natural	  variability.	  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	  and	  2080s.	  However,	  some	  
models	  project	  increases	  and	  others	  decreases	  in	  each	  season	  and	  annually	  (Dalton	  et	  al.,	  2017).	  

Annual	  precipitation	  in	  Oregon	  is	  projected	  to	  increase	  on	  average	  by	  1.9%	  by	  the	  2050s,	  and	  3.4%	  
by	  the	  2080s	  under	  the	  lower	  emissions	  pathway	  (RCP	  4.5).	  Under	  the	  higher	  emissions	  pathway	  
(RCP	  8.5),	  increases	  in	  annual	  precipitation	  are	  a	  bit	  larger	  for	  each	  time	  period:	  2.7%,	  and	  6.3%,	  
respectively	  (Dalton	  et	  al.,	  2017).	  Summer	  precipitation	  in	  Oregon	  is	  projected	  to	  decline	  on	  
average	  by	  8.7%	  and	  7.7%	  by	  the	  2050s	  and	  2080s	  under	  the	  higher	  emissions	  scenario	  while	  
winter	  precipitation	  is	  projected	  to	  increase	  on	  average	  by	  7.9%	  and	  14.5%,	  respectively.	  	  

In	  Newport,	  Oregon	  annual	  precipitation	  is	  projected	  to	  increase	  1.5%	  on	  average	  by	  the	  2050s	  and	  
4.2%	  on	  average	  by	  the	  2080s	  compared	  to	  the	  historical	  baseline	  under	  the	  higher	  emissions	  
scenario	  (RCP	  8.5),	  although	  some	  models	  project	  decreases	  (Figure	  4).	  Summer	  precipitation	  in	  
Newport	  is	  projected	  to	  decline	  on	  average	  by	  16.2%	  by	  the	  2050s	  and	  by	  18%	  by	  the	  2080s	  under	  
the	  higher	  emissions	  scenario	  while	  winter	  precipitation	  is	  projected	  to	  increase	  on	  average	  by	  
6.9%	  and	  12.4%,	  respectively	  (not	  shown).	  While	  precipitation	  amount	  varies	  along	  the	  coast,	  the	  
projected	  percent	  change	  at	  Newport	  is	  representative	  of	  the	  projected	  changes	  within	  the	  Mid-‐
Coast	  region.	  With	  warming	  temperatures,	  precipitation	  will	  fall	  increasingly	  as	  rain,	  and	  snow	  on	  
the	  coast	  will	  become	  increasingly	  rare.	  	  
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Figure	  4	  Simulated	  historical	  (1971–2000)	  and	  projected	  2020s	  (2010–2039),	  2050s	  (2040–2069),	  and	  2080s	  
(2070–2099)	  annual	  precipitation	  for	  Newport,	  Oregon	  under	  a	  higher	  emissions	  scenario	  (RCP	  8.5)	  based	  on	  20	  
global	  climate	  models.	  (Source:	  Northwest	  Climate	  Toolbox,	  Future	  Climate	  Tool,	  
https://climatetoolbox.org/tool/future-‐climate)	  

Extreme	  precipitation	  events	  in	  the	  Pacific	  Northwest	  are	  governed	  both	  by	  atmospheric	  circulation	  
and	  by	  how	  it	  interacts	  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	  coherent	  extreme	  precipitation	  events	  west	  of	  the	  
Cascade	  Range	  (Parker	  and	  Abatzoglou,	  2016).1	  

Observed	  trends	  in	  the	  frequency	  of	  extreme	  precipitation	  events	  across	  Oregon	  have	  depended	  on	  
the	  location,	  time	  frame,	  and	  metric	  considered,	  but	  overall	  the	  frequency	  has	  not	  changed	  
substantially.	  As	  the	  atmosphere	  warms,	  it	  is	  able	  to	  hold	  more	  water	  vapor	  that	  is	  available	  for	  
precipitation.	  As	  a	  result,	  the	  frequency	  and	  intensity	  of	  extreme	  precipitation	  events	  are	  expected	  
to	  increase	  slightly	  in	  the	  future	  (Dalton	  et	  al.,	  2017).	  Atmospheric	  river	  events	  are	  generally	  
expected	  to	  become	  more	  frequent	  and	  intense	  under	  future	  climate	  change	  conditions	  (Kossin	  et	  
al.,	  2017).	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
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Floods	  
Future	  streamflow	  magnitude	  and	  timing	  for	  much	  of	  the	  Pacific	  Northwest	  is	  projected	  to	  shift	  
toward	  higher	  winter	  runoff,	  lower	  summer	  and	  fall	  runoff,	  and	  an	  earlier	  peak	  runoff,	  particularly	  
in	  snow-‐dominated	  regions	  (Raymondi	  et	  al.,	  2013;	  Naz	  et	  al.,	  2016)2.	  These	  changes	  are	  expected	  
to	  result	  from	  warmer	  temperatures	  causing	  precipitation	  to	  fall	  more	  as	  rain	  and	  less	  as	  snow,	  in	  
turn	  causing	  snow	  to	  melt	  earlier	  in	  the	  spring;	  and	  in	  combination	  with	  increasing	  winter	  
precipitation	  and	  decreasing	  summer	  precipitation	  (Dalton	  et	  al.,	  2017).	  

Streamflow	  in	  rain-‐dominant	  watersheds	  reflects	  the	  seasonal	  pattern	  of	  precipitation,	  with	  peak	  
flows	  occurring	  during	  the	  winter	  and	  low	  flows	  occurring	  during	  the	  summer.3	  Coastal	  rain-‐
dominated	  watersheds,	  like	  those	  in	  the	  Mid-‐Coast	  region,	  have	  received	  very	  little	  attention	  in	  the	  
published	  literature	  in	  regards	  to	  how	  streamflow	  is	  expected	  to	  change	  under	  future	  climate.	  A	  
recent	  study	  on	  coastal	  watersheds	  in	  the	  Western	  US	  featuring	  the	  Siletz	  River	  shows	  projected	  
increases	  in	  streamflow	  during	  winter	  relative	  to	  historic	  streamflow	  for	  the	  Siletz	  River	  (Burke	  
and	  Ficklin,	  2017)	  (Figure	  5).	  These	  increases	  were	  significant	  for	  the	  months	  November,	  
December,	  March–June,	  however,	  the	  range	  of	  projections	  still	  span	  the	  range	  of	  historical	  data	  
(Burke	  and	  Ficklin,	  2017).	  This	  projected	  increase	  in	  peak	  winter	  flows	  in	  the	  Siletz	  River,	  although	  
small	  percentage-‐wise,	  could	  increase	  the	  risk	  of	  flooding,	  yet	  that	  is	  dependent	  on	  the	  timing	  and	  
amount	  of	  precipitation.	  

	  
Figure	  5	  Median,	  25th	  percentile,	  and	  75th	  percentile	  streamflow	  based	  on	  RCP	  8.5	  for	  historic	  (1970–1999),	  mid-‐
21st	  century	  (2035–2065),	  and	  late-‐21st	  century	  (2070–2099)	  periods.	  Source:	  Burke	  and	  Ficklin,	  2017.	  

	  

	   	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
3	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
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Drought	  
The	  Mid-‐Coast	  region	  is	  a	  rain-‐dominated	  system,	  meaning	  the	  drivers	  of	  drought	  and	  water	  
scarcity	  are	  different	  than	  across	  much	  of	  the	  western	  US,	  where	  mountain	  snowpack	  contributes	  
to	  streamflow	  (Dalton	  et	  al.,	  2017;	  Mote	  et	  al.,	  2019).	  As	  with	  the	  rest	  of	  the	  Pacific	  Northwest,	  the	  
Mid-‐Coast	  typically	  experiences	  wet	  winters	  and	  dry	  summers	  (Figure	  6).	  This	  seasonal	  cycle	  of	  
precipitation	  means	  that	  severe	  drought	  is	  rare	  in	  the	  rainy	  winters	  on	  the	  mid-‐coast,	  but	  the	  region	  
is	  prone	  to	  periods	  of	  summertime	  water	  scarcity,	  especially	  when	  precipitation	  is	  lower	  than	  
average	  in	  the	  shoulder	  seasons	  (e.g.,	  spring,	  fall).	  This	  is	  exacerbated	  by	  the	  lack	  of	  natural	  storage	  
(e.g.,	  snowpack)	  and	  built	  storage	  (e.g.,	  reservoirs).	  

	  

Figure	  6	  Graph	  of	  temperature	  and	  precipitation	  for	  1981-‐2010	  climate	  normal	  for	  Newport,	  OR	  (Source:	  
Northwest	  Climate	  Toolbox,	  climatetoolbox.org)	  

In	  the	  Siletz	  River,	  historically	  low	  flows	  occurred	  in	  two	  of	  the	  last	  four	  years	  (2015	  and	  2018),	  
owing	  to	  a	  combination	  of	  lower	  than	  normal	  spring	  and	  summer	  precipitation	  in	  each	  of	  those	  
years	  (Figure	  7).	  In	  2018,	  Governor	  Kate	  Brown	  declared	  a	  Drought	  Emergency	  in	  Lincoln	  County	  
due	  to	  low	  flows	  and	  increased	  demand.	  	  
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Figure	  7	  Historical	  monthly	  averaged	  streamflow	  (cfs)	  by	  water	  year	  for	  1987–2018.	  The	  traces	  for	  the	  four	  years	  
with	  the	  lowest	  summer	  flows	  are	  illustrated	  in	  color.	  Source:	  David	  Rupp,	  Oregon	  Climate	  Change	  Research	  
Institute.	  

Additionally,	  warmer	  than	  normal	  summer	  temperatures	  can	  increase	  demand.	  In	  Newport,	  the	  
four	  low-‐flow	  years	  (1992,	  2003,	  2015,	  2018)	  all	  had	  warm,	  dry	  summers,	  as	  illustrated	  by	  their	  
clustering	  in	  the	  warm,	  dry	  sector	  of	  Figure	  8.	  These	  four	  years	  also	  correspond	  to	  significant	  
drought	  years	  in	  the	  Pacific	  Northwest.	  	  
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Figure	  8	  Historical	  temperature	  and	  precipitation	  for	  summer	  for	  Newport,	  OR	  displayed	  by	  year.	  The	  year	  2018	  
is	  indicated	  in	  red.	  The	  lower	  right	  quadrant	  is	  warm	  and	  dry.	  Source:	  Northwest	  Climate	  Toolbox,	  
climatetoolbox.org.	  	  

