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memorandum 
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to Kate Tourtellot, City of Monroe 

cc Alex Dupuy, MIG 

from Nick Hart and Rachel M. Gregg, Environmental Science Associates 

subject Climate Change Impacts Analysis for the City of Monroe: Shorelines and Natural Environment 

Element 

Introduction 

ESA and MIG are assisting the City of Monroe with their Comprehensive Plan Update. As part of this process, 

this Climate Change Impacts Analysis was prepared in support of the ongoing update to the Shorelines and 

Natural Environment Element of the Monroe Comprehensive Plan. This memo includes a state-of-the-science 

synthesis on observed and projected changes of concern for the City of Monroe. Changes in air and stream 

temperatures, precipitation patterns, snowpack, streamflow, sediment dynamics, drought, and wildfire regimes 

will affect Monroe’s ecological assets and critical areas, including fish and wildlife habitats, wetlands, critical 

aquifer recharge areas, and soils and geologically hazardous areas. 

Climate Change: Trends, Observations, and Projections 

Climate change is projected to have wide-ranging implications in the Puget Sound region. Table 1 provides an 

overarching summary of both the observed and projected changes for climate-related variables. Projected changes 

are presented from the Climate Mapping for a Resilient Washington tool (Climate Impacts Group [CIG] n.d.) 

unless otherwise noted. Projected future conditions from this tool are presented across two time periods—mid-

century (2040–2069) and late century (2070–2099)—compared to a historical baseline period of conditions 

observed between 1980 and 2009. Climate change projections used for this analysis are built upon Representative 

Concentration Pathway (RCP) 8.5 (Stocker et al. 2013), a scenario for global greenhouse gas concentrations 

representing a “business-as-usual” trajectory in which greenhouse gas emissions remain unabated. This scenario 

and others like it were developed by the Intergovernmental Panel on Climate Change and detail the effects of 

human activities on greenhouse gas emissions and the global climate. The use of RCP 8.5 projections is 

considered to be best practice for planning processes as it represents a likely worst-case scenario for climate 

change impacts. The exceptions in the table below are the stream temperature projections from NorWeST (Isaak 

et al. 2017) and the snowpack projections from Roop et al. (2020), which use a slightly lower emissions scenario 

(A1B, which is comparable to RCP 6.0). 
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TABLE 1. OBSERVED AND PROJECTED CHANGES IN CLIMATE-RELATED VARIABLES. 

Climate 
Variable 

Trend 
Observed Changes Projected Changes 

Air Temperature ▲ Lowland areas surrounding Puget Sound 
(including Monroe) have experienced a 1.3°F 
increase in air temperatures between 1895 and 
2014. During this period, nighttime average high 
temperatures increased faster than daytime 
temperatures (Mauger et al. 2015). 

There has been no observed significant trend in 
daytime heat or cold events between 1895 and 
2011 (Snover et al. 2013). 

Mid-Century (2040-2069): Average daily summer (June-
August) temperatures for Snohomish County are expected to 
increase by 6.3°F from the historical baseline of 70°F 
experienced between 1980 and 2009. The number of days 
with high temperatures (over 100°F) in Monroe is expected to 
increase by less than 1 day. 
Late Century (2070-2099): Average daily summer 
temperatures are expected to be 10.3°F warmer. There may 
be nearly 3 days over 100°F per year in Monroe.

Precipitation ▲▼ There has been no significant trend in annual 
precipitation for the Puget Sound region 
(Mauger et al. 2015).  

Spring (March-May) precipitation increased by 
27% between 1895 and 2014 (Mauger et al. 
2015). 

The frequency and intensity of heavy rainfall 
increased modestly across Western Washington 
(Mauger et al. 2015). 

Mid-Century (2040-2069): Monroe may experience an 
increase in total annual precipitation of approximately 9% 
compared to the baseline period, above the average of a 6.9% 
increase across Snohomish County. Changes in precipitation 
will not be distributed evenly throughout the year, with 
winters growing wetter and summers drier. This trend is 
projected to manifest as a 10% decrease in late-summer (July 
15–September 15) precipitation. Heavy (2-year storm) and 
extreme (25-year storm) precipitation may occur 9% and 14% 
more frequently, respectively. 

