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Appendix L:  Climate Change Background 
 
Attached are two white papers containing 1) the details on the vehicle and fuel technology research that was 
conducted as part of preparing PSRC’s Four-Part Greenhouse Gas Strategy, and 2) data and information 
describing adaptation to climate change, specific to the central Puget Sound region’s transportation system. 
 
Contact Information:  
Kelly McGourty, Program Manager 
Puget Sound Regional Council 
(206) 971-3601 or kmcgourty@psrc.org 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Appendix L: Climate Change Background



 
L-1:  VEHICLE AND FUEL TECHNOLOGY ASSUMPTIONS 
Assumptions and Methodology for Potential Improvements to the 2040 Puget Sound 
Vehicle Fleet and Fuel Mix  
 
 
INTRODUCTION 
 
As part of the Four-Part Greenhouse Gas Strategy, Transportation 2040 makes some assumptions about the 
market penetration of electric and other alternative fuel vehicles, less carbon-intensive fuels, and improved fuel 
efficiency of the overall passenger and freight fleets.  In collaboration with the Washington State Department of 
Ecology, PSRC developed two technology scenarios: a “likely” scenario, which is probable given current trends 
and conservative assumptions about fuel prices and other incentives to change technology, and an “aggressive” 
scenario, which assumes a higher degree of concerted effort to transition the vehicle fleet to a more energy 
efficient approach.  These scenarios, based on extensive national research and in consultation with the 
Environmental Protection Agency, the Washington State Department of Transportation and the Puget Sound 
Clean Air Agency, are identified in the chart below.  The “likely” scenario results in an additional 25% reduction of 
greenhouse gas emissions, and the “aggressive” scenario results in an additional 43% reduction in emissions, 
beyond the reductions achievable from the transportation and land use strategies contained in Transportation 
2040.  The application of likely and aggressive technology improvements in the region, in addition to the 
investments in Transportation 2040, results in a total greenhouse gas emissions reduction between 5% and 28% 
below 2006 levels1.  In order to ensure these potential emissions reduction benefits are achieved, the region and 
the state should consider opportunities to influence the direction of vehicle and fuel improvements over the next 
30 years, for example through legislation, incentives, etc. 
 
The two scenarios are described in the chart below.  Each component of the technology assumptions are further 
described in the following sections of this white paper.  This discussion will also describe how the assumptions 
were applied to the modeling output of the investments and strategies contained in Transportation 2040. 
 
 

Potential Vehicle and Fuel Technological Improvements in the Central Puget Sound Region by 2040
 

 

LIKELY SCENARIO AGGRESSIVE SCENARIO
Percent of Electric Vehicles in Fleet 20% 45%

Improvements to Fuel Economy 40 mpg 50 mpg
Reduction of Carbon Intensity of Fuel 10% 25%
Improvements to Heavy Duty Vehicles 5% 10%  

 
 
SECTION 1: BACKGROUND 
 
The following discussion details the research conducted by PSRC and Ecology, and describes how the 
assumptions related to the vehicle and fuel technological improvements laid out in the table above were reached. 
 
1A. Percent of Electric Vehicles in the Central Puget Sound Vehicle Fleet 
 
The first supposition regarding the potential for improvements to the vehicle fleet in the Puget Sound region is 
what portion of the fleet might be converted to electric or hybrid-electric vehicles by 2040.  Research conducted 
on this topic included studies and analyses conducted by the following agencies or institutions (a full bibliography 
of sources is included at the end of this white paper): 
 

 University of California at Berkeley 
 Argonne National Laboratory 
 U.S. Environmental Protection Agency (EPA) 
 U.S. Department of Energy 

                                                 
1 PSRC does not have a 1990 base year within the current modeling framework, which is the year on which the state’s greenhouse gas goals 
are based.  At this point in time we are using our 2006 modeled base year as a surrogate for 1990.   
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 R.L. Polk & Company 
 U.S. Government Accountability Office (GAO) 
 University of Michigan 
 Electric Power Research Institute 
 Better Place 
 JD Power and Associates 
 California Air Resources Board 

 
There are scenarios within these studies and analyses suggesting the percentage of electric or hybrid-electric 
vehicles in the national fleet could be anywhere from 9% to 50%.  For example, the University of Michigan’s 
“PHEV marketplace penetration: An agent based simulation” study indicates a fleet penetration by 2030 of 16%, 
while the UC Berkeley’s “Electric Vehicles in the United States, a New Model with Forecasts to 2030” study 
reports a possible fleet penetration of 24%.  EPA’s “A Wedge Analysis of the U.S. Transportation Sector” study, 
on the other hand, suggests that vehicle technology combined with alternative fuels can represent a 30% market 
share by 2050.  On the lower end, a 2006 presentation by EPA on “Plug-In Hybrids: Background and Scenario 
Analysis” cited a modeling scenario resulting in a 9% fleet penetration by 2030.   
 
Most of the studies and analyses researched are forecasting to either the year 2020 or 2030 and reporting on 
national fleet penetration rates, whereas Transportation 2040 is looking at potential vehicle and fuel 
improvements in the Puget Sound region by the year 2040.  One point of consideration in creating our 
assumptions was that by 2040 the Puget Sound fleet should be as close as possible to a full fleet turnover.  
Further, Washington State and the Puget Sound region are already looking forward on this issue, with several 
pieces of state legislation and numerous local actions underway with regards to electric vehicle infrastructure.  
Some examples of this are identified below: 
 

 House Bill 1481 requires the installation of charging outlets for electric vehicles, new tax incentives for 
electric vehicle infrastructure, and the development of an alternative fuels corridor pilot project; as part of 
this bill, PSRC is called upon to assist local jurisdictions in preparing model ordinances and development 
regulations allowing for electric vehicle infrastructure 

 House Bill 1303 set targets for the use of alternative fuels in state vehicle fleets; many local jurisdictions 
are also pursuing “green fleets,” including the City of Seattle  

 King County has been participating in electrification pilot projects, including the implementation of vehicle 
recharging stations at park and ride lots 

 In 2006 and earlier, the state also adopted clean car and renewable fuel requirements 
 
Several of the reference documents also point out that it is most likely that the penetration into the fleet of electric 
vehicles will occur first in the West Coast, since this area has the highest percentage of hybrid vehicle 
registrations and has the highest demand for these vehicles.  In addition, these sources cite the current planning 
efforts to deploy electric vehicle infrastructure.  For example, an analysis conducted by R.L. Polk & Company 
indicates that registrations nationwide for new hybrid vehicles rose 38% between 2006 and 2007, and that 
Washington ranked 5th in total hybrid registrations.  Growth in Washington State hybrid purchases between 2006 
and 2007 was 52% according to this study. 
 
Based on the research summarized above, the movement in Washington State and the region regarding electric 
vehicle infrastructure, and the timeframe of 2040, we categorized the potential fleet penetration of electric vehicles 
into the Puget Sound fleet by 2040 into the following two scenarios: 
 

 Likely Scenario:  20% 
This scenario is comprised of a fairly conservative assumption that by 2040, 20% of the Puget Sound fleet 
would be electric, plug-in hybrid electric or other zero to low emission vehicles2.  Washington State had 
approximately 4% of the national share of new hybrid vehicle registrations in 2007; given current issues with 
reporting at the local level, it is unclear what percentage of the Puget Sound fleet are hybrids or other 
alternative vehicles, but the Seattle metropolitan region is reported to be second in the nation in per capita 
hybrid vehicles registrations.  It is likely that the share of alternative vehicles in our region will continue to 
increase over the next 30 years.  Given the growth rate of hybrid vehicle sales nationally over the past several 

                                                 
2 The phrase “zero emission vehicles” refers only to the tailpipe emissions; for a discussion of possible “upstream” emissions 
from these types of vehicles, refer to Section 2. 
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years, and the interest nationally and regionally in more efficient vehicle technology, we feel that 20% is a 
conservative assumption for the region’s 2040 fleet. 
 
 Aggressive Scenario:  45% 

This scenario is comprised of a more aggressive assumption that by 2040, should the region, the state and 
the federal government more actively pursue the transition to alternative vehicles, 45% of the Puget Sound 
fleet could be electric, plug-in hybrid electric or other zero to low emission vehicles.  Many of the studies and 
analyses researched indicate the possibility of a greater penetration into the national fleet of alternative 
vehicles than our conservative scenario.  The conservative, or likely, scenario is based on the current 
conditions in our region and the expected growth in the market.  Given all the other factors mentioned – the 
impetus in Washington State and the Puget Sound region, the expected full fleet turnover by 2040, and the 
expected national agenda on clean technology – a more aggressive fleet penetration of 45% seems 
reasonable should a more focused pursuit of this transition occur at all levels. 