These	  coastal	  basins	  have	  received	  relatively	  little	  attention	  in	  the	  published	  literature	  with	  regards	  
to	  changes	  to	  streamflow	  in	  a	  warming	  climate.	  A	  recent	  study	  on	  coastal	  watersheds	  in	  the	  
Western	  US	  featuring	  the	  Siletz	  River	  shows	  shifts	  toward	  slightly	  greater	  streamflow	  in	  winter	  by	  
the	  mid-‐21st	  century,	  with	  little	  change	  in	  the	  summer	  (Burke	  and	  Ficklin,	  2017).	  Hydrologic	  model	  
projections	  show	  a	  decrease	  in	  spring	  (March–May)	  runoff	  for	  the	  Oregon	  Coast	  and	  a	  4–12%	  
decrease	  versus	  the	  historical	  baseline	  in	  summer	  under	  a	  higher	  emissions	  scenario	  (June–August)	  
(Figure	  9).	  	  
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Figure	  9	  Projected	  change	  in	  total	  runoff	  for	  summer	  for	  Oregon	  for	  10	  climate	  models	  using	  the	  Variable	  
Infiltration	  Capacity	  (VIC)	  model.	  Source:	  Northwest	  Climate	  Toolbox,	  climatetoolbox.org.	  

On	  the	  nearby	  north	  coast	  of	  Oregon	  (Tillamook	  County),	  previous	  analysis	  (Sharp	  et	  al.,	  2013)	  
shows	  a	  projected	  shift	  in	  the	  seasonality	  of	  precipitation	  to	  wetter	  winters	  and	  drier	  summers	  
through	  the	  21st	  century.	  Total	  annual	  precipitation	  is	  projected	  to	  remain	  within	  1–2%	  of	  the	  
historical	  average,	  but	  summers	  are	  projected	  to	  be	  drier	  across	  the	  entire	  region	  by	  mid-‐21st	  
century	  (Dalton	  et	  al.,	  2017;	  Mote	  et	  al.,	  2019).	  However,	  averages	  across	  the	  annual	  and	  seasonal	  
timescales	  may	  be	  less	  important	  than	  the	  year-‐to-‐year	  variability	  when	  it	  comes	  to	  drought	  on	  the	  
Mid-‐Coast,	  exemplified	  by	  the	  very	  dry	  and	  warm	  years	  2015	  and	  2018.	  There	  is	  a	  projected	  
increase	  in	  variability	  for	  spring	  and	  summer	  precipitation	  and	  temperature	  in	  the	  Columbia	  River	  
Basin,	  but	  it	  has	  not	  been	  analyzed	  for	  the	  coast	  (Rupp	  et	  al.,	  2017).	  
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Wildfire	  
Over	  the	  last	  several	  decades,	  warmer	  and	  drier	  conditions	  during	  the	  summer	  months	  have	  
contributed	  to	  an	  increase	  in	  fuel	  aridity	  and	  enabled	  more	  frequent	  large	  fires,	  an	  increase	  in	  the	  
total	  area	  burned,	  and	  a	  longer	  fire	  season	  across	  the	  western	  United	  States,	  particularly	  in	  forested	  
ecosystems	  (Dennison	  et	  al.,	  2014;	  Jolly	  et	  al.,	  2015;	  Westerling,	  2016;	  Williams	  and	  Abatzoglou,	  
2016).	  The	  lengthening	  of	  the	  fire	  season	  is	  largely	  due	  to	  declining	  mountain	  snowpack	  and	  earlier	  
spring	  snowmelt	  (Westerling,	  2016).	  Recent	  wildfire	  activity	  in	  forested	  ecosystems	  is	  partially	  
attributed	  to	  human-‐caused	  climate	  change:	  during	  the	  period	  1984–2015,	  about	  half	  of	  the	  
observed	  increase	  in	  fuel	  aridity	  and	  4.2	  million	  hectares	  (or	  more	  than	  16,000	  square	  miles)	  of	  
burned	  area	  in	  the	  western	  United	  States	  were	  due	  to	  human-‐caused	  climate	  change	  (Abatzoglou	  
and	  Williams,	  2016).	  Under	  future	  climate	  change,	  wildfire	  frequency	  and	  area	  burned	  are	  expected	  
to	  continue	  increasing	  in	  the	  Pacific	  Northwest	  (Barbero	  et	  al.,	  2015;	  Sheehan	  et	  al.,	  2015).4	  

As	  a	  proxy	  for	  wildfire	  risk,	  this	  report	  considers	  a	  fire	  danger	  index	  called	  100-‐hour	  fuel	  moisture	  
(FM100),	  which	  is	  a	  measure	  of	  the	  amount	  of	  moisture	  in	  dead	  vegetation	  in	  the	  1–3	  inch	  diameter	  
class	  available	  to	  a	  fire.	  It	  is	  expressed	  as	  a	  percent	  of	  the	  dry	  weight	  of	  that	  specific	  fuel.	  FM100	  is	  a	  
common	  index	  used	  by	  the	  Northwest	  Interagency	  Coordination	  Center	  to	  predict	  fire	  danger.	  A	  
majority	  of	  climate	  models	  project	  that	  FM100	  would	  decline	  across	  Oregon	  by	  the	  2050s	  under	  the	  
higher	  (RCP	  8.5)	  emissions	  scenario	  (Gergel	  et	  al.,	  2017).	  This	  drying	  of	  vegetation	  would	  lead	  to	  
greater	  wildfire	  risk,	  especially	  when	  coupled	  with	  projected	  decreases	  in	  summer	  soil	  moisture	  as	  
is	  projected	  for	  the	  Mid-‐Coast	  region.	  This	  report	  defines	  a	  “very	  high”	  fire	  danger	  day	  to	  be	  a	  day	  in	  
which	  FM100	  is	  lower	  (i.e.,	  drier)	  than	  the	  historical	  baseline	  10th	  percentile	  value.	  	  By	  definition,	  
the	  historical	  baseline	  has	  36.5	  “very	  high”	  fire	  danger	  days	  annually.	  Future	  wildfire	  risk	  is	  
expressed	  as	  the	  average	  annual	  number	  of	  	  “very	  high”	  fire	  danger	  days	  for	  two	  future	  periods	  
under	  a	  higher	  emissions	  scenario	  (RCP	  8.5)	  compared	  with	  the	  historical	  baseline	  (Figure	  10).	  

The	  average	  annual	  number	  of	  “very	  high”	  fire	  danger	  days	  in	  Newport,	  Oregon	  is	  expected	  to	  
increase	  from	  36.5	  days	  in	  1971–2000	  to	  50.8	  days	  (with	  a	  range	  of	  33.2	  days	  to	  84.2	  days)	  by	  the	  
“2050s”	  under	  the	  higher	  emissions	  scenario	  (RCP	  8.5)	  (Figure	  10).	  This	  represents	  a	  percentage	  
increase	  of	  about	  39%	  with	  a	  range	  of	  -‐9%	  to	  131%.	  Note	  that	  four	  models	  project	  slight	  decreases	  
by	  the	  2050s.	  	  

	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
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Figure	  10	  Simulated	  historical	  (1971–2000)	  and	  projected	  2020s	  (2010–2039)	  and	  2050s	  (2040–2069)	  
frequencies	  of	  very	  high	  fire	  danger	  days	  for	  Newport,	  Oregon	  under	  a	  higher	  emissions	  scenario	  (RCP	  8.5)	  based	  
on	  18	  global	  climate	  models.	  (Source:	  Northwest	  Climate	  Toolbox,	  Future	  Climate	  Tool,	  
https://climatetoolbox.org/tool/future-‐climate)	  
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Sea	  Level	  Rise	  
Changes	  in	  global	  sea	  levels	  occur	  due	  to	  ocean	  thermal	  expansion,	  glacier	  and	  ice	  sheet	  mass	  loss,	  
and	  land	  water	  storage.	  Regional	  and	  local	  sea	  levels	  on	  the	  Pacific	  Northwest’s	  coast	  are	  governed	  
by	  the	  global	  mean	  sea	  level,	  but	  also	  by	  natural	  variability	  (El	  Niño–Southern	  Oscillation	  affects	  
ocean	  currents	  and	  wind	  fields),	  by	  vertical	  land	  motions	  from	  subducting	  ocean	  plates,	  and	  by	  
post-‐glacial	  isostatic	  adjustment	  (Reeder	  et	  al.,	  2013).5	  

Global	  average	  sea	  level	  has	  risen	  by	  about	  7–8	  inches	  (about	  16–21	  cm)	  since	  1900,	  with	  almost	  
half	  this	  rise	  occurring	  since	  1993	  as	  oceans	  have	  warmed	  and	  land-‐based	  ice	  has	  melted.	  Relative	  
to	  the	  year	  2000,	  sea	  level	  is	  very	  likely	  to	  rise	  1	  to	  4	  feet	  (0.3	  to	  1.3	  m)	  by	  the	  end	  of	  the	  21st	  
century.	  Emerging	  science	  regarding	  Antarctic	  ice	  sheet	  stability	  suggests	  that,	  for	  higher	  scenarios,	  
a	  rise	  exceeding	  8	  feet	  (2.4	  m)	  by	  2100	  is	  physically	  possible,	  although	  the	  probability	  of	  such	  an	  
extreme	  outcome	  cannot	  currently	  be	  assessed6	  (Hayhoe	  et	  al.,	  2018).	  

Local	  sea	  level	  at	  Newport,	  OR	  has	  risen	  about	  four	  inches	  during	  1967–2013	  and	  is	  projected	  to	  
rise	  by	  1.7	  to	  5.7	  feet	  by	  2100	  based	  on	  the	  intermediate-‐low	  and	  intermediate-‐high	  global	  sea	  level	  
scenarios	  used	  in	  the	  2018	  National	  Climate	  Assessment	  (Coastal	  Risks	  for	  Newport,	  OR,	  2019).	  At	  
these	  levels,	  the	  likelihood	  of	  a	  4-‐foot	  flood	  event,	  that	  is	  water	  reaching	  four	  feet	  above	  mean	  high	  
tide,	  ranges	  from	  45%–83%	  by	  the	  2030s,	  93%–100%	  by	  the	  2050s,	  and	  100%	  by	  2100	  (Coastal	  
Risks	  for	  Newport,	  OR,	  2019).	  These	  projections	  represent	  a	  real	  future	  flood	  risk	  for	  people	  and	  
assets	  within	  the	  4-‐foot	  flood	  area	  (Error!	  Reference	  source	  not	  found.).	  In	  Lincoln	  County,	  assets	  
in	  areas	  below	  4	  feet	  that	  are	  not	  potentially	  protected	  by	  levees	  or	  other	  features,	  include:	  406	  
people,	  $63	  million	  in	  property	  value,	  6	  miles	  of	  roads,	  5	  EPA	  listed	  sites,	  and	  6.2	  square	  miles	  of	  
land	  (Climate	  Central,	  (n.d.)).	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
6	  Verbatim	  from	  the	  Fourth	  National	  Climate	  Assessment	  Report	  (Hayhoe	  et	  al.,	  2018)	  
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Figure	  11	  Climate	  Central’s	  Surging	  Seas	  Coastal	  Risk	  Zone	  Map	  showing	  Newport,	  OR	  area’s	  current	  coastline	  
(top)	  and	  4-‐foot	  water	  level.	  Light	  blue	  is	  below	  water	  level,	  green	  is	  below	  water	  level	  but	  isolated	  by	  levees	  or	  
natural	  barriers,	  red	  lines	  depict	  levees.	  (Source:	  Climate	  Central	  Surging	  Seas,	  sealevel.climatecentral.org)	  
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Sea	  level	  rise	  is	  likely	  to	  alter	  the	  location	  and	  spatial	  extent	  of	  tidal	  wetlands.	  Some	  tidal	  wetlands	  
may	  remain	  in	  place	  if	  the	  rate	  of	  accretion	  keeps	  pace	  with	  sea	  level	  rise,	  otherwise	  wetlands	  will	  
need	  to	  migrate	  upslope	  if	  possible	  (Brophy	  et	  al.,	  2017).	  Figure	  12	  shows	  the	  potential	  future	  
extent	  of	  tidal	  wetlands	  and	  areas	  likely	  to	  be	  lost	  with	  sea	  level	  rise	  of	  4.7	  feet.	  