Late Century (2070-2099): Total annual precipitation in 
Monroe may increase nearly 12%. Late-summer precipitation 
will still be out of balance. Heavy (2-year storm) and extreme 
(25-year storm) precipitation may occur 14% and 23% more 
frequently, respectively. 

Snowpack ▼ The average spring snowpack in the Cascades 
declined by about 30% from 1955 to 2016 (Roop 
et al. 2020). 

Glaciers in the Skykomish River basin declined in 
area from 3.8 to 2.1 square kilometers (1.46 to 
0.8 square miles) between 1958 and 2009 (Pelto 
2011). 

Snowpack will continue to decline and accelerate with 
warming temperatures. 

Mid-Century (2040-2069): Spring snowpack in the Cascades is 
projected to continue declining by 38-46% under a lower 
emissions scenario (Roop et al. 2020). 

Late Century (2070-2099): Spring snowpack in the Cascades is 
projected to decline by 56–70% under a higher emissions 
scenario (Roop et al. 2020).  

Streamflow ▲▼ Spring peak streamflow has shifted up to 20 days 
earlier in snow-dominant watersheds in Puget 
Sound (Roop et al. 2020). 

All watersheds in Washington have shown 
reduced summer flows since the early 2000s 
(CIG 2009). 

Streamflow projections include potential increases in winter 
and decreases in summer. 

Mid-Century (2040-2069): Compared to historical levels, 
streamflow ratios in the Skykomish River and Woods Creek 
are expected to shift to become higher in the winter 
(November–February) and lower in the spring (March–June). 
Summer streamflow (June–September) will decrease by 58% 
in the Skykomish River and 17% in Woods Creek. Low 
streamflow days are expected to increase, with the Skykomish 
River experiencing 29–34 more low-flow days annually.  

Late Century (2070-2099): The trend in winter-spring 
streamflow ratios is expected to continue. Summer 
streamflow in the Skykomish will decline by 74% and Woods 
Creek by 21%. The Skykomish River will experience an 
additional 47–51 days of low streamflows.  
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Climate 
Variable 

Trend 
Observed Changes Projected Changes 

Sediment 
Dynamics 

▲▼ Sediment dynamics are influenced by warming 
temperatures, intense precipitation events, and 
flooding. The Lower Skykomish River has been 
shaped by sediment transport, erosion, and 
channel migration over time. 

Increased streamflows and flooding can cause increased rates 
of sediment transport, which may increase the risk of erosion 
and avulsion in the Lower Skykomish River (Snohomish County 
Surface Water Management [SWM] 2023). 
 
Mid-Century (2040-2069): Woods Creek is projected to 
experience 12% higher peak flows, while the Skykomish River 
peak flow is expected to increase by 39%.  

Late Century (2070-2099): Woods Creek is projected to 
experience 13% higher peak flows, while the Skykomish River 
peak flow is expected to increase by 60%.  

Drought ▲ Drought conditions have increased since the 
early 2000s (CIG 2009). 

 

Mid-Century (2040-2069): Projections indicate a 22% chance 
of total summer precipitation (June–August) of at or below 
75% of normal precipitation. 

Late Century (2070-2099): Drought projections indicate a 36% 
chance of total summer precipitation (June–August) of at or 
below 75% of normal precipitation. 

Stream 
Temperatures 

▲ Stream temperatures increased between 1980–
2009 (Isaak et al. 2012). 

Mid-Century (2040-2069): Average August stream 
temperatures in the Skykomish River and Woods Creek are 
projected to increase by 2.6°F from a baseline of 62.85°F in 
the Skykomish River and 61.14°F in Woods Creek (U.S. Forest 
Service [USFS] n.d.-a). 

Late Century (2070-2099): Average August stream 
temperatures are projected to increase by 4.47°F in the 
Skykomish River and 4.34°F in Woods Creek compared to 
historic baselines (USFS n.d.-a). 

Wildfire ▲ The frequency and extent of wildfires have 
increased since the 1970s (CIG 2009). 

 

Fire seasons between 2003 and 2012 averaged 
84 days longer than in 1973–1982 (Westerling 
2016). 