 
 
1B. Improvements to Vehicle Fuel Economy
 
The second supposition regarding the potential for improvements to the vehicle fleet in the Puget Sound region is 
what additional improvements in fuel economy might be possible by 2040.  Research conducted on this topic 
included studies and analyses conducted by the following agencies or institutions (a full bibliography of sources is 
included at the end of this white paper): 
 

 National Highway Traffic Safety Administration (NHTSA) 
 Cambridge Systematics 
 U.S. EPA 
 California Air Resources Board 
 Energy Information Administration (EIA) 
 Congressional Budget Office 
 U.S. Department of Energy 

 
In September 2009, NHTSA and EPA released a joint proposed rule to update the current Corporate Average 
Fuel Economy (CAFÉ) standards for the light-duty passenger vehicle fleet.  Previously, the CAFÉ standards were 
27.5 miles per gallon (mpg) for passenger vehicles and 20.7 mpg for light trucks; the light truck standards were 
updated in 2006 to 23.5 mpg by model year 2010.  In March 2009, as a precursor to the subsequent rulemaking, 
NHTSA set a new standard for model year 2011 vehicles of 30.2 mpg for passenger cars and 24.1 mpg for light 
trucks, for a combined fleet average of 27.5 mpg.  The new CAFÉ standards once finalized will apply to both 
passenger cars and light trucks manufactured in model years 2012 through 2016; the joint rulemaking with EPA’s 
proposed greenhouse gas emissions standards for light duty vehicles will achieve a combined average of 35.5 
mpg by model year 2016.   
 
Given the movement nationally to improve the fuel economy of the future vehicle fleet, activity in California related 
to fuel economy improvements, as well as legislation in Washington State related to clean vehicles and alternative 
fuels, we categorized the potential for future fuel economy improvements to the Puget Sound vehicle fleet by 
2040 into the following two scenarios: 
 

 Likely Scenario:  40 mpg 
This scenario is comprised of a fairly conservative assumption that by 2040, further strengthening of the 
CAFÉ standards for the passenger vehicle fleet is likely.  This scenario assumes that the average fuel 
economy of the Puget Sound passenger vehicle fleet in 2040 will be 40 mpg, compared to the proposed new 
standards which would achieve a fleet average nationally of 35.5 mpg by model year 2016.   
 
 Aggressive Scenario:  50 mpg 

This scenario is comprised of a more aggressive assumption that by 2040, there is the potential that even 
greater improvements to vehicle fuel economy can be achieved.  This scenario assumes a continued interest 
at the national level in pursuing cleaner and more efficient vehicles, from a 34.1 mpg national fleet average in 
2016 to a 50 mpg fleet average in the Puget Sound region by 2040. 
 

It is important to note here that the categories of technology improvements outlined in this report are not mutually 
exclusive.  For example, one way to improve the average fuel economy of the fleet is to include electric vehicles 
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and/or reduce the carbon content of fuels.  As such, while the assumptions for each category are fully described 
separately in Section 1, the methodology used to apply each assumption takes into account the overlapping 
nature of the improvements and modifies accordingly so as to avoid double counting of benefits.  This is more 
fully described in Section 2. 
 
 
1C. Reduction of Carbon Intensity of Fuels (i.e., Alternative Fuels)
 
The third supposition regarding the potential for improvements to the vehicle fleet in the Puget Sound region was 
what opportunities to reduce the carbon content of fuel might be possible by 2040.  Research conducted on this 
topic included studies and analyses conducted by the following agencies or institutions (a full bibliography of 
sources is included at the end of this white paper): 
 

 Washington State Department of Ecology 
 California Air Resources Board 
 University of California at Berkeley 
 University of California at Davis 
 U.S. EPA 
 Western States Petroleum Association 
 U.S. Department of Energy 
 Pew Center on Global Climate Change 

 
Several states around the country are researching the benefits and costs of implementing a low carbon fuel 
standard, and many states have also adopted legislation related to alternative and renewable fuels.  Most notably, 
the three West Coast states of California, Oregon and Washington are each pursuing these strategies to varying 
degrees.  California, for example, is in the process of establishing a low carbon fuel standard that would reduce 
the carbon intensity of passenger vehicle fuels by at least 10% by 2020.  As mentioned previously, Washington 
State has passed legislation requiring the use of alternative fuels in state fleets, as well as legislation related to 
renewable fuel standards.  Washington State is also currently in the process of researching a low carbon fuel 
standard, assessing options and their applicability for Washington State.   
 
Perhaps more so than with any of the other categories of technological improvements, the potential to reduce the 
carbon intensity of fuel relies on many other strategies that are already captured within the other categories, 
particularly those of improved vehicle fuel economy and an influx of electric or hybrid vehicles into the fleet.  
However, our research suggests that there are additional benefits that could be achieved through further pursuit 
of alternative fuels such as ethanol, biodiesel, hydrogen fuel cells, etc.  For example, EPA just recently finalized a 
renewable fuels standard that will increase the required volumes of renewable fuel to 36 billion gallons by 2022. 
 
Given the national, regional and state interest in pursuing alternative and renewable fuels, we categorized the 
potential for advances in reducing the carbon intensity of fuel in the Puget Sound region by 2040 into the two 
scenarios below.  It is important to note that the scenarios are based on the total assumed reduction of carbon 
intensity in the fuel supply, inclusive of all possible strategies for achieving these targets.  Issues related to 
overlapping strategies are addressed in Section 2, which modifies the application of these estimates accordingly 
so as to avoid double counting of benefits. 
 

 Likely Scenario:  10%  
This scenario is comprised of a fairly conservative assumption that by 2040, a 10% reduction in the carbon 
intensity of fuel can be achieved in the Puget Sound region.  Given the actions already taken by Washington 
State related to fuels, and the recent passage of a national program on renewable fuels, it is likely that a 10% 
additional reduction over the next 30 years will be possible. 

 
 Aggressive Scenario:  25% 

This scenario is comprised of a more aggressive assumption that by 2040, a 25% reduction in the carbon 
intensity of fuel can be achieved in the Puget Sound region.  This scenario assumes that an even more 
aggressive pursuit of alternative and renewable fuels, including the possibility of new technologies such as 
hydrogen fuel cells, is possible over the next 30 years.  As an example, EPA’s “A Wedge Analysis of the U.S. 
Transportation Sector” study looked at varying levels of both corn and cellulosic ethanol in the market by 
2050, up to 90 billion gallons compared to 9 billion gallons produced in 2008.  The U.S. Department of Energy 
is also pursuing research into hydrogen fuel cells.  Their Fuel Cell Technologies Program coordinates 
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research with national laboratories, universities and industry partners to overcome technical barriers to the 
reliability, cost and performance of fuel cell systems.  Fuel cells are currently  being developed for passenger 
vehicles, buildings and small applications such as computers.   

 
 
1D. Improvements to Heavy Duty Vehicles
 
The fourth supposition regarding the potential for improvements to the vehicle fleet in the Puget Sound region is 
what improvements in the fuel economy of heavy duty vehicles might be possible by 2040.  This area is less 
robust in terms of the research and data available, but also has perhaps the most potential in significant 
improvements due to the relatively large share of carbon emissions per vehicle and the overall increase in freight 
truck emissions in the last 20 years.  Research conducted on this topic included studies and analyses conducted 
by the following agencies or institutions (a full bibliography of sources is included at the end of this white paper): 
 

 U.S. EPA 
 Federal Highway Administration 
 Air and Waste Management Association 
 David Suzuki Foundation 
 Levelton Consultants, Ltd. 
 U.S. Department of Energy 
 Washington State Department of Ecology 
 California Air Resources Board 

 
There are a variety of factors in play when discussing heavy duty, or freight, truck emissions.  These include not 
just the efficiency of the vehicles, but also details with the movement of freight such as the number of small 
shipments, an increase in the number of “empty” miles, increased idling due to traffic congestion, etc.  This 
analysis focuses only on the technological improvements possible to heavy duty vehicles and engines. 
 
There are numerous regulatory and voluntary mechanisms currently being pursued to reduce emissions from 
heavy duty trucks.  For example, EPA has established rules related to both diesel fuel and heavy duty engines, as 
has the California Air Resources Board.  The Washington State Department of Ecology is pursuing several 
strategies to reduce diesel emissions, including retrofitting older diesel vehicles and an idle reduction campaign.  
Thus far, these programs and regulations have focused primarily on the reduction of particulate matter and 
nitrogen oxide emissions from heavy duty vehicles, although it is expected there will be corollary reductions in 
greenhouse gas emissions. 
 
While there is not a lot of research currently available on the potential to reduce greenhouse gas emissions from 
technological improvements to heavy duty vehicles, what research is available suggests reductions in the range 
of 25-50%.  These improvements include hybrid vehicle systems, aerodynamic and rolling resistance 
improvements, and engine and fuel improvements, among other strategies. 
 
While we do expect this area to yield significant benefits in the future, our current assumptions of these benefits 
will remain conservative until further research supports a larger reduction potential, and are categorized into the 
following two scenarios: 
 

 Likely Scenario:  5%  
This scenario is comprised of a fairly conservative assumption that an additional 5% reduction in greenhouse 
gas emissions from technological improvements to heavy duty vehicles can be achieved in the Puget Sound 
region by 2040.  Given the aggressive strategies currently being pursued in Washington State and the Puget 
Sound region related to diesel emissions, as well as activities being undertaken at the national level to reduce 
emissions from heavy duty vehicles and diesel fuel, it is likely that a 5% additional reduction over the next 30 
years will be possible. 