	  

	  

Figure	  12	  Potential	  tidal	  wetlands	  and	  mudflats/open	  water	  at	  4.7	  feet	  sea	  level	  rise,	  versus	  areas	  currently	  
within	  tidal	  wetland	  elevation	  range.	  Source:	  Brophy	  et	  al.,	  2017.	  
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Ocean	  Acidification	  
The	  world’s	  ocean	  have	  absorbed	  29%	  of	  all	  carbon	  dioxide	  (CO2)	  emitted	  to	  the	  atmosphere	  since	  
the	  beginning	  of	  the	  Industrial	  Revolution	  (Jewett	  and	  Romanou,	  2017).	  Absorption	  of	  this	  CO2	  has	  
led	  to	  increased	  ocean	  acidity,	  a	  fundamental	  shift	  in	  ocean	  chemistry	  that	  is	  a	  growing	  concern	  for	  
coastal	  ecosystems	  and	  the	  people	  that	  depend	  on	  them.	  The	  West	  Coast	  Ocean	  Acidification	  and	  
Hypoxia	  Science	  Panel	  recently	  issued	  a	  scientific	  consensus	  report	  on	  the	  state	  of	  ocean	  
acidification	  and	  hypoxia	  along	  the	  West	  Coast	  and	  recommended	  actions	  for	  managing	  and	  
reducing	  their	  effects	  (Chan	  et	  al.,	  2016).	  Ocean	  acidification	  and	  hypoxia	  tend	  to	  co-‐	  occur,	  as	  they	  
are	  both	  driven	  by	  increased	  atmospheric	  CO2	  levels	  and	  local	  nutrient	  and	  organic	  carbon	  inputs,	  
and	  together	  they	  comprise	  a	  challenge	  that	  can	  be	  managed	  synergistically	  (Chan	  et	  al.,	  2016).	  

Ocean	  acidification	  (OA)	  is	  often	  expressed	  in	  terms	  of	  a	  decrease	  in	  pH	  or	  increase	  in	  acidity.	  OA	  
also	  reduces	  the	  concentration	  of	  carbonate	  ions,	  which	  impairs	  the	  ability	  of	  calcifying	  organisms,	  
such	  as	  oysters	  and	  crabs,	  to	  build	  shells.	  By	  21st	  century’s	  end	  assuming	  the	  current	  rate	  of	  global	  
CO2	  emissions,	  the	  surface	  ocean’s	  average	  acidity	  is	  expected	  to	  double	  (Chan	  et	  al.,	  2016).	  But	  
although	  it	  negatively	  affects	  some	  physiological	  processes,	  pH	  may	  not	  be	  the	  most	  useful	  number	  
by	  which	  to	  monitor	  the	  biological	  effects	  of	  OA,	  particularly	  on	  calcifying	  organisms	  (Waldbusser	  
et	  al.,	  2015;	  Chan	  et	  al.,	  2016).	  Furthermore,	  biologically-‐relevant	  thresholds	  of	  mineral	  carbonate	  
saturation	  state	  are	  expected	  to	  be	  crossed	  much	  sooner	  than	  pH	  thresholds	  for	  some	  organisms	  
(Waldbusser	  et	  al.,	  2015).	  Even	  before	  it	  declines	  enough	  to	  corrode	  calcium	  carbonate	  shells,	  a	  
lowered	  carbonate	  saturation	  state	  can	  “make	  it	  more	  difficult	  and	  energetically	  costly	  for	  larval	  
bivalves	  to	  build	  shells”	  (Waldbusser	  et	  al.,	  2015).	  Reductions	  in	  calcifying	  organisms	  at	  the	  base	  of	  
the	  marine	  food	  web	  could	  have	  cascading	  effects	  on	  higher	  trophic	  marine	  fish,	  birds,	  mammals,	  
and	  the	  people	  who	  rely	  on	  this	  resource.	  In	  a	  simple	  projection	  of	  ocean	  water	  saturation	  state	  
changes,	  the	  mean	  annual	  surface	  seawater	  aragonite	  saturation	  state	  off	  the	  Oregon	  coast	  is	  
projected	  to	  reach	  a	  threshold	  known	  to	  disrupt	  calcification	  and	  development	  in	  larval	  bivalves	  by	  
the	  2030s	  (Ekstrom	  et	  al.,	  2015).	  However,	  the	  West	  Coast	  has	  already	  reached	  a	  threshold	  and	  
negative	  impacts	  are	  already	  evident,	  such	  as	  dissolved	  shells	  in	  pteropod	  populations	  (Feely	  et	  al.,	  
2016)	  and	  impaired	  oyster	  hatchery	  operations	  (Barton	  et	  al.,	  2012).	  Furthermore,	  60%	  of	  the	  
dissolved	  inorganic	  carbon	  in	  surface	  waters	  off	  Oregon’s	  coast	  in	  2013	  is	  attributed	  to	  increasing	  
greenhouse	  gas	  concentrations	  (Feely	  et	  al.,	  2016).	  

Hypoxia—low	  oxygen	  levels—tend	  to	  accompany	  high	  ocean	  acidity,	  and	  the	  combined	  effects	  can	  
be	  worse	  than	  the	  effects	  either	  of	  hypoxia	  or	  acidification	  independently	  (Chan	  et	  al.,	  2016).	  
Hypoxic	  waters	  along	  the	  West	  Coast	  have	  expanded	  upward	  into	  shallower	  depths	  and	  are	  already	  
affecting	  marine	  ecosystems	  (Somero	  et	  al.,	  2016).	  Natural	  climate	  variability	  exercises	  strong	  
control	  on	  dissolved	  oceanic	  oxygen	  levels,	  but	  detection	  of	  a	  deoxygenation	  trend	  beyond	  natural	  
variability	  may	  be	  possible	  by	  the	  2030s	  and	  2040s	  in	  the	  north	  Pacific	  Ocean	  and	  along	  the	  US	  
West	  Coast	  according	  to	  earth	  system	  modeling	  results	  (Long	  et	  al.,	  2016).	  	  

The	  West	  Coast	  of	  North	  America	  is	  one	  of	  the	  first	  places	  in	  the	  world	  to	  experience	  severe	  
environmental,	  ecological,	  and	  economic	  consequences	  of	  OA	  and	  hypoxia	  largely	  due	  to	  the	  
naturally	  occurring	  CO2-‐enriched,	  low-‐oxygen	  deep	  water	  that	  wells	  up	  along	  the	  continental	  shelf	  
of	  the	  West	  Coast	  (Chan	  et	  al.,	  2016).	  How	  the	  region	  manages	  these	  ongoing	  changes	  will	  likely	  
influence	  management	  choices	  of	  other	  coastal	  regions	  of	  the	  world.	  OA	  is	  a	  global	  problem,	  and	  
reducing	  global	  levels	  of	  CO2	  emissions	  will	  be	  the	  most	  effective	  strategy	  to	  lessen	  the	  effect	  of	  OA	  
(Chan	  et	  al.,	  2016).	  However,	  better	  management	  of	  local	  nutrient	  and	  organic	  matter	  inputs	  to	  the	  
coastal	  environment	  can	  lessen	  exposure	  to	  OA	  where	  those	  local	  stressors	  are	  having	  impacts.	  
Furthermore,	  managing	  ecosystems	  to	  increase	  resilience—the	  ability	  to	  withstand	  impacts—to	  OA	  
represent	  an	  important	  path	  for	  local	  adaptation	  actions.	  Time	  is	  of	  the	  essence	  because	  delayed	  
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action	  will	  reduce	  management	  options	  in	  the	  future	  and	  more	  greatly	  diminish	  ecosystem	  services	  
(Chan	  et	  al.,	  2016).	  7	  

The	  Natural	  Resource	  Defense	  Council	  has	  mapped	  ocean	  acidification	  hot	  spots,	  including	  
contributions	  to	  coastal	  acidification	  from	  rivers	  as	  well	  as	  estuary	  eutrophication	  scores.	  Figure	  13	  
shows	  a	  summary	  of	  these	  factors	  for	  the	  Mid-‐Coast	  region.	  Coastal	  waters	  off	  the	  Mid-‐Coast	  are	  
projected	  to	  reach	  chronically	  stressful	  water	  conditions	  (in	  terms	  of	  aragonite	  saturation	  state)	  by	  
2050.	  The	  Yaquina	  Bay	  and	  Alsea	  River	  estuaries	  rank	  moderately	  low	  in	  the	  estuary	  
eutrophication	  score	  indicating	  a	  relatively	  smaller	  contribution	  to	  local	  coastal	  acidification	  
conditions,	  however,	  upstream	  the	  Alsea	  River	  is	  ranked	  Medium	  for	  its	  riverine	  contribution	  to	  
coastal	  acidification.	  The	  Siletz	  River	  and	  Estuary	  have	  not	  been	  assessed.	  	  

	  

	  

	  

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	  Verbatim	  from	  the	  Third	  Oregon	  Climate	  Assessment	  Report	  (Dalton	  et	  al.,	  2017)	  
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Figure	  13	  Factors	  of	  Coastal	  &	  Ocean	  Acidification	  for	  the	  Mid-‐Coast	  region.	  Source:	  Natural	  Resource	  Defense	  
Council,	  https://www.nrdc.org/resources/ocean-‐acidification-‐hotspots.	  
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Attachment C – USACE VA Tool Analyses 
 
USACE Watershed Climate Vulnerability Assessment (VA)  

The USACE Watershed Climate Vulnerability Assessment (VA) tool facilitates a screening level, 
comparative assessment of how vulnerable a given HUC-4 watershed is to the impacts of climate change 
relative to the other 201 HUC-4 watersheds within the continental United States (CONUS). The tool was 
accessed from the USACE only web portal: 

https://maps.crrel.usace.army.mil/projects/rcc/portal.html 

The tool can be used to assess the vulnerability of a specific USACE business line such as “flooding” to 
projected climate change impacts. Assessments using these tools help to identify and characterize 
specific climate threats and particular sensitivities or vulnerabilities, at least in a relative sense, across 
regions and business lines. This tool was used to identify overall level of Mid-Coast vulnerability to 
climate change. 