In general, areas west of the Cascades are less at risk from 
wildfires (Snover et al. 2013). Projections indicate that the 
likelihood of wildfire in Monroe is low across both time 
periods.  
 
Mid-Century (2040-2069): There is a 3% change that Monroe 
will have climate and fuel conditions favorable to wildfire. 

Late Century (2070-2099): There is a 10% change that Monroe 
will have climate and fuel conditions favorable to wildfire. 

NOTES: 

Projections are derived from the Climate Mapping for a Resilient Washington tool (CIG n.d.) unless otherwise noted in parenthetical references.  

 

Potential Impacts of Climate Change 

Monroe’s critical areas will face a broad range of challenges due to changing climatic conditions. These areas 

provide critical ecosystem services, such as fish and wildlife habitat, flood and erosion control, groundwater 

recharge, water and air purification, and recreation. These natural habitats may help to buffer the impacts of 

climate change in the city, including warmer air and stream temperatures, more extreme flood events, sediment 

loading of waterways, and lower summer streamflows. 

Fish and Wildlife Habitats 

Aquatic Habitats 

The Lower Skykomish River provides habitat resources for many aquatic species, primarily freshwater and 

anadromous fishes. Among these species are steelhead, bull trout, and Pacific salmon species that utilize the river 
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as they migrate upstream to spawning locations (SWM and Sustainable Lands Strategy [SLS] 2018). Heightened 

winter flows will likely increase scouring, erosion, and sedimentation of rivers and streams that provide critical 

habitat for aquatic species, which may smother or entomb redds (salmon egg “nests”). Increased flooding may 

also flush smolts downstream. Decreased summer flows will contribute to increased stream temperatures and 

decreased connectivity of side channels in floodplains that are important for young fish (Raymond et al. 2014). 

Changes in streamflows may also favor the establishment of invasive and non-native species. Rising air and 

stream temperatures, extreme heat, and drought will also impact aquatic habitats. For example, warming air 

temperatures affect species that require cool waterways such as salmonids, resulting in inhibited migration and 

breeding patterns and mortality (Mantua et al. 2010). Heat stress, increased predation, and migration blockage 

due to warming stream temperatures may increase stress on salmon populations (Mantua et al. 2009; LeDoux et 

al. 2017). Increases in stream temperatures may also present rearing challenges for some salmonids, which slow 

the growth rate of juveniles (LeDoux et al. 2017). As drought and extreme heat increasingly co-occur, terrestrial 

plant species that provide important shade to aquatic ecosystems (USFS n.d.-b) will face greater stress and may 

experience shifts to younger age classes or species types (Washington Department of Fish and Wildlife [WDFW] 

2015). 

Upstream changes will also have impacts on aquatic ecosystems within Monroe. Increased wildfire occurrence 

upstream of Monroe may contribute to higher levels of sedimentation and pollutants entering waterways due to 

post-fire instability (Raoelison et al. 2023). As extreme precipitation events increase in frequency and intensity, 

polluted runoff from impervious developed areas will enter waterways more frequently, particularly if municipal 

stormwater systems are unable to handle increased flow rates. This impact may be experienced most acutely in 

aquatic ecosystems in the three basins (Woods Creek, Skykomish River, French Creek) into which Monroe has 

stormwater outfalls (City of Monroe 2015; LeDoux et al. 2017; U.S. Environmental Protection Agency [EPA] 

n.d.; Washington State Department of Ecology [Ecology] 2023a). Shifts in the composition and abundance of 

non-native and invasive species may occur under climate change, potentially increasing competition stress with 

native species (Gervais et al. 2020). 

Terrestrial Habitats 

Most of the Monroe planning area as defined by the City of Monroe in their 2015 Comprehensive Plan has been 

urbanized, although some pockets of terrestrial habitats exist (City of Monroe 2015). Riparian habitats along the 

Skykomish River and Woods Creek in Monroe are adapted to current climate conditions, which include periodic 

high flows and flooding. Increased flood levels and higher flow rates may affect these habitats’ ability to continue 

to provide ecosystem functions and services in a changing climate (SWM 2023). Increased incidence of drought 

and shifts in streamflow patterns will likely reduce the availability of water in these habitats, affecting seedling 

germination rates and adult survival (WDFW 2015). Warmer and drier conditions may also contribute to a shift in 

vegetation types with more drought-adapted species, including both native and non-native, invasive species 

(WDFW 2015; Albright et al. 2021). Lower soil moisture has been shown to decrease vegetation moisture 

(Sonisa et al. 2021), which in turn decreases the cooling effects of vegetation on the surrounding environment 

(Kurn et al. 1994). 