 
 Aggressive Scenario:  10% 

 
This scenario is comprised of a more aggressive assumption that an additional 10% reduction in greenhouse 
gas emissions from technological improvements to heavy duty vehicles can be achieved in the Puget Sound 
region by 2040.  Given all the reasons identified above we feel that 10% is an achievable target, but with the 
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lack of available research on the benefits of existing strategies to reduce greenhouse gas emissions, we 
remain conservative on the range of emissions reductions assumed. 

 
 
SECTION 2: METHODOLOGY 
 
This section describes how the assumptions for the two technology scenarios – likely and aggressive – were 
applied to the output of the Transportation 2040 alternatives analysis.  EPA’s draft MOVES Demo model was 
utilized to estimate greenhouse gas emissions for Transportation 2040.  However, this version of the draft model 
did not have the capability to adjust for advanced vehicles or fuel scenarios, so our approach involved post-
processing each assumption to the emissions results produced by the integration of PSRC’s modeling framework.  
Each assumption under both scenarios was carefully applied to only the appropriate output, and the adjustments 
described above were made so as to avoid double counting of benefits. 
 
2A. Percent of Electric Vehicles in the Central Puget Sound Vehicle Fleet
 

 Likely Scenario: 20% 
 Aggressive Scenario: 45% 

 
The assumptions for the percentage of electric, plug-in hybrid electric or other zero to low emission vehicles in the 
fleet were applied only to the emissions output from passenger cars and light-duty trucks3.  For the purposes of 
this analysis as applied to Transportation 2040, these vehicles were assumed to have zero tailpipe emissions 
(see below for a discussion of other emissions implications from these vehicles).   
 

 Likely Scenario (20%):  a 20% reduction was applied to the greenhouse gas emissions results from 
Transportation 2040 for passenger cars and light trucks.   

 Aggressive Scenario (45%):  a 45% reduction was applied to the greenhouse gas emissions results 
from Transportation 2040 for passenger cars and light trucks.   

 
Significant discussion was held regarding whether it was appropriate to describe these vehicles as having “zero 
emissions.”  There was some concern expressed that this description does not adequately convey that there are, 
in fact, “upstream” emissions that may be created from the generation of the electricity used for these vehicles.  At 
this point in time, all emissions results analyzed at PSRC – whether for Transportation 2040, the Regional 
Transportation Improvement Program or other analyses – only report on on-road vehicle tailpipe emissions.  It is 
this category for which PSRC has state and federal requirements through transportation conformity.  The analysis 
of “upstream” or “lifecycle” emissions is an area for which there is no standard methodology or guidance currently 
available.  We do not conduct such an analysis for any other component of our plan – for example, upstream 
emissions impacts from gasoline production, materials production for concrete/cement/steel for building 
infrastructure, emissions impacts from the construction and operation of buildings, vehicle production, etc.   
 
We do, however, want to stress that the results as described in Transportation 2040’s Four-Part Greenhouse Gas 
Strategy reflect only on-road vehicle emissions, and we recognize that the source of fuel used for any future 
vehicle fleet may have additional greenhouse gas emissions not reflected in our reporting.  There has been some 
movement in Washington State and the Puget Sound region, however, to ensure that the electricity for vehicles 
will come from alternative sources and utilize the grid off-peak.   These strategies, if adopted, will mitigate any 
“upstream” emissions from these vehicles. 
 
 
2B. Improvements to Vehicle Fuel Economy
 

 Likely Scenario: 40 mpg 
 Aggressive Scenario: 50 mpg 

 
In order to avoid double counting of benefits, the assumptions for improved vehicle fuel economy were applied to 
the remainder of the passenger vehicle fleet, after the reductions under 2A were applied.   For the purposes of 

                                                 
3 PSRC’s modeling output can be segregated into passenger vehicles, light trucks, medium trucks and heavy trucks. 
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this analysis we assumed that any increases in the number of “traditional” hybrid electric vehicles (not plug-in 
hybrid electric vehicles) would be captured with the overall improvements to the average fuel economy of the 
fleet. 
 
As mentioned above, we were not able to adjust for these improvements within the emissions model, and there is 
no methodology available to apply an adjustment to the emissions output or to individual emission factors.  From 
the NHTSA Draft Environmental Impact State (DEIS) for the proposed CAFÉ standards, these standards are 
expected to reduce grams CO2e per mile from 295 in the base year fleet to 250 grams CO2e per mile, a 15.3% 
improvement.  Data on the other alternatives analyzed in the NHTSA DEIS suggest that a combined fleet average 
of 38.7 mpg, which is the alternative closest to our Likely Scenario assumption, would result in an 18.3% 
reduction from the existing fleet.  As a comparison, the alternative closest to the proposed CAFÉ standards of 
35.5 mpg resulted in a reduction of 14.5%.  Data was not readily available for a 50 mpg fleet average, which is 
our Aggressive Scenario.  While Growing Cooler does report on a 50 mpg scenario, their calculations have built-in 
assumptions regarding national VMT growth, and are not easily transferrable for a post-processing application to 
Transportation 2040.   
 
Based on the research conducted, we chose the following application of our Likely and Aggressive Scenarios: 
 

 Likely Scenario (40 mpg):  an 18% reduction was applied to the greenhouse gas emissions results from 
Transportation 2040 for the remainder of the passenger cars and light trucks.  This is based on the 
analysis of the alternative in the NHTSA DEIS which is closest to this scenario, at a combined fleet 
average of 38.7 mpg. 

 Aggressive Scenario (50 mpg):  a 25% reduction was applied to the greenhouse gas emissions results 
from Transportation 2040 for the remainder of the passenger cars and light trucks.  In the absence of 
specific data that can be applied to our results, we compared the varying reduction of emissions from the 
NHTSA DEIS alternatives and used this as a factor for our Aggressive Scenario assumptions.  For 
example, the difference in greenhouse gas emissions between a combined fleet average of 35.5 mpg and 
a fleet average of 38.7 mpg standard in the NHTSA DEIS is approximately 4%.  As such, to maintain 
consistency and reasonableness in the application of our assumptions, we forecasted an additional 8% 
reduction between a combined fleet average of 40 mpg and 50 mpg.  We believe this is a fairly 
conservative application of our assumptions.  For example, EPA’s “A Wedge Analysis of the U.S. 
Transportation Sector” study indicates that hybrid electric vehicles achieve a 29% reduction in 
greenhouse gas emissions over traditional gasoline vehicles; as a comparison, we are applying only a 
25% reduction factor for a combined fleet average of 50 mpg. 

 
 
2C. Reduction of Carbon Intensity of Fuels (i.e., Alternative Fuels)
 

 Likely Scenario: 10% 
 Aggressive Scenario: 25% 

 
As discussed in Section 1, the scenarios for reducing the carbon intensity of the fuel supply have the most 
potential for overlap with the other components of the technology assumptions.  As such, for the application of 
these scenarios to Transportation 2040, we wanted to ensure that we did not overestimate, or double count, the 
benefits from this strategy.  Based on the research conducted, however, it does seem likely that at least some 
portion of the implementation strategy will be achieved through alternative fuels such as ethanol, biodiesel, etc., 
and therefore additional reductions may be achieved above and beyond the reductions assumed from improved 
fuel economy and electric vehicles.   
 
To remain as conservative and reasonable as possible, therefore, the following adjustments were applied to the 
greenhouse gas emission results from Transportation 2040 for the remainder of the passenger vehicle fleet, after 
the reductions from 2A and 2B were applied: 
 

 Likely Scenario (10%):  a 5% reduction was applied to the greenhouse gas emission results from 
Transportation 2040 for the remainder of the passenger cars and light trucks.  This is an adjustment of 
50% from the scenario assumption of a 10% benefit from this strategy. 
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 Aggressive Scenario (25%):  a 12% reduction was applied to the greenhouse gas emission results from 
Transportation 2040 for the remainder of the passenger cars and light trucks.  This is an adjustment of 
50% from the scenario assumption of a 25% benefit from this strategy. 

 
2D. Improvements to Heavy Duty Vehicles
 

 Likely Scenario: 5% 
 Aggressive Scenario: 10% 

 
As discussed in Section 1, the potential for improvements to heavy duty vehicles providing reductions in 
greenhouse gas emissions is still an emerging area of research.  Although quite a bit of work has been done 
towards reducing emissions of the heavy duty fleet, most of the results are expressed in terms of reducing 
emissions of particulate matter or nitrogen oxides.  What research is available regarding the reduction of 
greenhouse gas emissions from these improvements indicates quite divergent results.  As such, we will remain as 
conservative as possible in applying benefits to this portion of the Puget Sound vehicle fleet.   
 

 Likely Scenario (5%):  a 5% reduction was applied to the greenhouse gas emission results from 
Transportation 2040 for medium and heavy duty trucks.  While our assumptions have been focused on 
heavy duty trucks, we believe it is likely that improvements to the medium truck category (e.g., 
commercial vans and trucks) will also be achieved by 2040. 

 Aggressive Scenario (10%):  a 10% reduction was applied to the greenhouse gas emission results from 
Transportation 2040 for medium and heavy duty trucks.   