The HUC-4 watersheds evaluated for the Mid-Coast study was 1710; Oregon-Washington Coastal basin. 
Based on the Mid-Coast project objectives, flood risk, navigation, hydropower and ecosystem 
restoration business-lines were evaluated in the VA. 

The tool assesses how vulnerable a given HUC 4 watershed is to the impacts of climate change for a 
given business line using climate hydrology based on a combination of projected climate outputs from 
the general climate models (GCMs) and representative concentration pathway (RCPs) resulting in 100 
traces per watershed per time period. 

The top 50% of the traces in average flow are called “wet” and the bottom 50% of traces are called 
“dry.” Meteorological data projected by the GCMs is translated into runoff using the Variable Infiltration 
Capacity (VIC) Macroscale hydrologic model.  

As described in the discussion of the projected, climate changed hydrology used for the Climate 
Assessment Hydrology Tool, there is a great deal of uncertainty in the data being generated by GCMs 
and translated into a hydrologic response using the coarsely calibrated, U.S Bureau of Reclamation 
Variable Infiltration Capacity (VIC) model developed for the entire country. 

The VA tool is applied using the national standard settings to perform a screening level vulnerability 
assessment to establish the relative vulnerability of the project area to the effects of climate change on 
its primary mission objectives. Climate vulnerability assessments are necessary to help guide adaptation 
planning and implementation so that USACE can successfully perform its missions, operations, 
programs, and projects in an increasingly dynamic physical, socioeconomic, and political environment. 
Figure 1 graphically shows HUC 1710 locations within the Northwest Division (NWD). The red circle 
denotes the approximate Mid-Coast study location. 

https://maps.crrel.usace.army.mil/projects/rcc/portal.html
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The Watershed Vulnerability tool uses the Weighted Order Weighted Average (WOWA) method to 
represent a composite index of how vulnerable a given HUC-4 watershed (Vulnerability Score) is to 
climate change specific to a given vulnerability area. The HUC-4 watersheds with the top 20% of WOWA 
scores are flagged as being relatively vulnerable. When assessing future risk projected by climate 
change, the vulnerability assessment tool makes an assessment for two 30-year epochs of analysis 
centered at 2050 and 2085. These two periods were selected to be consistent with many of the other 
national and international analyses. 

Figure 2 below shows that relative to the other 201 HUC-4 basins, in the United States, 1710 is not as 
vulnerable. That is, the coastal HUC-4 basin are not part in the top 20% for any of the USACE business 
lines. The red circle shows the approximate locations of HUC-4 basins 1710. 

Figure 1. HUC4 Location of Oregon-Washington Coastal HUC 1710 within Northwest Division 
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The following figures graphically depict the relative vulnerabilities in the key interest areas. The USACE 
business lines evaluated were water supply, ecosystem restoration, flood risk and navigation.  Water 
supply is most vulnerable more frequent forecast of low water (dry) water years in the future.  Obvious 
correlations exist between the reduction in precipitation and streamflow that refill surface water bodies 
and recharge the ground water aquifers. Ecosystem restoration is correlated to both changes in warmer 
temperatures (producing algal blooms, low oxygen etc.), drying conditions, low stream levels as well as 
increased sediment transport low water quality issues.  Greater flood risk vulnerability would be 
indicative of trends of increasingly severe future precipitation events leading to increases in above 
average seasonal high flows. Risks to waterways, i.e. navigation indicate trends to more extreme 
summertime low base flow conditions. This is most pertinent to the coastal tributaries/rivers (e.g. Siletz 
River) and has already been anecdotally cited as becoming more frequent in recent years. Additionally, 
coastal navigation may be impacted by projected increases in the storm intensification. 

  

Figure 2. Trends in vulnerability for all business lines for HUC-4 basins in the nation (top 20%) 
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Figure 4. Relative Ecosystem vulnerability for HUC-4 basin 

Figure 3. Relative Water supply vulnerability HUC-4 basin 
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Overall, the VA tool does not indicate excessive vulnerability to the Mid-Coast study area, relative to 
other areas of the country.  That being said, the tool still shows a trend of increasing climate change 
induced stressors. Overall, the assessment does not indicate need for alarm now. 

Figure 5. Relative Flood Risk Reduction vulnerability HUC-4 basin 

Figure 6. Relative vulnerability for Navigation for HUC-4 basin 
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The overarching caveat for the VA results may well be that the tool has inherent resolution limitations, 
in terms of spatial extents and temporal time; annual seasonality as well as inter-annual (year-to-year, 
decade to decade).  

It also has low resolution with respect to the operating details of the “business lines” being evaluated.  
For example, the day-to-day and seasonal operations to support water supply, is certainly not captured 
in the VA tool analyses.  It does track such things as future fluctuation in precipitation and streamflows, 
albeit on very low resolution.  It can give indication of higher level but dominant impact drivers. A 
unique feature of the tool is the relative standing that the region has overall, in terms of the federal 
assistance it might receive. If there are other regions in the country that are experiencing greater 
climate change related issues, their priority may be different in relation to the Mid-Coast region;  

The science implicit in the tool (i.e. ensemble based) and the science cited in previous sections, indicates 
that there is much uncertainty in the projected future changes. Further, the coastal area in question is 
complex in nature with ramifications that are not easily ascertained.  It therefore is highly recommended 
to take a more detailed assessment and ultimately an adaptive approach to dealing with the likely future 
climate induced changes to the hydrology affecting the Mid-Coast region.  The mid-coast consortium 
could at regular intervals update their assessments with the latest future climate estimates and 
determine if these affect the critical functions of mid-coast infrastructure and civil function. 
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1. Basin by Basin Vulnerability Assessment 
 
The high level, regional HUC-4 assessment above has low spatial resolution and low fidelity 
covering local vulnerability points (e.g. ‘business lines”).  Therefore, the following sections 
describes how hydroclimate trends may qualitatively affect Mid-coast subbasins. Identifying 
individual basin vulnerabilities and potential consequences serve to memorialize the basins’ 
climate change issues, for future studies and actions and increase overall awareness. These 
climate change drivers have implications for all eight basins (see Figure 1 below).  The main 
climate change drivers affecting all eight subbasins are broadly grouped into the following: 
 
• Ambient temperature increase. 
• Seasonal hydrologic shifts in precipitation, including timing and quantity, which are likely to 

increase flood risk and water scarcity and water quality issues.  
• Streamflow quantity, timing, water quality, which will also increase risk in flood prone areas, 

increasing frequency of low water periods and water quality issues. 
  
The main vulnerability categories are: 
 
• Water supply/scarcity/conservation 
• Water quality in terms of water temperature, sediment and pollutant load.  
• Flood and landslides 
• Fire 
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Figure 1.   Study Mid-Coast Subbasin Map  
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1.1. Salmon River Basin 
 
The Salmon River basin is the northernmost basin in the Mid-Coast study area. The Salmon 
River outlets to the Pacific Ocean at the Salmon River Estuary/Cascade Head Scenic Research 
Area. Temperate Pacific rainforest make up the predominant land cover in the basin.  Large 
portions are included as part of the Siuslaw National Forest. Wetland and estuarine habitat is 
most prevalent at the lowland, ocean land interface. 
 
The Salmon River Estuary is a prime ecological resource for the basin. Salmon River Estuary 
Restoration Project lies within the Cascade Head Scenic Research Area. The USFS, Siuslaw 
National Forest, is currently conducting an EIS for the scenic research area. The project objective 
is “restoring the Salmon River estuary and its associated wetlands to a natural estuarine system 
free from man’s developments”. 
 
The Salmon basin habitat supports key species in the basin. These include Coho, Chum, and 
Coastal Cutthroat Trout, Fall Chinook, Pacific Lamprey and Winter Steelhead.  The Salmon 
River hatchery supplements natural Fall Chinook and Summer Steelhead stocks fished and 
otherwise harvested by the community. 
 
The local residential population of around 2,150 is concentrated in communities along Highway 
101 and up into the watershed as scattered residences. Lincoln City, OR is the major population 
center in the area but is located just outside the watershed limits, south of the estuary.   
 
1.1.1. Current issues and vulnerabilities 
 
Overall, impacts from future climate change are expected to be moderate. Natural resources, civil 
infrastructure and industry concerns are the most likely vulnerability areas. As discussed it is 
expected that general warming in the region, over the next few decades will be the main drivers 
for stressing vulnerable socio-economic areas. Warming will stress water quality in lakes and 
rivers. Frequency of drought will increase as warming increases demand concurrent with 
lessening of rainfall-derived supply.  Drier hotter conditions are projected and likely drive fire 
risk in the future. Paradoxically, it is projected that overall, regional warming will amplify 
wintertime and spring increases for precipitation and runoff. 
 
Panther Creek Water District (PCWD) is the major water provider. PCWD draws Panther Creek 
water and relies on ground water to supplement this source. Other water users source from wells. 
PCWD also provides wastewater treatment for the some residents while others utilize septic 
tanks.  Aging septic tanks have been identified as a coliform source, polluting the Salmon River 
itself. The local economy is susceptible to changes in water supply (groundwater) and 
rainfall/streamflow fluctuation in the small tributaries and river. 
 
Water supply, water quality and ecosystem function are therefore major vulnerability areas for 
the basin.  Panther Creek water district supplies 700 residences in several subdivisions in the 
basin.  It is vulnerable to low water years inducing drought. There is a current need for increased 
resiliency is available supplies and sources. Fecal coliform water quality issues are an issue in 
the basin. Aging septic systems have been identified as likely point pollution sources for the 
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Panther Creek Water District. Salmon River has been listed as water quality limited and Salmon 
Drift Creek Watershed Council identified E. Coli spikes in Panther Creek. The community has 
discussed expansion of the water system, water treatment plant, and storage to increase service 
population to include small, nearby water providers. 
 
ODFW and OWRD have identified streamflow restoration priorities for several Salmon River 
basin streams in the Oregon Plan for Salmon and Watersheds.  A stressor for managers is 
identified instream flow deficits in the tributaries to Salmon River streams ODFW also operates 
the Salmon River Hatchery. This facility is “used for the augmentation of fishing and harvest 
opportunities.” The hatchery provides Fall Chinook salmon and Summer Steelhead for sport and 
commercial harvest. 
 