Shifting seasonal patterns such as an earlier incidence of spring conditions and a longer, warmer, and drier 

summer period may impact species adapted to current climate conditions. Changes in the start of spring will 

change the availability of food sources, creating timing mismatches for migratory species and disconnects from 

established reproductive cycles, which may lead to decreased species success (Snover et al. 2013). Mortality rates 

for some plant species may increase due to pests and pathogens taking advantage of shifting climate conditions 
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and increased host stress due to drought or heat (Raymond et al. 2014). Further, productivity in water-limited 

ecosystems is expected to decrease, affecting plant growth rates for species, including Douglas fir (Littell et al. 

2010). A projected increase in days with high wildfire danger by mid-century combined with recreational uses in 

or near some riparian areas can create elevated risk of human-caused fire events (National Park Service n.d.) 

despite low projected risk of wildfire occurrence (CIG n.d.).  

Given the urbanized nature of much of the Monroe planning area, few large mammals exist within the planning 

area, though many smaller mammals such as opossum, raccoon, red fox, and skunk have been observed within 

city limits (City of Monroe 2015). Of these species, the Cascade red fox is listed as being highly vulnerable to 

increasing temperatures (WDFW 2015). Reptiles and amphibians including frogs, toads, salamanders, turtles, 

lizards, and snakes occur within Monroe, and in general, these species are expected to experience moderate to 

high vulnerability due to increasing air and stream temperatures, shifting precipitation patterns, drought, and 

wildfire (WDFW 2015). For example, the Puget Oregonian snail, which is sensitive to canopy loss, increased 

temperatures, and reduced soil moisture (WDFW 2015). Many bird species are also vulnerable to climate change, 

with Monroe playing host to a variety of migratory waterfowl and overwintering birds of prey (City of Monroe 

2015). The National Audubon Society identified 217 bird species in Snohomish County that are vulnerable to 

increasing air temperatures, shifting springtime conditions, and loss of habitat by late century, inclusive of 

migratory species (Audubon 2019). 

Wetlands 

Wetlands are highly vulnerable to climate change owing to their location at the intersection of land and water. 

Wetlands provide critical habitat for nearly 65% of mammals and 72% of bird species in Washington and Oregon 

(Kauffman et al. 2001). Wetland ecosystems in Monroe are concentrated primarily near the Skykomish River, 

alongside Cutthroat Creek, and in the northwest corner of the Urban Growth Area near Creation and Arena creeks 

along US-2 (Sartorious 2013). Areas of critical wetland habitat as defined in the 2019 Shoreline Master Program 

are located in Al Borlin Park and along the shoreline near the Cadman Inc. gravel operation (City of Monroe 

2019). Risks to wetlands include changes in precipitation and increases in air temperatures (WDFW 2015). These 

risks may disrupt the ability of wetlands to provide ecosystem services, which include slowing and storing 

floodwaters, recharging groundwater, filtering pollutants, and supporting habitat (Ecology 2023b). 

The most likely negative impact of climate change on wetland ecosystems is drying. Wetlands that historically 

have rarely dried out are expected to shift to more frequent drying as summer seasons become warmer and drier 

(Ecology 2023b; CIG n.d.). This will cause shifts in species types, habitat conversion, and/or habitat loss and 

degradation (WDFW 2015). Further, wetlands are terrestrial carbon sinks and changes to their viability may result 

in carbon being released back into the atmosphere (Salimi et al. 2021). Increased winter precipitation may have 

positive effects on wetlands by creating additional side channel habitats, or negative effects such as reduced 

opportunity for water storage and increased erosion (WDFW 2015). In Monroe, neither outcome is inherently 

more or less likely, and management practices will play an important role. 