 
 
SUMMARY 
 
Based on PSRC’s analyses and research, as well as data and research conducted at the national level, 
Transportation 2040 includes a Four-Part Greenhouse Gas Strategy.  Recognizing that it will require multiple 
strategies and tools to effectively reduce emissions from the transportation sector, the Strategy therefore contains 
the following elements: 
 

• Land Use:  building upon the VISION 2040 Regional Growth Strategy to further the goal of providing a 
jobs vs. housing balance, and to pursue additional refinements through strategies such as transit-oriented 
development facilities; 

• User Fees:  recognizing its critical role in reducing VMT and emissions, transition the region over time to 
a user fee/roadway pricing system; 

• Choices:  continue to provide travelers options to the single-occupant vehicle, and continue research into 
the costs and benefits of various strategies; 

• Technology:  recognizing that improvements to vehicles and fuels will play a crucial role in reducing 
emissions, PSRC has undertaken research with the Department of Ecology on the potential technological 
advances that may be likely in our region by the year 2040. 

 
The Transportation 2040 emissions results produced from the land use and transportation investments adopted 
by the PSRC Boards were based on current fleet assumptions and disaggregated into vehicle types – passenger 
cars, light duty trucks, medium trucks and heavy trucks.  Based on the vehicle and fuel technology assumptions 
and methodologies laid out in this report, the following adjustments to those disaggregated emissions results were 
made to reflect an alternative 2040 vehicle fleet, representing what might be likely and what might be achieved 
with more aggressive pursuit of improvements. 
 

1. A portion of the passenger car/light duty truck fleet was assumed to be electric and have zero tailpipe 
emissions;4 

2. After the above calculation was applied, an adjustment was applied to the remaining emissions from the 
passenger car/light duty truck fleet to reflect improvements in fuel economy for these vehicles; 

3. After both of the above calculations were applied, an adjustment was then applied to the remaining 
emissions from the passenger car/light duty truck fleet to reflect additional benefits from alternative fuels; 

                                                 
4 As noted above, this refers only to zero tailpipe emissions and does not necessarily mean zero emissions; a discussion of 
potential upstream impacts from the energy production is referenced in Section 2. 
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4. Finally, an adjustment was made to the emissions from heavy duty and medium duty trucks, to reflect 
conservative assumptions regarding future improvements to this portion of the fleet. 

 
The results of Transportation 2040’s Four-Part Greenhouse Gas Strategy are illustrated in the chart below5.  
Transportation 2040 has two components – the Financially Constrained portion of the plan, and projects and 
programs in the Unprogrammed portion of the plan, the combination of which comprise the full plan. 
 

 
 
As illustrated in the chart, the Four-Part Greenhouse Gas Strategy results in a range of emissions reductions 
between 31% and 48% below the 2040 Baseline trend, and between 5% and 28% below 2006 modeled 
emissions in the year 2040.  As a comparison, the state’s greenhouse gas emission reduction goals are to 
achieve 1990 levels by 2020, 25% below 1990 levels by 2035, and 50% below 1990 levels by 2050. 
 
These results appear to be consistent with the data provided in such reports as Washington State’s 2008 Climate 
Advisory Team report, “Leading the Way: Implementing Practical Solutions to the Climate Change Challenge,” 
which states that the sector-specific “most promising” strategies recommended in that report can “complement, 
but cannot supplant” the centerpiece market-based policy, and that they alone “cannot (and are not intended to) 
achieve the longer-term goals in the absence of this market signal.”  Further, the analyses contained in the report 
Moving Cooler indicate that even with the most aggressive strategies related to VMT reduction (land use, transit, 
pricing, etc.) emissions by 2050 are still above 1990 levels.  Finally, this analysis is also consistent with the 
statement that technology alone does not “solve the problem.”  How we can effectively reduce GHG emissions 
from the transportation sector is an ongoing issue that we will continue to work on, in collaboration with the state 
and region. 

                                                 
5 Throughout the draft plan and EIS process, the Transportation 2040 results have been compared primarily to the 2040 
Baseline alternative, and to some extent also to the 2006 base year (PSRC does not have data for the 1990 year that is 
consistent with our current modeling framework; therefore, for the purposes of greenhouse gas emissions comparisons the 
2006 base year is provided as a surrogate).   
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L-2:  CLIMATE CHANGE ADAPTATION 
Introduction to the Considerations of Adaptation to Climate Change in the Long-Range 
Transportation Planning Process 
 
 
INTRODUCTION 
 
The impacts from the transportation sector on climate change, in terms of greenhouse gas emissions produced 
from mobile sources, have been addressed throughout the Transportation 2040 planning process and continue to 
be discussed and analyzed at the local, regional, state and national level.  Another important consideration, 
however, is the impact to the transportation sector from climate change.  Addressing and responding to these 
impacts is commonly referred to as “adaptation.”  This is an emerging area of study, and there have been 
relatively few national studies conducted specific to transportation infrastructure and long-range planning.  The 
most notable study conducted has been the 2008 Federal Highway Administration Study, “Impacts of Climate 
Change and Variability on Transportation Systems and Infrastructure: Gulf Coast Study, Phase 1.”  Research is 
being conducted in Washington State and the central Puget Sound region, as well as nationally, regarding 
adaptation for other sectors, such as water supply, agriculture, etc.  The Washington State Department of Ecology 
(hereafter referred to as Ecology), in coordination with the University of Washington Climate Impacts Group 
(UWCIG), has published several documents related to adaptation to climate change, and is currently working on 
the requirements of Senate Bill 5560, which calls for the Washington State Departments of Agriculture, 
Commerce, Fish and Wildlife, Natural Resources and Transportation to develop a statewide strategy by 
December 2011. 
 
The purpose of this paper is to summarize the issues of adapting to climate change for the transportation sector, 
within the context of long-range planning.  This is an information-gathering exercise, with thoughts on potential 
next steps for the region to pursue.  This paper is not intended to be a policy statement, but rather a precursor to 
a possible future work program for additional research and analysis.   
 
The paper introduces the topic of adaptation to climate change, both in broad terms and specific to transportation 
planning.  The central Puget Sound region is briefly described, including information on floodplains and historic 
temperatures.  An illustration of inundation from the sea level rise scenarios crafted by the UWCIG is presented, 
including information on potentially affected infrastructure.  Information is also presented regarding past flooding 
events in the region and their impacts to the transportation system and the region’s economy.  Current related 
planning efforts are described in the field of emergency management and agency coordination.  Finally, the report 
concludes with an introduction to the possibilities for future planning efforts and other potential next steps the 
region and the state could pursue related to adaptation to climate change for the transportation sector. 
 
 
SECTION 1: BACKGROUND 
 
This paper will not describe or define “climate change,” or discuss the emission of greenhouse gases from the 
transportation sector.  These issues have been discussed and described in many other documents and 
presentations.  The purpose of this paper is to describe and present information regarding the “adaptation” to 
climate change, specific to transportation infrastructure.  Research conducted by the International Panel on 
Climate Change (IPCC), the Environmental Protection Agency and many other scientific organizations indicates 
that the levels of greenhouse gases currently in the atmosphere will require some level of adaptation to climate 
change, regardless of future reductions in emissions.  The IPCC has stated that “adaptation will be necessary to 
address impacts resulting from the warming which is already unavoidable due to past emissions."6

 
Adaptation to climate change may cover many sectors of the economy.  “The Washington Climate Change 
Impacts Assessment: Evaluating Washington’s Future in a Changing Climate,” updated by the UWCIG in 2009, is 
a comprehensive assessment of the projected impacts from climate change in Washington State.  This 
assessment covers eight sectors - forestry, agriculture, water resources, coastal areas, stormwater, energy, 
salmon and human health - and uses climate model projections to more fully evaluate potential impacts.   
 

                                                 
6 “Climate Change 2007: Impacts, Adaptation, and Vulnerability,” Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, 2007 
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Potential impacts from climate change include: 
 

 Sea level rise from warming of the ocean and melting of glaciers 
 Floods 
 Droughts 
 Wildfires 
 Increase in frequency and severity of storms and other weather events 
 Extinction of species 
 Impacts to crop yields 
 Impacts to water availability and quality 
 Impacts to human health 
 Environmental justice issues 

 
Specific to Washington State and the central Puget Sound region, potential impacts include: 
 

 Milder winters and warmer summers 
 More rain and less snow between October and March 
 Declining water supplies between July and October 
 Changes in growing seasons and other impacts to crops from severe weather events and a lack of water 
 Increased smog and respiratory ailments 
 Declines in salmon, native plants and wetlands 
 Sea level rise 

 
This paper does not address the potential impacts from climate change to sectors other than transportation, which 
are included in whole or in part in the 2009 UWCIG’s assessment report and in ongoing work conducted by 
Ecology.  This paper focuses solely on potential impacts from climate change on transportation infrastructure in 
the central Puget Sound region.  These potential impacts could include: 
 

 Accelerated deterioration of roadways 
 Flooding of roadways and increased stormwater issues 
 Storm surge damage to docks and other facilities 
 More frequent landslides 
 Bridge damage from storms, and structural degradation of bridge materials 
 Rail buckling from higher temperatures 
 Reduction in aircraft lift and efficiency due to higher temperatures 
 Reduced water levels affecting ships and barges 

 
Perhaps the largest potential threats – or at least those most visible - from climate change to transportation 
infrastructure in the central Puget Sound region are those of sea level rise and increased flooding.  These issues 
will be more fully addressed in Sections 3 and 4.   
 