1.1.2. Projected climate change 
 
Climate models project higher overall future temperatures, with the greatest increases in the 
summertime. This trend is expected to continue through end of century and would like 
exacerbate current water issues experienced in the basin.  Mean temperatures are projected to 
increase, approximately 2.5o to 5oF above historical averages. Summertime averages may 
increase the most by 8 degrees (e.g. 2070s, RCP 8.5) relative to the historical baseline. 
 
Annual precipitation will likely increase only slightly through end of century. The most change 
will occur seasonally to a more rain intense wintertime and even drier summertime. This trend 
will likely exacerbate water supply during the summer months, coinciding with peak season. The 
higher wintertime runoff often creates local flooding and for municipal systems, overload and 
short-circuiting of treatment processes, etc. More extreme wintertime rains often lead to 
sediment issues at downstream sites and estuary locations. 
 
Concern of future increased fire risk in basin is supported by future changes projected for the 
Mid-coast basin area. The proxy indicator is “Annual High Fire Danger Days”. As can be seen 
below, the median increase above historical baseline is approximately 10+ days in the 2030s and 
14 by end of century, relative to the historical (1971-2000) average. The figures for the Salmon 
River basin below show the future projected trends. 
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Figure 2.   Salmon River basin mean JJA temperature change for RCPs 4.5 and 8.5 
 

 

Figure 3.   Salmon River basin box plot of RCP 8.5 mean JJA temperature 
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Figure 4.   Salmon River basin box plot of RCP 8.5 mean JJA Precipitation 
 

 

Figure 5.   Salmon River basin box plot of RCP 8.5 mean DJF Precipitation 
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Figure 6.   Salmon River basin box plot of RCP 8.5 annual “High” fire danger days 
 

1.1.3. Future impacts and response 
 
Water scarcity and adverse ecological impacts will likely increase into the future, driven by 
projected increases in temperatures and less precipitation in the summer season (already low). It 
is likely that the population will increase, albeit modestly, so increasing future water demand. 
 
Wintertime flooding intensity and frequency will most likely increase. Emergency management 
preparedness in the form of more frequent emergency management drills, stockpiling response 
resources and mitigating for disrupted supply lines, would be advisable. 
 
Forest management urban fire preparedness may take on more urgency.  Clearing forest areas of 
understory especially near critical residential and municipal infrastructure could mitigate for 
likely increases in future fire danger. Overall, uptick in emergency response preparedness and 
awareness is reinforced by the climate change projections determined by the climate team. 
 
The higher temperatures may necessitate a need for a greater quantity of (and cooler) 
supplemental waters in basin creeks and to offset the additional stress on listed species in the 
basin.  
 
The Salmon River hatchery supplementing natural Fall Chinook and Summer Steelhead stocks 
may need to adjust its operations, in light of likely warmer water future conditions. The estuary 
and smaller water bodies may experience increased algae blooms in the future. Aging and 
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leaking wastewater infrastructure will exacerbate the environmental problems and contaminate 
valuable water supply sources. Given a less forgiving future for water resources, measures 
should be taken to protect and conserve all forms existing and potential water supply. Alternate 
methods for wastewater treatment and reclamation should be explored, and state and federal 
funding sources should be identified, providing maximum resiliency for the basin’s water supply 
and other natural resources. Increase future mean “high” fire danger days, may point to a 
potentially unprecedented forest fires. 
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1.2. Siletz Bay Tributaries Basin 
 

The Siletz Bay Ocean tributary basin is geographically dominated by the Devils Lake in the 
north, Lincoln City, OR and multiple communities such as Neotsu and Oceanlake situated along 
Highway 101.  One of the dominant concerns in the basin is water availability. Aging sanitary 
facilities fuel current water quality issues in creeks and Devils’ lake. There has been an 
increasing trend in algal blooms amid warming conditions in the region. A reflection of the 
hydro-climate stressors on the basin, are over allocation of current water rights for some stream 
tributaries. 
 

1.2.1. Current issues and vulnerabilities 
 
Ecological issues and municipal (water wastewater) issues are the primary concerns for this area. 
For example, tributary creeks (e.g. Rock Creek) as well as Devils Lake itself have subpar water 
quality due to increases occurrence of aquatic weeds and algal blooms.  Lincoln City’s primary 
(and only) source of water is Schooner Creek. The City currently holds water rights for use of up 
to 16.5 cfs. The City also has a second water intake on Drift Creek. The City’s rights to withdraw 
are authorized only in the event that the City cannot meet its water demand with withdrawals 
from Schooner Creek. ODFW and OWRD have identified streamflow restoration priorities for 
several streams in the “Oregon Plan for Salmon and Watersheds”. 
 
Sanitary capacity is limited by the (inadequate) water treatment capacity at Lincoln City’s sole 
water treatment plant. The lack of capacity has put on hold sanitary line connections to service 
adjacent communities along the 101 corridor, i.e. Gleneden-Lincoln Beach. A history of 
landslides near the near the backup intake on Drift Creek. However, additional water rights 
necessary for the fish flows (about 3 cfs) stress effective water availability for residents. The 
2017 ODFW, Oregon Conservation Strategy, Conservation Opportunity Areas, outlined sensitive 
and key habitats, including Devils Lake, Drift and Schooner Creeks and Moolack beach, etc. 
identified as areas of ecological importance. 
 
1.2.2. Projected climate change 
 
Higher future temperatures are expected for basin. RCP 8.5 emission scenario temperatures, 
relative to the current condition baseline, are projected to increase in the magnitude and will 
accelerate. By end of century, the average temperature is projected to be 66o F, versus 58o F, the 
current average.  The greatest increases will be in the summer.  However, winters will also warm 
on average. Summertime averages may increase the most by 8o F   degrees (e.g. 2070s, RCP 8.5) 
relative to the historical baseline. Annual precipitation changes in the basin is moderate but is 
likely to shift to more intense winter precipitation and runoff. The wintertime (DJF) RCP 8.5 
scenario shift in annual average precipitation is from about 33 inches to just over 37 inches by 
the 2080s. That is about a 12% increase in wintertime precipitation. Runoff in the creek 
tributaries will likely increase at similar rates. Summer precipitation, already low, will decrease 
further (5.8 inches average to 4.8 inches by end of century. This while the summers are projected 
to be much warmer. The higher seasonal temperatures and lower precipitation drive a relative 
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increase of approximately 20 days of the number of “Annual High Fire Danger Days”, by end of 
century in the Lincoln City area. The figures below show box plots and summaries of the 
projected changes in temperature, precipitation and projected fire danger days, etc.   
 

 

Figure 7.   Siletz Bay Ocean Tributaries basin mean JJA temperature change for RCPs 4.5 and 
8.5 
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Figure 8.   Siletz Bay Ocean Tributaries basin box plot of RCP 8.5 mean JJA temperature 

 

Figure 9.   Siletz Bay Ocean Tributaries basin box plot of RCP 8.5 mean DJF precipitation 
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Figure 10.   Siletz Bay Ocean Tributaries basin box plot of RCP 8.5 annual “High” fire danger 
days 

 

1.2.3. Future impacts and response 
 
The statistical climate projection trends shown above, point to the likelihood projected future 
hydro-climate change will aggravate existing water and natural resources problems in this basin. 
Water supply shortfalls will likely increase into the future, especially during the high demand 
summer months. Increasingly number of low water years and hotter summers will exacerbate 
low refill occurrences at Devils Lake. Drift Creek water and temperature levels would likely be 
adversely affected by future trends in lower summer rainfall and higher ambient temperatures. 
Additionally, a substantial increase of future mean “high” fire danger days, may point to a 
potentially unprecedented forest fires. 
 
The higher wintertime runoff will increase future flood risk in the area.  Mudslides frequency 
may increase for wetter winters. Municipal wastewater treatment may experience more overload 
and “short-circuiting” during more extreme wintertime rains. Elimination of forest cover due to 
projected increased future fire danger, would likely increase future flooding, Coupled to a rainier 
future winter season, sediment transport and mass wasting (mudslides) would become more 
common. Investment, collaboration and expansion of emergency operations is recommended, in 
light of future hydro-climate trend projections.  
 
It is also recommended that the Siletz Bay Ocean Tributaries basin communities approach 
projected climate change adaptively. Technical staff in the municipal agencies and private 
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industry could team to decide on critical threshold for lake water, creeks and rivers, etc. that 
would trigger agreed upon action. Fox example, water conservation measures, already used, 
could be expanded.  
 
Long term planning could be keyed to the likelihood of increased water scarcity in the future and 
development of agreed upon alternative actions could be laid out and funding mechanisms 
identified. These are all common sense and likely build upon current initiative. There is no sure 
way to hedge against all future climate possibilities. Applying a straightforward and long-term 
(i.e. through end of century focus) approaches, with internal checks, is likely the most 
sustainable approach to take. 
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1.3. Siletz River Basin 
 
At approximately 370 square miles, the Siletz River basin is the second largest basin in the study 
area. Headwater for the river originate on the west slopes of the Coast Range. The Siletz River 
flows and meanders to the sea for about 70 miles, terminating adjacent in Siletz Bay, OR. The 
largest cities that affect the basin are Cities of Newport, Toledo, and Siletz.   Large timber tracts 
are a part of this basin.  Georgia Pacific Mills processes much of this in the City of Toledo. A 
large portion of the Siletz River Watershed is a Conservation Opportunity Area. The basin’s 
natural resource concerns are one of the more complex in the Mid-coast region. Water quality 
and availability dominate concerns. 
 
1.3.1. Current issues and vulnerabilities 
 
Big Creek Dam can impound water for City of Newport municipal use. However, there are water 
quality concerns for using as a public water supply. Big Creek Dam is also rated as a “high 
hazard” (earthen) dam. The City of Newport use of the Siletz River itself also constrained 
because of high turbidity during the winter months caused by wintertime high flows.  Due to 
aging infrastructure, there is a high degree of loss for water delivery systems for Newport and 
Toledo in particular. Loss and exfiltration rates are as high as 20% for Newport (2006) and 21% 
in Toledo (non-revenue water, in 2015). Water conservation measures are being pushed to 
mitigate for further losses.  The City of Siletz Wastewater Treatment Plant is often overtaxed due 
to high levels of inflow and infiltration within the collection system. Sanitary sewage overflows 
can occur during heavy rainfall in the winter (November through February).   
 