Critical Aquifer Recharge Areas 

Groundwater resources in and around the City of Monroe consist of discontinuous aquifers surrounded by less 

permeable sediments. Most of the lowland and valley portions of the city are built on soils that support moderate 

infiltration rates, although these areas are generally highly developed and the soils highly disturbed. Areas on the 

north and west edges of the City of Monroe planning area are primarily composed of soils with low infiltration 
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rates, which may increase the risk of surface water runoff in these areas (City of Monroe 2015). Owing to the 

city’s lack of reliance on groundwater for municipal and private use, no Critical Aquifer Recharge Areas have 

been identified within the Monroe city limits. Some wells have been identified in the Milwaukie Hill area (City of 

Monroe 2015).  

Increased storm intensity in the fall and winter may create precipitation events that exceed the infiltration 

capacity of soils, generating increased runoff and decreased absorption of rainfall into groundwater aquifers. 

While Monroe does not currently rely on groundwater sources, demand for water is likely to grow as 

temperatures rise and population growth pressures increase. Drought events may diminish the supply of water 

available from surface water sources, increasing the amount of demand placed on existing water supplies (City of 

Monroe n.d.) and potentially increasing the need for groundwater resources to meet demand. 

Soils and Geologically Hazardous Areas 

Geologically hazardous areas are those that are susceptible to erosion, landslides, mass wasting, debris flows, 

rock falls, and differential settlement. The geological hazard of an area is often a product of soil composition in 

combination with slope angle, stream proximity, and groundwater seepage. The areas of greatest geological 

hazard in Monroe are identified as being generally north of Woods Creek Road from Oaks Street to the city limits 

(City of Monroe 2015). The Snohomish County Hazards Map shows landslide-prone areas that may impact 

ecosystems at several locations near the Skykomish River, primarily in the areas near the Heidelberg Materials 

site (Snohomish County n.d.). 

Risks associated with geological hazards can be expected to increase with climate change as shifting precipitation 

patterns will likely increase the occurrence of landslides and accelerate erosion (Mauger and Vogel 2020). The 

projected increase in precipitation, particularly high-intensity and heavy rainfall over multiple days, will likely 

increase the number of landslides that occur in hazardous areas. Increased streamflow may cause more aggressive 

channelization of waterways in areas with constrained floodplains and increase bank instability (Mauger et al. 

2015). Soil moisture is expected to decrease during summer months due to a combination of changing 

precipitation patterns, declining snowpack, and warmer air temperatures (Elsner et al. 2010). Dry soils can 

increase landslide risk by widening gaps in rocks and soils (Mauger et al. 2015). Decline in plant health near 

streambanks may contribute to higher erosion risk as the stabilizing effects of vegetation are degraded (USFS 

n.d.-b).  

References and Additional Source Material  

Albright, W., R. Ament, R. Callahan, M.W. Frantz, M.W. Grabau, M.E. Johnson, T. Jones-Farrand, K. Malpeli, 

M. Millmann, N. Muenks, R. Quiñones, B. Stys, and K. Tenggardjaja. 2021. Connectivity and climate 

change toolkit. National Climate Adaptation Science Center. USGS Publications Warehouse. 70218826 

Audubon. 2019. Vulnerable Birds in Snohomish County. URL: https://www.audubon.org/

climate/survivalbydegrees/county?zipCode=98272.  

CIG (Climate Impacts Group). n.d. Climate Mapping for a Resilient Washington. URL: 

https://data.cig.uw.edu/climatemapping/. 



 
Climate Change Impacts Analysis for the City of Monroe: Shorelines and Natural Environment Element 

8 

CIG. 2009. The Washington Climate Change Impacts Assessment. Elsner M.M., J. Littell, and L. Whitely Binder 

(eds). Center for Science in the Earth System, Joint Institute for the Study of the Atmosphere and Oceans, 

University of Washington, Seattle, Washington. URL: https://doi.org/10.6069/GWSP-MB82.  

City of Monroe. n.d. Drinking Water. URL: https://monroewa.gov/301/Drinking-Water.  

City of Monroe. 2015. City of Monroe Comprehensive Plan Chapter 9 – Shorelines & Natural Environment. 