 
SECTION 2: CENTRAL PUGET SOUND REGION 
 
The central Puget Sound region is a diverse geographic area with a population of over 3.5 million people.  The 
region is bordered by two mountain ranges, lowland river valleys, and deep marine basins within Puget Sound.  
The region is also geologically active, and contains many fault zones.  The Transportation 2040 Environmental 
Impact Statement contains more detailed information on the region’s geography, hydrology and other baseline 
environmental conditions, but a few topics that are relevant to a discussion of potential impacts from climate 
change are summarized below. 
 
Hydrology and Floodplains 
 
The region has a rich array of water resources, including rivers, streams, lakes, wetlands, estuaries, as well as 
Puget Sound.  The region contains all or part of nine large watersheds: the Upper Skagit, Stillaguamish, 
Snohomish, Cedar/Sammamish, Green/Duwamish, Puyallup/White, Nisqually, Chambers/Clover and Kitsap 
Water Resource Inventory Areas.  Some of these watersheds, as well as groundwater aquifers, supply the 
region’s drinking water. 
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The region’s rivers include the Snoqualmie, Skykomish, Snohomish, Cedar, Green, Stillaguamish, Sauk, 
Puyallup, White and Nisqually, among others.  Many of these rivers are prone to flooding, and it is not uncommon 
to see flood events at least once a year due to heavy rain.  According to the Federal Emergency Management 
Agency (FEMA), major flooding occurred on 18 rivers in Western Washington in 2009, with record or near record 
crests on six rivers.  Interstate 5 was under water for the fourth time since 1990.   
 
Each county in the central Puget Sound region has information available regarding the floodplain areas within 
their boundaries, including policy information and guidance for property owners.  For example, in October 2009 
Snohomish County published a “Guide to Protecting Life and Property in the Floodplain.”  The five major river 
systems in Snohomish County – Sauk, Stillaguamish, Skykomish, Pilchuck and Snohomish – have experienced 
record floods over the past 20 years, and the area impacted by flooding in the county is over 200 square miles.  In 
Pierce County, property owners within or near a 100-year floodplain were sent a Flood Bulletin in 2009.  Fifteen 
presidential disasters have been declared in Pierce County since 1962 due to major flooding.  King County’s 2006 
Flood Hazard Management Plan addresses the needs of the 500 levees throughout the county, many of which 
were designed 40 years ago.  There are six major river watersheds in King County – the South Fork Skykomish, 
Snoqualmie, Sammamish, Cedar, Green and White – and since 1990 the county has been declared a flood 
disaster area seven times.  Kitsap County experiences fewer floods than the other counties in the region, due to a 
lack of large river systems. 
 
Additional information on specific flood events that have occurred in the region, including data on the economic 
impact and disruption to the transportation system, is discussed in Section 4. 
 
Temperatures
 
According to data from the National Weather Service, 2009 brought a record heat wave in the region in the month 
of July, as well as a cold snap in December with record cold temperatures.  The average daily high in July is 75.1 
degrees Fahrenheit, and in 2009 the average July temperatures reached 81.0 degrees, with an all-time record 
high reached on July 29, 2009 of 103 degrees.  It was also the fourth-driest July on record.  December 2009 also 
brought daily record lows, with temperatures reaching 16 degrees.  On average, the temperature in December 
2009 was approximately three degrees below normal. 
 
 
SECTION 3: SEA LEVEL RISE SCENARIOS 
 
Sea level rise is perhaps the most recognized and discussed potential impact from climate change.  As part of this 
paper, PSRC used the projected sea level rise scenarios prepared by the UWCIG and Ecology and 
geographically mapped them to illustrate the potential impacts in the central Puget Sound region.  The full 
methodology for this exercise is included in Appendix B of this paper, and was reviewed by Ecology and the 
Washington State Department of Transportation for consistency and reasonableness.  A summary of the 
methodology is provided below, followed by the results of the mapping exercise in Exhibits 1-10. 
 
Sea Level Rise Estimates 
 
In January 2008, UWCIG and Ecology published local sea level rise estimates in the report, “Sea Level Rise in 
the Coastal Waters of Washington State.” This report created sea level rise estimates for the Puget Sound, the 
Northwest Olympic Peninsula and the Central & Southern Coast. The estimates are based on 1) global estimates 
of sea level rise, 2) local vertical land movement and 3) local atmospheric circulation effects.  
 

1) The global estimates were published in the IPCC’s Fourth Assessment report, and are based on 
different emissions scenarios for 2050 and 2100. These estimates take into account the thermal 
expansion of the ocean and the melting of global ice (cryosphere). The extent of thermal expansion and 
cryospheric melting in the future depend on the level of continued contribution of greenhouse gases to the 
atmosphere.  
 
2) The local vertical land movement estimates are derived from data gathered at gauges positioned 
around the state for over 100 years7, and vary depending on the location in relation to the tectonic plates. 
The western areas of the state (the northwest Olympic Peninsula and the central and southern coasts) 

                                                 
7 Verdonck, D, 2006: Contemporary vertical crustal deformation in Cascadia. Technophysics 417: 221-230.  
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are rising due to the subduction of the Juan de Fuca oceanic plate beneath the North American 
continental plate, while the Puget Sound basin is subsiding due to these same forces. Local vertical land 
movement is an important factor in local sea level rise as it can enhance or reduce relative sea level rise 
in any particular area.   
 
3) Atmospheric dynamics play a lesser role than the first two components of local sea level rise.  The 
combination of a northward wind along the coast and the rotation of the earth drive oceanic tides towards 
land, which affects sea level.  The potential future impact of atmospheric dynamics was determined 
through evaluating numerous global climate models and determining an appropriate estimate.  

 
The sea level rise estimates for the Puget Sound are: 
 
2050: Low – 3”; Medium – 6”; High – 22”      
2100: Low – 6”; Medium – 13”; High – 50”    
 
Storm Surge Scenarios 
 
Decisions with long term effects and low risk tolerance, such as infrastructure development, should take into 
account high risk scenarios (Mote et al. 2008).  Storm surge is an important component to include in the analysis 
of high risk scenarios. According to the National Oceanic and Atmospheric Administration (NOAA), “storm surge 
results from severe storms…as strong winds combined with low pressure drive water onshore.” Impacts from sea 
level rise will be evident in the long-term ascent of the ordinary sea level coupled with episodic events such as 
high tides and extreme storms. Included in the series of maps for Seattle are storm surge scenarios; storm surge 
data were not available for the other areas at the time of this report. The storm surge height for Seattle is 12.14ft8 
above NAVD88 zero9. This height was applied to each of the sea level rise scenarios to create a more robust 
picture of how sea level rise coupled with an extreme storm event would impact the area.  
 
Puget Sound Region Mapped Scenarios 
 
The mapped scenarios take into account the accuracy of our Light Detection and Ranging (LiDAR) data and the 
published sea level rise estimates.  Only the medium and high sea level rise scenarios were mapped due to the 
accuracy of the LiDAR data. The LiDAR data has a vertical accuracy on the order of one foot, although the 
accuracy may be significantly less in highly sloped areas and along piers, seawalls and other structures on the 
shoreline.  At this time, the elevation uncertainty is not depicted on these maps. Future sea level rise studies in 
the region might choose to do so10. The mapped scenarios were determined with guidance from the Washington 
State Department of Ecology.  
 
The depositional areas of the Puget Sound will be exposed to sea level rise due to their low-lying nature. The 
Seattle, Tacoma, and Everett ports are all located in river deltas and therefore face possible inundation due to 
long-term sea level rise and episodic storm surge. The scenarios are mapped for the Seattle, Tacoma and 
Bremerton port areas. The Everett port area was not mapped due to technical issues with the data that were not 
resolved in time for the publication of this report. This area may be addressed in the future.   
 
Bremerton 2050: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
Bremerton 2100: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
 
Seattle 2050: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
Seattle 2050: Medium Sea Level Rise Scenario and Storm Surge 
Seattle 2050: High Sea Level Rise Scenario and Storm Surge 
Seattle 2100: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
Seattle 2100: Medium Sea Level Rise Scenario and Storm Surge 
Seattle 2100: High Sea Level Rise Scenario and Storm Surge 
 

                                                 
8 This is the highest recorded water level at the Seattle NOAA monitoring gauge in over 100 years, so it serves as a proxy for the height of an 
extreme event storm surge. Monitoring station website: 
http://tidesandcurrents.noaa.gov/station_info.shtml?stn=9447130+SEATTLE,+PUGET+SOUND,+WA 
9 NAVD88 is the geodetic vertical datum to which the elevation data is referenced. 
10 For an example method, see Gesch, D.B., 2009 Analysis of lidar elevation data for improved identification and delineation of lands 
vulnerable to sea-level rise. Journal of Coastal Research, SI(53), 49-58. 
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Tacoma 2050: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
Tacoma 2100: Medium Sea Level Rise Scenario, High Sea Level Rise Scenario 
 
Summary of Methodology 
 
Mapping the sea level rise scenarios required using the command line window in an ArcMap project to analyze 
LiDAR elevation data. Several commands were executed in order to select the areas of land that are below the 
threshold height and above the ordinary high water, and are also hydrologically connected to the Puget Sound. 
This approach does not take into account local morphodynamic conditions, which would be necessary to analyze 
the vulnerability of a specific site to sea level rise.  
 