Mill Creek and reservoir experience high temperatures during the summer, causing algal bloom 
problems. Therefore, the City of Toledo does not use Mill Creek Reservoir during the summer 
and fall. Coupled to the natural stressors, the City of Toledo point of diversion and conveyance 
infrastructure diversion are in need of repair and replacement. The Seal Rock Water District’s 
2007 rehabilitation of Driftwood Reservoir included new urethane-based coating to interior 
metal surface and replaced 2-inch waterlines.  This was done to mitigate for water loss of 
23.27% (average 2007-2012) to 15% (July-September 2012).  Increased water conservation 
efficiencies were obtained by further replacing and upgrading waterlines and installing of 
Automated Reading Infrastructure. For example, need exists to rebuild Mill Creek pump station 
and transmission piping. Required improvements include, storage tanks need refurbishing; 
station force main replacements; pipeline repairs and manhole rehabilitations, etc. 
 
1.3.2. Projected climate change 
 
Higher future temperatures are expected for this basin. The greatest increases will be in the 
summer.  Summertime averages may increase the most by 8 degrees (e.g. 2070s, RCP 8.5) 
relative to the historical baseline. Annual precipitation changes in the basin is relatively flat, but 
will shift to a more rain intense wintertime. Summers will be even drier.  Increasing temperatures 
will stress water quality and water supply conditions currently experienced in the basin. 
The higher wintertime runoff will lead to increased future flooding.  Increasingly low water 
years and drier and hotter summers will exacerbate currently water supply.  During projected 
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extreme wintertime rains, municipal wastewater treatment may experience some overload and 
short-circuiting of process settling pools etc. 
 
There is a relative increase of approximately 17+ days of “Annual High Fire Danger Days”. 
Elimination of forest cover would likely increase future flooding. Coupled to a rainier future 
winter, sediment transport and mass wasting (mudslides) would likely become more common.  
See figures below. For Siletz River basin climate statistics comparisons, Kernville, OR, was 
chose as representative.  It is adjacent to Siletz Bay. 
 

 
 
Figure 11.   Siletz River basin mean JJA temperature change for RCPs 4.5 and 8.5 
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Figure 12.   Siletz River basin box plot of RCP 8.5 mean JJA temperature 

 
Figure 13.   Siletz River basin box plot of RCP 8.5 mean DJF precipitation 
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Figure 14.   Siletz River basin box plot of RCP 8.5 annual “High” fire danger days 
 
1.1.1. Future impacts and response 
 
Projected hydro-climate shifts in in the region portend to an increasing stress and vulnerability to 
the basin’s natural resource reoccurs.  Projected changes are discussed and graphically 
summarized above. Similar to the other Mid-Coast basins discussed so far, it is recommended 
that the Siletz River Ocean basin communities approach projected climate change adaptively. 
Technical staff in the city, county municipal entities as well a private industry could team to 
decide on critical threshold for lake water, creeks and rivers, etc. that would trigger agreed upon 
action. Fox example, water conservation measures, already used, could be expanded. 
 
As noted previously, Big Creek Dam is also as a “high hazard” earthen fill dam, which 
constrains its used as a municipal water source for City of Newport use. In light of climate 
change trends to more severe summer time temperatures (i.e. demand) and less rainfall (i.e. 
available water supply), it may be prudent to consider and plan upgrades to the reservoir and its 
earthen dam. More frequent and severe wintertime high water events would likely increase risk 
of dam safety issues, a significant liability concern for the region. In right of c future projections 
of increased flood risk, it may be prudent to consider upgrades. As noted previously, need exists 
to rebuild Mill Creek pump station and transmission piping. Required improvements include, 
storage tanks need refurbishing; station force main replacements; pipeline repairs and manhole 
rehabilitations, etc. 
 
More intense wet season rainfall events in the future will likely stress the Siletz River in terms of 
the increasing the already high turbidity experienced during the winter months by high runoff.  
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Current water conservation measures can be continued and could be expanded to mitigate for 
current and future water losses, etc.  Sanitary sewage overflows can be expected to increase 
under future conditions as winter future winter (December through February) precipitation and 
runoff increase. The needs for storm water and sanitary master planning as well as water 
conveyance structure replacement programs; would make the basin infrastructure more resilient 
in light of climate change. Recent upgrade such as the Seal Rock Water District’s 2007 
rehabilitation of Driftwood Reservoir, are likely needed in light of projected climate change. 
Climate change trends argue for increased water conservation efficiencies obtained by further 
replacing and upgrading waterlines and installing of automated infrastructure.  
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1.2. Depoe Bay Ocean Tributaries basin 
 
The basin follows the direction of the Highway 101 from Siletz Bay to City of Newport, OR. 
The City of Depoe Bay is the largest community in the basin. The area is relatively confined, 
between Pacific Ocean to leeward and the coastal hills to the east. Predominant points of concern 
for the small communities are water supply, water quality and ecological in nature. 
 
1.2.1. Current issues and vulnerabilities 
 
City of Depoe Bay obtains water from South Depoe Bay Creek, North Depoe Bay Creek, and 
Rocky Creek.  The City’s supply is constrained by insufficient capacity at its water treatment 
plant.  The City meets the shortfall by relying on water from the new North Reservoir on North 
Depoe Bay Creek.  The new reservoir has alleviated this issue in the near-term. Bay Hills Water 
Association serves the area close to City of Newport. Johnson Creek, Otter Rock Water Districts 
and Sea Crest are three of the other primary water providers. Jonson Creek and Sea Crest 
districts are sourced from Johnson Creek itself. Otter Rock is well dependent. ODFW has 
identified instream flow deficits in these streams. 
 
ODFW and OWRD have identified streamflow restoration priorities for these streams in the 
Oregon Plan for Salmon and Watersheds. ODEQ has identified Agate and Beverly Beach-
Enterococcus as water quality limited for not meeting beneficial use criteria. City of Depoe 
Bay’s wastewater treatment plant operates at 47% of capacity. The City’s WWTP also processes 
wastewater from the Gleneden Sanitary District. Otter Creek and Johnson Creek are on septic. 
 
1.2.2. Projected climate change 
 
In line with the projections for the region, higher future temperatures are expected for Depoe Bay 
basin. The greatest increases will be in the summer.  Summertime averages may increase the 
most by 8 degrees (e.g. 2070s, RCP 8.5) relative to the historical baseline. Annual precipitation 
changes in the basin are slightly increasing. Seasonal shifts are more dramatic. Median 
wintertime (DFJ) precipitation is shown to shift upward by approximately about 4 inches, by end 
of century. Summertime precipitation is projected to decrease by almost 20%.  Stressors of 
increasing air temperatures and (likely) water temperature, will compound the issues already 
being experienced. Less rainwater and river flow will be available to ameliorate the temperature 
and water quality currently experienced in the basin. 
The higher wintertime runoff will likely increase future local flooding.  Increasingly low water 
years and drier and hotter summers will exacerbate currently water supply issues.  Municipal 
wastewater treatment may experience some overload and short-circuiting during more extreme 
wintertime rains. 
 
There is a relative increase of approximately 17+ days of “Annual High Fire Danger Days”. Fire 
danger and fire intensity is likely to increase significantly. Elimination of forest cover could 
dramatically increase future flooding. Driven by a rainier future winter season, sediment 
transport and mass wasting (i.e. mudslides) could become more common.  See figures below for 
graphical summaries of the projected change some key hydro-climate metrics. Note the 
representative site for the basin is City of Depoe Bay, OR. 
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Figure 15.   Depoe Bay Ocean Tributaries basin mean JJA temperature change for RCPs 4.5 and 

8.5 

 

Figure 16.   Depoe Bay Ocean Tributaries basin box plot of RCP 8.5 mean JJA temperature 
change 
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Figure 17.   Depoe Bay Ocean Tributaries basin box plot of RCP 8.5 mean DJF precipitation 
change 

 

Figure 18.   Depoe Bay Ocean Tributaries basin box plot of RCP 8.5 mean JJA precipitation 
change 
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Figure 19.   Depoe Bay Ocean Tributaries basin box plot of RCP 8.5 annual “High” fire danger 
day 

 

1.2.3. Future impacts and response 
 
Future shifts in temperature and precipitation will likely increase existing water and natural 
resource stress and vulnerability, especially in the water resource arena.  Water scarcity will 
likely become more pertinent and extreme. Natural disasters such as extensive coastal flooding, 
mudslides and wild fires will likely increase in frequency and severity. These occurrences will be 
likely demand a resourcing to prepare and react to instances of natural disaster. Long term 
planning for water supply, sanitary and forest management, should anticipate these future trends. 
Manage today for current conditions, but be aware of the likelihood for bolstered resourcing and 
attention for likely adverse trends in future climate. 
 
The City of Depoe Bay obtains water from South Depoe Bay Creek, North Depoe Bay Creek, 
and Rocky Creek.  These sources will likely become less reliable during the high demand 
(summer) season. More intense wintertime flows could increase turbidity, constraining use 
further. Bay Hills Water Association serves the area close to City of Newport. Johnson Creek, 
Otter Rock Water Districts and Sea Crest are three of the other primary water providers. Jonson 
Creek and Sea Crest districts are sourced from Johnson Creek itself. Otter Rock is well 
dependent. ODFW has identified instream flow deficits in these streams. Officials are cognizant 
of existing challenges. Unfortunately, climate change data indicate future conditions that will 
likely increase the current stress on water supply. However, alternative and supplemental water 
sources are likely already considered and deemed impractical. It is therefore important that the 
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regional community commit to exploring potential climate change responses, an endeavor that 
requires collective understanding of the issues as well as compromise trying different solutions. 
 
City of Depoe Bay’s wastewater treatment plant operates at 47% of capacity. The City meets the 
shortfall by relying on water from the new North Reservoir on North Depoe Bay Creek.  The 
new reservoir has alleviated this issue in the near-term. Long-term projections suggest that the 
near term solution will be a stopgap as demand increases and future hydrology is likely to less 
conducive to increasing future supplies. Therefore, future water conservation and storage 
alternatives will likely be required. 
 
ODFW and OWRD have identified streamflow restoration priorities for these streams in the 
Oregon Plan for Salmon and Watersheds. ODEQ has identified Agate and Beverly Beach-
Enterococcus as water quality limited for not meeting beneficial use criteria. The City’s WWTP 
also processes wastewater from the Gleneden Sanitary District. Otter Creek and Johnson Creek 
are on septic. Water quality issues will likely increase in severity and frequency. Although there 
will likely not be a measure or suite of measures that can mitigate for all aspects of adverse 
hydro-climate change, plans can be implemented considering and making allowances for these 
changes. Money and effort can be spent on features that are resistant to higher temperatures and 
less rain for example. The projects can incorporate features that allow for functional flexibility. 
For example, land can be acquired that allows for future expansion; e.g. larger water bodies 
(storage), increased inundation limits, etc. 
 