URL: http://www.monroewa.gov/DocumentCenter/View/3677/Chapter-9---Shorelines—Natural-

Environment. 

City of Monroe. 2019. City of Monroe Shoreline Master Program. URL: 

https://www.monroewa.gov/DocumentCenter/View/11437/Shoreline-Master-Program---Updated-June-

2019?bidId=. 

Ecology (Washington State Department of Ecology). 2023a. Tire anti-degradant (6PPD) and 6PPD-quinone. 

URL: https://ecology.wa.gov/Waste-Toxics/Reducing-toxic-chemicals/Addressing-priority-toxic-

chemicals/6PPD. 

Ecology. 2023b. Wetlands & Climate Change. URL: https://ecology.wa.gov/Water-Shorelines/Wetlands/Tools-

resources/Wetlands-climate-change.  

Elsner, M.M., L. Cusner, N. Voisin, [et al.]. 2010. Implications of 21st century climate change for the hydrology 

of Washington state. Climatic Change. 102: 225–260. 

EPA (U.S. Environmental Protection Agency). n.d. Climate Adaptation and Stormwater Runoff. 

https://www.epa.gov/arc-x/climate-adaptation-and-stormwater-runoff. Accessed 3/29/2023. 

Gervais, J.A., R. Kovach, A. Sepulveda, R. Al-Chokhachy, J.J. Giersch, and C. Muhlfeld. 2020. Climate-induced 

expansions of invasive species in the Pacific Northwest, North America: a synthesis of observations and 

projections. Biological Invasions 22: 2163–2183. URL: https://doi.org/10.1007/s10530-020-02244-2. 

Isaak, D.J., S. Wollrab, D. Horan, and G. Chandler. 2012. Climate change effects on stream and river 

temperatures across the northwest U.S. from 1980–2009 and implications for salmonid fishes. Climatic 

Change 113(2): 499-524. 

Isaak, D.J., S.J. Wenger, E.E. Peterson, J.M. Ver Hoef, D.E. Nagel, C.H. Luce, S.W. Hostetler, J.B. Dunham, 

B.B. Roper, S.P. Wollrab, G.L. Chandler, D.L. Horan, and S. Parkes- Payne. 2017. The NorWeST 

summer stream temperature model and scenarios for the western U.S.: A crowd-sourced database and 

new geospatial tools foster a user community and predict broad climate warming of rivers and streams. 

Water Resources Research 53: 9181–9205. 

Kauffman, J.B., M. Mahrt, L.A. Mahrt, and W.D. Edge. 2001. Wildlife of riparian habitats. In D.H. Johnson and 

T.A. O’Neil (ed.), Wildlife-Habitat Relationships in Oregon and Washington (Chapter 14 pp. 361-388). 

Corvallis, OR: Oregon State University Press. 

Kurn, D., S. Bretz, B. Huang, and H. Akbari. 1994. The Potential for Reducing Urban Air Temperatures and 

Energy Consumption through Vegetative Cooling. ACEEE Summer Study on Energy Efficiency in 

Buildings, American Council for an Energy Efficient Economy.  

LeDoux, B., J. Engel, M. Ruff, and C. Wahl. 2017. WRIA 7 Climate Change Impacts to Salmon Issue Paper. 

URL: https://www.govlink.org/watersheds/7/pdf/SnohomishClimatePaper/ClimatePaper2017.pdf. 

http://www.monroewa.gov/DocumentCenter/View/3677/Chapter-9---Shorelines—Natural-Environment
http://www.monroewa.gov/DocumentCenter/View/3677/Chapter-9---Shorelines—Natural-Environment
https://www.monroewa.gov/DocumentCenter/View/11437/Shoreline-Master-Program---Updated-June-2019?bidId=
https://www.monroewa.gov/DocumentCenter/View/11437/Shoreline-Master-Program---Updated-June-2019?bidId=
https://ecology.wa.gov/Water-Shorelines/Wetlands/Tools-resources/Wetlands-climate-change
https://ecology.wa.gov/Water-Shorelines/Wetlands/Tools-resources/Wetlands-climate-change


 
Climate Change Impacts Analysis for the City of Monroe: Shorelines and Natural Environment Element 

9 

Littell, J.S., E. Oneil, D. McKenzie, J. Hicke, J. Lutz, R. Norheim, and M. Elsner. 2010. Forest ecosystems, 

disturbance, and climate change in Washington State, USA. Climatic Change 102: 129-158. 