Constraints 
 
The sea level rise map products in this report resulting from the UWCIG/Ecology sea level rise estimates and the 
LiDAR data should not be used to evaluate whether specific sites or properties will experience impacts or 
inundation. The purpose of these maps is to give a broad picture of what sea level rise may potentially look like in 
the areas most likely to be affected by inundation. One way to do a more detailed analysis of the impacts of sea 
level rise on a facility of high importance would be to install a global positioning system (GPS) unit to accurately 
measure the vertical land movement on that particular site. In addition to tectonic forces, local vertical land 
movement can also be caused by sediment compaction, which could also be monitored by a GPS unit. 
Additionally, a site- and use-specific survey would be necessary to determine precisely accurate elevation data. 
 
The following sections explain the constraints inherent in the mapping methodology, the sea level rise estimates 
and the LiDAR data. The purpose of these sections is to transparently identify the limitations of the resulting maps 
and to emphasize that the maps should be interpreted with these limitations in mind.  
 
Mapping Methodology:  Much of the Puget Sound shoreline terrain is comprised of steep slopes and bluffs. The 
sea level rise maps do not depict potential impacts to these types of areas. The mapping methodology purely 
portrays the increased elevation of the ordinary high water sea level (long-term inundation) and, in the case of 
Seattle, episodic storm surge; it does not illustrate the dynamic changes that will be associated with different 
types of topographies, such as “erosion of beaches and bluffs, landward migration (translation) of barrier beaches 
… and loss of many marshes and wetlands” (Johannessen and MacLennan 2007). Steeply sloped areas that do 
not appear to be impacted by sea level rise on the maps may be affected by these other processes. Additionally, 
the maps that depict possible sea level rise coupled with extreme event storm surge do not take into account the 
inland impact from sea spray.  
 
Sea Level Rise Estimates:  The January 2008 UWCIG/Ecology report, “Sea Level Rise in the Coastal Waters of 
Washington State,” emphasizes that: 
 

“(1) these calculations have not formally quantified the probabilities, (2) SLR [sea level rise] 
cannot be estimated accurately at specific locations, and (3) these numbers are for advisory 
purposes and are not actual predictions.”  

 
Therefore the estimates are not appropriate for site specific analysis and should be interpreted with 
caution.   
 
LiDAR:  Considerable care has been taken to ensure that these data are as accurate as possible. We 
believe most of the data is adequate for determination of flood hazards, for hydrologic modeling, for 
determination of slope angles, and similar uses with a level of detail appropriate to a horizontal scale of 
1:12,000 (1 inch = 1,000 feet) or smaller and vertical accuracy on the order of a foot. Locally, the data is 
of considerably poorer quality. Users should carefully determine the place-to-place accuracy and fitness 
of these data for your particular purposes. For many purposes a site- and use-specific field survey will be 
necessary. For more complete metadata, see Appendix C or visit the Puget Sound LiDAR Consortium 
website at pugetsoundlidar.ess.washington.edu. 
 
Mapped Scenarios Summary
 
As illustrated in Exhibits 1-10, the waterfront, river delta and tideflat areas in the region experience some level of 
inundation under these sea level rise scenarios.  There are numerous planning implications to these results, 
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Exhibit 1. 2050 Medium & High Sea Level Rise Scenarios - Bremerton

K i t s a p  C o u n t yK i t s a p  C o u n t y
P u g e t  S o u n d

0 1 20.5 Miles

Disclaimer:
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 

Bremerton

Legend
Current Roadway
Current Ordinary High Water
Medium Sea Level Rise Scenario (0.5ft)
High Sea Level Rise Scenario (2ft)
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Exhibit 2. 2100 Medium & High Sea Level Rise Scenarios - Bremerton

K i t s a p  C o u n t yK i t s a p  C o u n t y
P u g e t  S o u n d

0 1 20.5 Miles

Disclaimer:
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 

Bremerton

Legend
Current Roadway
Current Ordinary High Water
Medium Sea Level Rise Scenario (1ft)
High Sea Level Rise Scenario (4ft)
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Exhibit 3. 2050 Medium & High Sea Level Rise Scenarios - Seattle

P u g e t  S o u n d

L a k e  
W a s h i n g t o n

K i n g  C o u n t yK i n g  C o u n t y

Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 

0 1 20.5 Miles

Legend
Current Roadway
Current Ordinary High Water
Medium Sea Level Rise Scenario (0.5ft)
High Sea Level Rise Scenario (2ft)
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Exhibit 4. 2050 Medium Sea Level Rise Scenario & Storm Surge - Seattle

P u g e t  S o u n d

L a k e  
W a s h i n g t o n

K i n g  C o u n t yK i n g  C o u n t y

Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 5. 2050 High Sea Level Rise Scenario & Storm Surge - Seattle

P u g e t  S o u n d

L a k e  
W a s h i n g t o n

K i n g  C o u n t yK i n g  C o u n t y

Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 6. 2100 Medium & High Sea Level Rise Scenarios - Seattle
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Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 7. 2100 Medium Sea Level Rise Scenario & Storm Surge - Seattle

P u g e t  S o u n d
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W a s h i n g t o n
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Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 8. 2100 High Sea Level Rise Scenario & Storm Surge - Seattle

P u g e t  S o u n d

L a k e  
W a s h i n g t o n

K i n g  C o u n t yK i n g  C o u n t y

Seattle

Disclaimer: 
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 9. 2050 Medium & High Sea Level Rise Scenarios - Tacoma

P i e r c e  C o u n t yP i e r c e  C o u n t y

K i n g  C o u n t yK i n g  C o u n t y

Tacoma

P u g e t  S o u n d

Disclaimer:
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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Exhibit 10. 2100 Medium & High Sea Level Rise Scenarios - Tacoma

P i e r c e  C o u n t yP i e r c e  C o u n t y

K i n g  C o u n t yK i n g  C o u n t y

Tacoma

P u g e t  S o u n d

Disclaimer:
Considerable care has been taken to see that these data are as 
accurate as possible. We believe most of the data is adequate 
for determination of flood hazards, for geologic mapping, for 
hydrologic modeling, for determination of slope angles, for 
modeling of radio-wave transmission, and similar uses with 
a level of detail appropriate to a horizontal scale of 1:12,000 
(1 inch = 1,000 feet) or smaller and vertical accuracy on the 
order of a foot. Locally, the data is of considerably poorer quality.
User should carefully determine the place-to-place accuracy 
and fitness of these data for your particular purposes. For many 
purposes a site- and use-specific field survey will be necessary.
The accuracy specification is based on a required Root Mean 
Square Error (RMSE) 'Bare Earth' vertical accuracy of 30 cm 
for flat areas in the complete data set (adjusted from the 15 cm 
RMSE in the FEMA specification to 30 cm to accommodate 
the dense vegetation cover in the Pacific Northwest). 
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including the impact to tourism, transportation and the economy.  As mentioned earlier, this data is an indicator of 
those areas that may be impacted from the various sea level rise scenarios, but is not intended, nor is 
appropriate, to be used to estimate impacts to specific sites or facilities at a smaller scale.  This data is useful, 
however, to illustrate the long-term planning needs and challenges to a region adapting to climate change.  More 
research will be needed to better understand the level, duration and other aspects of potential inundation in these 
areas, which will in turn provide better information for use in the planning of potential infrastructure improvements 
to address these changes. 
 
Specific to transportation, examples of facilities and routes that may be impacted under these future sea level rise 
scenarios - and therefore are examples of the types of issues that will need to be addressed in a long-range 
planning process that incorporates adaptation to climate change - include the following: 
 

 Roadways such as East Marginal Way and State Route 99 in Seattle, State Route 3 in Bremerton and 
State Route 167 in Tacoma 

 The Washington State Ferry system and terminals 
 Amtrak and Sounder Commuter Rail 
 Trails such as the Mosquito Fleet Trail, the Foss Waterway Public Esplanade and the Duwamish Trail 
 Port facilities and operations 

 
These facilities are examples of the types of critical infrastructure that are expected to be at risk from a changing 
climate, and for which adaptive response may be necessary.  These and other facilities represent important 
connections and mobility for people, freight and emergency services.  
 
This report does not formally quantify the localized impacts to employment or the land use characteristics of the 
areas potentially impacted by inundation. This conservative approach to the analysis is based on the scale at 
which such data are available.  Employment and land use data are reported on the parcel level, and due to the 
fact that the sea level rise estimates and the underlying elevation data are not suitable for site specific analysis, 
this type of quantitative analysis was not completed.  However, visual inspection of Exhibits 1-10 indicates that 
the areas that may be most heavily impacted by inundation include manufacturing and industrial centers, which 
could have an impact on the region’s economy. 
 
Further discussion of the incorporation of adaptation within the transportation sector, both in terms of long-range 
planning as well as the design of individual facilities, is contained in Section 6. 
 