Overall, an adaptive management strategy is recommended to address the Mid-coast region and 
basin specific projected tends in future climate. Identification of critical thresholds before they 
become the “new norm”. Expanded monitoring will allow the communities to know if threshold 
are being reached more frequently. If so, predetermined response steps can be taken.  
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1.3. Yaquina River basin 
 
The Yaquina River basin is the third largest watershed in the study area. It drains approximately 
250 square miles. The headwaters of the Yaquina River are approximately 70 miles east in the 
low elevation hills of the coastal range. The river terminates in Yaquina Bay, immediately 
adjacent to City of Newport.  The river courses through pristine, temperate coastal forest habitat. 
The basin’s major community is City of Toledo, OR located about 2.5 mile upstream of Yaquina 
estuary extents. 
 
1.3.1. Current issues and vulnerabilities 
 
The basin communities currently experience the pressures brought about by a population that is 
both increasing in terms of permanent residents taking root, but also by seasonally variability.  
Regional resources are stressed. Water (supply) deficits are intermitted. The Bay Hills Water 
Association has insufficient water source in summer. As a response, no additional taps are 
permitted. City of Toledo’s non-revenue water was 21.9% in 2015 driving the need and 
opportunity for conservation.  ODFW has identified instream flow deficits in Yaquina River 
itself as well as multiple streams and tributaries in the basin. Olalla, Simpson, Bear, Big Elk, 
Deer, and Little Elk Creeks are examples of other water deficit reaches identified by State of 
Oregon Fish and Wildlife. 
 
Ecosystem degradation is driven by human use and occupation as well as natural occurrence of 
above average temperatures and drought conditions that have hit the region in recent years. 
Water quality, in terms of fecal coliform concentrations found in some basin water bodies, is an 
issue. ODEQ listed 50.6 miles of streams in the Yaquina River drainage area, including 42 miles 
of the Yaquina River itself.  ODEQ has also identified basin streams as water quality limited for 
not meeting beneficial use criteria, including the Yaquina River. 
 
Wild land and aquatic resources are also stressed by competition between preservation policies 
and economic needs that drive continued timber and fisheries harvesting, etc.  In addition, 
coastal forests in the basin have been stressed in recent years by above average temperature, low 
precipitation and invasive pressures.  ODFW and OWRD have identified streamflow restoration 
priorities for these streams in the Oregon Plan for Salmon and Watersheds. These include the 
Yaquina bay mouth and parts of the estuary. Olalla Creek at mouth, Mill Creek at mouth and 
reach were rated high streamflow restoration priorities. Mill Creek has the most southern, stable 
population of Chum salmon in the Mid-Coast study area. 
 
Waste water treatment and waste disposal concerns continues to consume attention and dollars as 
the communities continue to expand update existing infrastructure, to keep ahead of population 
growth. The City of Toledo Wastewater Treatment Plant, discharges into the Yaquina River at 
River Mile 13.7. However, it is not operating as designed (has diminished capacity in the winter) 
and the outfall pipe to the Yaquina River has insufficient capacity as well. The wastewater 
system has excessive inflow and infiltration.  
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1.3.2. Projected climate change 
 
The future projections for changing climate in the basin are for overall warming and changing 
precipitation patterns. Summer warming will be the greatest (RCP 8.5) at about 8oF average 
increase over the historic baseline (1971-2000). However, median increases are also projected 
for wintertime as well, about 6oF average increase, relative to historic baseline. Rainfall will 
become more intense in the winter +3.5 inches median increase, and lessen in the summer,-0.8 
inches in terms of median precipitation.  All things being equal, this would also translate to lower 
base flow. Evapotranspiration rates would also increase. Streamflow temperatures would 
qualitatively increase. 
 
Shortfalls in water supply, wastewater treatment, ecosystem function, etc. are likely to be 
exacerbated.  All things being equal, corresponding projected increases in wintertime 
(November-March) tend to increase stream turbidity and increase surcharge of storm and 
sanitary facilities, increasing cost and effort to address. Future fire danger is likely to increase as 
well. This increase would be driven by the rising median temperatures and reduction in water in 
the critical summer months. The projection under the RCP 8.5 scenario is a median shift of 
approximately +16 days of the proxy indicator, “Days of Very High Fire Danger”.  
 

 
Figure 20.   Yaquina River basin mean JJA temperature change for RCPs 4.5 and 8.5 
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Figure 21.   Yaquina River basin box plot of RCP 8.5 mean JJA temperature change 
 

 
Figure 22.   Yaquina River basin box plot of RCP 8.5 mean DJF precipitation change 
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Figure 23.   Yaquina River basin box plot of RCP 8.5 mean JJA precipitation change 
 

 
Figure 24.   Yaquina River basin box plot of RCP 8.5 annual “High” fire danger days 
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1.3.3. Future impacts and response 
 
While projected climate change trends are agnostic, it appears that on balance the changes will 
prove to be overall, adverse for the basin ecosystem, habitats, and will likely stress on civil 
infrastructure and function. The figures above portray the trend trajectories for the basin. Overall, 
an adaptive management strategy is recommended to address the Mid-coast region and basin 
specific projected tends in future climate. Identification of critical thresholds before they become 
more frequent is a recommended approach. Preparatory work identifying critical thresholds, in 
terms of tributary water flows, lake levels, water temperatures etc. coupled to an increase in 
monitoring are recommended responses. Pre-planning the responses to thresholds being 
exceeded would be required.  
 
Warming overall will drive average temperatures upward. Drought conditions will be more 
likely in the future.  This may accelerate some existing ecosystem degradation. Human induced 
degradation will continue and may increase as population slowly increases. Forest and timber 
management practices mindful of potential climate change would increase future basin 
resiliency. Fire danger is likely to become more of a concern. Fire prevention will become more 
important. Overall, implementing robust fire prevention program as well as increased resourcing 
and planning preparation are recommended responses to future vulnerability.  
 
As touched upon above, ODEQ has some identified basin streams as water quality limited for not 
meeting beneficial use criteria, including the Yaquina River. Wild land and aquatic resources are 
also stretched by preservation policies and economic needs.  Streamflow restoration programs 
should qualitatively address climate trends that may affect the future function of the restoration. 
For example, will increased water temperatures potentially negate the projected value add from 
the restoration. Will the keystone species be able survive in the projected conditions. If there, is 
perceived likelihood, of adverse impacts, what would be a potential resiliency strategy?  
Considering future hydro-climate change in the restoration could save money in the end. Overall, 
it should be noted that restoration projects also tend to mitigate for climate change induced 
stressors such as higher water temperatures. In that sense, there may be a complementary effect 
between climate change response and ecosystem restoration. 
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1.4. Beaver Creek Ocean Tributaries basin 
 
Beaver Creek and ocean tributary basin follows the north-south axis of Highway 101 for 
approximately 13 miles, bounded to the north by Yaquina Bay/ City of to the North and Alsea 
River Bay, City of Waldport, to the south.  Beaver Creek drainage area itself is approximately 32 
square miles, originating east in hills at about 1,600 feet elevation. North Fork Beaver 
Creek/Beaver Creek meander 14 miles through the coastal hills to its outlet at Ona Beach State 
Park. Thiel, Tracy, Collins, Moore and Fox Creeks are small basin ocean tributaries that drain 
along Highway 101. Multiple communities front along Highway 101. Newport Municipal airport 
is an important regional resource.  
 

1.4.1. Current issues and vulnerabilities 
 
Streams in the Mid-Coast have high streamflow during the winter and low streamflow during the 
summer because of seasonal precipitation patterns. Timing of precipitation affects water provider 
systems, operations, and effects instream conditions for fish, wildlife, and vegetation. 
Water /wastewater and water quality issues top the basin’s concerns.  According to the Oregon’s 
2012 Integrated Report, 25 miles of stream are water quality limited, in the basin.  Flows in 
North and Weist Creek are insufficient to meet raw water requirements for City of Waldport, 
during late spring and summer months. Common to the Mid-Coast area in general, there is little 
water supply redundancy (i.e. resiliency) for unincorporated areas’. For example, Riverside 
Mobile Park only has one well. The wastewater system Infrastructure is also unknown. There are 
no existing ODFW identified instream water rights in the Beaver Creek/coastal tributary basin. 
However, North Fork Beaver Creek has been identified for proposed instream water rights. 
 
The basin contains sensitive (to climate change, etc.) ecologic areas.  ODFW and OWRD have 
identified streamflow restoration priorities for several streams in the basin.  However, 10 of 11 
areas are prioritized as “low”. Only the mouth of Thiel Creek area is rated as moderate. Beaver 
Creek Watershed itself is an important ecological resource and is a declared Conservation 
Opportunity Area. Beaver and Drift Creek State Natural Areas are protected. Ona Beach State 
park and Seal Rock Wetland Preserve are also protected areas. The Siuslaw National Forest 
Protected Area includes late successional forests. 
 
The basin tributaries and Beaver Creek watershed, experience water quality issues. North Fork 
Beaver Creek experiences E. Coli, temperature exceedances and low dissolved oxygen during 
the summer. South Fork Beaver Creek experiences similar temperature, E. Coli and dissolved 
oxygen issues. Low ph, acidity, is also an issue. Beaver Creek currently experiences low 
dissolved oxygen. 
 
Overall, the civil and natural resources in the basin are potentially sensitive to changes in future 
climate. Figures showing the projected changes are below. The metrics are reported out at Ona 
Point, the outfall of Beaver Creek. 
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1.4.2. Projected climate change 
 
The projected changes for this basin are the similar to the rest of the Mid-Coast. The projected 
rise in future temperatures drives the pattern changes in precipitation while increasing overall 
stressors on basin resources. Water scarcity, lower base flows are likely to increase in frequency 
in the future. The drier conditions would likely increase of forest fire occurrence and severity. 
Winter rain increases will increase local flooding and increase the frequency of mudslides, etc. 
The figures below are graphically summarize the projected hydro-climate changes in 
temperature, precipitation and increasing fire danger. The metrics are reported out at Ona Point, 
the outfall of Beaver Creek. 
 

 
 
Figure 25.   Beaver Creek-Ocean Tributaries mean JJA temperature change for RCPs 4.5 and 8.5 



31 | P a g e  
 

 

Figure 26.   Beaver Creek-Ocean Tributaries box plot of RCP 8.5 mean JJA temperature 

 

Figure 27.   Beaver Creek-Ocean Tributaries box plot of RCP 8.5 mean DJF precipitation change 
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Figure 28.   Beaver Creek-Ocean Tributaries box plot of RCP 8.5 mean JJA precipitation change 

 

Figure 29.   Beaver Creek-Ocean Tributaries box plot of RCP 8.5 annual “High” fire danger days 
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1.4.3. Future impacts and response 
 
Water-wastewater and water quality issues top the basin’s concerns.  Future reduction in already 
low summer flow will continue and increase in severity in North and Weist Creek. This will 
increase stress on the meeting water requirements for City of Waldport, during late spring and 
summer months. To be resilient to future high temperatures and less (summer) precipitation, sites 
with a single water supply source (e.g. Riverside Mobile Park with one well) will likely need 
additional sources. 
 