Mantua, N.J., I. Tolver, and A.F. Hamlet. 2009. Chapter 6 in The Washington Climate Change Impacts 

Assessment: Evaluating Washington’s Future in a Changing Climate, Climate Impacts Group, University 

of Washington, Seattle, Washington. https://doi.org/10.7915/CIG6QZ23J. 

Mantua, N., I. Tolver, and A.F. Hamlet. 2010. Climate change impacts on streamflow extremes and summertime 

stream temperature and their possible consequences for freshwater salmon habitat in Washington state. 

Climatic Change 102: 187–223. 

Mauger, G.S., J.H. Casola, H.A. Morgan, R.L. Strauch, B. Jones, B. Curry, T.M. Busch Isaksen, L. Whitely 

Binder, M.B. Krosby, and A.K. Snover. 2015. State of Knowledge: Climate Change in Puget Sound. 

Report prepared for the Puget Sound Partnership and the National Oceanic and Atmospheric 

Administration. Climate Impacts Group, University of Washington, Seattle. URL: 

https://doi.org/10.7915/CIG93777D. 

Mauger, G.S., and J.M. Vogel. 2020. PSP Climate Literature Review: A tailored review of climate change 

science to inform recovery. Report prepared for the Puget Sound Partnership. Climate Impacts Group, 

University of Washington.  

National Park Service. n.d. Wildfire Causes and Evaluations. URL: https://www.nps.gov/articles/wildfire-causes-

and-evaluation.htm.  

Pelto, M.S. 2011. Skykomish River, Washington Impact of Ongoing Glacier Retreat on Streamflow. Hydrological 

Processes. Volume 25. Issue 21. Special Issue: Eastern Snow Conference 2010. 

Raoelison, O.D., R. Valenca, A. Lee, S. Karim, J.P. Webster, B.A. Poulin, and S.K. Mohanty. 2023. Wildfire 

impacts on surface water quality parameters: Cause of data variability and reporting needs. 

Environmental pollution (Barking, Essex: 1987), 317, 120713. URL: 

https://doi.org/10.1016/j.envpol.2022.120713. 

Raymond, C., D. Peterson, and R. Rochefort. Eds. 2014. Climate change vulnerability and adaptation in the North 

Cascades region, Washington. Gen. Tech. Rep. PNW-GTR-892. Portland, OR: U.S. Department of 

Agriculture, Forest Service, Pacific Northwest Research Station. 279 p. 

Rocchio, J., and R. Crawford. 2015. Ecological Systems of Washington State: A Guide to Identification (p. 64). 

Washington Department of Natural Resources, Natural Heritage Program. URL: 

https://www.dnr.wa.gov/publications/amp_nh_ecosystems_guide.pdf. 

Roop, H.A., G.S. Mauger, H. Morgan, A.K. Snover, and M. Krosby. 2020. Shifting Snowlines and Shorelines: 

The Intergovernmental Panel on Climate Change’s Special Report on the Ocean and Cryosphere and 

Implications for Washington State. Briefing paper prepared by the Climate Impacts Group, University of 

Washington, Seattle. URL: doi.org/10.6069/KTVN-WY66. 

Salimi, S., S.A.A.A.N. Almuktar, and M. Scholz. 2021. Impact of climate change on wetland ecosystems: A 

critical review of experimental wetlands. Journal of environmental management, 286, 112160. URL: 

https://doi.org/10.1016/j.jenvman.2021.112160. 



 
Climate Change Impacts Analysis for the City of Monroe: Shorelines and Natural Environment Element 

10 

Saperstein, A. 2015. Climate Change, Migration, and the Puget Sound Region: What We Know and How We 

Could Learn More. Report prepared for the University of Washington Climate Impacts Group. The 

Daniel J. Evans School of Public Policy and Governance, University of Washington, Seattle. 

Sartorious, M. 2013. Streams and Wetlands. City of Monroe GIS. URL: https://www.monroewa.gov/

DocumentCenter/View/3696/Streams-and-wetlands-11x17-2016?bidId=. Accessed 3/28/2023.  

