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1. Wanted to choose biologically relevant data – met with scientists from state and federal 
agencies and the University of Washington who helped us narrow it down to these five metrics.agencies and the University of Washington who helped us narrow it down to these five metrics.

2. 10 GCMs were run using the A1B emissions scenario for 2040 and 2080. The climate scenarios 
were then downscaled to create higher resolution climate projections of temperature and 
precipitation. The downscaled A1B scenarios were used to drive the VIC hydrologic model that 
uses climate and other information to develop projections of future hydrologic conditions and 
stream flow. 

Following the methods described by Hamlet et al. (2010), a selection of 10 GCMs was chosen based 
on a ranking of model fidelity to the observed Pacific Northwest climate. 

Low-resolution global simulations must be “downscaled” to obtain the final, high resolution 
projections needed for impacts studies. The projections described in the present report make 
use of the “Hybrid-Delta Method” statistical downscaling approach (Hamlet et al., 2010) down 
to 1/16th degree. As the name implies, the latter is a hybrid approach in which monthly 
projected changes in the probability distribution of temperature and precipitation, as simulated 
by the GCMs, are applied to the gridded daily historical record. The result is a dataset that 
includes the time series properties (e.g., storm timing and spacing) of the historical record, but 
a mean and distribution that are scaled according to GCM projections.

The downscaled projections in temperature and precipitation are used to drive the Variable 
Infiltration Capacity (VIC) macroscale hydrologic model (Liang et al. 1996; Liang et al. 1998; 
Nijssen et al. 1997). VIC is a physically-based model, unique in its representation of the soil 
column and infiltration process. The model also includes a sophisticated parameterization for 
snow that operates on both sub-daily and sub grid scales, and represents multiple vegetation 
types and soil layers, allowing for variable infiltration and evaporation. VIC is used here to 
assess the implications of temperature and precipitation changes on hydrologic variables such 
as snowpack, low flows, peak flood, and changes in the timing of flows.
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How do we condense this into one or two metrics that people/managers can digest? So 

here s a preliminary figure where we integrated across all variables to produce a single here’s a preliminary figure where we integrated across all variables to produce a single 

metric looking at magnitude of change.
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The climate change component allows us to get at Yale Framework objective #5 – Protect 

climate refugia – because we mapped locations projected to maintain stable climates. climate refugia – because we mapped locations projected to maintain stable climates. 

Adding the locations of dams within the study area also allows us to get at Objective #2 –

Project future patterns of biodiversity – because we can get at the actual vulnerability of 

the watersheds (at least to flooding). We are also able to get at vulnerability a bit more 

when we add current land cover so we can see what land use is like surrounding these 

major aquatic areas.

Higher magnitude of change watersheds are those likely to 
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The model used for this analysis is called Sea Level Affecting Marshes Model, Version 5.0 (SLAMM 5.0), which was 
designed to simulate the dominant processes involved in wetland conversion and shoreline modification under long-term designed to simulate the dominant processes involved in wetland conversion and shoreline modification under long-term 
sea-level rise. The model integrates information about projected global sea-level rise with area-specific NOAA tidal data, 
detailed wetland information from the FWS National Wetlands Inventory, regional Light-imaging Detection and Ranging 
(LiDAR) data,

and U.S. Geological Survey (USGS) Digital Elevation Maps to project habitat changes associated with sea-level rise. Table 5 
lists the coastal habitats included in the model.

This model provides greater detail than by just looking at static coastal topography alone. For example, it can assess the 
extent to which sea water inundation contributes to the conversion of one habitat type to another based on elevation, 
habitat type, slope, sedimentation and accretion and erosion rates, and the extent to which the affected area is protected 
by existing sea walls. It can also assess how much erosion may occur due to changes in wave action.

In addition, SLAMM 5.0 accounts for relative sea-level change for each study site. Relative sea level rise is calculated as 
the sum of the historic eustatic (global average) trend, the site specific rate of change of coastal elevation due to 
subsidence and isostatic adjustment, and the accelerated rise, depending on the future scenario chosen. Sea-level rise is 
also offset by sedimentation and accretion, again using site specific average values. 

The SLAMM 5.0 model incorporates a simplifying assumption that all currently-developed areas will remain protected by 
seawalls and other coastal armoring, so it does not project inundation of existing urban areas. This does not mean, 
however, that low-lying urban areas, such as parts of Olympia and Tacoma, are not also vulnerable to sea-level rise, only 
that the potential impacts are not captured here. For example, a 1993 study conducted for the City of Olympia, portions 
of which have been built on fill just a few feet above sea level, projected significant tidal flooding and inundation in the 
downtown area under a scenario of 4-foot relative sea-level rise by 2100 (Craig, 1993). While it is beyond the scope of this 
study to address impacts on the region’s vulnerable developed areas, the potential for sea-level rise to cause significant 
and costly damage to property and infrastructure should not be ignored.

In our initial model runs, we also assumed that agricultural areas and other dry land currently protected by dikes will 
remain protected. Because some of these dikes are being removed to assist in habitat restoration, however, we thought 
it would be useful to see how sea level rise might affect the region’s coastal areas if the dikes were not there. So we 
conducted some simulations with no dikes protecting agricultural areas. Not surprisingly, there is a considerably greater 
loss of dry land at all of the modeled sites if the dikes are removed, although in several areas there is also greater 
expansion of some habitat types, such as saltmarsh and tidal flats.
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