As mentioned previously, this basin contains sensitive (to climate change, etc.) ecologic areas. 
Beaver Creek Watershed is an important ecological resource and is a declared Conservation 
Opportunity Area. Beaver and Drift Creek State Natural Areas are protected. Ona Beach State 
park and Seal Rock Wetland Preserve are also protected areas. The Siuslaw National Forest 
Protected Area includes late successional forests. ODFW and OWRD have identified streamflow 
restoration priorities for several streams in the basin.  It is recommended that the management of 
this area qualifiedly consider potential climate changes outlined in this study and other. 
Restoration projects may benefit if they consider climate change effects on the key species habits 
that ecosystem restoration is trying to restore.   
 
The restoration should not design for future conditions though. Using future projected water 
flows and levels may not be optimal for current conditions. The best approach is to manage for 
current conditions but provide site flexibility so that future adaptive measures may be added to 
the existing site. This approach fits into the adaptive management paradigm discussed 
previously. 
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1.5. Alsea River basin 
 
Alsea River basin is the largest of the eight study watersheds. The watershed drainage area is 
approximately 470 square miles.  The Alsea River reach originates in the in the coastal hills 
directly east and courses about 50 miles to Alsea Bay. The basin is covered by rich coastal 
forests and wetlands and is relatively undeveloped. Most of the current issues for the basin center 
on the natural resource protection.  Most of the population in the basin is centered in City of 
Waldport, located adjacent to Alsea Bay. The City and surrounding residential communities 
experience similar water supply and waste/waste water treatment issues currently felt by the 
other residential and municipal Mid-coast entities. 
 
1.5.1. Current issues and vulnerabilities 
 
There are in 217 river miles that are temperature impaired for salmon and steelhead. The Alsea 
River itself has several water quality impairments, including dissolved oxygen, fecal coliform, 
and temperature. ODEQ has identified these streams as water quality limited for not meeting 
beneficial use criteria. Twenty-five streams in the basin were identified as temperature and fecal 
impaired. The community has enacted some watershed strategies and early actions to address 
ecosystem issues in the Alsea basin.  Recently watershed research has been commissioned to 
study the effects of forest practices on streamflow, water quality, aquatic habitat, and fish 
species.  An example of this was the recent effort by the Mid-Coast Water Council, MCWC, 
which completed a Habitat Assessment and Restoration Plan for Preacher Creek (tributary to 
Lobster Creek). 
 
Water supply, water quality and sanitation issues are a concern. Eddyville Charter School water 
source is only one well. The water from this source is subpar and violates current lead and 
copper water quality limits. Fall Creek Water District utilizes three wells for its water supply. 
Although not currently overly utilized there is thought for ensuring future reliability. There is 
also no dedicated wastewater treatment for the District and the system is on septic. Groundwater 
is for household use only; the District has a separate water right on the Alsea River for lawn 
irrigation. The Kozy Acres water system is sourced with water from two wells. Their system 
is on septic. 
 
Overall, there ODFW has identified instream flow deficits in several basin streams. Alsea River, 
Bummer, Drift, Fall, Five Rivers, Green River, Lobster Creek, North Fork Alsea River, South 
Fork Alsea River prominent of the 23 identified.  ODFW and OWRD have also identified 
streamflow restoration priorities for these streams in the Oregon Plan for Salmon and 
Watersheds. Of these, three are listed as high priority reaches out of 19 total. They are Lobster 
Creek at the mouth, Five Rivers above Green River, and Bummer Creek at Mouth. 
 
1.5.2. Projected climate change 
 

The projected rise in future temperatures drives the pattern changes in precipitation while 
increasing overall stressors on basin resources. The figures below graphically summarize the 
climate change trends in precipitation and temperature. Overall, the effects are entirely 
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comparable to those felt by the Mid-Coast as a whole. The City of Waldport, OR was chosen as 
representative of the Alsea River basin hydro-climate trends. 

 

Figure 30.   Alsea River basin mean JJA temperature change for RCPs 4.5 and 8.5 

 

Figure 31.   Alsea River basin box plot of RCP 8.5 mean JJA temperature change 
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Figure 32.   Alsea River basin box plot of RCP 8.5 mean DJF precipitation change 

 

Figure 33.   Alsea River basin box plot of RCP 8.5 mean JJA precipitation change 
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Figure 34.   Alsea River basin box plot of RCP 8.5 annual “High” fire danger days 
 
1.5.3. Future impacts and response 
 
The frequency of below average base flows will likely increase. Drier conditions will increase 
fire potential, and likely the severity of fires. Winter rain increases will increase local flooding 
and increase the frequency of mudslides, etc. 
 
There 217 are temperature impaired reach miles in the Alsea River basin. This effects the basin’s 
salmon and steelhead. Dissolved oxygen (DO) and high fecal coliform count are also stressors. 
Higher future temperatures will likely increase occurrences of low DO. Reducing fecal 
contamination will help mitigate for worse future conditions. Expansion and follow-on to the 
recent watershed research is recommended better understand processes and potential changes 
from higher temperatures and drier conditions – on forest practices for streamflow, water quality, 
aquatic habitat, and fish species. 
 
Water supply, water quality and sanitation issues are a concern. Eddyville Charter School has 
only one well as a source of drinking water. It also violates current lead and copper water quality 
limits. Climate change projections provide more urgency to find a solution to this problem. Fall 
Creek Water District utilizes three wells for its water supply. Although not currently overly 
utilized there is thought for ensuring future reliability. This thought should be followed through 
on. 
 
The basin’s has no dedicated wastewater treatment facility. The Water District relies entirely on 
septic. Groundwater is for household use only; the District has a separate water right on the 
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Alsea River for lawn irrigation. Overall, future projections point to continued and increasing 
stress on the water systems in the basin. The improvement options are clear, increased and safer 
water supply sources and less contaminating waste systems. Water conservation can be more 
fully implemented and gray water use expanded.  An adaptive management framework, similar 
to that described previously is recommended. 
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1.6. Yachats River basin 
 
Yachats River basin is the southernmost watershed in the Mid-Coast study area. The drainage 
basin area is small at approximately 44 square miles. It is bounded to the east by the coastal 
range hill slopes and to the south by Cummins Peak ridgeline. The Yachats River courses 
approximately 15 miles from the hills to the sea, at City of Yachats.  Development is 
concentrated along the Coast Highway, 101, from Waldport to City of Yachats, about 9 miles.  
 
1.6.1. Current issues and vulnerabilities 
 
City of Yachats water demand fluctuates seasonally, peaking in the summer during the height of 
tourist season. The City’s water service area population of 600 can nearly double during the 
summer tourist season and can peak at 2,500.  The City of Yachats non-revenue water (averages 
for1997-2000) was as high as 40%. There is therefore opportunity for reduced system losses and 
water conservation. For example, the southwest Lincoln County Water People's Utility District, 
or PUD, PUD, customers are encouraged to capture rainwater for irrigation and low water use 
landscaping is encouraged. The City of is in the process of replacing all meters. 
 
There is trans-basin, cooperation between municipalities and water PUDs to mitigate shortfalls in 
water.  For example, The City of Waldport has a water exchange agreement with the SW Lincoln 
County Water PUD. Waldport water from North and South Weist Creeks and Eckman Creek are 
available to the PUD. City of Yachats Reedy Creek and Salmon Creek are backed up by City 
water rights on Yachats River and Cape Creek. There is no diversion though. That being said, 
Reedy and Salmon Creeks do not have sufficient flow in the late summer to supply the City’s 
raw water needs.  Water from SW Lincoln County Water PUD can ameliorate these shortfalls. 
 
Water conservation in the basin is important. City of Waldport Urban Renewal Agency is 
implementing an extensive project to address deficiencies in the sanitary and stormwater 
systems, including repairing leaks, replacing old sewer lines, improving stormwater conveyance 
systems, and replacing pump stations. City of Yachats’ wastewater treatment plant has upgraded 
its on-site facilities as well as system pump stations in 2009 to reduce overflow events. SW 
Lincoln County Water PUD is sourced by Big Creek, Vingie Creek, and Starr Creek providing 
90% of available supplies. Dicks Fork Creek is used to meet the remaining demand. 
 
Streamflow restoration in Yachats River projects have been planned.  During the summer, 
instream temperatures for salmon and steelhead can exceed limits.  The issue has drawn 
sufficient attention to focus higher-level technical resources to help understand the issues. 
Oregon DEQ has created a heat source model for Yachats Watershed. Fine-scale analysis of 
temperature impairments in Yachats River Watershed to identify point and non-point sources 
affecting stream temperature. ODFW and OWRD have identified streamflow restoration 
priorities for streams in the Oregon Plan for Salmon and Watersheds. ODEQ has identified these 
streams as water quality limited for not meeting beneficial use criteria. Yachats River Watershed.  
ODFW in 2017 designated the entire watershed as a conservation opportunity area COA. 
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1.6.2. Projected climate change 
 
Future temperature increases, especially in the summer, drive the pattern changes in precipitation 
while increasing overall stressors on basin resources. The figures below graphically summarize 
the climate change trends in precipitation and temperature. Overall, the effects are entirely 
comparable to those felt by the Mid-Coast as a whole. 
 

 
Figure 35.   Yachats River basin mean JJA temperature change for RCPs 4.5 and 8.5 
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Figure 36.   Yachats River basin box plot of RCP 8.5 mean JJA temperature change 

 
Figure 37.   Yachats River basin box plot of RCP 8.5 mean DJF precipitation change 
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Figure 38.   . Yachats River basin box plot of RCP 8.5 mean JJA precipitation change 
 

 

Figure 39.   Yachats River basin box plot of RCP 8.5 annual “High” fire danger days 
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1.6.3. Future impacts and response 
 
Drier and less precipitation will likely exacerbate current water supply shortfalls; add additional 
stress on the ecological systems and increase of fire danger. Winter rain increases will most 
likely increase local flooding and increase number of mudslides, sediment pulses, etc. City of 
Yachats and others will likely need to strengthen and diversify the water basin agreements. The 
future water demand fluctuation will likely increase and become more variable. Water 
conservation in the basin is important. It will gain in importance into the 21st century. It is likely 
that the City of Waldport Urban Renewal Agency programs to implement repairing leaks, 
replacing old sewer lines, improving stormwater conveyance systems, and replacing pump 
stations, will need to be continued and expended, in light of climate change. 
Streamflow restoration in Yachats River projects should be continued. During the summer, 
instream temperatures for salmon and steelhead may more frequently exceed limits.  Rivers and 
creek corridors are valuable locations of cooling. These locations will become more important as 
refugia against projected high summer temperatures. It is recommended that increased fire 
danger be considered when increasing vegetation for restoration efforts. 
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