Stocker, T.F., D. Qin, G.-K. Plattner, L.V. Alexander, S.K. Allen, N.L. Bindoff, F.-M. Bréon, J.A. Church, U. 

Cubasch, S. Emori, P. Forster, P. Friedlingstein, N. Gillett, J.M. Gregory, D.L. Hartmann, E. Jansen, B. 

Kirtman, R. Knutti, K. Krishna Kumar, P. Lemke, J. Marotzke, V. Masson-Delmotte, G.A. Meehl, I.I. 

Mokhov, S. Piao, V. Ramaswamy, D. Randall, M. Rhein, M. Rojas, C. Sabine, D. Shindell, L.D. Talley, 

D.G. Vaughan and S.-P. Xie. 2013. Technical Summary. In: Climate Change 2013: The Physical Science 

Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel 

on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, 

Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and 

New York, NY, USA. 

Snohomish Conservation District. 2019. Agriculture Resilience Plan for Snohomish County. Lake Stevens, WA. 

Snohomish County. n.d. Snohomish County Hazards Map. URL: https://snoco-gis.maps.arcgis.com/apps/

MapSeries/index.html?appid=8924ce09ff58487ea905e63210ee7cdf. Accessed 3/28/2023. 

Snover, A.K., G.S. Mauger, L.C. Whitely Binder, M. Krosby, and I. Tohver. 2013. Climate Change Impacts and 

Adaptation in Washington State: Technical Summaries for Decision Makers. State of Knowledge Report 

prepared for the Washington State Department of Ecology. Climate Impacts Group, University of 

Washington, Seattle. 

Sonisa, S., J. Carlson, E. Kreuger, D. Engle, D. Twidell, S. Fuhlendorf, A. Patrignani, L. Feng, and T. Ochsner. 

2021. Soil moisture as an indicator of growing-season herbaceous fuel moisture and curing rate in 

grasslands. International Journal of Wildland Fire 30, 57-69. 

SWM (Snohomish County Surface Water Management) and SLS (Sustainable Lands Strategy). 2018. Lower 

Skykomish River Reach-scale Plan. Snohomish County Department of Public Works and the Executive 

Committee of the Sustainable Lands Strategy. Everett, WA. 

SWM. 2023. Snohomish and Stillaguamish Rivers Flood Hazard and Climate Change Vulnerability Assessment. 

Prepared by Environmental Science Associates for Snohomish County Department of Conservation & 

Natural Resources, Everett, WA. June 2023. 

USFS (U.S. Forest Service). n.d.-a. NorWeST Regional Database and Modeled Stream Temperature Website: 

Stream Temperature Map. URL: https://usfs.maps.arcgis.com/apps/webappviewer/

index.html?id=bf3ff38068964700a1f278eb9a940dce. Accessed 3/28/2023.  

USFS. n.d.-b. Climate Change Resource Center: Maintain or restore riparian areas. URL: 

https://www.fs.usda.gov/ccrc/approach/maintain-or-restore-riparian-areas-0. Accessed 3/29/2023. 

WDFW (Washington Department of Fish and Wildlife). n.d. Priority Habitat and Species Viewer on the Web. 

URL: https://geodataservices.wdfw.wa.gov/hp/phs/. 

WDFW. 2015. Washington State Wildlife Action Plan Chapter 5: Climate Change Vulnerability of Species and 

Habitats. URL: https://wdfw.wa.gov/sites/default/files/publications/01742/7_Chapter5.pdf. 



 
Climate Change Impacts Analysis for the City of Monroe: Shorelines and Natural Environment Element 

11 

Westerling, A.L.R. 2016. Increasing western US forest wildfire activity: sensitivity to changes in the timing of 

spring. Philosophical Transactions of the Royal Society B. Biological Sciences 271(1696). URL: 

https://doi.org/10.1098/rstb.2015.0178. 

Wiens, J.H. 1980. Agricultural runoff and water pollution. Canadian Water Resources Journal 5(3): 78-89. 


	Appendix Front Page 10-A.pdf
	Appendix 10-A Climate Change Impact Analysis Memorandum.pdf