 
SECTION 4:  ECONOMIC IMPACTS AND DISRUPTION TO THE TRANSPORTATION SYSTEM DUE TO 
FLOODING 
 
As discussed in Section 2, the region is already prone to flooding and has experienced numerous major flood 
events over the years.  Among the many possible impacts from climate change, the region may also experience 
an increase in storms and other weather events, which can in turn trigger an increase in flooding.  This section 
describes the economic costs and the disruption to the transportation system that the region has experienced in 
the last several years from major flood events, as an illustration of potential impacts the region may face in the 
future from a changing climate. 
 
Perhaps the most notable storm and flood events in recent years have been those that impacted Interstate-5 and 
Interstate 90.  In particular, the events between December 2007 and February 2008 are described in the 
economic impact assessment report published by the Washington State Department of Transportation (WSDOT) 
in September 200811.  In December 2007 a severe storm resulted in high winds, heavy snow in the Cascades, 
rain of up to 11 inches in the Puget Sound region, and flooding.  Interstate 5 in the Chehalis area was inundated 
with up to 12 feet of flowing water due to flooding of the Chehalis River in Lewis County, and a 20-mile section of 
the freeway was closed for four days.  Since Interstate 5 is the primary north-south corridor on the West Coast, 
freight movement was significantly impacted.  Approximately 10,000 trucks each day were required to find 
alternate routes.  These alternate routes effectively tripled the mileage for a trip between Seattle and Portland.  
The extra distance also added time – up to 8.5 hours for some trips – which is a significant impact for truck drivers 
due to federally mandated regulations for the length of driving time allowed before a rest period is required.  In 

                                                 
11 Storm Related Closures of I-5 and I-90: Freight Transportation Economic Impact Assessment Report Winter 2007-2008. Washington State 
Department of Transportation Freight Systems Division. Olympia, Washington. 
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sum, the estimated economic cost from the closure of Interstate 5 in December 2007 is $47 million.  In addition to 
Interstate 5, an additional 65 highways across the state were also closed due to flooding, landslides and downed 
trees.  From highway damage alone, the storm is estimated to have cost $23 million for state highways and $39 
million for city and county facilities. 
 
Interstate 90 was also closed due to this winter storm.  As Interstate 5 is the primary north-south corridor for 
commerce on the West Coast, similarly Interstate 90 is the primary east-west corridor, with approximately 6,500 
trucks traveling through Snoqualmie Pass each weekday.  Due to record snowfall and warm temperatures, the 
threat of avalanche caused the pass to be closed for almost four days.  Stevens and White Passes were also 
closed periodically throughout the months of January and February 2008.  While alternate routes, albeit of much 
longer distance, were available for Interstate 5 traffic, the options for east-west travel were limited due to the 
severe weather and the closing of additional routes.  At times, all east-west traffic was at a standstill.  The 
estimated economic cost from the closure of Interstate 90 in early 2008 is $28 million.   
 
King County has also studied the economic impacts of flooding.  The October 2007 report, “Economic 
Connections Between the King County Floodplains and the Greater King County Economy” indicates that 
approximately 2% of the county’s population and 6% of the county’s employment is located in the floodplain 
region, including 30% of the county’s aerospace employment.  The report estimates that a one-day shutdown in 
the area would cost approximately $46 million in lost economic output.  Longer-term impacts, including potential 
movement of employers out of the area because of flooding issues, would have significant economic implications. 
 
The impacts from closure of critical transportation routes extend beyond the costs to the trucking industry, 
employment centers and from highway damage.  Examples of other important sectors that are impacted from 
these events include emergency services and the agricultural community.  The ability to obtain medical care and 
prescriptions, the ability of grocery stores to receive food and preserve perishable items, the ability to safely 
transport livestock, and the increased costs of delays are all examples of further effects from a region severely 
impacted by storms and flooding.  The region and the state are proactively addressing the needs identified from 
events such as those in the winter of 2007-200812; however, the potential increase in these events from a 
changing climate will require additional proactive planning and coordination. 
 
 
SECTION 5:  CURRENT PLANNING EFFORTS 
 
Emergency planning efforts are currently underway for a variety of reasons unrelated to the potential impacts from 
climate change.  However, these efforts and interagency coordination will be critical in preparing the region for 
future emergency scenarios.  For example, the recent efforts to prepare, plan and mitigate for a failure at the 
Howard Hanson Dam are a good example of the benefits of coordinated emergency preparedness planning that 
may be called upon for future emergency scenarios due to a changing climate.  A summary of these efforts and 
background on the issues facing the Howard Hanson Dam are discussed below, along with other efforts in the 
region related to planning for adaptation to climate change. 
 
Howard Hanson Dam:  Background 
 
The Howard Hanson Dam flood threat is a case study of known potential flooding in a highly urbanized, industrial 
area. This example can be drawn on to illustrate the potential impacts due to flooding and the necessary 
coordination and planning efforts that may need to be undertaken in the industrial areas vulnerable to sea level 
rise.  
 
Completed in 1961, the Army Corps of Engineers constructed the Howard Hanson Dam as a flood control 
mechanism for the Green River Valley. Since then, major development has swept through the valley, transforming 
it into a key industrial center with residential development as well. In early 2009, the Corps found major structural 
issues with the dam. If the reservoir fills up due to a storm or multiple successive storms, the Corps may be forced 
to flood the valley to prevent complete dam failure and catastrophic flooding. Initially, the Corps was predicting a 
1-in-3 chance of a major flood; the threat has since been lowered to a 1-in-25 chance due to the several million 
dollars invested in reinforcing the dam.  Over the next 3-5 years, long-term repairs will be required for a 
permanent fix and will cost hundreds of millions of dollars (Bissonnette 2009). In the event that the Corps does 
need to flood the Green River Valley before a permanent fix has been made, businesses and residents in the 

                                                 
12 For example, the I-90 Snoqualmie Pass East project is designed to mitigate delays due to avalanches and rock slides 
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area will face major impacts. Damage to structures, power outages to the immediate and surrounding areas, 
sewer system back-ups, water supply disruption and the closure of major transportation facilities, including State 
Route167 and Interstate 5, are some of the likely impacts (Bissonnette 2009).  
 
The area and the region will face economic impacts as well as physical impacts. The Green River Valley is the 
West Coast’s second-largest manufacturing and distribution center and has $46 million of economic activity per 
day (2006) (Gregg 9/18/09). As a result of the threat of flooding, businesses in the affected area have not been 
able to purchase private flood insurance and Federal Emergency Management Agency (FEMA) flood insurance 
coverage is not sufficient for many industrial companies’ assets (Gregg 9/18/09). Additionally, the Kent Valley has 
seen higher than usual industrial usage vacancy rates even with a lowered threat of flooding (PSBJ 12/23/09). 
King County faces considerable costs to relocate or protect major facilities, including the District Court, Animal 
Shelter, Regional Justice Center, King County Elections office, and several Public Health Clinics (Bissonnette 
2009).  
 
Howard Hanson Dam:  Coordination and Planning Efforts 
 
Many agencies joined forces to plan for the potential flooding of the Green River Valley. The agencies involved 
included the U.S. Army Corps of Engineers, the National Weather Service, the U.S. Geological Survey, 
Washington State Emergency Management, the Washington State Department of Transportation, King County 
Flood Services and Emergency Management, King County and Seattle Public Health agencies, the City of 
Auburn, the City of Kent, the City of Renton, the City of Seattle, and the City of Tukwila. Planning and 
coordination activities included preparing for inundation scenarios, the completion of levee repairs, 
communication among jurisdictions, as well as the protection or relocation of major government buildings in the 
area.  
 
King County, in coordination with Puget Sound Energy, the Red Cross and others, also launched a public 
awareness campaign for residents and business owners to prepare for the flood including flood planning 
resources, evacuation routes, free sandbags and free pesticide collection.  Each of the cities at risk also reached 
out to their residents and business owners with emergency preparation and evacuation information.  In addition, 
King County collaborated with other agencies to create a new four phase flood alert system that provides real-
time messages to subscribers.  
 
Other Adaptation Planning Efforts 
 
In addition to the work being conducted by Ecology as mentioned previously in this report, several jurisdictions in 
the central Puget Sound region are researching and/or pursuing policy related to climate change adaptation.  King 
County is probably the most active in this area, and one example of their work is the 2008 report “Vulnerability of 
Major Wastewater Facilities to Flooding from Sea-Level Rise.”  Specific to transportation, there is also an eight-
county Regional Catastrophic Preparedness Planning Project working on the development of a transportation 
recovery plan to identify disruptions in the transportation network and methods to prioritize rerouting needs in the 
event of a catastrophic disaster. 
 
Climate change is also beginning to be addressed in the evaluation of major transportation projects, both in terms 
of reducing greenhouse gas emissions but also in terms of adaptation.  Examples of projects incorporating 
consideration of a changing climate in their planning work include the Columbia River Crossing project on the 
border between Oregon and Washington, which included considerations related to the design of the bridge should 
the high water levels of the Columbia River rise in the future.  The I-90 Snoqualmie Pass East project considered 
increased flow rates in streams and designed bridges to accommodate higher flows.  Another example is the Tolt 
Bridge in King County, which was designed to withstand high flows and major flooding of the Snoqualmie River. 
 
 
SECTION 6:  ADAPTATION PLANNING FOR TRANSPORTATION – FUTURE WORK 
 
This section of the paper briefly discusses the possibilities for incorporating adaptation to climate change in the 
long-range transportation planning process.  This is an emerging area of study, and as such this paper does not 
attempt to provide definitive guidance at this time on how adaptation should be incorporated into either long-range 
transportation planning or in the design of individual projects.  However, a discussion of some general categories 
of potential strategies and planning approaches to address the issue is included, as well as potential future 
research and collaboration needs. 
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As mentioned previously, the potential impacts to transportation infrastructure from climate change include, 
among other things, increased flooding and deterioration of roadways.  The planning horizon currently extends 
20-30 years, but adaptive response to a changing climate may call for a much longer planning horizon.  Other 
potential strategies could include the following: 
 

 Changes to the design assumptions of roadway and other facilities. 

 For example, the design of facilities such as bridges may have to be reevaluated, similar to what 
has been done on the three projects mentioned in Section 5, to consider the potential future 
impacts from increased flooding and higher water levels. 

 Changes to the siting of new facilities. 

 For example, current planning may allow the siting of facilities and infrastructure in locations that 
may be vulnerable under scenarios of increased flooding or sea level rise. 

 Creating operational response plans. 

 To create a more resilient transportation system, expanding the redundancy of systems could be 
considered, including an analysis of the connectivity and vulnerability of the system. 

 Incorporation of the expected increases in maintenance costs in long-range planning and capital budgets. 

 Inventory of critical, high-value infrastructure to evaluate the potential risks from the impacts of climate 
change. 

 
There is much additional research and analysis that can and should be conducted in this area to provide technical 
assistance and policy guidance as the region and all levels of government begin to incorporate adaptation into 
their planning processes.  By its very nature, the topic of adapting to a changing climate is filled with uncertainties 
and unknowns.  Since climate change has the potential to affect so many diverse sectors of the economy, the 
benefits of future research and analysis can be shared among them, including the transportation community.  For 
example, the Gulf Coast Study Phase 1 suggests the following additional information will be critical in estimating 
the impacts of a changing climate on transportation infrastructure and services: 
 

 Climate Data and Projections:  higher resolution of climate models for regional and subregional studies, 
and additional information regarding the projections of extreme weather events and storms. 

 Risk Analysis Tools:  new tools to address the inherent uncertainties in climate projections, and to 
identify thresholds for adaptive response. 

 Region-Based Analysis:  demographic responses to climate change, land use interactions and economic 
impacts to the loss of transportation services, identifying challenges among different regions. 

 Interdisciplinary Research:  collaboration between the transportation community and climate researchers. 

 
Within the central Puget Sound region, as mentioned in Section 3, the installation of land motion sensors near 
high-value assets such as the waterfront and port areas would provide measurement of the vertical motion of the 
land (i.e., uplift and subsidence) and would provide useful data in performing future risk assessments related to 
sea level rise and the vulnerability of these areas.  A more thorough evaluation of specific facilities, population 
and employment centers potentially impacted by the scenarios described in Sections 3 and 4 would be required 
should the region choose to pursue a more robust approach to the issue of adaptation and its incorporation into 
long-range planning efforts.  This could include a consideration of the priority of certain facilities, such as access 
to hospitals or schools, or in terms of the resiliency of the system. 
 
This paper is not intended to provide a comprehensive overview of this issue, nor to make recommendations for 
action or provide policy guidance.  This paper is intended to provide an initial summary of the issue of adaptation 
to a changing climate and the implications to transportation infrastructure in the central Puget Sound region.  
While there may be significant costs involved with the incorporation of adaptation into transportation planning, as 
described in Section 4 there are also significant costs from the impacts of increased flood and storm events. 
 
This is an important topic and will most likely continue to be addressed at the national and state levels.  As 
already mentioned, Ecology and the Federal Highway Administration have begun work in this area and have 
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conducted various levels of research.  PSRC will continue to monitor the state of the practice and any federal or 
state guidance or legislation related to adaptation and transportation planning.  PSRC will also pursue grant 
opportunities in collaboration with other agencies and jurisdictions to fund additional research, monitoring and 
data collection in order to continue efforts in the central Puget Sound region to incorporate adaptation into the 
transportation planning process. 
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APPENDIX B:  SEA LEVEL RISE SCENARIO MAPPING METHODOLOGY 
 
1) The LiDAR (Light, Detection and Ranging) data was obtained from the Senior GIS/LiDAR Analyst at PSRC for 
the areas under consideration.  
 
2) Tide data for leaf-off months (December - April) was obtained from the National Oceanographic and 
Atmospheric Administration (NOAA) Tides and Currents and averaged to find the Mean Higher High Water 
(MHHW) elevation. According to the Department of Ecology, the Mean Higher High Water is: 
 

“the arithmetic average of the elevations of the higher high waters of a mixed tide over a specific 
19-year period.” 

 
3) Based on the field observations of Doug Canning, University of Washington Climate Impacts Group, 1.25ft was 
added to the MHHW elevation to find the Ordinary High Water (OHW) elevation. This represents the current 
shoreline. According to the Department of Ecology, the ordinary high water is: 
 
 "that mark that will be found by examining the bed and banks and ascertaining where the 

presence and action of waters are so common and usual, and so long continued in all ordinary 
years, as to mark upon the soil a character distinct from that of the abutting upland…” 

 
4) The worst case flood scenario for Seattle was determined by using the highest water level recorded at 
the Seattle NOAA gauge in over 100 years.   
 
5) The Times and Int spatial analyst tools were used to transform the raster grid into an integer format without 
losing necessary data accuracy. The grid must be in the integer format in order to execute one of the commands 
to create the ordinary high water, sea level rise and flood scenarios.  
 
6) The command line window was used to enter in several commands to create the ordinary high water base 
layer, the sea level rise scenarios and the flood scenarios.  
 

a) The ExtractByAttributes command was used to extract the cells below the threshold height above 
NAVD88 zero. 
 
b) The RegionGroup command was used to group together the cells that were hydrologically connected 
to the Puget Sound.  
 
c) The ExtractByAttributes command was used to extract out the group of cells that were hydrologically 
connected to the Puget Sound.  
 
d) The ExtractByAttributes command was used to create a mask based on the ordinary high water raster.  
 
e) The ExtractByMask command was used to select out the cells from the product of item 6c that are 
above the ordinary high water and below the threshold height.  
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APPENDIX C: LIDAR DISCLAIMER 
 
The following excerpt has been extracted from the metadata for the Puget Sound LiDAR Consortium 2000 
dataset13:  
 

Considerable care has been taken to ensure that these data are as accurate as possible. We 
believe most of the data is adequate for determination of flood hazards, for geologic mapping, 
for hydrologic modeling, for determination of slope angles, for modeling of radio-wave 
transmission, and similar uses with a level of detail appropriate to a horizontal scale of 
1:12,000 (1 inch = 1,000 feet) or smaller and vertical accuracy on the order of a foot. Locally, 
the data is of considerably poorer quality. 
 
In the bare earth DEMs [Digital Elevation Model] where there are few survey points (i.e. bare-
earth surfaces in heavy timber, where there are few ground reflections), TINing [Triangular 
Irregular Network] the points produces large triangular facets where the surface has 
significant curvature. Similar, though finer, textures are evident where vegetation reflections 
are incompletely filtered. Elevations are likely to be less accurate in these areas. 
 
LiDAR data values for water surfaces are not valid elevation values. LiDAR surveying 
produces few survey points on water. Mirror-like surfaces fail to scatter the laser beam and 
unless the beam is perpendicular to the surface, no light is reflected back to the detector. Or 
intense reflections may lead to negative blunders, points that are too low. Interpolation 
between the nearest on-land points and sparse water points produces large triangular facets 
that may not accurately reflect the water-surface elevation. Where the water surface is 
surveyed adequately, adjacent swaths may be flown at different tide stages, producing 
swath-parallel cliffs. Ideally, LiDAR topography would be clipped to eliminate all open-water 
areas, but at present this is very labor-intensive. 
 
Users should carefully determine the place-to-place accuracy and fitness of these data for 
your particular purposes. For many purposes a site- and use-specific field survey will be 
necessary. 
 
The accuracy specification in the contract between the Puget Sound LiDAR Consortium and 
TerraPoint is based on a required Root Mean Square Error (RMSE) 'Bare Earth' vertical 
accuracy of 30 cm for flat areas in the complete data set. This is the required result if all data 
points in flat areas were evaluated. Because only a small sample of points is evaluated, the 
required RMSE for the sample set is adjusted downward per the following equation from the 
FEMA LiDAR specification (adjusted from the 15 cm RMSE in the FEMA specification to 30 
cm to accommodate the dense vegetation cover in the Pacific Northwest). 

 
The Seattle and Bremerton LiDAR are part of the PSLC 2000 project. The Tacoma LiDAR is part of the 
PSLC 2004 project.  
 
 

                                                 
13 Full metadata is available on the PSLC website: http://pugetsoundlidar.ess.washington.edu/lidardata/metadata.html 
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